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ABSTRACT

The objective of this project was to develop and test a
high-performance, microprocessor-based data acquisition sys-
tem to monitor the graia loss from an axial-flow combine in
real time. |

To achieve this objective nine acoustic sensors were
located underneath the separating grate section of an axial
flow harvester to detect the grain impacts.

Signal conditioners were built to distinguish between
grain and non-grain impacts and were suitably interfaced to
a data acquisition systenm.

Data acquisition interfaces were bui;t which were con-
nected to the outputs of the sensor signal conditioners.
These consisted of counters which could count the grain
impacts accurately. Under the control of the software, mul-
tiple channel data acquisition could be conducted simulta-
neously.

A real time regression analysis program was developed
in assembly language. Using the least square method, sepa-
ration distribution curves were obtained in longitudinal and
arc directions in real time. Care was taken to minimize the
interference of real time calculation with data acquisition,
so that the data acquisition and processing could be con-

ducted independently.



Laboratory facilities were built for sensor calibration
and simulation of rotor separation distribution.

Threshing experiments were carried out and the actual
loss calculated in real time. The actual loss data could be
displayed on a LCD (liquid crystal display unit) or printed
by a printer. The results were compared with mreasured
losses and confirmed the feasibility of the design of hard-
ware and software.

A linear regression of actual versus predicted losses
gave a high correlation (R2=0.92) and a slope of close to
one (1.02). The comparison of calculated to measured losses
showed a statistically significant correlation (a=0.05)

with the data over all the runs.
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1. INTRODUCTION

Modern grain harvesters, or combines, are complex,
efficient and expensive machines that are widely used in
grain farming operations. To cope with changing harvesting
conditions, manufacturers and farmers have attempted to
achieve optimum performance from their grain harvesters for
years.

The performance of a combine is affected by many fac-
tors such as grain and straw yield, crop type and variety,
cutting width and crop height, moisture content and even
local glimatic conditions (PAMI 1980). This complexity
gives rise to the problem of how to properly adjust a
combine to harvest a crop at the maximum rate while main-
taining an acceptable grain loss level. Many suggestions
have been well documented since the 1960’s.

One method used to realize optimum operation is to
adjust the ground speed in response to the perceived grain
loss level. A grain loss monitor would be able to provide
useful information for the combine operator to contfol the
ground speed.

Users reported that the most valuable aspect provided
by monitors was that they indicated when grain loss began

due to overloading or misadjustment and that sudden changes



in loss rate indicated the need for corrective action to be
taken (Reed 1977). Without monitors it was virtually impos-
sible for the combine operator to know whether the combine
was operating near or above maximum separating capacity.

The careful operator also became aware of the need and the
benefit derived from adjusting threshing cylinder speed,
concave clearance and other parts to improve the separating

performance.

1.1 Grain Loss Termincloqgy

Grain losses are clas:uified according to their sources
and include all field losses attributable to the machine
(ASAE 1990). For clarity, grain loss terminology is
reviewed below:

Gathering Loss Rate:

The weight of grain per unit of time which has been
missed or dropped by the header or pickup. Gathering losses
are expressed as a percentage of the sum of the grain feed
rate and gathering loss rate.

Processing Loss Rate:

The weight per unit of time of detached grain and grain
in unthreshed heads remaining in the straw and chatf after
completion of the threshing, separating and cleaning pro-

cesses. Processing losses are expressed as a percentage of



the grain feed rate.
Leakage lLoss:

Any involuntary loss of grain from the combine other
than those described above. This is expressed as a

percentage of the grain feed rate.

ASAE (1987) define the combine capacity as the maximum
sustained total feed rate at which the processing loss, with
the machine in field operation on level ground, is between
one to three percent, depened on the crops and conditions.
Apparently, the processing loss is a significant loss of the
three kinds of losses.

Three terminologies (MOG feed rate, grain feed rate and
total feed rate) mentioned above also are explained below:
MOG Feed Rate:

The weight of material-other-than-grain (MOG) passing
through th2 machine per unit of time (tonnes/hour).

Grain Feed rate:

The weight of grain, including processing loss, passing
thrcugh the machihe per unit of time (tonnes/hour).
Total Feed Rate:

The sum of grain feed rate and material-other-~than-

grain (MOG) feed rate (tonnes/hour).



1.2 Harvesting Principle

Harvesting processes consist of several steps. Crop
threshing and separation distribution are different when
different types of harvesters are selected. In order to
design a suitable grain loss monitor for these complex
machines, harvesting principles and grain séparation dis-

tributions in the harvesters must be reviewed.

1.2.1 Conventional Combines

Conventional combines (i.e., those using straw walkers)
are very popular in Western Canada as well as the other
regions in North America. Most grain loss monitors are used

to measure grain loss from conventional combines.

1.2.1.1 Conventional Combine Operating Principles

Figure 1.1 illustrates the operation of a typical
conventional grain combine. Crop is fed tangentially into a
cross-mounted cylinder and concave assembly. Threshing
occurs largely by impact of the cylinder bars on the incom-
ing crop, while ccnsiderable separation occurs through the
open grate concave. Separation of the remaining grain from
the straw is accomplished with straw walkers, while a clean-
ing shoe with chaffer and sieve, is used for scalping and

final cleaning.



1.2.1.2 straw Walker Grain Separation Distribution

The separation distribution along the straw walker was
reported as a decaying exponential curve (Huisman, 1983) and
the amount of grain separated at a distance X along the

straw walker, Sy(X), could be described with the following

equation:

S, (X)==-BGse ** (kg/m.s) 1.1
where:

B = constant related to feed rate, G/MOG, walker

design, moisture content and other crop
properties.

Gg = grain initially passed onto the walkers (kg).

e the base of the natural logarithm.

X

coordinate along walker (m).

The separation distribution curve underneath thez straw
walker is shown in Figure 1.2. The origin of coortiinate X
was not at the front of the straw walkers but, actually, at
a theoretical point where the separation proce::s became
exponential.

The actual grain loss could be cbtairsid by integrating
this exponential curve from the end of tii: walkers to infin-

ity.



Figure 1.1 A Typical Conventional Combine:
(A) Cylinder, (B) Concave, (C) Beater,

(D) Straw Walkers, (E) Shoe.
{adapted from PAMI 1980)

Separation
Rate

Distance

Figure 1.2 The Separation Curve of the Straw

Walkers. (Adapted from Huisman, 1983)



1.2.1.3 Conventional Combine Grain Loss

As stated in section 1.1, the processing losses are
significant losses. For a conventional combine, processing
losses include walker, shoe and cylinder losses. As shown
in Figure 1.3, the straw walker loss not only makes up the
greatest portion of the total losses, but also increases
more rapidly than other losses when the feed rate increases.
If walker loss could be measured and controlled, by reading
a loss monitor and adjusting the ground speed, the total

loss could be controlled at an acceptable level.

1.2.2 Axial Flow Combines

A number of new types of combines, incorporating dif-
ferent threshing and separating concepts, have recently been
introduced. The axial flow harvesters have become popular
in recent years because they give less threshing damage and
lower losses at normal feed rates than conventional combines
(PAMI 1978). However, monitoring grain loss for an axial

flow type combine is still necessary.

1.2.2.1 Axial Flow Combine Operation Principles
Figure 1.4 shows the operation of the International
Harvester 1460, single~rotor, axial-flow combine. Threshing

occurs at the front section of the rotor, while the separa-
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tion of the grain from straw is accomplished along the full
rotor length in both the threshing and separation concave.
A rear beater aids in straw discharge. A conventional

cleaning shoe is used for scalping and final cleaning.

1.2.2.2 Grain Separation in Axial Flow Combine

The structure of axial flow combines is different from
that of conventional types. Thus, the movement of material
inside the rotor and the separation distribution underneath
the rotor have their own characteristics. High speed rota-
tion and the circular shape of the rotor causes the separa-
tion distribution around the rotor tn be non-uniform.

This fact made separation distribution measurement
difficult. However, if the distribution curves around the
rotor at different points along axial direction could be
found, and the mean distribution values at these points
could be derived from these curves, the separation distribu-
tion along the axial direction would be similar to that
underneath straw walkers (decaying exponential curve,
equation 1.1). Therefore, the actual grain loss could be
predicted by integrating this curve from the rotor end to
infinity.

Bjork (1988) suggested the following expression for

separation distribution around the threshing concave and
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separation grate for a single rotor combine (International

Harvester 1460),
S,=A+Bx+Cx? 1.2

where:

Sp = Point Separation (kg m~2s-1),

A, B, C = coefficients determining shape of curve, and

X = coordinate around concave or grate arc

(degrees).

Depending on the signs of coefficients B and C, this func-
tion will give an initial peak separation that aecays in
either a concave or ccnvex manner and a peak separation
occurring som: vhere in the mid-region of the concave or

grate.

1.2.2.3 Axial Flow Combine Grain Loss

Grain losses from an axial flow harvester are of two
main types, unthreshed grain still in the head (threshing
loss) and threshed grain or seed which is discharged with
the straw and chaff (separation and cleaning loss). In
field tests (PAMI 1978), grain losses for the International
Harvester 1460 were low in wheat crops, but became signifi-

cant in barley crops at high feed rates. Figure 1.5 shows



Figure 1.4 International Harvester 1460. (A) rotor,
(B) threshing concaves, (C) separation
concaves, (D) back beater, (E) shoe,

(F) tailings return. (adapted from PAMY,

1980)

LOSS (%)

i N 2
MOG FEEDRATE (t/h)

Figure 1.5 International Harvester 1460 Grain loss

in Bonanza Barley (adapted from PAMI 1978).
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the grain loss from an International Harvester 1460 combine
in Bonanza Barley. The rotor (separation) loss is the most
significant of all losses.

As with conventional combines, loss monitors on axial
flow machines do not give an indication of actual grain
ioss. However, since the grain separation distribution in
these machines could be measured, it seemed reasonable to
postulate that an actual grazin loss monitoring system could
be built. This would be similar in concept to that built by
Larson (1987) for o ventional combines but would need to be
more powerful in order to handle the two-dimensional varia-

tion in separation rate.
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2. LITERATURE REVIEW

Grain loss monitors are electronic instruments designed
to indicate combine grain loss. Sensors, sensitive to seed
impacts, are mounted behind the straw walkers, the cleaning
shoe and, sometimes, a third sensor is placed at the end of
chaffer (Cox, 1982). The signal from these sensors is dis-
played on a meter at the operator’s station. Most loss
monitors are not designed to measure the actual amount of
grain loss but only to warn the operator of increases or
decreases in grain loss rate (PAMI 1978). Figure 2.1 shows
a typical grain loss mcnitor system installed in a conven-
tional combine with straw walkers and cleaning shoe.

An electronic grain loss monitoring device was devel-
oped by Feiffer et al. of the German Democratic Republic in
1965 (Reed, 1977). This device removed the chaff from the
sample mixture of chaff and lost grain by an air blast
before detecting the grain kernels with an acoustic sensor
(Reed, 1977).

A device or monitor for detection of graiﬁ loss that
was believed to be the first grain loss monitor marketed
commercially and used by combine operators was developed by

Reed et al. (1965) and manufactured by Smith - Roles Limited
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of Saskatoon, Saskatchewan, Canada (1968). The monitor was
able to determine the grain and non-grain impacts on acous-
tic sensors (Reed, 1977).

One or two sensor systems could display the decrease or
increase of grain loss for conventional or axial-flow
combines, but accurate determination of actual grain loss
(kg/hectare) could not be obtained.

Huisman (1983) proposed a method of measuring walker
loss by measuring the separation rates along the entire
walker length (see Figure 1.2). Walker loss then could be
obtained by integrating the distribution curve from the
walker end to infinity.

Lunty (1986) used a laboratory straw walker assembly
and associated data acquisition system to verify Huisman'’s
suggestian.

Sensors were installed at four different positions of
the underside of open-bottomed straw walkers to measure
grain impacts. The locations of the sensors were selected
at the rear section of the straw walkers (for the first
sensor X = 0.66m for the fourth one X = 2.76m). By using
the data of each run, the natural logarithms of the sensed
separation rates were regressed linearly with the position
of the sensors solving for A and B in a separation equation

of the following form:
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S (X)=Ae™ for X>0.66m 2.1

where:
Sw(X) = separation rate (kg/m2.s) at a distance X (m)
from the front of the straw walkers.
A, B = equation parameters.
The actual walker loss could be obtained by integrating the
separation curve from the end of the walkers to infinity

(see Figure 1.2):

L.ﬁf Su(x)dx 2.2
L

=f Ae %*dx
L

A -BL
3¢

L,=S.,(L)/B ' 2.3
where:

Sy(L) = the rate of separation occurring at the end of

the straw walkers (kg/m2.s), and

1L = distance to the end of the straw walkers (m).

The separation data from the laboratory apparatus
showed that actual loss could be predicted from separation
measurements at four points below the walkers.

on the basis of Huisman’s suggestion and the results of

Lunty’s attempt, Larson (1988) developed an 8-bit (MC6800)
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microprocessor-based system capable of rapid data acquisi-
tion under the harsh conditions of harvest environment.

This system was tested in both laboratory and field
conditions and was able to provide separation data for the
calculation of walker loss. Four sensors were located at
0.686m, 1.373m, 2.059m and 2.745m from the front end of the
walkers. Bandpass filters were implemented to reject
non-grain impacts, mechanical and electrical noise. A
monostable trigger (555 timer module) was used for obtaining
single pulses for a single Kkernel.

The field test measurements of separation curves were
performed successfully. The curves of all valid runs were
of high-correlation exponential decays with calculated
losses statistically close to the actual loss rate. The
worst fit had an R2 of 0.72, while the best was 0.99.

Loss calculations based on separation rate curves were
accurate, provided the samples are point-samples of known
area and location. The comparison of calculated to measured
loss showed a statistically significant correlation at the
level of a=0.10 with limited data. The calculation of
walker loss was simple once the exponentially decaying curve
was determined (Larson, 1987).

Due to the limitations of the microprocessor, loss

calibration could not be done in real time. Larson (1987)



recommended that software could be developed to @&l «late
the actual loss from the sensor data in real timw. To &3
this, a more powerful 16-bit microprocessor would be needed.

Since the velocity of straw and grain discharged from
the end of the combine was high, PaAMI (1278) suggested that
loss monitors were not suitably desigre:d for use on the new
axial-flow threshing combines. When huit bv grain and straw
at high velocity, most loss monitors could not distinguish
grain from straw and they read in error. 1In 1983 the Brit-
iéh company RDS Farm Electronic Ltd., developed the MK8l
combine monitor. The MK81 was designed especially for use
on axial-flow combines, but could also be used on tradi-
tional types of machines (The Green Book, 1983)}.

Wang (1984) studied the separation characteristics of a
Sperry New Holland TR85 rotary combine. The TR85 uses two
longitudinally-mounted, axial threshing and separation
rotors. Discussions were based on the separation distribu-
tion of the left side rotor-concave assembly. Ten acoustic
sensing pads were used as grain impact transducers to study
the separation characteristics in the longitudinal direction
and, also, the lateral direction around the rotor. The sen-
sors were mounted on a metal frame underneath the threshing
and separation concaves. Grain impact signals were recorded

on a tape recorder. The results showed that the largest



19

proportion of the separation took place at the threshing
concaves. The peak separation rate occurred near the
entrance of the thresher and at the right side of the
thresher when wheat was combined. By contrast, the peak
separation rate occurred at the left side of the thresher
and was a little further from the entrance when barley was
combined (Wang, 1984).

Bjork (1988) suggested a separation distribution model
(equation 1.2) in an axial-flow combine arc direction and
this model would give an initial peak separation rate
occurring somewhere in the mid-region of the concave or
grate followed by exponential decaying in axial direction.

The existence of exponentially decaying sexaration
curves in axial flow machines indicated that the method of
Huisman (1983) could be used to determine actual grain loss
from these machines. As Larson (1987) suggested a 16-bit

microcomputer would be required to do this in real time.
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3. OBJECTIVES

The object of this project was to develop and test a
16-bit (Intel 8088), microprocessor-based, nine-sensor grain
loss monitor system for an axial flow combine (International
Harvester 1460). As a multi-channel data acquisition and
prodessing system, this monitor would = able to distinguish
between grain and non-grain impacts on the sensors, count
the seed impacts, fit separation curves to the data around
the separation arc and in the axial direction, and predict

the actual grain loss in real time.
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4. SOUNDING BOARD SIGNAL ANALYSIS AND SIGNAL CONDITIONING

Acoustic grain impact sensors were available from sev-
eral manufacturers. Two kinds of sensors made by different
companies were chosen for a comparison experiment and the
Baker Electronic Enterprises (Edmonton, AB) product was
selected as the key sensing component on the basis of its
even sensitivity at different points (except the side edge)
of the sensing surface.

The sensor was a rectangular plastic box measuring
approximately 160x60x20mm?® composed of two parts: an
acoustic plate and a base. Between the acoustic plate and
the base, there was a rectangular plastic foam buffer to
reduce the duration of decaying grain impact signals, so
that the maximum impact frequency could be increased. In
each sensor, a circular membrane piezoelectric sensor
(R=25.4mm) was attached to the acoustic plate. The whole
inside surface of the acoustic plate (sounding board) was
glued to the buffer foam so that sounding board response to
grain impacts at different points tended to be identical.
The other side of the buffer foam was also fixed to the
plastic base which was fitted with mounting screws for

attachment to the combine. A second pair of screws on the
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base served as output terminals, which would eventually be
connected to sensor signal conditioners. Plate 4.1 shows a

photograph of a typical sensor and its inside structure.

4.1 Sounding Board Signal Analysis

Figure 4.1 shows the frequency spectrum from the
impacts of rape and its straw and chaff (Baker, 1988). The
power spectrum shows that rape kernel impacts caused a peak
value near 15KHz. Also, two peak values were produced by
the straw and chaff, one close to 15KHz and the other close
to 16KHz, but their amplitudes were much lower than that
caused by rape kernels. In the low frequency band (0-5KiHz),
there was another peak point generated by straw and chaff
and its amplitude was higher than the peak produced by ker-
nels.

The rape fremuency spectrum illustrated that there were
two choices to identify grain and non-grain impacts using
filtering techniques. 1In the low frequency band (0-5KHz), a
band reject filter may be used to reject the non-grain
impact signals and leave the grain impact signals for fur-
ther use. In the high frequency band, a band pass filter
may be designed to amplify grain impact signals and reject
non-grain signals. The band pass filter central frequency

should equal the frequency of the peak amplitude. The band-



Flate 4.1 A Grain Impact Sensor (left) and

the Sensor inside Structure (right).
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pass filter method was preferred because of the stronger
signal and obvious amplitude difference between grain and
non-grain signals.

Grain impact signals were enhanced and non-grain sig-
nals were attenuated by using band-pass filters. Thus,
grain impact signals were conditioned to have higher
amplitudes and non-grain signals to have lower amplitudes.
Thus, the signals were much easier to process using a compa-
rator. The reference voltage of the comparator was so
selected that it was lower than the amplitude of the initial
part of grain impact signals and higher than all amplitudes
caused by non-grain impacts. Therefore non-grain impact
signals were rejected and grain impact signals were selected
by changing a comparator’s output from one extreme value to
the other.

Similarly, barley and wheat kernel impacts also have
their characteristic peak frequencies.

Preliminary experiments to find out the central fre-
quencies for wheat and barley kernels were made. The sig-
nals from the sounding board were amplified by a simple
operational amplifier circuit with a gain of 33. The output
signals from the circuit were measured with a storage oscil-
loscope (Tektronix 464). The wheat kernels were quite dry

(10% w.b.) but the barley kernels hacl a moisture content of
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13% w.b. Kernels were dropped from different heights tc
measure the signals. To obtain the best sensitivity, the
orientation of the sounding board was 45° to the horizontal.

The waveform decay envelope curves were recorded by
hand (see Figure 4.2). The time for the signal amplitude to
decay to 2V was almost independent of the height from which
kernels were dropped.

The barley kernels were dropped from 5, 10, and 30cm
above the sounding board surface center, the signal decay
time kept within 3-5ms (see Figure 4.2 Test 1 Barley) while
the frequency of the impact signal was around 3500-5000Hz.

The wheat kernels were dropped from heights of 5, 10,
15, 20, 30, and 60cm and the signal amplitude decayed to 2V
within 2-3ms (see Figure 4.2 Test 2 wheat) with a central
frequency of about 3000Hz.

With both crops the frequency of signals from straw and
chaff impacts was lower (1500-2000Hz) than that from kernel
impacts and, thus, filters could be used for impact

discrimination.

4.2 8ignal Conditioning
The sensors and their associated signal conditioners
were the key parts of the measurement system since the whole

system performance depended on the quality of their signals.



2V/div

27

Ilms/div Ims/div

2V/div

(1) (2) (3) (4) (5)
Dorp Height: (1) 5-10cm (2) 15cm (3} 20cm (4) 30cm (5) 60cm

Test 1: Wheat

lms/div

2V/div

(1) (2) (3)
Dorp Height: (1) Scm (2) 10cm (3) 30cm

Test 2: Barley

Figure 4.2 The Waveform Envelop Curves of Grain

Impacts.
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Hence, high quality components (operational amplifiers (op
amps), transistors, triggers, resistors etc.) were selected
for the circuit design. The signal conditioning circuit is
shown in Figqure 4.3,

In order to reduce noise interference, the feed wire
for weak signals from the sensor 6utputs to signal condi-
tioner inputs should be as short as possible and the signal
conditioner output signals should be as strong as possible.
This would increase signal-to-noise ratio when signals were
fed along long cables.

The conditioners were designed as independent printed
circuit boards attached to sensors so that the weak signal
feed wires were only 5cm 1on§. Noise transmitted by elec-
tromagnetic induction had few chances to be received by the
short wires. Output signals, which consisted of a train of
pulses, could be transmitted to a computer along 5 to 8m-
long, plastic-insulated wires without significant distor-
tion. The output pulses were able to drive photo-coupled
isolators in a computer interface.

A schematic diagram of the signal conditioning circuit
is shown in Figure 4.3. Each circuit included an amplifier,
a band pass filter, a comparator, Schmitt-triggers, a
monostable multivibrator and a voltage follower. Most of

the digital integrated circuits (ICs) were CMOS components



29

*3TNOITD ISUOTIFPUOD ..nucm.nm €°v sanbyg

N 00T




30

which were chosen for their flexible power supply require-
ment and higher level output voltage. A power regulation
circuit converted 12V DC battery power to t?b’DC’as a power
supply for op amps and other ICs. Thus, the digital CMOS
ICs could provide output pulse signals as high as +8V.

The structure and the function of the key parts of the

signal conditioning circuits are as follows:

4.2.1. Bandpass Filter

Biquad bandpass filters were used (Johnson et al.
1980). The selection of this bandpass filter was due to its
popular design, and its excellent tuning features. This
bandpass filter consisted of op amps (U2A, U2B, U3A in Fig-
ure 4.3), capacitors (Cl, €2) and resistors (R3-R8). For
testing with barley, these were set up to have a central
frequency of 5000Hz and a bandwidth of 1000 Hz. The center
frequency of the band could be shifted by adjusting a poten-
tiometer (R5). Figure 4.4 shows the frequency response of
the band pass filter.

The bandpass filter blocked low frequency straw and
chaff signals as well as mechanical noise caused by the
rotor rotation. Tests showed that the signal conditioners
- had excellent mechanical noise immunity for rotor speeds

from about 8C0 to 1000rpm.
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1, Output of Amplifier 2. Output of Band-Pass
Filter

3. Output of Comparator .4, output of Transistor

5., Output of Monostable 6. Output of Voltage
Multi-vVibrator Follcwer

Plate 4.2 Typical Kernel Signal Waveforms.
Note: 1. - 6. refer to locations on the

signal conditioner circuit (Figure 4.3).



33

Plate 4.2 photo 1 and 2 show the waveforms of bandpass
filter input and output signals. Higher and lower frequency
components at the input side were attenuated and the output
signals became nearly sinusoid and decayed at the frequency

of 5000Hz.

4.2.2 Comparator

In addition to frequency discrimination, grain impacts
also were identified on the basis of the signal amplitude.
Output signals from the bandpass filter were compared with
an adjustable reference voltage at two input terminals of
the comparator Ul8. Thus, whenever the amplitudes of decay-
ing impact signals were higher than the reference voltage
(obtained from potentiometer R9), the comparator would give
a train of positive pulses. Otherwise, the output would
remain at the negative saturation voltage of the comparator
(see Plate 4.2 photo 3). Adjusting the reference voltage
with a potentiometer could increase or decrease the sensi-

tivity of the sensors.

4.2.3 Procision Monostable Multivibrator.
The pulse trains from the comparators could not be used
directly to provide grain impact counts. First, the nega-

tive part of the signals had to be removed using a high-
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speed switching transistor (2N3904) and the processed
signals are shown in Plate 4.2 photo 4. Schaitt-triggers
(SN74HC14) then were used to sharpen the positive pulses and
condition the signals to CMOS levels. Finally, the first
increasing edge of a pulse train was used to trigger a
monostable multivibrator (HCF4538) that generated a single
pulse for the duration of the decaying impact signal. This
measure could avoid a single impact creating more than one
pulse. HCF4538 is a precision CMOS component which could
generate an accurate output pulse over a wide range of
widths (10us—-«). The pulse width was set by external
resistor (R12) and a capacitor (C3).

The monostable outputs (see Plate 4.2 photo 5) were fed
through two-stage CMOS Schmitt-triggers and a voltage fol-
lower and transmitted as 3-5ms width pulses with amplitudes
of +8V (see Plate 4.2 photo 6) along plastic-insulated wires
to a single-board computer. Because of high signal-to-noise

ratio, the system performed with high noise immunity.

4.2.4 Circuit Board Mounting

The signal conditioner printed circuit boards were
attached te the base of each sensor in order to provide
better signal conditioning and improve the noise immunity.

Plate 4.3 shows three sensors with their signal conditioner



Plate 4.3 Sensors and Signal Conditioners.
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printed circuit boards attached. This printed circuit board
measured 110XS5Smm and was smaller than the sounding
boards. Four small screws fixed the circuit board to a pair
of aluminium supports which were fixed to the sensor mount-
ing screws. Plastic insulated washers were used to prevent
the screws from contacting the circuit board directly.

A layer of acrylic coating was painted on the surface
of these printed circuit boards as well as all the compo-
nents on the circuit board to protect them while working in
harsh threshing environments. These signal conditioners,
located underneath a threshing rotor, gave no trouble during

threshing tests.
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5. MICROPROCESSOR-BASED DATA LOGGER HARDWARE DESIGN

The performance of a combine is affected by many fac-
tors. Sometimes the factors vary frequently (the density of
the crop, for example). To respond to this situation, the
operator has to adjust the ground speed as quickly as possi-
ble in order to keep the grain loss to an acceptable level.
As the actual grain loss information source, the monitor
should respond to the changes of harvesting circumstances
quickly aﬁd accurately. This ipdicated that a high perform-
ance microprocessor should be selected as the system’s cen-

tral processing unit (CPU).

5.1 Microprocessor Selection

The monitor was a microprocessor-based system which
provided multi-channel, high-precision data acquisition and
process.rny; x2al time regression calculation and an operat-
ing system for the coordination of peripheral equipment.
The complexity of the system made hardware and software
design difficult and complicated. Thus, the system Central
Processing Unit (CPU) selection was the most important deci-
sion for the monitor hardwere design.

An 8-bit microprocessor data acquisition system would

be capable of collecting the signals from nine sensors, but
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the ability of an 8-bit CPU to conduct complicated regres-
sion calculation in real time was questionable. As recom-
mended by Leonard and Larson (1988), a 16-bit microprocessor
was needed for the hardware design.

Of the various 16-bit microprocessors on the market,
two were available for use:

1. Motorola M68000 16-bit microprocessor.

2. Intel 8086/8088 16-bit microprocessor.

The M68000 instruction set is powerful but relatively
simple. 1Its sophisticated interfacing capabilities, and its
ability to strongly support multi-tasking (Clements, 1987)
made it a possible selection as a system processor. How-
ever, because there were no suitable microprocessor develop-
ment devices immediately available, the M68000 was not
selected for this project.

The Intel 8088 on the other hand is used in the IBM-PC
computer and all the software could be programmed, debugged,
and modified conveniently on an IBM-PC. Therefore the
Intel-8088 was selected as the system CPU. The ready avail-
ability of development software was also a reason in making
this selection. The feasibility of using an IBM-PC to
develop an 8088-based instrumentation system had been con-
firmed previously (Liu et al. 1988). Details of this appli-

cation are explained in Chapter 6 (Software Design).
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5.2 8ingle Board Computer

The data acquisition and processing system was built
around a 16-bit, single board computer. A photograph of the
single board computer and printer are shown in Plate 5.1.

A forty-key, soft touch keyboard (DMC 40-key-Membrane-
Switch Kit) and a sixteen-digit liquid crystal display
(SHARP Dot-Matrix LCD Unit) were connected to the system to
monitor data acquisition and to enter commands. A portable
thermal printer (Radio Shack TP-10) was employed to print
output files which included the original data from sensors,
all the regression model parameters, some important interme-
‘diate results and the final predicted grain loss values.

The single board computer (SBC) circuit was built by
Qire wrapping and had to be able to withstand a hostile
testing environment. A block diagram of the SBC and a sig-
nal conditioner are shown in Figure 5.1.

Usually, power surges, spikes, and static electricity
are great "killers" of computers (Williams, 1988). The
power surges and spikes could be avoided by using a voltage
regulator to convert 12V from a battery to a 5V power sup-
ply. The use of a battery was considered appropriate also
because a 12V DC power supply is a standard on combines.
Static electricity countermeasures were taken to avoid sys-

tem malfunction or chip damage during assembly and opera-



Plate 5.1 A Single Board Computer and a Printe-.

40
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tion.

Threshing tests were carried out during late winter and
early spring of 1989. Heaters in the test building were
working day and night and the air in the building was dry.
The threshing equipment (International Harvester 1460 rotor
assembly) was set on dry wood blocks and, thus, was insu-
lated from the ground.

Crop materials were rubbed in the rotor and static
charge accumulated in the threshing equipment. For the
first of several preliminary threshing runs, the monitor
system behaved erratically because the SBC was set in a
plexiglass box. Static was conveyed to the SBC via the
signal feed wires or by dust and, subsequently, interfered
with the normal performance of the monitor system. Later, a
sheet metal box was built for the SBC and the +5V power
supply negative terminal was also connected to the box which
was grounded. All the signal input terminals were isolated
from the outside environment by opto-isolators (Appendix II
3. Nine-channel Signal Interface) to improve the monitor
system noise immunity. No further problems were encountered
due to static electricity.

In order to outline the monitor system structure and
its main functions clearly, the instrumentation hardware and

its functions are listed in Appendix I. Table 1.
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The system memory capacity was 26k byte. One 8k EPROM
was reserved for the operating system for the keyboard, LCD
and printer control, as well as for the real time data pro-
cessing routines. Anotier 8k EPROM was used as storage for
look-up tables. The remaining 10k was RAM which was used
for data acquisition and processing, storage of intermediate
results, and system stack. A detailed memory map is shown
in Appendix II. 1. Memory Map.

Parallel (8255) and serial (RS-232) interfaces were
also employed to connect the SBC with the keyboard, LCD,
printer etc. The interface address map also is shown in

Appendix II. 2. I/O Map.

5.3 Timer/Counters and Interrupt Controller

The data acquisition system utilized four Timer/Event
Counters (8253). Three of these served as counters to col-
lect the pulse sijynaals from each of nine grain impact sen-
sors, while one worked as a timer to control the sampling
rate and as a baud rate generator for serial communications.

The programmable Timer/Event Counter (TC) consists of
three identical counting circuits, each of which has clock
(CIK) and GATE inputs and an output (OUT). Each can be
viewed as containing a Control and Status Register pair, a

Counter Register (CR) for receiving the initial count, a
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Count Element (CE) which performs the counting but is not
directly accessible from the processor, and an Output Latch
(OL) for latching the contents ol tiie CE so that they can be
read (Liu and Gibson, 1986). The internal structure of a
single TC is shown in Figure 5.2.

A Programmable Interrupt Controller (8259) was used to
control the data acquisition. The interrupt technique was
used so that counting kernel impacts and data processing

could be conducted independently.

5.3.1 sampling Rate S8ignal

Harvesting is a continuous operation and the grain loss
varies continuously. In order to improve the accuracy of
predicting actual grain loss, the data sampling time should
be measured accurately and the gaps between two samples
should be as small as possible to avoid losing any grain
impact counts.

Figure 5.2 shows the sampling rate signal generator and
the counter for channel #1 (for clarity, the other 8 chan-
nels were omitted) and its control circuit.

The sampling frequency generator was composed of two
Timer/Counters (TCl and TC2). TC2 OUT2 was connected to TCl
CLK1l and the system PCLOCK (peripheral clock 2.5MHz) was

input into TC2 CLK2. TC2 worked as a square wave generator
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(8253 mode 3), and spl’ . the 2.5MHz PCLOCK into & lowerx
fregquency (25,000Hz) squars wave. TC. orovide. an interrupt
on count termination and split the squai. v¥veform further
into a 2s sampling rate cortrol signal.

The duration of sampling depended on the counts which
were loaded in TC1l and TC2 CRs (Counter Registers) on system

initialization. The duration of saupling could be calcu-

lated d»y:
Tsw (countl ) (count2) 5.1
foe
where:

Ts = sampling duration,

fp = PCLCCK frequency (2.5MHz), and

countl (100), count2 (50,000) = the initial counts

loaded in CR1 and CR2, respectively.

Since the TCs were pulse-edge triggered devices, wide
clock cycles increased the timing errors. To obtain an
accurate sampling rate, count2 was selected as small as pos-
sible while countl was as big as possible. For this project
the sampling rate was 2s and count2 and countl were 100 and
50,000 respectively. Since PCLOCK was an accurate system
clock the only error source was the digital counter which
was accurate to 1 bit. When these initial counts were

loaded in the TCs, the sampling duration time error was:
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-~ =2Xx10"° 5.2

Ty = TC1 1 bit counting time,

)
0]
il

sampling duration.

5.3.2 Counting Process

When data acquisition started, the sampling rate gener-
ator (TCl, TC2) started to count the PCLOCK until TCl count-
ing terminated. When this occurred, the TCl1 OUT terminal
sent a two-second timing pulse to the system interrupt
controller (8259) as an interrupt request. If the CPU
interrupt was enabled, the interrupt was recognized and a
service routine was executed. The interrupt service routine
included the following steps:

1. Sending a Gate Control signal via parallel interface
8255 to close all the TCs’ GATEs. Counting and timing
were stopped temporarily.

2. Reading the nine sensor grain-impact counts stored in
the TCs’ Output Latch (OL) registers and writing the
data into RAM for further real-time data processing.

3. Loading nine initial zero counts to the TCs’ CRs and
sending a pulse, via 8255, to clear all the TCs’ OLs

for the next sample.
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4. Initializing the sampling rate generator (TCl and TC2)
and opening all the counters’ GATEs by sending a Gate
Control signal. At this moment, the next sample
period started.

5. Conducting the Real Time Data Processing. After the
service routine execution was over, the CPU would wait
in a loop for the next interrupt.

The interrupt service routine execution time from step
1 through step 4 was the duration of the gap between two
samples. This part of the procedure included 156 Intel 8088
assembly language instructions, their execution times are
summarized in Abpendix I. Table 2.

The 156 instructions to be executed between two samples
took 963 system clock cycles. The system clock was 5¥Hz,
giving a total execution time for the 156 instructions of
only 0.1926ms. Therefore, compared to the width of a single
kernel pulse signal (3-5ms), the gaps between two samples
comald be ignored. The grain impact signals would only be
lost when the signal edges happened to appear at the gap.
The possibility of this was only 1x10~4.

The advantage of this kind of sampling was that the
siystem could monitor the combine operation continuously, and
‘the total actual grain loss could be accumulated accurately

sample by sample.
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An experiment was carried out to verify monitor
counting accuracy. A function generator (HP 3312 A, Hewlett
Packard) was connected to a universal counter (HP 5314 A,
Hewlett Packard) as well as the grain loss monitor counter
input terminals (channel#l through channel#9). The signal
from the function generator was adjusted to resemble those
from the sounding board signal conditioners. The initial
count for sampling time generator TCl was 50. This
corresponded to a sampling duration of 1 second. This was
the same sampling period of the universal counter. The
counting results of the nine channels were displayed on the
LCD in turn. Examination showed that the readings on all
channels of the grain less monitor and on the universal
counter were always exactly the same over an input signal
frequency range from 5Hz to 65536Hz.

The upper fraguency limit of 65536Hz was determined by
the counter (8253) 16-bit register capacity. Programming
techniques could have raised this upper frequency limit but,

for this project, it was not considered necessary.



6. SOFTWARE DESIGN

The object of this project was to design a real-time
data-acquisition and processing system. This implied that a
large amount of calculation should be conducted within one
sampling duration. Because assembly language was very close
to machine code, it could execute at high speed and, also,
could be loaded onto a target system with a small memory
capacity. Therefore, assembly language was selected as the
programming language.

Because of the shortage of programming experience for
real time data procassing, the following general guidelines
were developed for program development:

1. The tol:al data-processing program execution time should
be r» longer than 1 second.

2. &unjext to satisfying prerequisite calculation accu-
racy, the program should be as short as possible.

3. For further time saving, look up table techniques
should be adopted.

4. A modular structure was used, so that the prougram would
be constructed from a number of relatively small and
simple modules.

5. The real time data processing program would be debugged

on an IBM-PC. Some important intermediate and final
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results would need to be compared to those data
calculated by a BASIC program which possessed the same
functions.

6. When the program was loaded onto the target systen,
sets of sensor impact data should be loaded to test the
program executing on the monitor hardware.

7. The real-time data-processing program execution time
was to be measured on an IBM-PC in the debug environ-

ment.

6.1 Mathematical Method and Calculation Accuracy Analysis

As mentioned previously, Wang et al. (1984) measured
point separation with piezoelectric grain sensors mounted
underneath one rotor of a rotary combine with two parallel
rotors. These authors reported separation of wheat to decay
exponentially with axial distance from the rotor front end,
but only if the center region of the concave grate arc was
considered. The mathematical representation of grain sepa-
ration was reported as:

Z=2Z4e" 6.1
where:

Z = grain separation rate (impact counts),

Zg = analytical initial separation rate

{impact counts),

e = the base of natural logarithms,



52

B = attenuation coefficient (m~1), and

1 = axial distance from the front of the rotor (m).

As mentioned in 1.2.2.2, Bjork (1988) investigated
separation around the grate of an axial-flow combine.
Equation 1.2, derived from Bjork (1988), could be written
in the form of expression 6.2 to describe the separation
distribution around the grate arc:

Z=A;+B,X+C,;X? 6.2
where:

Z = point separation (impact counts),

A;,B;,C;= coefficients determining shape of

curves,

X = coordinate around concave arcs or grate arc (m),

j= the row number of sensor matrix.

The software design for real time data processing was
.based on the above equations (6.1 and 6.2) for grain
separation distribution in the axial and lateral directions

respectively.

6.1.1 Mathematical Models

In this project nine sensors (S1-S9) were located
beneath the rotor grate in three rows with three sensors in
each row (see Figure 6.1). Data from these sensors were

used to obtain regression equations to the separation curves
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Figure §.1 The Separation Distribution Underneath
the Rotor Grate Section, Sensor Locaticns

and the Mathematical Models.
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along and around the grate. These equations were in the
form £ equations 6.1 and 6.2, respectivelir.

Mean separation values were determined at each axial
distance and these were used to determine the longitudinal
separation equation. The latter was integrated from the end
of the rotor to infinity to determine the actual grain loss.
This procedure is shown schematically in Figure 6.1.

An alternative to the integral mean of equation 6.2 is
the arithmetic mean. Though this is simpler, it would not
provide as good an estimate of the true mean as the integral
mean because of the sensor locations. Therefore the
integral mean was calculated for its closeness to reality.

By using the least squares method, equation 6.2 could
be expressed as a matrix equation (6.8) to calculate the
parameters Aj, Bj, and Cj (=1, 2, 3 indicates the sensor
row). For clarity, only A;, Bj, and C; will be mentioned in
the following explanation of the derivation of equation 6.8.

Equation 6.2 can be written as a second-order linear

regression model (Draper and Smith, 1981):

Zi=BO+lel+B2x?+ei 6.3
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where:
Zj=the impact count on the it sensor at axial
position 1 (i=1, 2, 3 indicates the sensor number),
Bo,B,,P= parameters determining shape of the curve,
Xj=location coordinate of the itn sensor around the
grate,
€ =the curve deviation from the true value.
The sum of the squares of deviations from the curve was:
3 3 .
S=) €f= ) (Zi=Bo=Bix.~Bpx()’ 6.4
The estimates A;, Bj, and C; were chosen so that the values
substituted for Bo.B.:.B2 in equation 6.3 produced the least
possible value of S. A;, Bj, and Cj could be determined by
differentiating equation 6.4 with respect to B,.B,.B. and

setting the results equal to zero.

°0S 3 )
—=—ZZ(ZE—BO—BIxi—Bzx¢)=O

2Bo =

°0S 3 .

—=-2) x,(Z;-Bo=PB,x;~Bpx5)=0 6.5
B i

S 3 )
——=--2in(zi’BO-lei—Bzx‘,)=O

oB2 =i

so that the estimates A;, B, and C; were given by
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3
Y(z,-A4,-B,x,-C,x})=0
i=]

3
Zx,(zl—AI—lel—C,x,z)=o
(=1

6.6
2 2 2
> x2(Z;~A;~Byx,~C,x{)=0
i=1
Rearranging equation 6.6 leads to:
3 3 3
3A, +B;) x; +C,y xi=) Z,
{=] im] i=1
3 3 3 3
A,in+Ble,.+Clef=inZ,- 6.7
i=] iw] i=] i=]
3 3 3 3
Alzxiz+Ble?+chx?=inzzi
i=1 i=1 il i=1
which can be written in matrix form as equation 6.8.
3 in thz A ZZ.' '
Sx, T2 St |[8 ] = | Txz, 6.5
DEHEDE DI HYANS 2 xiZ,
Equation 6.8 could be simplified as equation 6.9.
A, Zzi
X B | = | Lx.2, 6.9

C, Zx,-zZ,.



57

It could be proved that matrix (X) was nonsingular
(1X|#0), so that the Cramer’s rule (Williams, 1978) could
be used to determine the unique solution (A,.B, and C, ).
Since all the elements in matrix (X) wevre constants (sensor
fixed locations (or location squared, cubed) in a raw) | x|
could be calculated by hand as a constant. Equation 6.10
was used to determine parameter A, :

1 Zzi th fo
Av=e— | Y x,2, Y x? Yx? 6.10

1 X1
inzzi Zx? > x!
Parameters B, and C, could be obtained in the same way.

The actual procedure followed by the assembly language
program is summarized below.

1. Accumulate and store grain impact counts in memory
over a set time interval (2s).

2. Read the data for the sensors S1, S2, and S3 from
memory.

3. Conduct the best fit calculation using the least
squares method by solving the matrix equation. This
procedure provided the coefficients for the separation

function

Z,=A,+B,x+C, x? 6.11

at Y=Y,
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4. Calculate the mean value of 7, using:

- a
z,=+[ (A, +B,x+C,x%)dx 6.12
a-bJs

where:
(a=b) = the length of apertured part of the grate
in the grate arc direction (m).
5. Repeat for the other axial locations y=Y. and Y *=Y¥s.
The mean separation values ( 21.22 and 25 ) then
could be used to obtain the longitudinal

equation:

T = Ao 6.13

where:
Z = mean separation distribution in the
axial direction.

Equation 6.13 can be linearized in the form:

Ln Z =Ln A-By 6.14

6. A look up table procedure was used to obtain the
logarithms of 21.22 and 23.

7. To calculate parameter B, the regression calculation
using least squares was carried out by solving the

equations:
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i(yl")-’)(Ln:Z,— Ln 2)

_B="' 6.15

and

LnA= LnZ-By 6.16

where:

3
2V
=1

y =

Wl

nz-s=

i nZ,

Dl'—'

and

Y j= the location of the sensor rows.

The parameter A was calculated using the Taylor series
expansion:

TZ T8
- Tz —— — -
A=e 1+T+2!+m+8! T=LnA 6.17

Having determined the coefficients A and B of equation
6.13, the predictd grain loss was determined using the

Taylor series and multiplication:

GL=K Ae'”dy-'I\—BA- il 6.18
Yo

K=K,K,C
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where:

GL = grain loss (impacts),

Yo = the coordinate of the rotor end (0.974m),

Kl-ms 129.87m™%, the reciprocal of the

effective sampling area of each sensor,

K, = a calibration coefficient obtained in threshing
calibration,

C = the length of the rotor apertures in the grate
section arc direction (1.29m), and

(Byo)®_(Byo)® — (BYo)® 6.19

.Byos _
e 1-Byq+ 1 31 vee Y

The éssembly language program for this real time data
processing included more than three thousand instructions

(Appendix IV).

6.1.2 Data Processing Precision Analysis

Assembly language programming was a time consuming and
delicate job, but under the condition of real time data
acquisition and processing, there were no higher level com-
puter languages that could offer the same high execution
speed and ability to access computer hardware directly. 1In
order to reduce the execution time and improve calculation
precision, som: important techniques were introduced in the

software design. These included the calculation of e’ and
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LnA-

Only eig't terms in the e’ Taylor series were used.
This reduced exscution time, but the truncation error may
increase. When |7|>1, more terms were needed for truncation
error reduction. To cope with the conflict of these two
aspects, the exponential was divided into integer and deci-

mal fraction parts,

eT = %" T=a+b 6.20
The value
e? (lal>1)

was found in a look-up table stored in the system EPROM and
e’ (Ibl<1)
was obtained by Taylor series. The two parts then were

multiplied together. The truncation error is given by (Wang

et al. 1984).

R,,(b)=(—£%l—)—!e°" 0<Q<1 6.21
Now, because

b <1 - 0<Q<1
then

e®<e<3

and, because, b"*!'<1, it follows that
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3
R_(b)] € ——eeee 6.22
| Ra(0)] (n+ 1!
When n = 8, the truncation error
. 3 -6
|R,,(o)|<§—|=8.27x 10 6.23

For the integer part (a) of the exponential calcula-
tion, a was sent to an index register and the first address
of the look-up table was sent to the base register. The sum
of the base and index registers (both were inside the CPU)
provided the effective address where the result was located.
The flow charts of look-up tables for both Ln Z and e’ are
provided in Appendix III 4.

The next step was to call a multi-precision multiplica-
L on subroutine to obtain the result e®*’® .

The Ln Z Taylor series was more complicated than that
of e’. A permanent natural logarithm table was stored in
the system EPROM. A lcok-up table procedure was written to
provide the logarithm for an operator range from 1 to
99x 10*. The integer number was changed into floating point
representation following which the look-up table procedure
was run followed by multiply and add procedures. For exam-

ple:

Z=926=9.26%102
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LnZ =Ln9.26+2Ln 10

Ln9.26 and Lnl0 could be found in the natural logarithm
table, then, by calling multiplication and addition subrou-
tines, Ln Z could be obtained. The calculation became easy
and fast.

The data in the natural logarithm look up table had
four significant digits. Usually the original data from the
sensors and the integral mean values were no more than three
digits. Thus, no additional error would be accumulated when

the look-up table technique was used.

6.2 Software Structure

Almost all programs are structured according to a
hierarchy, with the top of the hierarchy being a controlling
program module, called the main program, that directs the
execution of the modules that lie just below it in the hier-
archy. In turn, these principal submodulés control the use
of their submodules and so on (Liu and Gibson, 1986).

The combine grain loss prediction and monitoring pro-
gram included 75 modules and their execution was under the
direction of two main programs. One was the main program
(system initialization) and the other was the interrupt ser-
vice program. The flowcharts of this two programs are shown

in Appendix III. 1 and 2.
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The Real Time Data Processing (RTDP) submodule was the
biggest module in.the hierarchy. It was called in the
execution of the interrupt service program when the data
from the sensors were ready to be processed. The RTDP sub-
module subsequently would call its three submodules: arc
best fit for paraﬁeters A4y, By, Cy; axial regression for
parameters A and B; and actual grain loss (GL) prediction.
In turn, these modules controlled the use of their submo-~
dules. The lowest modules were multi-precision arithmetic
routines such as addition, subtraction, multiplication,
division, and the submodules of look-up tables, data conver-
sion and transmission etc. The hierarchical diagram for the
RTDP submodule is shown in Appendix III 3.

The design sequence of the hiérarchy structure was from
the top to the bottom, but progrémming and debugging should
be conducted from the bottom to the top. Thus, when pro-
gramming at higher levels cf the hierarchy, the programmer
only concentrated on the current level because the lower
levels had been well-debugged. This strategy made the pro-

gramming easier and faster.

6.3 Real Time Data Processing Program Executing Time
The real time data acquisition and processing were

conducted in parallel. The real time data processing for
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one group of samples had to be finished before the next
group of samples was ready to be processed. If the execu-~
tion time was longer than the sampling duration, then this
real time data processing program was useless. Determining
the real time data processing program execution time before
loading the program onto the target monitor system was,
therefore, very important.

A real time clock was available in the IBM-PC and,

also, the IBM-PC sy ~+r:" . Y~BIOS (Read Only Memory Basic
Input Output System: bha«i -~ .nterrupt service routine (in-
terrupt #26) to rea" .. :iock at any time. The system

clock "ticks" by generating an interrupt #8 at specific
intervals. On each clock tick, the ROM~BIOS interrupt #8
service routine increases the clock count by 1. The clock
ticks at a rate that is almost exactly 1,193,180/64KHz, or,
roughly, 18.2 times a second. The count is kept as a 4-byte
integer at low-memory location hex 46C (Norton, 1985).

A call-subroutine instruction was inserted at the
beginning and the end of the RTDP submodule to read the real
time clock built in the IBM~PC. By running the RTDP submo-
dule, the current time (which was updated 18.2 times a sec-
ond) would be read by the clock-read subroutine and then
stored in RAM. The RTDP submodule executing time then could

be obtained by subtracting two stored times.
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The results showed that the clock only updated once or
twice which meant that the RTDP execution time was between
54.9 ms and 110 ms. Thus, the CPU would spend more than 89%
of its time waiting for the next group of samples to be

ready while executing a series of loop instructions.
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7. SENSOR LOCATIONS AND INSTALLATION

To obtain separation curves, the sensors were required
to be mounted underneath the separation grate section of the
rotor and located to measure the separation distribution
and, consequently, predict the grain loss. The sensor loca-
tion scheme was based on supplying sufficient data for the
real time regression program to generate three separation
distribution curves in the' lateral direction and one curve
in the axial direction. Figure 6.1 shows the sensor loca-
tions and representative separation distribution curves
underneath he rotor grate section in both lateral and
longitudinal directions.

In arriving at the arrangement shown in Figure 5.1, two
aspects were considered. One was the number of sensors

required and the other was the sensor locations.

7.1 Sensor Numbers

In this project nine sensors (S1-S9) were located
beneath the rotor grate in three rows with three sensors in
each row (see Figure 6.1).

For the curve regression, the more sensors used, the
higher would be the precision achieved. However, for mea-

surement system installation, maintenance and cost, the
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fewer sensors used the better.

There were three parameters (Aj, By, Cj) in the second
order polynomial model of separation distribution in the
lateral direction (equation 6.2), and two parameters (A and
B) in the exponential model of axial direction separation
distribution (equation 6.13). It is always possible to
exactly fit n data points with a polynomial of degree n-1 or
less (Blank 1980). Thus, a minimum of three sensors were
required in the lateral direction to solve the eguations and
to obtain the parameters Aj, Bj, and Cj. Three mean values,
derived from each lateral row of sensors, were used to
obtain the exponentially decaying curve in the axial direc-
tion (i.e., obtain parameters A and B). The use of three
values would result in better curve fits than the use of the
minimum two mean values to solve the regression model with
two parameters. In turn, this would lead to higher accuracy
in the prediction of actual grain loss by the integration of
the separation distribution curwe from the rotor end to

infinity.

7.2 8ensor Locations
Sensor distribution along the full length of the rotor
concave and grate sections could supply more information for

percentage loss prediction and yield map drawing (Bjork,
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1988). However, problems such as high cost, low reliability
and difficulty of maintenance might be encountered. Thg
peak separation rate under the threshing concave could lead
to impacts at a high enough frequency to saturate sensors
and reduce measurement accuracy. Since thé distribution
underneath the rotor grate segment in the axial direction
was expected to be an exponentially-decaying curve, only the
grate section of the rotor was considered in the sensor
installation.

Figure 7.1 shows a cross section of the rotor grate
segment of thr:: Tuvsarnational Harvester 1460. The top part
of the rotc: :hel:l ; 104° to 256° ) was closed while the
bottom part had apertures.

Both Wang (1984) and Bjork (1988) observed a peak
separation rate near the center of the grate. Wanga (1984)
believed that the reason for this peak was that the
summation of the forces acting on the grain, straw and chaff
perpendicular to the concave surface would change as the
material moved in a lateral direction. At the central part
of the grate the summation of forces was greater than at any
cther point. Following this reasoning, one sensor was
ins“alled at the central point in the lateral direction to
detect the peak separation rate.

Although separation processing could not occur along
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Figure 7.1 Cross Section of. the Rotor Grate

Seguent.
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the top of the rotor, the grain could be separated from the
straw and chaff matt and gather near the top inside surface
of the rotor. This phenomenon would cause the separation
value to be non-zero at the border between the closed and
apertured parts (Bjork, 1988). Thus, two locations (+88°
«r? -84° ), which were close to the border of the closed and
< .vtured regions were selected for sensor installation to

wsasure the separation rate near the border area.

7.3 Sensor InstalZation

All nine sensors were house¢ in sheet metal ducts which
were attached with screws to the rotor grate at the prede-
termined positions shown in Figure 7.1 and Figure 7.2. The
duct row lccations were 0.227, 0.461 and 0.827m from the
front end of rotary grate segment. The ducts were based on
those used by Bjork (1988) for his rotary combine threshing
characteiistics study.

Minor modification was needed to add a part at the
bottom of every duct to install each sensor and its signal
conditioner. Wang (1984) and Larson (1987) studied the
optimum orientation of the sensor sounding boards to grain
flow. Both authors determined that the sensor orientation
affected its sensitivity and accuracy. The best angle

between the sounding board and grain flow was determined to
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be 40° to 45°. Figure 7.z shows a schematic layout of the

duct, sensor and signal conditioner installation.

The rotor, which was turning at 800 or 1000 rpm for the
experimental tests, caused the crop materials between the
rotor and the grate to move in nearly spiral path. 1Ideally,
the kernels would leave the rotor in planes perpendicular to
the rotor axis. Therefore, the sensor surfaces should make
an angle of 45° with these planes. The sensor orientation
and row location is shown in Plate 7.1.

In order to obtain the same sampling area, the inlet
area of the ducts should be identical. Thus, every inlet
covered four grate holes (see Figure 7.3). Calculation of
the equivalent area of the inle: was based on the assumption
that the measured separation rate was the mean value of all
points of the sampling area (see Figure 7.4).

The measured separation rate was the total kernels
collected in 70x110mm? sampling area within one sampling
period (see equation 7.1). This mean separation rate was
taken to represent the central point of sampling area which

was also the sensor location.

S,= N >—=K N 7.1
0.07x0.11x2m*s

where:

S, = Separation rate N/m?s,



Plate 7.1 Sensor Orientation and Row Location,
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N= the number of kernels.

In each case the inlet area was 70x110mm2 and the
outlet area was 100x40mm2. The effective sounding board
sensing surface was the projected area of duct outlet on the

sounding board surface i.e.

100x 40

= 5657 2 7.2
c0s45° S mm

This meant that 58.9% of the sounding board surface area
(160x60mm? was exposed to the discharged Grain and MOG
flow. However, because the length of the sensor surface
(160mm) was longer than the length <f the duct outlet and,
since it was very important that all the seeds coring
through the inlet of the duct be detected by the sensor
surface, a deflection plate was located inside the duct to
control kernel direction (see Figure 7.2).

Using sheet metal ducts to sample separation and to
provide sensor housings not only directed the seed flow
toward the sounding board but, also, allowed determination
of the exact sensor locations and sampling areas.

In addition, other advantages of this system included:

1. Kernels were leaving the rotor and going into the
ducts at different speeds and directions. Restrained by the

duct walls and the deflection plate, high speed kernels

would lose some energy and kernel speeds would tend to be
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Uniform impacts would provide uniform signals and enhance
signal conditioning.

2. The air flow blowing through the duct would change
its direction near the sounding board (see Figure 7.2).
Relatively light materials, especially chaff, would be
separated from the Grain and MOG mixture mat. Some chaff
might no longer contact the sounding board surface and this
would improve the sensitivity of the sensor.

No experiments were carried out to verify the above
theories, but the results of the threshing experiments
confirmed them in a subjective way.

To keep the air and the material flowing smoothly (see
Figure 7.2), the outlet of the ducts should not be smaller
than the actual apertured area of the grate sampled. In
this design, the outlet area of the ducts was 4000mm2, and
the sampled apertured area was 3200mm2. |

The Grain and MOG mixtur? going through the outlet with
the equivalent area would do so more easily than going
through four small holes on the rotor grate segment. No
unexpected choking or blocking ¢f materials happened inside
the ducts during a total of 76 threshing runs. The
interference of the duct-sensor installation to the thresh-

ing performance, therefore, could be ignored.
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8. BIMULATION AND THRESHING EXPERIMENT

Equipment for transportation, feeding, threshing,
cleaning and weighing was needed for crop threshing experi-
ments. Three to four people also were needed to operate the
equipment. Also, the effects c: the harsh environmental
conditions on the electronic test system had to be consid-
ered. Therefore, the experiments were divided into two main
parts: simulation experiments and threshing experiments.
"™us, unexpected failures and unnecessary labour and time

+tage could be avoided.

ginrviation Experiment

The hardware and software design of the test system had
«? be tested before actual threshing experiments in order to
confirm the feasibility of the test method and reliability
of the system. A threshing simulation experiment was car-
ried out by using a modified grain kernel delivery system,
to deliver controlled grain flows to the sensor matrix. The
grain flows simulated grain separation distribution under-
neath the rotor grate section of a combine. This laboratory

simulation also allowed the sensors to be calibrated.
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8.1.1 Magnetic Feeder Modification

A magnetic vibratory feeder (Syntron BF2A) was utilized
to deliver the grain kernels.

Because the grain loss monitor was a multi-sensor
measurement system. The single outlet magnetic feeder was
not suitable for delivering grain kernels for simultaneous
calibration of nine sensors. Furthermore, the reliability
of the grain loss monitor system needed to be confirmed
using all sensors before actual threshing tests were carried
out. A grain delivery system was built (see Plate 8.1) for
grain distribution simulation and sensor calibration.

This system could be used to:

1. Preset the grain feed rates to nine sensors,

2. Simulate the separation distribution underneath the
rotor at nine specific points where the sensors would
be located,

3. Collect the grain which hit individual sensors for cal-
ibration, and

4. Allow the sensitivity of different points of any sensor
to be measured easily.

A piece of 15mm acrylic sheet with 9 holes (d=18mm) was
attached to the outlet of the magnetic vibratory feeder.
Nine adjustable slide gatss were made which could be used to

control the grain delivery rate through each hole. Grain



Plate 8.1 Magnetic Feeder Assembly for Grain
Distribution Simulation and Sensor

calibration.
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would drop into nine small hoppers which were located
beneath the feeder outlets. Kernels would subsequently be
deliver=2d to the nine sensors via nine, semitransparent,
soft plastic tubes.

Making an angle of 45° to the horizontal, all the nine
sensors, along with their signal conditioners, were set in
plastic boxes. After hitting the sounding boards, kernels
would fall into the plastic boxes and could be collected for
counting.

An acrylic frame with 27 holes was located above the
sensors and grain collection boxes to hold kernel delivery
tubes. The outlets of kernel deliVery tubes were approxi-
mately perpendicular to the ground and the kernel stream was
kept at 45° to the sounding board surface. On the frame,
there were three holes above each sensor so that the kernel
delivery tubes could be located to evaluate the sensitivity
at the right, the central and the left parts of the sensor
surfaces.

The kernel collection boxes were set on a wheeled table
so that the upper or lower sides of the sounding boards
could also be tested if the table was shifted in the appro-

priate direction.
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8.1.2 Sensor Calibratien Using Simulation Equipment

The accuracy of the predicted value of grain loss
depends on the accuracy of the sensors. The sensors could
be calibrated using three potentiometers (RS, R9 and R12) on
each signal conditioner (see Figure 3.3). Proper adjustment
of these potentiometers could improve the sensitivity and
selectivity of the sensors. However, if all the potentiome-
ters were adjusted at the same time, it would be very diffi-
cult to select the point at which the sensor signals were
conditioned optimally.

As mentioned in section 3.1, the impact signal fre-
quency was within a narréw band and the time for the signal
amplitude to decay to a certain value was independent of the
height from which the kernels were dropped. Therefore, two
potentiometers were preset. One (R5) was for adjustment of
bandpass filter central freguency and the other (R12) was
for adjustment of the monostable multivibrator high level
output duration. For barley, preset adjustment provided the
same central frequency (5000Hz) and the same monostable sta-
tus duration (3ms) for all the 9 sensor signal conditioners.

Only one potentiometer (R9) needed to be adjusted for
the comparator reference voltage during calibration. This
made the calibration procedure much easier than adjusting

all the potentiometers.
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The sensor calibration seguence was as follows:
Program an EPROM. The function of this program was to
open all nine counter’s gates for 10 seconds ard count
the grain impact pulses. The results were printed out.
Barley kernels were put in the hopper of the magnetic
feeder and the slide gates were set at the appropriate
positions.

All the sensors were placed in their grain collection
boxes and the grain delivery tube outlet positions were
verified to be above the appropriate points of the
sounding boards to be tested.

The signal conditioner and the SBC were powered and the
sounding boards were tapped manually and the signals
from conditioners were examined on an oscilloscope
(this step was needed only at the beginning of the test
to check correct function of the circuitry).

When "PRESS F2 TO TEST" was displayed on the SBC’s LCD,
function key F2 was pressed and, at the same time, a
stop watch was started and the magnetic feeder was
turned on.

At 8-9 seconds from the start time, the magnetic feeder
was stopped and all the kernels in the grain delivery
tubes would descend on the sensor sounding boards

before the time limit (10s).
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7. The kernels in the collection boxes were weighed. The
numbers of kernels were calculated using the following
formula and compared with the numbers in the printed
file.

W
N=— 8.1
W

where:

N=the number of kernels,

W=the weight of kernels (g) in each collection box, aid
W w=the weight (g) of one thousand kernels of grain
used.

8. The reference voltages of the signal conditioners were
adjusted by means of the potentiometers (R9) to
decrease the count errors. '

9. The above steps were repeated and the count errors were
calculated. By using Students’ ‘t’ test (Steele and
Torrie, 1980) the errors based on 95% confidence inter-
val sould be within =10%.

The count error was defined by:

Na-Nm
error= TX 1009% 8.2

a
where:

N, = number of kernels (actual),

N, = number of kernels (tested).

The null and alternative hypothesis for this calibra-

tion were:
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Hyg:E=0
H,:E'#O
where:

F=the mean of the errors (%) .

The statistic of the test is

_E-o

s/\[ﬁ

t 8.3

where:

n=44 sanple size,

E=-4.486 sample mean,

5=19.77 standard deviation.
The ‘t’ statistic described by equation 8.3 was calculated
to be ~-1.505 with 43 degrees of freedom. The null hypoth-
esis was accepted at the level of a=0.05. The 95% confi-
dence interval places the mean of the population
(calibration error) between -6.023% and +6.023%.

Calibration results (Appendix I Table 3.1) show that
adjusting the reference voltage could change the sensitivi-
ties of the sensors. The test error sign could be changed
from negative to positive (or vice versa) when the reference
voltage of the comparators were increased or decreaszd (see

Appendix I Table 3.1.1 Sensor 2).
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8.1.3 Separation Distribution Simulation

Grain separation distribution curves underneath the
rotor grate ssction could be represented by second order
polynomials in the arc directions and decaying exponential
in the axial direction. By using a modified grain delivery
system, simulation tests were carried out to create sensor
counts which were close "o previously measured separation
rates at the proposed seiu.sor locations (Bjork, 1988). To do
this, the slide gates of the magnetic feeder were adjusted
so that the middle sensors of each row were hit by higher
grain flows than the other two sensors in the same row.
Simiiarly, the mean delivery rates in each row were adjusted
to simulate the decaying separation distribution in the
axial diraction.

The grain delivery system was started and.the data
acquisition system was run for ten seconds. The sensor
impact counts and calculated "grain loss" results then were
printed out. The symbols of the regression parameters
A;,B;,C, and A,B should satisfy the distribution functions
as mentioned above.

One sample result from such a run is shown below:

SAMPLE 04




Si
83
S5
s7

S9

Al

Cl

A2

c2

A3
C3

0285
0204
0135
0031

0060

+0495.0768

-0337.5228

+0195.0257

-0153.9039

+0079.0155

-0034.7235

82 =

S4 =

S6 =

S8 =

Ln Z ;= 0005.8721 LnZ

Ln Z = 0003.9703

A= +0533.1630

B=

GL= K*0010.3149

8g

0495
0090
0072

€075

-0033.5769

0356.0000

-0004.3028

0132.0000

+001.1118

0053.0000

= 0004.4427

+0003.0043

The above simulation test example shows the collection

of sensor counts

sion calculations.

(S1 to S9) and the results of the regres-

The sign of parameter C; determined the
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shapes of the distribution curves in the arc direction.
Thus, if £,;>0, the shape would be concave and if C;<0,the
shape would be convex. In this sample all the signs of C;
were neg - -, so that these three curves were convex in
shape.

The RTLP program took three mean values 2,,22 and 25,
which decayed in the axial direction, and found their loga-
rithms in a look-up table. A least-square regression was
conducted in the axial direction to calculate the parameters
A and B. The sign of parameter B determined the shape of
the exponential curve. If parameter B>O0, e % would be a
decaying curve in the axial (Y) direction and this wasn con-
firmed in all the simulation test results.

In this example the predicted actual grain logs was
1,728. .That is 1,728 kernels were "lost" with straw within

a 2-second sampling duration.

8.2 Threshing Experiment

The purpose of threshing tests was to confirm feasibil-
ity and reliability of the hardware and software design in
an actual combine environment. In additicn to verifying the
stability of the system in a harsh threshing environment,
the tests were carried out to calibrate the sensors and to

analyze the accuracy of the pred;cted actual grain loss val-



20

ues.

8.2.1 Threshing Test Apparatus

The threshing tests were conducted in the Harvesting
Laboratory at the University of Alberta’s Ellerslie Research
Station during the late winter and early spring of 1989. A
schematic diagram of the test apparatus is shown in Figure
8.1.

The International 1460 Harvester rotor assanily was
used for the threshing tests. The rotor assembly was housed
in a plywood box to contain threshed materials and dust.
Two removeahle walls on each side of the housing box pro-
vided access to the rotor assembly for maintenance and sen-
sor calibration. Sensor housing ducts, with the sensors
and signal conditioner circuit boards attached, were
installed on the rotor grate section as shown in Figures
7.1, 7.2 and Plate 7.1.

A pair of 15.2m crop conveyers was set in front of the
rotor to deliver the crop to the feed auger of the combine.
The feed speed of the conveyer was controlled by a gear box
and the crop feed rate could be controlled further by the
amount of crop loaded on the conveyers. The conveyers were
driven by & electric motor.

A asd-International 7130 128KW tracﬁor wag located
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outside the building with its power takeoff shaft going
through a hole in the wall of the building to the rotor
assembly transmission system to supply threshing power.

A control panel was mounted on the right side of the
rotor assembly near the auger. This panel could control
three electrical motors. One DC motor was used to change
the rotor transmission ratio (rotor speed) and the other two
AC motors were used to drive the conveyers and the elevator
which lifted the crop from the auger table and fed it into
the rotor.

The test equipment, which consisted of a single board
computer, portable printer, 12V battery and power supply
regulator, was set in a 2x2.5X2 m plastic tent to protect
the equipment from dust. To cope with interference from
static electricity, as mentioned in section 4.2, a piece of
antistatic sheet, which was well grounded, was laid under-
neath the SBC on a table. A piece of steel (10X4X3cm) with
a piece of wire connected to the metal case of the SBC was
also set on the sheet to discharge any possible static on
the SBC.

A 1.5x1.5X1.5m cloth bag was hung on a metal frame at
the straw discharge outlet of the rotor to collect threshed
straw, chaff and lost grain. A straw cleaning machine,

designed and built by the Prairie Agricultural Machinery
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Institute (PAMI), was used to clean the straw and collect
the lost kernels.

Thrashed grain, chaff and a small amount of siraw were
collected by 18 pails located underneath the rotor. This
material was cleaned and used to determine G/MOG ratios (see
Appendix I Table 7).

A small set of aspirated sieves (SEEDBURO 618W) was
used to clean samples of separated material for sensor cali-
bration.

4Mechanica1 scales were used to weigh the crop material
on to the conveyers and the straw, chaff and grains that

were collected during threshing.

8.2.2 Description of the Material for Threshing

Preharvested whole crop (barley), which was piled out-
side the laboratory building, was the threshing test mate-
rial. The selection was based on the availability of this
crop from other experiments. However, significant loss
rates had been observed in barley with a similar rotary
combine (section 1.2.2.3) and barley was considered more
difficult to detect with impact sensors than, say, wheat.
It was, therefore, a good test crop.

The crop bundles were moved into the building and set

with the heads upright a couple of weeks before the thresh-
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ing tests started, thus the moisture content tended to be
uniform. Later, the straw samples were weighed before and
after drying in a microwave oven tc measure the moisture
contents. The results (see Appendix I. Table 4.)showed that
highest and lowest straw moisture contents were 9.7% and
16.8% with a mean value of 14.2% w.b. Grain samples also
were tested by using a CENCO Moisture Balance (Appendix I
Table S) and their moisture contents were between 11.0% and
13.0% with a mean value of 11.9%w.b. Since the heads of the
crop were exposed to warm dry air inside the building for
two weeks, grain moisture contents were lower and more uni-
form than that of the straw.

The mass of one thousand grain kernels was obtained
from four samples and the mean was 36g (see Appendix I Table

6).

8.2.3 System Noise Immunity Test and Sensor Calibration
Mechanical vibration, audio-fregquency noise and elec-
tromagnetic noise would be generated when the rotor and ele-
vator were operating. These could influence system
operation and sensor sensitivity, and the influence of the
above factors needed to be established before conducting the

final threshing tests.
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8.2.3.1 System Noise Immunity Test

The function of an acoustic sensor, which is very
sensitive to vibration and audio-frequency noise, is similar
to the funct:ion of a microphone. Although the central fre-
quency of the band pass filters in signal conditioners was
several times higher than rotor fundamental frequency,
harmonic frequencies of the vibration and noise possibly
could still be selected by the signal conditioners and even-
tually form false pulses. The nine eight-meter-long signal
feed wires and one common signal ground wire were insulated
with plastic without shielding. Therefore, electrical noise
generated by equipment in the building was easily picked up
by these wires. A noise signal (50mv p-p) was detected near
the SBC interface due to the long signal feed wires (see
Plate 8.2). Although the opto-electric isclators and
Schmitt-triggers at the interface of the SBC had high noise
immunity, this still needed to be tested in the harsh
threshing environment.

The system immunity test was important and simple to
conduct:

The rotor was run at the speeds which would be used in
threshing tests. No crops were fed into the rotcr (empty
run). Data acquisition equipment was started and the eleva-
tor and conveyer switches were turned on and off conti-

nueously. After data acquisition stopped, the sensor data



Plate 8.2 Noise at the Long Signal Feed Wires
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in the printed file were checked. If the system performed
with high noise immunity, all the sensor data would be zero.
After the first test run, only one non-zero count was
found. The reason was that one sensor housing mounting
screw was too long and its end was just touching the
sounding board surface. When this screw was replaced by a
short one, no false data were found in subsequent noise

inmunity tests.

2.2.3.2 Sensor Calibration Using Threshing Equipment

As stated in section 8.1.2, the material used for
gansor calibration with the modified grain delivery feeder,
was barley seeds. Calibration accuracy was *10% for a 95%
confidence interval. However, in actual threshing condi-
tions, a grain, chaff and straw mixture would contact the
sounding boards and the sensitivity of the sensors could be
reduced. Lower reference voltages would, therefore, need to
be selected to maintain reasonable sensitivity. Thus, fur-
ther calibration of the sencors was carried out after
installation on the combine rotor.

Calibration was carried out using grain-collection bags
hung on the outlet of the sensor housing ducts. Two triangu-
lar holes were left in both sides of the outlet (see Figure

6.2) to provide a passage for air flow and to minimize the
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bag interference.

The crop feed rate was 7.2T/h and rotor speeds were
1000 and 800 rpm for sensor calibration. After threshing,
material in the bags was cleaned and the samples were
counted by hand.

The calibration results are shown in Appendix I Table
3.2.1 to Table 3.2.3.

Threshing tests for sensor calibration were repeated
six times. The counted numbers of kernels were compared
with the predicted numbers and sensitivity was adjusted by
changing the reference voltages accordingly. The best ref-
erence voltage, which is printed in bold letters, was
selected for the formal threshing tests.

A straight line (tested impact counts vs actual impact
counts) was fitted and the slope of this straight line was
obtained. Ideally, this slope should always be equal to
one, but in real situation it only could be statistically
close to one. Steeper slopes meant that sensors were too
sensitive or vice versa.

A calibration coefficient (K. in equation 6.18) was
then derived from this slope (reciprocal). It could be ver-
ified that this calibration coefficient could improve the
grain loss prediction accuracy and reduce the error due to

imperfect sensor calibration. If all the sensor counts were
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mﬁltiplied by this coefficient (K3), the predicted grain
losses would be affected as if the coefficient (K;) was in
equation 6.18. The reason was that the sensitivity of sen-
sors could only affecﬁ the axial regression model parameter
A (equation 6.16) but not parameter B (equation 6.14), so
that the sensor sensitivit& error couls be adjusted line-
arly. .

This calibration coefficient could be entered into the
test system before the threshing test and the results showed
that this coefficient was very important to improve the

accuracy of the predicted grain losses.

8.2.4 Experimental Design and Threshing Test

The threshing time could be divided into three stages:
rotor filling time (about 1-2s), stable time (depended on
the crop feed time) and rotor emptying time (2-4s). To
raise the test accuracy and reduce the influence of the
transient stages (1 and 3), the length of the stable stage
was required to be much longer than that of the transient
stages.

Initial threshing tests (Liu and Leonard, 1989) using a
short crop feeding time of 6s gave a low regression correla-
tion between predicted and actual losses (0.67). This was

due to the limited threshing duration which, in turn,
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depended on the length of the crop conveyers and the crop
feed time. A longer threshing duration was needed to elimi-
nate interference of the transient stage and to improve the
accuracy of predicted losses.

A lon_ crop feed time (12s) was adopted for the final
threshing tests. The total data acquisition time for each
run was 20s, which was 8s longer than the crop feed time.
Therefore, no unexpected grain impact signals would be lost
due to the transient time of stages 1 and 3.

Two rotor speeds (800 and 1000rpm) and two feed rates
(6T/h and 12T/h) were selected. There were four combina-
tions (12T/h-800rpm, 12T/h-1000rpm, 6T/h-~800rpm and 6T/h-
1000rpm) . Each combination included three replicates giving
a number of total threshing tests of twelve. The sequence
of these 12 runs (shown in Table 8.1) was random.

Weighed crop material was evenly distributed on both
conveyers with the heads toward the combine auger. This
crop orientation and distribution was close to real situa-
tions when a combine is harvesting in the field.

When all the preparations were complete, the elevator
and the conveyers were started and the crops were fed into
the rotor. Function key F2 on the keyboard of the SBC was
pressed to start the real time data acquisition and process-

ing when the crop reached the auger.
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Straw and lost grain were collected by straw bag
(section 8.2.1) for determination of actual lost grain. The
crop feed time was recorded by a stop watch. The regression
parameters and predicted losses were printed out on the
portable printer after each test run.

To evaluate the test system, a meaningful hypothesis
was formulated. The null hypothesis of the ‘t’ test for
this experiment was that the mean of the ratio of actual and
predicted grain losses which were obtained in all test runs
was equal to one. An alternative hypothesis would be that
the mean of above ratio was not equal to one.

The null and the alternative hypothesis were:

Hy: p=1

H,: p#l

To test the null hypothesis Hy: p=1, assuming that
the population was normally distributed and, the test crite-
rion is given by equation 8.3 (Steele and Torrie, 1980)

_Al“uo

s/JE

t &.3

where:
M = mean of ratios sampled from the population,
Ho=1, specified population mean,
s = standard deviation of sample, and

n= sample size.
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The best fit curves in the arc direction and the
regression curves in axial direction and their corresponding
scattered data were plotted to evaluate the curve fitting
calculations. The best fit straight line also was plotted

to correlate the predicted and the actual grain losses.
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9. RESULTS AND DISCUSSION

Because of the non-homogeneous physical characteristics
of the crop material and complicated movement of grain and
MOG in the rotor, crop thresﬂing and grain separating were
random processes. Therefore, data acquisition, real time
‘data processing and the analysis of test results were based

on statistical theory.

9.1 Sensor Calibration Analysis

Data are printed in normal and bold letters (in Appen-
dix I Table 3.1.1 te Table 3.2.3 (six Tables in total)).
The bold data are the data collected under the condition of
final signal conditioner reference voltages.

To test the effect of calibration, sensed grain counts
were regressed against actual counts using straight-line,
least squares regression. Overall and selected data were
used to conduct the straight-line regressions and the sta-
tistics are shown in Appendix I Tables 3.4.

Straight lines were fitted to the simulation
calibration result (test vs actual). The overall data (Ta-
ble 3.1.1 to 3.1.3) regression had 129 observations with
R2=0.81 and slope=0.84. When the bold data in the same

tables are taken, the regression has 48 observations with



104

R2=0.87 and slopé=0.92. These results illustrate that
adjusting the sensor sensitivity improved the accuracy of
the sensors. Figure 9.1 shows the regression lines and the
scattered data for sensor simulation calibration.

In a similar manner, straight lines were fitted to the
threshing calibration results (tested vs actual) and the
results are shown in Figure 9.2. The overall data straight
line fit had 53 observations with R2=0.64 and slope=0.72.
These values were not as good as the value obtained in simu-
lation calibration. The fact that MOG was included in the
mixture could be the main reason of this low correlation.
However, if data (bold type in table 3.2.1 - 3.2.3) which
were obtained with final reference voltages were used for
the same straight line fit, the regression had 31 observa-
tions with R2=0.83 and slope=1.20. These were much better
than the parameters obtained from the overall data.

As mentioned in 7.2.3.2, a calibration coefficient
which was the reciprocal of above best fit straight line
slope was derived. On the basis of these tests, the cali-
bration coefficient K,=0.8326. This could be entered in to
the SBC for measurement of losses under similar conditions

during the threshing tests.
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9.2 Threshing Data Analysis

Twelve runs were carried out for the threshing tests.
The results are shown in Table 9.1. The data with star
symbols indicate that these data were collected in the rotor
filling or emptying transient processes. For each run,
three such data points were rejected as bad data (usually
these values were low) and the remaining samples were con-
sidered to be valid. Predicted losses of every samples were
summed for each run and the sum was multiplied by the
coefficient K (K=K,K,C). These are shown, together with
actual losses in Table 9.2. In this Table, the actual and
predicted losses are shown as numbers of kernels.

The hypothesis test was based on the same concept used
in section 8.2.4. The ‘t’ statistic (see equation 8.3) was
0.4797 with M=1.033, £=1.0, n=12 and s=0.2383 with 11
degrees of freedom. The null hypothesis was accepted with
a=0.05. The 95% confidence interval was between 0.8486 and
1.1514, that was, *15% for a rotor speed of 800~1000rpm and
a feed rate of 6-1i2t/h.

The best fit straight line of actual and predicted
losses is shown in Figure 9.3 and the result shows high
correlation and accuracy (R2=0.92 and slope=1.02). Both
predicted and actual losses illustrated that, at high rotor
speeds and low feed rates, losses were low and, at low rotor

speeds and high feed rates, these losses were high.
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Table 9.1 Predicted Grain Loss of Ten Samples.

gmw
Sample Run No. 1 Run No. 2 Run No. 3 Run No. 4

12-1000-1 6~-1000-1 6- 800-1 12- 800~-1
1 4.4255 1.4534 0.8487 2.2503
2 12.8991 1.3389 1.9342 23.5301
3 9.8913 2.0709 2.4337 21.7999
4 3.8709 2.7547 3.8404 24.7331
5 5.3398 2.2878 4.3337 9.5769
6 4.06752 2.5686 2.4384 17.2664
7 3.0365 2.2659 - 3.4656 20.5647
8 * 0.1929 * 0.6726 * 0.8874 * 0.9930
9 * 0.1093 * 2.5461 * 0.1409 * 1.5818
10 * 0.1063 *  0.3294 *  0.1227 * 0.1597
Sample | Run No. 5 Run No. 6 Run No. 7 Run No. 8
12- 800-2 12-1000-2 6- 800-2 6-1000-2
1 0.8532 2.7170 1.5297 0.4389
2 16.0863 14.9360 1.1075 2.8866
3 11.1840 8.5428 0.7126 4.1035
4 13.9482 6.7226 3.1266 1.6150
5 19.7022 6.9132 1.8555 0.9211 .
6 24.7018 3.8041 3.5630 2.9672
7 34.8644 4.6301 1.6707 2.7552
8 * 6.1248 * 0.7735 * 2.8434 * 0.7228
9 * 3.3669 * 0.2745 * 1.2387 * 0.1807
10 * 0.1978 * 0.1978 * 0.7829 * 0.2045
Sample | Run No. 9 Run No.1l0 Run No.1l1 Run No.12
12~ 800-3 6- 800-3 12-1000-3 6-1000~-3
1 * 0.2670 * 0.0638 1.2470 * 0.4229
2 4.7383 1.8189 7.0505 1.6595
3 5.4946 4.8724 5.0564 1.5890
4 9.3912 1.4556 8.3994 2.5204
5 9.9039 3.4729 4.6980 2.0147
6 10.8050 1.7355 7.1469 2.5865
7 5.4320 1.8975 4.4011 1.3928
8 5.3734 1.8323 * 0.7932 3.0828
9 * 1.0262 * 0.3384 * 1.1015 * 2.3134
10 * 0.1312 * 0.1437 * 0.2806 * 0.1213
e N ———

* Predicted losses in transient, they were omitted.
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A test run was randomly selected from test runs (Run
No. 4) and the real-time-calculated parameters of distribu-
tion curves were used to draw curves for both arc and axial
directions. These curves are shown in Appendix V 1 and 2.
The curves show that separation distribution in the axial
direction was exponenﬁially decaying, while most separation
distribution in the arc direction were convex shaped curves.
The three horizontal straight lines were the mean values of
the second order polynomial curves in the arc direction.
All these real-time-fitted curves confirmed the feasibility

of the software design.
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10. SUGGESTIONS FOR FURTHER WORK

The accuracy of predicted losses was affected by many
factors. The effects of transient processes during thresh-
ing runs was one of the significant factors that could be
reduced in some ways. The most effective method would be to
increase the feed time. To do this, the best way would be
to increase the l2ngth of the conveyer but the size of the
building restricts this option. Appropriate increases in
the thickness @f the crop on the conveyer coupled with
slower conveyer speeds would help.

The sensors should be calibrated before threshing in
the field. The calibration coefficient could be obtained
after harvesting for a short distance in the field as a
calibration run. The ratio of predicted losses to actual
losses could be the calibration coefficient. The multi-
sensor test system was manipulated as a one-input (actual
losses) and one-output (predicted losses)‘instrument and was
calibrated by entering the calibration coefficient as a
single number. This was the only way to simplify the cali-
bration and the monitor system could be used in field har-
vesting.

A straw bag and cleaning equipment were needed for

calibration. However, it would also be possible to clean
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threshed straw by feeding discharged straw into the combine
again to clean out the lost grain.

Because of the limited time available in indoor thresh-
ing runs, the RTDP was executed after each of the ten sam-
ples that had been collected in each run. If this data
processing method was used for monitoring the grain loss in
field harvesting, the non-uniform, multiphase materials sep-
arated in the rotor might cause the separation rate to vary
and, thus, the monitor reading would vary too. To provide a
stable, readable display, digital averaging could be used to
store several samples in memory before using them to deter-
mine the distribution curve using least squares regression.
The sample data would be scattered on both sides of the
curve which would best represent the separation distribu-
tion.

Field threshing tests are necessary to verify the
performance of the grain loss monitor system in real har-
vesting conditions.

Since this grain loss monitor was a 16-bit
microprocessor-based, real-time data acquisition and pro-
cessing instrument, system CPU and other interfaces have a
lot of potential for further development. The execution
time of data acquisition and the RTDP model occupied less

than 11% of CPU time. Thus, 89% of CPU data processing



114

ability could be used for further useful information pro-
cessing. For example: to monitor the engine performance,
plot yield maps or even communicate with a host computer to
access a harvest expert database system via microprocessor-

controlled communication equipment.



11. CONCLUSIONS

Sounding board signal conditioners could determine
grain and non-grain impacts and performed with high noise
immunity. Grain impact counting accuracy could statis-
tically be within +10% for a 95% confidence inte m&l.

The assembly language, real-time data processing was
able to represent grain separation distribution both around
and along the separation rotor. The real time calculation
took between 55 and 110ms.

Monitoring actual grain loss from an axial-flow combine
in real time by means of a microprocessor-based instrument
system has been demonstrated to he feasible. The linear
regression of actual and predicted losses showed a high cor-
relation (R2=0.922), and a slope very close to one (1.018).

The comparison of predicted to actual losses showed a
statistically significant correlation at the level of
a=0.05 with the data from all the test runs.

The plotted curves, both in the arc direction and in
the axial direction, showed that the regression model selec-
tion was reasonable. The real time data processing calcula-
tion software design provided good estimates of actual grain

losses.
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Prolonging the sampling and feed times could achieve
higher correlations between predicted and actual losses.

Further tests using threshing runs with longer feed
times and field tests are needed to evaluate both system

hardware and software.
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13. APPENDIX

Table 1. Basic Structure and Main Functions of the

Intelligent Instrumentation System

Name of

<‘uain rﬁnctions (nardwsv:.

components
CPU (8088) Central Processing Unit
EPROM Monitor Programs for control and data proces-
sing, look-up table, etc. are stored in EPROM.
Interrupt array, stack, input and output data,
RAM intermediate and result of calculation data are
stored in RAM.
I/0 Connected to keyboard, display unit,
Parallel DIP switches or sensors etc.
I/0 Up (or down) load data or some other
Serial information to (or from) the host computer or
(RS-232) peripheral equipment which has RS-232
interface.
I/0 Data acquisition interface connected to sensors
A/D and signal conditioner outputs.
Real Time Supplies the time base for graphics or for
Clock current time display.

Programmable | Accept interrupt requirements from programmable
Interrupt interfaces. Interrupt priority management.
Controller
Timer and Timer: To mark intervals of time for both the

Event processor and external devices (e.g.
Counter baud rate generator).
Counter: To count external events and make the
counters available to the processcr.
Display Unit: Display keyboard command, irmput
. coefficients, data etc.
Peripheral Keyboard: Entry of commands, coefficients, real
Equipment time clock set, etc.

Printer: Hard copy output.

Sensors: Any transducers which could convert
electrical quantities into 0-5V DC
signals or TTL pulses could be used.




Table 1. (continued)

(S8oftware)
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Keyboard
Monitor

Keyboard scanning and command string (ASCII)
process.

Display and

Control Program makes it possible for the

Printer display unit (LCD) and the portable printer
Control to work in Hand Shake Mode.
Data 1. Sensor scanning interval.
Acquisition 2. Convert sensor output into engineering
and Data units.
Processing 3. Arithmetic transcendental and polynomial

functions.
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Table 2. Instruction Execution Time in Sampling Gaps (Liu

and Gibson, 1986)

Instruction

fInstruction Opéfation
| Number Cycles
PUSH push register 11 6 66
into stack
POP pop register 8 6 48
off stack
MoV accumulater 10 9 90
to menmory
MOV immediate 4 30 120
to register
MoV register 2 38 76
to register
ouT output via 10 27 270
fixed port
IN input via - 10 18 180
; fixed pcrt ‘
l NOT logic negative -3 9 27
LEA load effective 8 1 8
address
CALL intrasegment 19 2 38
direct
RET procedure 8 2 16
return
NOP null operation 3 8 24
156 963
o




80-z| 1t6v | tev | cie'o |o-4T-] cLe | ¥sy | ccio lezose| tzr | e
$z°8 | oy ZTY LE°0 [6°c2~| 88€ 0Ts | L£°0 [0 TT~| @8EV z6Y

ZL 1 zs9 9 Lteo |te9t-| 99s st9 | teto jc°8T-]| 9%y 9¥s

oc°c-| oss 6t8 | Lc°0 |6s 8-] o¢c6 ¥20T | LE°0 |s°sT-]| S99 Lee

€°61-| o9Y oLs teo |z t-| svy t0s | sevo [ecot-| sos £9s

6L°c| zo9 08s tc°o lo6°L~-| st8 s88 | L£°0 v vT-] ¢ L6

0°os-| ¢ 9 teo le°vr-| eevr |. vts | cicco[stee-| cuv ySYy

c'vz-| ove tte [zsc'o|e vys-| sz 29§ | tc°0 [9°cz-| vay veo

§9°0-| LO9 119 S0 [z°s¥=-] s9¢ 999 LE*O | €LV voL 269

VLT LTT ST1 G0 [9v°z-] 1§ g2s | ¢c'0 et 6-] sesy vos

€°sz-| tS9 Lz8 S0 | 8°sT| szzT 0901 €°0 [96°¢-] ove v08
Tm.mu LYY €91 S0 Jo'vs| sve 651 €0 [6°11] ¢ L9

vezr-| ove vee S0 |coL| st 18 €°0 [2°0T ]| oz2 SbZ
fe-ci-| cov LES S*0 [ 8°LS §8¢ vyez €°0 | vL9 65¥ oc¥ veo |
le'ce-| oz ot S0 |czv| ot St €°0 {ocre-] ot Le veo
s'ge-| €2t g91 S0 | t-6¢ vyL SES €'0 [00'0| sz 52 v'o
£°cz-| ¢8S S9L s'0 [t1'2e| st6 TTL €0 [es'y| ToL 82L v°0
s*62~| TTL 600t | s°c |z'vz| seot 9€8 €0 {88'9-| zuc 628 v°0
(3) | soqunn | qequnN | (A) | (3) | xequny | xequny | (a) (%) | aoquny | asqunn | (a)
axg | peasel | tenjzov aa 233 | peysel, | Tenjzoy IA Ixq | peisey | Tenjovy IA
€ Iosueg ¢ Io8Ueg T Josueg

welysig uoyywTnUTy HSuysn UOTIVIQYTRD JOBUGE T°T°¢

eIqels



vo's-| oze LEE €°0 | T°¥T yov ¥sc | €v-0 [9°¥T-] ezt 241 ¥°o =
sT°0-| 6Tt orT €°0 | L-L2 2T 991 €V°0 [T 2T-| L9V 1€S voo |
12°5-1 Tev 816 €0 | vo's ST 61T €¥°0 [8°ST-| <91 961 y-o
9°62-| €69 1€6 €°0 | T°8T 96T 99T €v°o |v°9z-| se€ 6S¥ v°0
t2z2-| otL 216 €0 | s Ly 8s9 09§ €¥°0 [T°62-| L6S zys v'o
v'tt-| sos 0LS €°0 | 6°2% 296 86y €¥°0 [9°L2-] S6v ¥89 ¥e0 _
6L°8-| 86 9¥s €°0 | Le ¢ 09y SYy €¥°0 | Le°¢€ 09y SYy veo |
ov°1 185 €LS €°0 |¥o21T- 66 €TT €¥°0 | €°L1 LSS 989 veo |
s've-| so¥ 96L €°0 | ¥e'¥ €2z¥ yTY €v°0 [0°€2- L8 €Tt v°o _
v.oe-| o9vs S8L €0 | Toez 68¢ 90€ Ev°0 | ¥i°t LT STt veo |
(%) | xoqunN | zaqunN | (A) () | asqunN | aaqunN | (A) (3) | aequnN | aaqunN | (A)
xag | peasag | teniyov an aay | peassl | Ten3ov IA axg | peasel | tenjov IA
9 JOosSUey g IO8UOg . ¥ JI0BUSBY

we3sig uorzeinurg Huysn

UOFIRIQFTRD JOSUSS Z°T°€

oTqeL



126

o —
zeee Tt 6 Tv°0 | €°1t 6L TL

9°6¢ zL9 SES ov°o | ¥°¢cs 68 8s

S°82 L66 9LL Le°o | Lt ¢ TS9O T€9

$°82 6T6 S§TL jLoc olovL 0| 960t 8801

29y €8¢ Z9Z |Loc°0|606°C] 186 066

T°se vee L9¢ LOE°0] T¥°6 6LZ ST

S0°¢~ 1 414 4 14 LOE°0[80°€C~ 68T s61t

00°L §8¢ | 4 %4 LOE°0]E° 6T~ o8t €ZT

$°02-| 829 06, |coteco|v-cz-| TS 89L 0€°0 |9°2¥-| T2V veEL 0€°0
T°22~-| ovy 696 |ozce*oj6°zyv-| 899 OLIT | 2e'o |T°22-| (LL€ €95 o€
0°GT-| 8¢tV 6TSs |ozZe°o|9°ce-| 89¢ 41 2€0 |v°Ti-| wve LLS €€

T.Z- 6L2 zee  |ozetojo tv-| zic 1S9 Ze*o | 8- 8- 9G¢ €v9 €€
9°92-| e8¢ 02s |sceo|vey-] L1V veL ve'o |8 0e-| tev €29 eS¢
€'91-| svY SEs |sLe'o|s°¥v-| g6¢€ €TL v€°0 joov-| zov 6S9 |es¢
9°¥ez-| L9t L8y |sLe°o|e-es- 1€ S9 ve°o |o*ov~| 69¢ 919 |¢ese’o
() | aequnyN | xaqunyN | (A) (%) | aoqunN | aequmy | (A) (%) | asquny | goqunn | (a)
& &0 | POI3IsSIL Tenlyov IA 1xd pPelysay Tenljovw IA AXF pPo3Is9L Tenjov IA

6 JIosueg

8 Josuesg

L JIosBueg

we3sig uorjernuig bHuysp UOFIRIQTTIVD IOBUGS £€°T°¢ oIqul



127

1314

16T

To0¢€ 661 96 o8 T€°0
9°9T 162 LET Zzz°0| 1°85 TS€ Tezz |stz°o] ooy SOt SL T€°0
09°2- z9¢2 692 zzz o|v ot~ €LT €6t $1Z°0| 8°0§ z6 19 TE°0
6°61 €z¢ €0V 692°0|s°82-| T1€2 £2¢ 0€°0 |s6° ¢~ 13 9LT T€°0
S°18 £2¢€ 8LT 692°0|L €cy- VLT 60¢€ 0c°0 |6°2T~] <x2I 6ET T€°0

nw.n? £2¢ 147 £€2°0 |6°L2~- Leze STE 8¢°0 |{8°0€~ 61T A S€°0
E () | xoqunN | xoqunN | (A) (%) | aequnN | asquny | (A) () | aequnN | aoquny | (a)
123 po3ysslL Tenlov IA Iad Po3Isa] Ten3osyw IA o 4 ¢ je Y- A A Tenjlovy IA
9 Iosueg ¥ Iosueg n

H!a.nn 86¢ 662 |02°0 | st'y | cezv OT¥ |86T°0] S°L¥ ﬂn.ﬂ«lnuﬂﬂnmuﬂj
v L1S 26z  |ost-of z-T¥ 8€9 sy |s6t°0| B8°9 €€z 8t2 z°0
[c s 89¢ €0Z [96T°0C| s°T¢ 06S zLs  |eetcof o0t oz 812 z°0
[o-62-] o9y €s9 |96t°0|z 8y~ T1LZ €2s §2°0 [s°61-| s8TC S6€ 62°0
€es°8-| t1¢E ove €0 |s'te~-| o9L¥ S6T 6Z°0 {8°s2Z-| voz SLT 62°0
g8 ve-| czv T €0 |e-ee~] gor €19 €°0 [LoLe~| €Lt 8LZ SE°0
(%) | aequnN | aequny | (a) (3) | xoqunN | IoqunN | (A) (3) | ToqunN | zequny [ ()
X9 Pe189], Tenloy IA XY Po}so], Tenylov IA X Po3s9a], Tenlovy A
_ € Josueg 2 Iosueg T Iosueg

juoudynbay Sujysexyy buyen UOTIVIQEIBD IOBUGY T°Z°¢ OoTqeRl



128

T ozt z0t'0 | sv-e T 9TL'0 | o0sL0t0
ado1s *xxg °3Is 38U0D 2d edots *IXF °3S 3ISU0D
(BUTUSSIYT) UOTIVIQTTIVD JOIJN TTeI0A0 Sutysexyy
v.8°0 €26°0 L15°0 8¥9°0 | 908'0 1€8°0 ¥9€0°0
zd adots ‘IXqd °*°3S 38UO0D P2 edots ‘1T °3IS 3Isuo0)
(COFIVINWEG) UOFIVIQFI®O IOV TTeI0A0 UOFIVTNWES

83unoy jovdwl UTRIP POISOL DUV TENIOV JO SBOFISTIVIB £ °C OTqel

Foo.wl Ly Jﬂﬂﬂﬂnﬂﬂﬂﬂﬂ.ﬂ!ﬂﬂ 1 4 1 41 98¢0 ﬁnolw_lhunuuucu oﬂm 80€°0
c°veL STT 99 ¢9r°0| 8°0¢E s$8 s9 982°0} 8°IT 8¢ ve 80€E°0
VLT 18 69 Z9¥°0] 9°€6 16 Ly 982°0| 0°2¢ 11 s§¢ 80¢€°0
z9°6~| ve voT |29r-ofev-9-| vex oYt |98z°0f 9°9Z 98 69  |soc-o

F..N« Yot s8 |z9v°ol 6Lt | it 2TT 982 0j08°s-| 9 €9 |soc-o]

{691 991 eyt  |osv o Z9C |®e3ed oN |9sz'O|T°TT~| @Y ¥s  |socof

_ (%) | zoqunn | zequun | (A) | (§) | aequnN | zequnn | (A) | (3) | aequnN | xequnn | (a) _
333 | P93ISSL | Ten3oV | AN | 23 | pe3Isey | Ten3ov | A | aag | pegsey | tenjov | aa

6 JIo0osueg 8 JIosueg L Xosueg _

Jueudynba Sutyseyl HUFSN UOTIVIQFIED IOSUSE C°Z°¢ etqey



129

*s9jnuIu 0z sem awuyy buriig
"U9Z0OIJIP SeM UOTIODTIS HBUYYIOA BYL °3IS93 STY3 I0J PISn SeM SARMOIOTH BATYSOL

e § T°91 i98R(q J9M IANTeA Uesu JUTeJUOD ISNJISTOW

0°vl o 11t T o WNH ,rli!{ll{ﬂllllﬂﬂnﬂnﬂﬂﬂd

b9t ¢t bET 11
(A A"
9°¢tl
L°6
L ¢
8°9T
¢°st

s°vt

b eET
L°ET
£°GY

(3 oseg j0M)
urejuod
9INJISTON

S3U93UO0D BANISTOR MRIZS °*Yy a1qel



130

* {100 - 0689920 SON

O0ON3D ‘Auedwo) OTITIULIOS TeIjua)) 3Ise3 ay3z 103 posn sem sdueleg SINISTON OONID

0°TT

‘S 6°TT :98eq oM anNTeA ueau utTejuod aanjlsTon

l.‘dwﬁ:

it

oct

0°¢€T

ozt

¢°1t

oct

0o°¢ct

oct

T°1T

oct

8°1t

oZt

8°¢CT

oct

9°Cct

02T

9°11

oTT

8°1T

oct

0°1T

00T

(¢ o
ure3uod

99X

| —

sed 30M)

n3sSTOH

308

puyrjesy

SjUajU0D BANISTOH UTeID °G ITqe],



131

2 8E"T s°ce €91 80V (AR ot 0°6¢€ Zt
8eg°1 o°b¥y S°pE 08°9 L°Le 12 s°08 Tt
L0°T T°12 L°61 66V Lyt L 3 4 0ot
I2°1 E°EY g°g¢ £E0°L 8°8¢ ge €18 6
9Z°1 9°¢C 8°81 66°YV B°ET 1T 1A 4 8 =
LT°T 8°1¢ W.mﬂ Te° Y €°vT 1T 6°6¢ L =
ST*'T 9°1TY T°9¢€ 92°L 8°8¢ Te 0°08 9 =
(A ! DRSS 8°9¢€ L9°S T°1¢E 1 %4 0°08 1]
Vit S°TY €°9€ (A B g°0¢ (44 0°08 v _
Tzt L ¥4 beLY £9°¢ . 8° €T €T o°ov €
vttt L°6T €°LT 98°¢ beet (A Y 0°6¢€ (4 _
02T o°zy 6°¥E £9°L ' 6°LZ 6e 0°08 T _

soTpung (Bx) *ON
Jo °oN doad uny

DOW/D pue s3ybysm TeTI®3eR ayy °*L elqel

* b 9¢ ST Jubyem TouUIaY 000T JO SNTeA UeRay

_ TR v 8 - S |
| TR c P—— _
_ €8°VE z v - T I

LL°SE 1 v -1 |
L (B) stouisy 000T/3ubYeM

s3ybyeM ToUI9Y 0001 21dues Aotaeg °9 atqe]



. 132
Appendix II.

1. Memory Map

IC Function Address
0000H
$ INTERRUPTS ARRAY (1024 Bytes)
~ 0400H
N
= 0401H
0 DATA STORAGE AREA
1FFFH
2000H
1776 Bytes RAM in Real Time Clock
26F0H
26F1H
STACK (256 Bytes)
27F0H
27F1H
Reserved
) 27F7H
o
8 RTCTRL 27F8H
E SECOND 27F9H
MIMUTE 27FAH
HOUR 27FBH
DAY 27FCH
DATE 27FDH
MONTH 27FEH
YEAR 27FFH
2800H
No Physical Memory
BFFFH
< CO00H
2 Look~up Table (EPROM 2)
~ DFFFH
Data Acquisition and Processing EOOOH
Modules (EPROM 1)
by FFEFH
& Boot-up (Reset) FFFOH
_FFFFH

(o et e gy |
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2. 1/0 Map
Ic Function Address
- I/0 A #0 00H
@ I/0 B #0 01H
a 1/C C $0 02H
g I/0 Control #0 03H
a *UART-Data 10H
P UART-Control 11H
- Timer #0 20H
- Timer #1 21H
Y Timer #2 22H
@ Timer Mode 23H
a Interrupt Controller Initialization 30H
@ Interrupt Controller Operation 31H
~ Counter #1 40H
& Counter #2 41H
4 Counter #3 42H
@ Counter Mode #1 43H
~ I/0 A #1 50H
& I/0 B #1 51H
a I/0 C #1 52H
© I/0 Control #1 S53H
P Counter #4 60H
- Counter #5 61H
- Counter #6 62H
@ Counter Mode #2 63H
< Counter #7 70H
& Counter #8 . 71H
Y Counter #9 72H
© Counter Mode #3 73H It
@ I/0 A $2 80H
0 I/0 B #2 81H
~ 1/0 C $2 82H
@ I/0 Control #2 83H

*UART: Universal Asynchronous Receiver and Transmitter
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Appendix III.
1. Main Program Flowchart .
2. Interrupt Service Routine Flowchart
3. The Hierarchical Diagram for the RTDP
4. Look-up Table Flowchart



System Inicialization

/

Keyboard Comsmand Input
Display "PRESS F2 TO TEST"

¢—— No

Yes
¥

Interrupt and Counter

Inicialization

*

Close Counter and

Timer Gate

¥

Load the Control Word
to Counters and Clear

the Counters

!

Open Counter and
Timer Gates

No

%

Enable Interrupt

No.of Samples = 10

Yes
¥

/

Close Counter and Timer Gates
Reset Interrrut Request

Counter Inicilization
Display "TEST END"
Print the OQutput File

|

1. Main Program
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(, Sﬁart 4)
v

CPU Register Contents Protection

L .

Close Counter and Timer Gates
Reset Interrupt Requerment and Timer

!

Read Grain Impact Counts in Counters
1-9

:

Clear Counters and Timers
Open Counter and Timer Gates for Next
. Sample

Y.

Real Time Data Processing

Y

Resume CPU Registers Contents

1

Interrupt Service Routine Finished
Return to Main Program

2. Interrupt Sevice Routine
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Point to the First Sensor Mean

v

Point to LnZ Look-up Table Beginning Address

1

Call Data Enlarge

!

Call Data_ Range

Three LnZ Finished ? yes ——

No

Point to Next Sensor Mean

—

Return

4.1 Natural Logarithm Look-up Table (Main)
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Yes

0->N
3100 . Yes

<1000

r No Z<10009

4.2 Natural Logaritha Look-up Tabla
(Data Enlarge)



~ No

( Start )

2272 ?

Yes

Yes

+

Call Look-up Table

v

Integer Part=0

Yes —1

Call look-up Table

]

Integer Part=1

Call Look-up Table

*

Integer Part=2

ASCII-BCD

i

Calculate
LnZ=Ln (2/10*n) +1n10"n
=0, 1, 2, 3

BCD_ASCII

ﬂ

Retuzn

4.3 Ratural Logarithm Look-up Table

(Data Range)
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Appendix IV. 1. The Best Fit Curves in Arc Direction 142

Distribution Curve in Arc Direction
(Run No.4. Sample 1.)
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Separation Rate (Impacts/Sensor.2s)

Separation Rate (Impacts/Sensor.2s)
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Distribution Curve in Arc Direction
(Run No.4. Sample 3.)
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Separation Rate (Impacts/Sensor.2s)

Separation Rate (Impacts/Sensor.2s)

Distribution Curve in Arc Direction
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Appendix IV. 2. The Best Fit Curves in Axial Direction

Regression Curve in Axial Direction
(Run No. 4. Sample 1.)
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Separation Rate (Impacts/Sensor.2s)
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Regression Curve in Axial Direction
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Combine Grain Loss Monitoring Assembly Language Program List
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Microsoft (R) Macro Assembler Version 4.00 9/6/90 21:17:24

COMBINE GRAIR LOSS MONITOR Page 1-1

TITLE COMBINE GRAIN LOSS MONITOR

-LIST
PAGE 71,132

S Y :

This progsm vas vwritten by Liu, Changqi, graduate student at :
the Department of Agricultural Enginsering, University of Alberta. :
This project vas to develope a data asquisition and real time :
dats processing system to acnitor grain loss from an axial-flow H
combine. H
The supervisor for this project was Dr. Jeremy Leonard, 3
profassor at the Department of Agricultural Engineering, University :
of Albarta. :
The following program is composed of three main parts: :
1. Varisble definition. H
2. Real Time Data Processing Prograa. [
3. Mini~operation System. H
The Sasplng Duration Time vas 2 Seconds. s

All right reserved.

0000 GRAIN SEGMENT PARA PUBLIC °CODE’
ASSTME CS:CRAIN, DS:GRAIN, SS:GRAIN, ES:GRAIN
3 EXTRN CLOCK_READ:FAR
] H
t PART 1: VARIABLE DEFINATIONS :
i ———3
= 0001 a1 EQU 1 11t
= 0002 2 EQU 2 121
= 0006 o3 BQU 6 131
= 0018 o 4 BQU 24 181
= 0078 s QU 120 151
= 02D0 4_6 QU 720 161
= 138 o7 EC 5040 ;7!
= 9D30 a8 EQU 40320 ;8!
= 0000 JOA EQU 00H 11/0 8255
= 0001 I08 BQU [13}:]
= 0002 IoC QU 02H
= 0003 IOCTR 2QU o3g
= 0010 UART_DATA EQU 108 RS 232 8259
= 0011 UART_CIRL EQU 11K
= 0020 TIMER 0 BQU 20H ;TIMER 8233 BAUD RATE GERERATER
= 0021 TIMER 1 BEQU 218 1SQURE HAVE GEUERATER
= 0022 TIMER 2 BEQU 228 1SECON SIGNAL GENERATER
= 0023 TIMER ¥ EQU 238 sMODE WORD REGISTER
= 0030 L WRD_1 EQU 308 1PROGRAMMABLE INTERRUPT
1 CONTROLER 8259
= 0021 COM_WRD_234 EQU 231H sCOMMAND WORD 1 & COMMAND
sWORDS 2, 3, 4
= 0040 COUNIER_1 EQU 408 1SENSOR 1
= 0041 COUKTER_2 EQU [33:] 1SENSOR 2
= 0042 COUFTER_3 EQU A2H ;SENSOL. 3
= 0043 MODE 1 EQU A3H
= 0030 I0A_2 EQU 508 sAfD, A/D CONTROL, DIP SWITCH
= 0051 10B_2 EQU 519 1PB2 BEEP, PB3 S GATA, PB7
= 0052 IoC_2 QU S28 ;COURTER GATEC
= 0053 I0CTR. 2 EQU 338
= 0060 COUNTER_4 EQU 60H ;SEMSOR 4
= 0061 COUNTER_S EQU 61H 1SENSOR S
= 0062 COUNTER 6 EQU 628 ;SENSOR 6
= 0063 MODE_2 EQU 63H
= 0070 COUNTER_7 EQU 708 sSENSOR 7



Microzoft (R) Macro Assambler Version 4.00

COMBINE GRAIN LOSS MONITOR

0400
0400

2000
2003
2002
2004

2006
2008
2009
200A
200B
Z00C
200D
200E
2010

2012
2013

2027
2028
2029
202A
2028
202D
202F

203F

204F
2050
2051
2052

0071
0072
0073
0080
0089
00590
009%
0092
009B
0000
0000
27FF
27FE
27FD
27FC
27FB
27FA
27F9
27F8

1000(
00

0000
0000
0000

0000
00
00
00
00
00
00
77?7?
7?7

??
0014(
1?

??

7?

??

272

7722

0010(
??

0010{
??

7?

??

??

0010(
?27?

GUT_PUT

RUN_No
SAMPLE_No
SAMPLE_No_1

OUT_MEM
FLAG1
FLAG2
FLAG3
FLAGS
FLAG6
FLAG?
POINT_S
POINT_S1

KEY_DIS
STRING

152
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Page 1-2
COUNTER_8 EQU 71R 1SENSOR 8
COUNTER_9 EQU 728 +SENSOR 9
MODE_3 EQU R o
CHo00 EQU 80H :SIX DIFFERENT COMBINATIONS
CWooI FQu 89H +FOR I/0 PORT 8235.
CWIOO EGU 90H :I - INPUT, O - OUTPUT.
CWIOI EQU 9%5H
CWIIO EQU 928
CWIII EQU 9BH
STACK BS EQU 0000H 1STACK POINT
POINT EQU O0000E
YEAR EQU 27FFH :THESE VARIABLES ARE THE
MONTH EQU 27FER 1 ADDRESSES OF MEMORY UNITS IN
DATE EQU 27FDH tREAL TIME CLOCK. TBEY CAN
DAY EQU 27FCE :BE ACCESSED AS REGULAR RAM.
HR EQU 27FBH
MIN EQU 27FAR
SEC EQU 27FSH
RTCTRL EQU 27F8H :REAL TIME CONTRL WORD ADDRESS.
ORG 0400H
DB 1000H DUP(0) sUP LOAD DATA AREA IN RAM.
ORG 20008
oW 0 sTHE NUMBER OF RUNS.
o) 0 sTHE NUMBER OF SAMPLES.
pw 0 ;THE NUMBER OF SAMPLES FOR PRINT SIZE
s CALCULATE.
oW 0 t{KEEP THE CURRENT ADDRESS OF OUT-FILE.
DB 0 sDISPLAY LENGTH COUNTER LCD FULL iT=10H
DB 0 ;AFTER CALL WORKING SET TO 1.
DB 0 1DISPLAY REAL TIME CLOCK.
DB 0 sIF SET, INTERRUPT HAS BEEN SERVICED.
DB 0 +SET YEAR OR HOUR.
DB 0 «1D33E.
L ?
W ? tPROTECT THE POSITION WHERE THE NEXT
sLETTER BIS
DB ? +FOR PRESSED KEY DISPLAY
DB 20 DUP(?) ;FOR COMMAND STARAGE
DB ? sTHIS PART WAS THE VARIABLES FOR
DB ? sKEY3OARD MONITOR PROGRAM.
DB ?
»)] ?
o1 ) ? sTIMES THE KEYS WERE PRESSED
DW ? tWHICH XEY ®AS PRESSED
DB 16 DUP(?) :YEAR -- DAY 1IN RAM WOULD BE IN LCD
DB 16 DUP(?) sHBOUR -- SECOND IN RAM FOR LCD
DB ? + INTERVAL TiME VARIABLE
] ? H
DB ? :
DW 16 DUP(?) 11D34H--1D43H
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COMBINE GRAIN LOSS MORITOR

2072

2082

2083

2084

2088
208A
208C
208E
2090
2092
2094
2096
2097
2098
2099
209B
209C

20A4
20A6
20A8
20AA

2082

20C2

2002

20E2

20F2

2102

2112

0010(
00

00

00

0002§
0000

0000
0000
0000
0000
0000
0000
0c00
00

00

0

0000

0004
0000

0000

0000

0000

0004
0000

0008 [
0000

0008({
0000

0008(
0000

0008 (
0000

0008{
0000

0008
0000

0008(
0000

Version 4.00
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Page

DATA_DISPLAY DB 16 DUP(0)

1-3

:DATA TO BE DISPLAYED STORAGE

s ee we se

LEFT DB o :RESERVED FOR DISPLAY CHANNELS
;NUMBER 1,3,5,7,9

RIGHT DB 0 :RESERVED FOR DISPLAY CEANNELS
:NUMBER 2,4,6,8,0

H

; NEXT PART OF MEMORY NEEDS TO BE CLEARED

; AFTER EACH SAMPLE DATA PROCESSING.

H

RANGE 2 DUP(0)  ;SENSOR RANGE DETERMINATION WORD

RANGE_1 D¥ G {AFTER ENLARGEMENT DATA STORE HERE

SEN_RM ™ 0 ;SENSORS ADDRESS MEMORY UKIT

SEN_L_RM DW 0 1 SENSORS LOGRITHM ADDRESS MEMORY UNIT

N Du 0 N IN EQU. Lnl0°N

N_DIVIDE o 0

XI M D™ 0 ;X1 ADDRESS MEMORY UNIT

La¥L M oW 0 :LoYi ADDRESS MEMORY UNIT

SIGN_X DB 0 {ZBE SIGN OF SIG{Xi-Xmean)

SIGN Y DB 0 iTHE SIGN OF SIG(Yi-Ymean)

SIGN_SIGMA DB 0 +THE SIGN OF D .

X1_Xm M D 0 ;X1-Xo ADDR. FOR CALCULATE (Xi-Xm) 2

ABDVE_16 DB 0 ;FLAG = 1 WHEN DIVISOR IS >=65536

EXP_N DW 4 DUP(0)  :;THE RESULT OF EXP N BIN

ZMEAN RM  DW 0 :STORE Z_MEAN_1 ADDRESS

o0T_PUT RM DW 0 :STORE OUT_PUT ADDRESS

DI_MEM ] 0 ;DISTINATION ADDRESS MEMORY

S1_TEMP D 4 DUP(0)  :THE FINAL RESULT TEMPERARY STORSGE

TABLE_M o € DUP(0)  :TEMPERORY LOOK_UP TABLE STORAGE UNIT

PAR_PRODUCT DW § JTP(C)  ;PARTIAL PRODUCT OF 8 DIGIT MULTIPLY

INTERMIDIATE DW 8 DUP(0)  :2 BYTES FOR ADDING PARTIAL PRODUCT

PRODUCT oW 8 DUP(0)  :PRODUCT OF EIGHT DIGIT MULTIPLY

FIVE_PLUS  DW 8 DUP(0)  :4 OMMIT S PLUS FOR MULTIPLICATION

SIGMA_LnYi M DW 8 DUP(0) ;16 BITS FOR SIGMA Yi TEMPERARELY

MEAN LoYL  DW 8 DUP(0) 116 BITS POR MEAN VALUE OF LnYi
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COMBINE GRAIN LOSS MONITOR

2122

2132

2142

2152

2162

2172

2182

2192

21A2

21B2

21C2

21D2

21E2

21F2

2202

2212

2222

0208{
0000

0008(
0000

0008(
0000

0008(
0000

000a{
: 0000

0008 [
0000

0008 [
0000

0008{
co00

0008(
0000

0008({
0000

0008{
0000

0008{
0000

0008(
0000

ooo8{
0000

0c08{
0000

0008 (
0000

0008(
0000

X0

SIGMA_Xi M

MEAN_ X1

COMPLETE

INTERMIDIATE_SUB DW

SIG X1 ¥m Y1 Ym DW

Xi ¥m

Yi_¥Ym

X1_Xm

X4_Xm

bW

DW

D¥

Dw

oW

bW

b

DW

oW

DW

DW

bW

bW

SIG_Xi_Xm_SQ_2

SIG_Xi_Xm_Yi_Y¥m BIN

bW

oW
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Page

DUP(0)

DUP(0}

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

1-4

116 BITS FOR X1

3116 BITS FOR X2

:116 BITS FOR X3

+16 BITS FOR X0

$16 BITS FOR SIGMA X1 TEMPERARELY

$MEAN VALUE OF X1

:0000000010000000 ARE STORED

;16 BITS FOR THE RESULT OF SUB Xi-Xm

iOR Yi-Ym
;RESULT OF D’s NOMINAIOR

:Xi - Xm

YL - Ym

8 DUP(0) ;RASULT OF D’S DENOMIINATION.

8 DUP(0) :BIN OF D’S NOMINATION
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COMBINE GRAIN LOSS MONITOR

2232

2242

2252

2262

2272

2282

2292

22A2

22B2

22C2

22DA

22E2
22E4
22E6
22E8

22F0

22F6
22F8

2300

0008(
0000

0008(
0000

0008(
0000

ooo08(
0000

0008(
0

cocs|
0000

0008(
0000

0o08(
0000

0008{
0000

0008(
0000

0004 [
0000

0004(
0000

0000
0000
0000
0004
0000

0003(
0000

0000
0004(
0000

0002{

SIG_Xi_Xm BIN

D_BCD oW

D_BCD_FRACTION  DW

D_15258 D

EXPa_MUL_EXPb_INTEGER

EXPa_MUL_EXPb_FRAGMENT DW

C_BIN oW

C_BCD DW

MEAN_LaYL_FOR_C DW

TIME_START DW

TIME_FINISH DW

21 DW
22 ]
23 Dy
S1G_24 oW
S16_X121 DW

SYMBLE_SIGXiZi DW
SIG_Xi_SQ2_2i DV

A DIV B bW
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Page

1-5

DW 8 DUP(0) :BIN OF D’S DENOMINATION

8 LJIP(0)

8 DUP(Q)

8 DUP(0)

8 DUP(Q)

:BCD OF D

;BCD FRACTION OF D

:SET IN BIN2BCD FOR FRAGMENT PART

;FOR EXP b BCD

bW 8 DUP(O) ;

8 DUP(O)
8 DUP(0) : C= Ymean - D * Xmean
8 DUP(0) :
8 DUP(0) $STCRE C_BCD FOR C_BIN CONVERT
& DUP(0) ;TO TEST THE TIME THE CALCULATE
4 DUP(O) ;s EXCUTING NEEDED.
[1]
0
0
4 DUP(0)
3 DUP(0)
0 sSYMBLE 0 =+1 =- FOR SIGMA XiZi
& DUP(0)
2 DUP(0) ;STORE A/B



Microsoft (R) Macro Assembler Version 4.00

COMBINE GRAIN LOSS MONITOR

2304

2308

230C

2314

231A
231C

2322
2324

234A
234C

2352
2354

235A
235C

2362
2364

0000

0002(
0000

0002{
0000

0004[
0000

0003(
aooc

0000
0003(
0000

0000
0003(
0000

0000

0000
0000
0000
0000
0000
0000
0900
0900
0000
0900

0003(
0000

0900
0003(
0000

0000
0003(
0000

0000
0003{
ocno

0000
0003 [
0000

NEGA_B_X0

EXP_N_B_X0

Z_MEAN

A_PARA

SYMBLE_A_PARA
B_PARA

SYMBLE_B_PARA
C_PARA

SYMBLE_C_PARA

SENSOR_1
SENSOR_2
SENSOR_3
SENSOR_4
SENSOR_S
SENSOR_6
SENSOR_7
SENSOR_8
SENSOR_9
SENSOR_

A_PARA_1

SYMBLE_A_PARA_1
B_FARA_1

bW

DW

DW

bl

D
bl

DW
DW

DW

ORG
DW
D
W
DW
bW
oL}
bW
W
bW
bl

DW

DR
DW

SYMBLE_B_PARA_1 DW

C_PARA_1

SYMBLE_C_PARA_1
A_PARA2

DW

bW
bW

SYMBLE_A_PARA_2 DW

B_PARA_2

Du
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Page

2 DUP(0)

2 DUP(0)

4 JUP(0)

3 DUP(0)

wo

DUP(0)

wo

DUP(0)

0

23308

[-X-R~-N-N-N-N- -]

3 DUP(0)

0
3 DUP(0)

4
3 DUP(0)

wo

DUP(0)

«w o

DupPL0)

1-6

1STORE ~-B*X0

$1STORE EXP (~B*X0)

$+SYMBLE 0 =+1=-FOR A PAOAMETER

$1SYMBLE O =+1=-FOR B PARAMETER

tSYMBLE O =+1=-FOR C PARAMETER

sRAM FOR SENSORS ORIGINAL DATA

;SYMBLE O =+1w»- FOR A PAOAMETER

$SYMBLE 0 =+1w=- FOR B PARAMETER

1SYMBLE O s=+le- FOR C PARAMETER

$SYMBLE 0 =+1=- FOR A PAOAMETER
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COMBINE GRAIN LOSS MONITOR

236A
236C

2372
2374

237A
237C

2382
2384

238A
238C

2394

239C

23A4

23AC

23B4

23BC

23C4

23CA
23CC

2304

0000
0003(
0000

0000
0003(
0000

0000
0003(
0000

0000
0003[
0000

0000
0004 [
0000

0004 (
0000

0004 [
0000

0004 {
0000

0004{
0000

0004
0000

0004 (
0000

0003
0000

0000
0004(
0000

0004 [
0000

SYMBLE_B_PARA_2 OW

C_PARA

DW

SYMBLE_C_PARA_2 DW

A_PARA_3

DW

SYMBLE_A_PARA_3 DW

B_PARA_3

Dk

SYMBLE_B_PARA_3 DV

C_PARA_3

bW

SYMBLE_C_PARA_3 DW

Z_MEAN 1

Z_MEAN_2

Z_MEAN_3

Z_MEAN_1 L

Z_MEAN_2 L

Z_MEAN_3_L

A_COEF

D_BIN

SYMBLE_B
LOSS_DATA_1

LOSS_DATA

bW

bW

DW

o}

W

DW

DW

DW

v
bW

DW

wo

wo w2

”» 0O

9/6/90

Page

DUP(0)

DUP/0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

» 0

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

DUP(0)

157
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1-7

;SYMBLE 0 =+l=~ FOR B PARAMETER

:SYMBLE 0 =+1=- FOR C PARAMETER

1SYMBLE 0 =+1=- FOR A PAOAMETER

:SYMBLE 0 =+1=- FOR B PARAMETER

;SYMBLE 0 =+1=- FOR C PARAMETER

{MEAN VALUE OF SENSORS IN ARC

;DIRECTION

1RAM RESERVED FOR LOGRITHM

;STORE A COEF. OF A/B*EXP(-B*X0)

tBINOF D =B

$1SYMBLE 0 = +1 =-FOR C PARAMETER
:+STORE A/B*EXP(-B*X0)

1 STORE K*A/B*EXP(-B*X0)

. a e

THE FOLLOWING MEMORY WAS TO STORE THE FORMAT OF

THE PRINTED FILE.

THE FORMAT WOULD BE SENT TO PRINIER
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23E0
23E0

23F7

2400

2420
2425
2435
2440
2445
2455
2460
2465
2475
2480
24385
2495

24A0
24A5

24C0

24E0

24E5

24F6

2500

2505

2516
2520

2540

41

20
20
20
20
20
20
20
20
1
30
20
20
30
20
33
30
20
20
30
20
35
30
20
20
30
20
37
30
20
20
30
20
39
30
20
20
20
20
20
20
20
20
i1
k3
37
3D
31
37
kh 8
1
37
a
il
30
20
20
20
20
20
32

EBS
884
B8&

20

20
20
20
20
20
3D
30
20

30
20
3D
30
20

30
20
D
30
20

30
20
D
30
20

30
20
3D
30
20
20
20
20
20
20
20
20
3D
33
20

33

3D
33
20

33

20
20
20
20
20
3D

20

20
20
20
20

20
20
53

20

20
20
53

20

20
20
53

20

20
20
53

20

20
20
20
20
20
20
20
20
20

20
34
20

34
20
34
20
34
20
20
20
20

20

20

20
20
20
20

20
32

20

20
34

20

20
36

20

20
38

20

20
20
20
20
20
20
20
20

42

2E

2E
S5A

20
20
20
20

B88

20

20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20

35
1
35
35
k3
30
20
20

20
20

OUT_PUT_1

SAMPLE

s1

s2

S3

S4

S5

86

87

s8

S9

Al

Bl1

Cl1

221
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{Nal.0 SHAK TP-10) WITH THE DATA FILLED IN THE BLANK

Si* 4% IN THE FORMAT FILE.

ORC
DB

DB

DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB

DB

DB

DB

DB

DB

DB

DB
DB

DB

23E0H :FORMAT OF PRINTED FILE
'SAMPLE ~==-mw=sen=cn .

[ [

’sl - ’

‘0000 52 = ¢

*0000 ’

’s3 = ’

*0000 S4 = ¢

‘0000 .

'ss - L

*0000 S6 = *

‘0000 ‘

Is7 - ’

*0000 S8 = *

*0000 ’

lsg - ’

*0000 .

’ [
'Al = [

‘+1234.5678 Bl = '
‘41234 .5678'
'c1 - ’

‘+1234.5678 Z1 = '

’ 1234.0000°

. '

‘A2 =’
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2545

2556
2560
2565
2576

2580

25A0
25A5
25B6
25C0
25C5
2506

25E0

2600
2606
2617

2620
2626

2640
2645

2656

2660
2665

2680

0000
0000

28
36
20
2B
36
43
28
36
20
20
30
20
20
20
20
20
41
2B
36
20
2B
36
43
28
36
20
20
30
20
20
20
20
20
4C
30
36
32
30
36
4C
30
36
20
20
20
2B
3¢
42
23
a0
20
2B
30
20
20
20
20
20
20
20

K} 8
37
k1]
i
37
32
31
37
3D
3n
30
20
20
20
20
20
33
31
37
3D
i
37
3
3
37
3D
n
30
20
20
20
20
20
6E
3
37
3D
31
37
6E
31
37
20
20
20
30
30
3D
30
30
&7
30
30
20
20
20
20
20
20
20

32
38
20
32
38
20
32
38
20
32
30
20
20
20
20
20
20
32
38
20
32
38
20
32
38
20
32
30
20

20

20

20 ..

20
5A
32
20
20
32

5A
32
20
20
20
41
30
30
20
30
30
4C
30
30
20
20
20
20
20
20
20

33
20

33

k)]
a3
20

53

20
20
20
20
20
3D
33
20

33
3D

3z
2

34
20

34

20
34
20

34

20
20
20
20

20
34
20
34
20
34
20

34

; 20

20
20
20

0
3

A

oA
2E

3D
2E
20
20
20
20
30
20

30

20
30
20
20
20
20
20
20
20

2E
42

2E

2E
S5A

2E

20
20
20
20

5A

20
20
20
20

20
6E
34

20
34
20
20

20
2E

20
20
20
20
20
20
20

35
32

a5

35
32

30

20
20
20
20

a5
33

35

35
33

30

20
20
20
20

as
SA

35

35
20
20

30
20

30

30
20
20

20
20
20
20

9/6/90 21:17:24
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A2 DB 741234.5678 B2 =
B2 DB ’41234.5678"
DB ‘C2 = '
c22 DB *$+1234.5678 22 =’
222 DB ’ 1234.0000'
DB ’ r
DB ‘A3 = '
A3 DB ‘4+1234.5678 B3 = '
B3 DB '+1234,5678°
DB ‘'C3 = '
c3 DB ‘+1234.5678 23 = '
223 DB ‘ 1234.0000
DB , 14
DB ‘LnZl= ’
LnZl DB ’0123.4567 LnZ2= '
LnZ2 DB ‘0123.4567°
DB ‘LnZ3= *
LnZ3 DB '0123.4567 !
DB ' A=’
AA DB ’+0000.0000 B= ’
BB DB ‘+0000.0000’
DB ! GL= ‘
GGLL DB ’+0000.0000 ’
DB 4 ’
{emm—n——— —mm———
$ THE MAIN PROGRAM STARTS HERE
: .- ——
ORG 0000H
OUR_PROG PROC NEAR
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0000 B8 0000
0003 B8E DO
0005 BC 27F0
0008 BO 90
000A E6 03
000C B9 0014
O000F E8 1EE8 R
0012 EB8 1B33 R
0015 E8 1AEF R

START:

0018 FC

0019 BE CEC6
001C 8D 3E 23E0 R
0020 B9 0160
0023 F3/ AS
0025

0025 BO $9
0027 E6 53
0029 BO 04
0028 E6 51
002D BO 70
002F E6 23

RUN_I:

0031
0033

BO 00

A2 2008 R
0036 A2 2009 R
0039 A2 200A R
003C A2 200C R
003F A2 200D R
0042 A2 200B R
0045 8D 3E 2002 R

0049 B8 0000

004C 89 05

O04E 8D 3E 2004 R
0052 89 05

0054 8D
0058 B9 000A
005B B8 0000
QO5E 8% 05
0060 47

0061 47

0062 E2 FA

3E 2330 R

GPPE:

0064 E8 03A7 R

0067 B8
006A A3

0000
202B R

006D BE D24E

0070 8D 3E 202F R
0074 B9 0020

0077 A4

0078 E2 FD

SYS:

007A 8D
0C7E 89

3E 0400 R
3E 2006 R

0082 8D 1E 2072 ®
0086 B8 5250

0089 89 07

008B B8 5345

008E 89 47 02
0091 B8 2053

0094 89 47 04

MoV
MOV
MOV
MOV
ouT
MOV

MOV

MOV
MOVSW

MOV
ouT
MOV
ouT
MOV
ouT

MOV
MOV
MOV
MOV
MOV
MOV
MOV
LEA

MOV
MOV
LEA
MOV

MOV
MOV
MOV
INC
INC
LOooP

MOV
MOV

MoV
LEA

MOVS
LOOP

MoV

MOV
MOV
MOV
MOV
MOV
MOV

160
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Fage

AX, STACK_BS
5S,AX
SP,27FCH
AL,CHIOO
I0CTR,AL
CX,20

DN1MS
LCD_INI
DIS_TITLE

SI,0CEC6H
DI,GUT_PUT_1
X, 22916

AL ,CWIOI
ICLTR_2,AL
AL, 000001008
10B_2,AL

AL, 011100008
TIMER_M, AL

AL, 008
[FLAG1]) ,AL
(FLAG2] ,AL
[FLAG3) , AL
[FLAG6) , AL
[FLAG7] ,AL
[FLAGS] , AL
DI, SAMPLE_No

AX, 00H
(DI],AX

1-10

+SET STACK SEGMENT.

$SET STACK POINT
s INNITIALIZATION PIO.

sDELAY 20mS.

s+ INICTIALIZATION OF LCD
sDISPLAY TITLE (THIS SUBROUTINE
1WAS USED FOR THE SYSTEM BASIC
:FUNCTION TEST.).

sPOINT TO PRINT FILE ADDRESS.
1THE ADDRESS OF TABLE TO BE FILLED

:22 RAWS EACH RAW 16 WORDS

1THE SOURCE PRINT FILE WAS AT

: EPROM

s COMMAND WORDS FOR 8255-2

+I/0 A IN, 1/0 B OUT, I/OC IN
:8255-2 I/0 B BIT 2 QUTPUT HIGH

s SET OUT(INTERRUPT REQUEST) ZERO
sMODE 0 INTERRUPT ON COUNT
+ TERMINATION

sCOUNTER OF THE LCD POSITION
1FLAG2 1 FOR TEST BEGIN
sREAL TIME CLOCK DIS

$YEAR OR HOUR SET

s INTERVAL HAS BEEN SET (FFH)
sGATE TIME ~ 10 S.

s SAMPLES NUMBER

sCLEAR

DI,SAMPLE_No_1

(0I),AX

DI, SENSOR_1
cX,10
AX,0

sCLEAR THE SENSORS AREA.

CLEAR_DATA_AREA :CLEAR DATA AREA BEFOR SAMPLLING

AX, 0000H

[PRESS_T],AX ;CLEAR KEY PRESS TIMES

SI,0D24EH

DI, YEAR_RAM
cx,32

BYIE PIR(DI)
SYS

DI, JT_PUT
{OUT_MEM] DI

BX,DATA_DISP
Ax' IRP'
{BX],AX

AX, 'SE’
(BX+2] ,AX
AX,’ s’
(BX+4],AX

+SEND TIME IN EPROM TO RAM

»BYTE PTR(SI]

:STORE THE FIRST ADDRESS OF
:SAMPLE & RESULT OUTPUT FILE.

LAY ;POINT TO DATA DISPLAY UNIT
sDISPLAY ’‘PRESS F2 TO TEST’
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0097
009A
009D
00A0
00A3
00A6
00A9
00AC
QO0AF
00B2
00BS

00B8
00BA
00BC
00BE

00CO
00C2
00C4
00Cé

0ocs
09CC
00CE
0000
00D2

00D3

00D6
oons

00DA
00bC

00DE
00EO

00E2
00E4
00EB
O0EA
00ED
00EE
00F1
00F2

00F4&

00F4
00F?7
00FA

00FD
0101

0104
0108

B8
89
B8
89
B8
89
B8
89
B8
89
E8

E4
B2
3A
74

Eé4
B2
3A
75

8D
BO
3A
74
FA

E9

BO
E6

B0
E6

B0
E6

B30
3A
74
EB
FA
E9
FB
EB

8D
Ccé

8D
B8

3246
47 06
5420
47 08
204F
47 OA
4554
47 OC
5453
47 OE
1EBC R

50 K_00:
00
Cc2
F8

50 K_80:
80
c2
FO

1E 2009 R
01
o7
04

13BD R

FE IIT:
k3

60
30

08
30

00
06 2009 R
03
05 90

INT_OFF:
0025 R

INT_ON:
E2

OUR_PROG
3

3
WORKING

0138 R
0182 R
01DD R

3E 2009 R
05 01

1E 2072 R
4554

161
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Page 1-11
MOV AX, '2F’
MOV [BX+6] ,AX
MOV AX,'T ’
MOV [BX+8],AX
MOV AX,’ 0O
MOV [BX+10] ,AX
MOV AX, 'ET’
MoV [BX+12] ,AX
MOV AX, TS’
MOV [BX+14] ,AX
CALL DISPLAY_1 :DIS ’PRESS F2 TO TEST’ WITHOUT

:1s TIME DELAY.
IN AL,I0A_2 ;CHECK TEE DIP SWITCH.
MOV DL, 00H
o134 AL,DL ;IF = Q0B THEN CLEAR DATA AREA.
JZ K_00
IR AL,IOA 2 ;AT THE END OF MAIN PROGRAM
MoV DL, 80H ;JMP TO HERE.
cMP AL,DL
JNZ K_00
LEA BX,FLAGZ sCHECK FLAG2 IF 1 TEST IS BEGIN'.
MOV AL, Q1B ;FLAG2 WAS SET IN WORKING.
CMP AL, [BX]
Jz I ;+JUMP TO INTERRUPT WAITING LOOP
CLI ;IF FLAG2 NO EQUAL TO 1,
sCLEAR INTERRUPT.

JMP KEY_SCANNING ;=80H TO KEY SCANNING
MOV AL, OFEH
ouT 31H,AL ;0CW1
MoV AL, 60H
our 30H,AL ;0CW2
MoV AL, 08H
our 30H,AL ;0CW3
MoV AL,0O sIF FLAG2 = 0
c™MP AL, [FLAG2)
Jz INT_OFF ;DISABLE INTERRUPT
JMP INT_ON
CLI
JMP RUN_I $GO TO THE BEGINNING FOR NEXT RUN
STI
JMP 111
ENDP
PROC NEAR

1. CALL INTERRUPT INI. 2. CALL COUNTER_INI :
3. SET THE FLAG2 IN T0 1. ;
4. :

DISPLAY TEST ON LCD.

. wa ws = e

CALL INTERRUPT_INI

CALL COUNTER_INI

CALL PULS_GENERATE ;GENERATE A PULS TO TRIGGE COUNTER
tAFTER CALL THE S & COUN GATE ARE
;OPEND.

LEA DI,FLAG2

MOV BYTE PTR(DI]),01H ;IF THIS FLAG KEEP 1, THE

; INTERRUPT WILL BE ENABLE
LEA BX,DATA_DISPLAY ;POINT TO DATA DISPLAY UNIT

MOV AX, ‘ET’
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010B
010D
0110
0113
0116
0119
611C
011F
0122
0125
0128
012B
012E
0131
0134

0137

0138

0138
0138
013E

0140
0143
0146

0148
014A

014C
014E

0150
0152

0154
0156
0158
015A
015C
015E

0160
0162
0164
0166
0168
016A

016C
016E
0170
0172
0174

89
B8
89
B8
89
B8
89
B8
89
B8
89
B8
89
89
E8

c3

BB
BE
89

BB
B8
89

BO
E6

BO
E6

‘BO

E6

BO
E6
BO
E6
BO
E6

BO
E6
BO
E6
BO
E6

BO
BO

E6
BO

162
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07 MOV {BX],AX
5453 MOV AX,’TS’
47 02 MOV [BX+2] ,AX
2020 MOV '
47 04 MoV [BX+4],AX
4542 MOV AX, ‘EB’
47 06 MoV [BX+6] ,AX
4947 MOV AX, ‘16’
47 08 MOV [BX+8] ,AX
204E MOV AX,’ N’
47 0A MOV {BX+10] ,AX
2020 MOV A,
47 0C MOV [BX+12],4X
47 OE MOV [BX+14) ,AX
1EBC R CALL DISPLAY_1 :DIS ‘TEST BEGING'
sWITHOUT 1s DELAY.
RET
WORKING ENDP
INTERRUPT_INI Pt NEAR
; THIS SUL. - {7 i"XTYIALISE :
i 1. PROGRAMMA, - - 417 T CONTROLLER 8259A H
i 2. TIMER MND COUN o 0 -4 :
t a) BAUL Rui® ¢ . % b) SECOND SQUARE WAVE GENERATER.:
sPART 1 s .ripec entry address.
0060 MOV : ’
FC1D MOV e, UFCLIDH sENTRY ADDRESS
37 MOV [BX],SI s+VECTOR IS 18H 18H#4=60H
0062 MOV BX, 0062H $1SET CS VALUE FOR INTERRUPT
0000 MOV AX, 0000H
07 MOV [BX],AX
;PART 2: INICIALIZE FOR 8259 INTERRRUPT FUNCTION.
13 MOV AL,13H
30 ouT COM_WRD_1,AL ;ICW1 COMMAVD WORD 1
18 MOV AL, 18H
31 ouT COM _WRD_234,AL ;ICW2
oD MOV AL, ODH
31 ouT COM_WRD_234,AL ;ICW4
t1PART 3: INICIALIZE 8253
36 MOV AL,00110110B ;INICIALIZE TIMER CHENNEL 0
23 ouT TIMER M, AL sAS BAUD RATE GENERATER
04 MOV AL, 04H sLOAD LSB  04H
20 ouT TIMER_0,AL
01 MOV AL,01H ;LOAD MSB  01H
20 ouT TIMER_O,AL
70 MOV AL,01320000B ;CHENNEL 1
23 ouT TIMER M,AL ;MODE 0 INTERRUPT ON TERMINAL COUNT
1F MOV AL, 1FH :IT IS USED TO BE 1FH FOR IS.
21 ouT TIMER 1,AL ;LOAD LSB
C3 MOV AL, 0C3H :IT USED TO BE OC3H FOR 1S.
21 ouT TIMER_1,AL sLOAD MSB
B6 MOV AL,101101108B ;CHENNEL 2
23 ouT TIMER_M,AL sMODE 3 AS A SQUARE WAVE GENERATOTR
64 MOV AL, 64H +IT USED T0 BE 32 FOR 1S.
22 out TIMER_2,AL 1LOAD LSB
00 MOV AL, 00H



Microsofc (R) Macro Assembler Version 4.00

COMBINE GRAIN LOSS MONITOR

0176

0178
017A
017C
C17E

0180

0181

0182

0182
0184
0186
0188
018A

018C
018E
0190
0192
0194

0196
0198
019A
019C
019E

0l1A0
01A2
J1A4
01A6
01A8

CiAA
01AC
J1AE
01B0
01B2

01B4
01B6
01B8
01BA
01BC

01BE

01C0’

01c2
01C4
01Cé

01cs
01CA
01cC
01CE
01D0

E6
BO
E6
BO
E6
FA

c3

22

99
53
8C
51

30
43
00
40
40

70
43
00
41
41

BO
43
00
42
42

30
63
00
60
60

70
63
00
61
61

30
63
00
62
62

30
73
00
70
70

70
73
00
71
7n

INTERRUPT_INX
H

3
COUNTER_INI PROC

ouT
MOV
QuUT
MOV
oUT

CLI
RET

9/6/90 21:17:24

Page

TIMER_2,AL
AL,CWIOI
I0CTR_2,AL

AL,100011008
10B_2,AL

ENDP

REAR

1-13

;LOAD MSB

sAFTER INICIALISATION OPEN
;THE SECOND AND SENSORS GATA.

;CLEAR INTERRUPT FLAG

[
; PROGRAMMABLE COUNTERS 1 -- 9

s we we we

+ INICIALTZATION

o, —

MOV AL,00110000B

our MODE_1,AL 1CHANNEL 1 MODE
MOV AL, 00H

out COUNTER_1,AL :LSB LOAD

out COUNTER_1,AL ;MSB LOAD

MOV AL,01110000B

ourt MODE_1,AL ;CHANNEL 2 MODE
MOV AL,008

out COUNTER 2,AL ;LSB LOAD

out COUNTER 2,AL ;MSB LOAD

MoV AL,10110000B

our MODE_1,AL ;CHANNEL 3 MODE
MOV AL,00H

ouT COUNTER_3,AL ;LSB LOAD

out COUNTER_3,AL ;MSB LOAD

MOV AL, 001100008

out MODE_2, AL sCHANNEL 4 MOCE
MOV AL,00H

out COUNTER .4 ;LSB LOAD

out COUNTER_ 4,AL :MSB LOAD

Hov AL,01110000B

ouT MODE_2,AL ;CHANNEL 5 MODE
MOV AL,00H

our COUNTER_S,AL ;LSB LOAD

our COUNTER_5,AL ;MSB LOAD

MOV AL, 101100008

ouT MODE_2,AL ;CHANNEL 6 MODE
MOV AL, 00H

ouT COUNTER_6,AL ;LSB LOAD

ouT COUNTER_6,AL :MSB LOAD

MoV AL, 001100008

outT MODE_3, AL sCHANNEL 7 MODE
MoV AL,00H

outT COUNTER_7,AL -;LSE LOAD

out COUNTER_7,AL ;MSB LOAD

MOV AL,01110000B

ouT MODE_3, AL ;CHANNEL 8 MODE
MOV AL,008

ouT COUNTER_8,AL ;LSB LOAD

ouT COUNTER_8,AL :MSE LOAD

163
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01D2 BO BO MOV AL,101100008

0l1D4 E6 73 ouT MODE_3,AL sCHANNEL 9 MODE
0iD6 BO 00 v AL,00H

01D8 Ec¢ 72 OuT COUNTER_9,AL ;LSB LOAD

01DA E6 72 ouT COUNTER_9,AL ;MSB LOAD

01DC C3 RET

COUNTER_INI ENDP

01DD PULS_GENERATE PROC NEAR

sTRIGGE THE COUNTERS THE FUNCTION IS
$EQUAL TO CLEAR COUNTERS.
v ey

01DD BO 99 MOV AL, CWIOI
01DF E6 53 ouT IOCTR_2,AL
01E1 BO 8C MOV AL,10001100B
01E3 E6 51 our I0B_2,AL
01E5 90 NOP : TIME DELAY
01E6 90 NOP
01E7 90 NoP
01E8 90 NOP
01E9 BO 88 MOV AL,10001000B ;SEND A NEGATIVE PULS
01EB E6 51 - ouT I0B_2,AL :TO CLEAR COUNTER.
C1ED 90 NOP
O01EE 90 NOP +TIME DELAY.
01EF 90 NOP
J1F0 90 NCP
01F1 B0 8C MOV AL,10001100B ;NOW COUNTERS HAS BEEN CLEARSD
01F3 E6 51 ouT I0B_2,AL
01F5 C3 RET
PULS_GENERATE ENDP
3 PART 2. REAL TIME DATA ACQUISATION ANRD PROCZSSING. i

01F6 REAL_TIME_DATA_PROCESSING PROC NEAR

This program was to conduct the best f£it and regression :
calculstion. :
1. The best fit in arc direction wcs conducted at three [
different cross section positions. The results were :
parameters A B & C for the model Z = A + DX + CX 2. :
The meanvalues Z _MEAN_1, 2_MEAN_2 & Z_MEAM_3 would be :
obtained. ;
2. The axial divaction regression was conducted. The '
results were A % B for the model Z = A EXP (-BY) '
3. The actual grain loss then would be predicted. 3
the formula for this cal-ulation is: i
GL = K * A/B EXP (~BY0)

-—— - > e e e = e o > = :

“r me ws @2 4o es ®e 4 ws we we ws we w

: LEA BX, TIME_START ;THIS 6 INSTRUCTIONS WERE FOR
: PUSH BX +TSTING THE RTDP EXECUTICN TIME
3 PUSH X
H CALL CLOCK_READ
3 PopP cX
H POP BX
01F6 8D 36 2330 R LEA SI,SENSOR_1 tIF FENSOR 1 -- 9 = 0
01FA B8 0000 ' MoV AX,0 ;DO NOT CALCULATE.

O01FD 39 04 CMP {SI),AX



Microsoft (R) Macro Assembler Varsion 4.00

COMBINE GRAIN LOSS MONITOR

O1FF

0201
0204

0206
0209

0208
020E

0210
0213

0215
0218

021A
021D

021F
0222

0224
0227
0229

022C
022D
0230
0234
0237

0239
023A
023E
0242
0245
0247
024B
024F

0252
0223
0257
0233
Jy25E
0260

c2¢3
0264
0268
026C
026F
0271
0275
0279

027C

75 2B

39 44 02
75 26

39 44 04
75 21

39 44 0%
75 1C

39 44 08
75 17

39 44 0A
75 12

39 44 0C
75 6D

33 44 OE
75 08

39 44 10
75 @3
E9 0317 R

FC

BE CzCé6

8D 3E 23E0 R
B9 0160

F3/ A5

FC

8D 36 2330 R
8D 3E 22E2 R
B9 G003

F3/ AS

8D 3E 238C R
89 3E 20A4 R
E8 03DE R

FC

8D 36 2314 R
8D 3E 2344 R
B89 000C

F3/ A5

E8 040A R

FC

8D 36 2336 R
8D 3E 22E2 R
B9 0003

F3f AS

8D 3E 2394 R
89 3E 20A4 R
E8 03DE R

FC

TO_CALCU:

REP

JNZ

QP
JNZ

CMP
JNZ

CMP
JNZ

cMP
JNZ

cMP
JNZ

CMP
JNZ

CMP
N2
JHP

CLD
MOV
LEA
MoV
MOVSW

165
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TO_CALCU

[SI+2),AX
TO_CALCU

[SI+A],AX
TO_CALCU

(SI+6) ,AX
TO_CALCU

[SI+8],AX
TO_CALCU

[SI+10],AX
TO_CALCU

{ST+12],4X
TO_CALCU

[(5I+14],AX
T0_CALCU

[SI+16],AX
TO_CALCU
RESULT_MOVING

SI,O0CEC6H ;BOINT OUT THE REAL ADDRESS OF TABLE

DI,OUT_PUT_1 ;TEE ADDRESS OF TABLE TO BE FILLED.

CX,22*14% sTABLE HAS 22 RAWS EACH RAW 16 WORDS

:THE SOURCE TABLE IS AT EPROM

NEXT PART IS BEST FIT IN ARC DIRECTION.

1. THE MODEL IS Z = A + B*X + C*X'2

2. THE PARAMETERS T0O BE CALCULATED ARE A, B & C.

3. 2_MEAN i THRUOGH 3 ARE STORED IN 2_MEAN 1--Z_MEAN_3
FOR LOTARISM CALCULATION.

4. ALL THE PARAMETERS & Z_MEANS ARE SENT TO OUT_PUI_1
FOR UPLOAD OR PRINT, 20CH STORAGE SPACE WERE RESERVED

MOVSW

MOVSH
LEA
Hov
CALL

CLD

S$I,SENSOR 1
1,21
€X,03

sBEFOR CALL DATA IN SENSORS,
DI,Z_MEAN 1  SENT DATA TO 21 22 Z3.
(2_MEAN_RHM] ,DI
ARC_REG

SI,A_PARA

DI,A_PARA_L

cX,12 {AFTER ARC DIRECTION REGRESSION
;A B C ARE SENT 10 OUT PUT AREA

CLEAR_A B C

SI,SENSOR_4
DI, 21
cXx,02

;BEFOR CALL DATA IN SENSORS
DI,Z MSAN_2  ;SENT DATA TO 21 22 23 .
(z_MEAN_RM],DI
ARC_REG
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027D
0281
0285
0288
028A

028D
028E
0292
0296
0299
0298
029F
02A3

02A6
0247
- 02AB
02AF
02B2
02B4

02B7
02BA
02BD
02Co
02c3

02C6

G2C9
02CD
0291

02D4
02Ws
02DC

02DF
02E3

0ZE7
02EB

02EE
02F2
02Fé6
02FA

02FD

0300
0304
0308

030B
030E
0311
0314

8D 36 2314 R

8D
B9

3E 235C
000C

F3/ AS

E8

FC
8D
8D
B9

040A R

36 233C
3E 22E2
0003

F3/ A5

8D
89
E8

FC
8D
8D
B9

3E 259C
3k 20A4
03DE R

36 2314
3E 2374
000C

¥F3/ AS

Eg
E8
E8
E8

ES8

8D
8D
E3

8b
8D
£8

8D
8

8D
E8

8D
8D
8D
E8

E8

8D
8D
Es

E8
EL
E8
E8

040A R

041B R
06EC R
0704 R
0728 R
0789 R

0944 R

36 2:A2
1E 2222
0AC2 R

36 2212
1E 2232
OAC2 R

36 2222
3E 2232

1£ 23C4
0979 R

36 23C4
1E 2242
3E 2252
OAlA R

OSEF R

36 22C2
1E 22A2
OB7A R

~BC8 R
OCIF R
r"oR
LW /E R

R

o x N

= x

SEFC RYFIIEEE RUEE
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SI,A_PARA

DI,A_PARA_2

cX,12 $AFTER ARC DIRECTION REGRESSION
;A B C ARE SENT TO OUT PUT AREA

CLEAR_A B_C

SI,SENSOR_?
DI,Zz1
cx,03
;BEFOR CALL DATA IN SENSORS
DI,Z_MEAN_3 ; SENT TO z1 22 23.
1.D1

ARC_REG
SI,A_PARA
DI,A_PARA_3
X,12 3AFTER ARC DIRECTION REGRESSION
MOVSH 1A B C ARE SENT TO QUT PUT AREA
CALL fLEAR A B_C
KEXT PART IS REGRESSION IN AXIAL DIRECTION FOR PARAMETERS :
AL B. :
CALL SENSOR_LOOK  ;LnY¥i LOOK_UP SUBROUTINE
CALL SIGMA_Ln¥L  ;SIGMA LnY1
~ALL MEAN_VALUE_YL ;MEAN VALUE Ln¥i
at MEAN_VALUE_Xi :MEAN VALUE ¥4
e D_NOMINATION ;CALCULATE THE NOMIINATION OF
1 PARAMETER D.
CAL! D_DENOMINATION ;CALCULATE THE DENOMIINATION OF
sPARAMETER D.
LEA SI,SIG_X1_Xm_Yi_Ym ;DATA NEED TO BE CONVERTED
LEA BX,SIG_Xi_Xm_Yi_Ym BIN ;BINERY RESULT STORAGE
CALL BCD_BIN 1CONVERT D’S NOMINATION
i:FROM BCD TO BINERY
LEA SI,SIG_Xi_Xm_SQ_2 :DATA NEED TO BE CONVERTED
LEA BX,SI1G_Xi_Xm BIN :BINERY RESULT STORAGE
CALL BCD_BIN :CONVERT D’S DENOMINATION
:FROM BCD TO BINERY
LEA SI.SIG_Xi Xm Yi Ym BIN :THE ADDRESS OF NOMINATION
LEA DI,SIG_Xi Xm BIN iTHE ADDRESS OF THE
: DENOMINATION
LEA BX,D_BIN :THE ADDRESS OF D
sPARAMETER RESULT
CALL D_RESULT :CALCULATE THE PARAMETER
iD (BIN)
LEA SI,D_BIN iTHE DATA TO BE CONVERTED
LEA BX,D_BCD :THE PINAL RESULT ADDRESS
LEA DI,D_BCD_FRACTION ;DATA IN [D_BCD_FRACTION]
CALL BIN_BCD :NEED TO * 0.000015258
CALL C_RZSULT sCALCULATE THE PARAMETER C (BCD)
{THE RESULT WILL PUT 1N
+ [HEAN_Y1_FOR_C]*
LEA 5I,MEAN_Lc7i_FOR_C ;DATA NEED TO BE CONVERTED
LEA BX,C_BIN +BINERY RESULT STORAGE
CALL BCD_BIN .. ;CONVERT C BCD TO BIN
CALL A_COEF_A D_B ;CALCULATE A COEF &L A/B
CALL NEGA_B_MUL_X0 :CALCULATE -B*X0
CALL EX?_NEGA_B_XO ;CALCULATE EXP(-B*X0)
CALL LOSS $CALCULATE A/B*EXP(-B*X0)
CALL GRAIN_LCSS  ;CALCULATE K*A;B¥EXP(-B*X0)
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0317

0317
031B
031D
031E
031F
0321
0324
0328
032A
032C€
032E
0330
0333
0335

0337

033A
032D
0340

0343
0347
034B
034F
0353

0357
035A

033D
0361
0365
0369
036D
0371
0374

0377
037B
037F
0382
0387
0388
038E

0391

0394
0385
0399
039D
Q340
33A2

03A6

ap
ae
40
37
89
oD
8D
8B

89

3B
75

E8
E8
E8

8D
8D
89
8b
8D

E8

8D
89
8D
8D
E8
E8

8D
8D
89
8D
8D
E8
E8

E8

FC
8D
8B
B®

3E 2002
03

05

3030

36 23F9
Do

cé

E2

04

3131

c2

03

58 90

1442 R
14B6 R
152F R

36 23BC
3E 2645
3E 20A8
1E 20AA
3E 2252

OAlA R
157A R

36 23C4
3E 2656
3E 20A8
1E 20AA
3E 2252
OAlA R
157A R

26 23CC
3E 2665
3E 2048
1E 20AA
3E 2252
OAlA R
157A R

03A7 R

36 23E0
3E 2006
0160

F3/ AS

89

c3

3% 2006

R

R

WA R R

LR RN

o

RESULT_MOVING:

KFT:

KFT_1:

REP

o se e we oo

L

MOV

3

° eRFEEEE RREFEEF BB GFISF BEE %
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~-NEXT PART IS RESULT MOVING TO UP LOAD AREA------3

DI,SAMPLE No ;POINT TO SAMPLES NUMBER
AX, [DI)
AX ;1 NEXT SAMPLE

{DI],AX

4X, 30308

SI, SAMPLE+2

DX, aX

AL,DH

AH,DL

{S1}),AX

DX, 31318

AX,DX i SAMPLES NUMBER = 10 ?
KFT +NO, CONTINOUE.

KFT_1 sAFTER TEST AND PRINT OUT GO TO
{CLEARE DATA AREA.

SENSOR_MOVING :MOVE SENSOR DATA TO UF LODING AREA

ABC_MOVING  :MOVE A B £C PARAMETERS TO UP LOAD

Z_MEAN_Ln MOV ;MOVE Z_MEAN Ln VALUE TO UP LOAD

SI,A_COEF THE DATA TO BE CONVERTED
DI,AA
(DI_M=M],DI
BX,S1_TEMP  :THE FINAL RESULT TEMPERARY STORSGE
DI,D_BCD_FEK.\CTION ;DATA IN (D_BCD_FRACTION]
: NEED TO * 0.000015258
BIN_BCD
HF

SI,D_BIN

DI,BB

(DI_MEM],DI

BX, S1_TEMP
DI,D_BCD_FRACTION
BIN_BCD

MF

SI,L0SS_UATA_1
DI,GGLL
(DI_MEM),DI
BX,S1_TEMP
DI,D_BCD_FRACTION
BIN_BCD

M_F

C.EAR_DATA_AREA ;CLEAR DATA AREA
;AFTER EVERY SAMPLES.

~-HEXT PART IS TO MOVE BLOCK T0 OUT_PUT---~---;:

S1,0UT_PUT_1
DI, [OUT MEM)
CX,16%22

[OUT_MEM] , DX

ax,mm PINISH ;THIS PART JS TO CHECK THE SYSTEM
;CLOCK AFTER THE RTPP WAS END.

cx

CLOCK_READ

ox

BX
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3 et }
[ THE RTDP PROGRAM END HERE. H

it }
REAL_TIME_DATA_PROCESSING  ENDP

; THE NEXT A6 SUBROUTINES WERE CALLED BY REAL_TIME_DATA_PROCESSIKG. :
:+ THE STRUCTURE WERE HIERARCHICAL ARD NESTED MIXTURE. 3

UEtNREOCARMBE ™ D00 DO G T 5 s R S - H
C3A7 CLEAR_DATA_AREA PROC  NEAR 1SUBROUTINE No.1 FOR THE RTDP
) -3
s CLEAR DATA AREA AFTER EVERY SAMPLES
3 H
G3A7 8D 3E 2CE* T LEA DI,RANGE
03AB B9 0153 MOV ©X,339
03AE 38 000C ALL: MoV #X,0
03R1 89 05 Mo7 [DI]),AX
03B3 47 INC DI
03B4 &7 INC DI
03B5 E2 F7 LOOP ALL
03B7 8D 3E 2330 k LEA DI, SENSOR_1
03BE B9 0053 MOV CX, 538
03BE B8 0000 ALL 1: MoV AX,0
03C1 89 65 MOV (DI} ,sX
03C3 47 ING )¢
03C4 47 INC )4
D3CS E2 F7 LoG: ALL 1
03Cc7 C3 RET
CLEAR_DATA_AREA ENDP
3
0acs ARC_REGRESSION PROC  NEAR * ;SUBROUTINE No.2 FOR THE RTDP.
03C8 E8 OFAO R CALL SIGMA_Z1 sCALCULATE SIGMA Z2L(i=1--3)
sSENSOR’S DATA
03rs EB OFB3 R CALL SIGMA_X121 sX1{im1-=3) ARE THE LOCATIONS OF
sTHE SENEORS
03CE E8 1010 R CALL SIGMA_X1_SQ 2 2%
03D1 EB 1040 R CALL A_PARAMETER  ;CALCULATZ PARAMETER A
03D4 E£8 1149 R CALL B_PARAMETER  ;CALCULATE PARAMETER B
0307 BS 1230 R CALL C_PARAMETER  ;CALCULATE PARAMETER €
03DA ES 1338 R CALL Z_MEAN_VALUE ;CALCULATE MEAN VALUE OF 21
63D C3 RET
ARC_REGRESSION ENDP
1
H
G3DE ARC_REG PROC NEAR :SUBROUTINE No.3 FOR RIDP
T e e e e e e e e S et e e oo H
;THIS SUBROUTINE IS TO CONDUCT ARC REGRESSION :
; 1. BEFOR CALLING, 3 SENSORS DATA ARE STORED IN 21, 22, 23.
i 2. Z_MEAN_1 ADDRESS 15 STORED IN (Z_MEAN_RM)
: 3. OUT_PUT_1 ADDRESS FOR PRINT IS ALSO STORED IN [OUT_PUT nm,
pommmome——— uiniaieieie ettt bttt -3
03DE EB 03C3 R CALL ARC_REGRESSION
03E1 8D 36 270C R LEA SI,Z_MEAN
03E5 8B 04 MOV AX, {SI)
93E7 BA 80GO MoV DX, 8000H
O3EA 2B C2 cup AX,DX :IF AX EQUAL TO OR AROUVE .B0OOH(0.5)
03EC 73 03 JAE FUL
03EE EB 10 90 JMP FUM
C3F1 FF 44 02 FUL: INC WORD PTR[SI+2} ;Z_MEAN PLUS 1
03F4 8B 44 02 MoV AX, [SI+2]) :Z_MEAN IN AX

03F7 8B 3E 20A4 R MOV DI, [Z_MEAN_RM)
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03FB 89 05
O3FD EB 0A S0

0400 8B 44 02
0403 8B 3E 20A4 R
0407 89 05

0409 C3

040A

040A B9 000C

040D B8 0000

0410 8D 1E 2314 R
0414 89 07

0416 43

0417 43

0418 E2 FA

041A C3

0418

041B B9 0003

Q41E 8D 1E 2)8C R
0422 89 1E 208A R
0426 8D 1E 23A4 R
042A B9 1E 208C R
042E 8B 1E 208A R

0432 8B ¢7
0434 A3 2084 R

0437 EB 049C R

043A 51
0438 E8 Q4FF R
043E 59

043F 8B 1E 208A R
0443 83 C3 08
0446 89 1E 208A R

O44A 8D 1E 20B2 R

C4AE 8B 07

0450 8B 1E 208C R
0454 89 07

0436 43

0457 A3

3438 33

0459 8D 1E 20B4 R
045D 8B 07

045F 5B

0460 89 07

0462 43

0453 43

0464 33

0465 &D 1E 2086 R
0469 8B 07

Version 4.00

DOA:

ARC_REG

CLEAR_A_B_C

CLEAR_A_B_C
H

SENSOR_LOOK

SEN_1:

MOV

MOV
MOV

RET
ENDP

PROC

MOV
MoV

MOV
INC
INC
Loop

ENDP

PROC
MoV

MOV

MOV

MOV
MoV
MOV

PUSH
CALL
POP

MOV
ADD
MOV

MOV
MOV
MOV
INC
INC
PUSH

MOV
POP
MoV
INC
INC
PUSH

MOV
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Prge 1-19
IDI],AX ;2 _MEAN NOW IN 2 MEAN 1, _2,_ 3
DOA
AX, [SI+2) :Z_MEAN IN AX
DI, [Z_MEAN_RM]

{pI],AX 12_MEAN NOW IN 2_MEAN 1, _2,_ 3

NEAR : SUBROUTINE Ko.4 FOR THE RIDP.

€X,12

AX,0

BX,A_PARA

{BX],AX :CLEAR DATA AREA FOR NEXT TIME USE

BX

BX

KLD

NEAR + SUBROUTINE No.5 FOR THE RTDP.

cX,3 ;THE NUMBER OF Z_MEAN

BX,Z MEAN_1  :POINT THE FIRST SENSOR

[SEN_RM],BX  :SENSOR ADDRESS IN RAM

BX,Z_MEAN_1 L ;POINT TG FIRST Ln(Z_MEAN_1)

(SEN_L_RMT,BX ;ADDRESS OF Lnx I RAM

BX, [SEN_PM]  ;POINT TO SENSOR

AX, [BX]

[RANGE} ,AX  ;ORIGANAL DATA IN [RANGE]

DATA_ENLARGE ;DATA*100 (0 - 9): DATA*10 (10 -99)

cx :DATA_RANGE WILL USE CX

DATA_RANGE  ;+0 OR +10000 CR 20000

cx

BX,[SEN_RM]  ;GET Z_MEAN_1 -- 3 ADDRESS

BX,8 ;POINT TO NEXT ADDRESS

{SEN_RM),BX  :KEEP NEXT ADDRESS IN RAM

BX,TABLE M  :POINT TO TEMPERORY LOGK_UP
:TABLE STORAGE UNIT

AX, [BX] sFIRST TABLE WORD

BX, [SEF_L_RM] ;IN RAM

[BX],AX

BX

BX

BX

BX,TABLE_M+2 ; PGINT MEXT WORD

AX, [BX]

BX

[BX] ,AX

BX

BX

BX

BX,TAELE_M+4 ;POINT TO INTEGER (*.)

AX, [BX)
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046B 5B POP BX
046C 89 07 MOV [BX] ,AX
O46E - 43 INC BX
046F 43 INC X
0470 &3 PUSH BX
0471 8D 1E 20B8 R LEA BX,TABLE_M+6 ;POINT T0 INTEGER (*.)
0475 83 07 MOV AX, [BX]
0477 SB POP BX
0478 89 07 MOV [BX],AX
047A B8 3030 MoV AX, 30308 :CLEAR INTEGER MEMORY UNIT FOR
047D A3 20B6 R MOV [TABLE_M+4],AX :NEXT TIME USE.
0480 83 G3 02 ADD BX,2 ;s POINT TO NEXT Lnx ADDRESS
0483 89 1E 208C R MOV [SEN_L_RM),BX
0487 E2 AS LOOP SEN_1

H -1
+ THIS PART IS FOR CHANGE ASCII CODE INTO BCD ;
: FOR CNOVINEINCE OF FOURTHER CALCULATION. '
jmeemmmccccssessmcme—caccacaccc—a—— :

0489 B9 0018 MOV CX,24 1CHANGE 3 X 8 BYTES ASCII IN TO BCD
048C 8D 1E 23A4 R LEA BX,Z MEAN 1 L

0490 Be OF MOV AL, OFH

0492 3A 17 KS: MOV DL, (BX}

0494 22 DO AND DL,AL

0496 88 17 MOV [BX],DL

0498 43 INC BX

0499 E2 F7 LOOP Ks

0498 C3 RET

SENSOR_LOOK ENDP

045¢C DATA_ENLARGE

FROC NEAR $ SUBROUTINE No.6 FOR THE RTDP.
049C 8D 1E 2084 R LEA BX,RANGE
04A0 8B 07 MOV AX, {BX]
04A2 3D 000A cHMp AX,10
04A5 72 12 JB DATA_1 ; DATA BELOW 10 THEN *100
04A7 3D 0064 (o1 4 AX, 100
04AA 72 1E JB DATA_ 10 + DATA BELOW 100 THEN *10
04AC 3D 03E8 (>4 AX, 1000
O4AF 72 2A JB DATA_100 s PATA BELOW 1000 THEN *1
04B1 3D 2710 CMP AX,10000
04B4 72 37 JB DATA_DIV_10 ; DATA BELOW 10000 THEN *0.1
04B6 EB 46 90 JMP D£TA_END + ABOUVE 10000 THEN RETURN
04B9 BB 2064 DATA_l: MOV BX,100
04BC F7 E3 MUL BX
O4BE A3 2088 R MOV [RANGE_1],AX
04C1 B8 0000 MOV AX,00H
04C4 A3 208BE R MoV [N) ,AX
04C7 EB 35 90 JMP DATA_END
04CA BB 000A DATA_ioO: MOV BX,10
04CD F7 E3 MUL BX
04CF A3 2088 R MoV (RANGE_1],AX
04D2 BR 0001 MoV AX,01

04D5 A3 2CBE R Mov [N} ,AX
04D8 EB 24 90 DATA_END

3

04DB B8 0002 DATA_100: MOV AX,02H
O4DE A3 208E R MOV [N],AX
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04E1
04ES
04ES
O4EA

CAED
04F0
04F3
04F3

Q4F8
Q04FB

O4FE

O4FF

Q4FF
0503
0503
0508
050A
050D
050F
0512

0514
0517
0518
051D
0520
0522

0525
0528
052C
052E
0531
0533

0536
0539
033D
0533F
0542

0544
0347
054B
054D
0550
0552
0553
0554

0556
035%
055D
05SF
0360

B3SZ8

ZIPE

B8
A3

B9
8D
83
25
89
43
43
B2

B8
3B
74
40
3B

1E 2088 R
2084 R
07

12 90

000A
0000
F3
2088 R

0003
208E R

1E 2088 R

06BC R

06BC R

06BC R
1E 20B6 R
07

0032

07

N004

1E 20B2 R
o7

OFQF

07

F5

0000

06 208E R
15

06 208E R

DATA _DIV_10:

DATA_END:

DATA_ENLARGE
'

DATA_RANGE

LOOK_1:

LOOK_2:

LOOK_END:

AS_BCD:

788 2EEE

MoV

v
MV

:

-

§ESEFR 53985335

171

9/6/90 21:17:24

Page 1-21

BX,RANGE_1
AX, [RANGE]
{BX] ,aX
DATA_END

BX,10
DX, 0000H :DX FOR SAVE DIV REMAINDER IF
BX ;NO ZERO OVERFLOW.

(RANGE_1] ,AX

AX,03H
[N] ,AX

NEAR ; SUBROUTINT :lo.7 FOR THE RIDP.

BX,RANGE_1  ;SENSORS’ DATA STORE IN [RANGE_ 1]
AX, [BX] ;BEFOR RANGE DETERMINATION.
AX,272
LOOK +IF DATA BELOW 271 LOOK_UP TARLZ
AX,739 : (Lox)
LOOX_1 sIF DATA BELOW 739
AX, 1000 i1& ABOUVE 271 +10000.
LOOK_2 sIF DATA BELOW 999
i1& ABOUVE 739 +20000.
LOOK_UP
BX, TABLE_M+4
AX, [BX)
aX, ‘0’
{BX] ,aX
LOOK_END

LOOK_UP
BX, TABLE_Mt4
AX, [BX]

M , ’ GJ.’
[BX],AX
LOOK_END

.é
[~

AX,10000

LOOE_UP
BX, TABLE_M+4

AX, [BX]

AX,'2° 1ADD AX, 206000

:THE NEXT PART IS LnY=inY/10 n+lnl0'n H
sFIRST STEP TABLE M 0 -- 7 ASCII TO BCD H
+SECOND STEP +Lnl0°n H

MOV
LEA
MoY
AND
MV
INC
INC
LOGP

MOV
(> 1 3
JZ

INC
CMP
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0554 74 11 Jz N

0566 40 INC AX

0567 3B 06 208E R cMP AX, [N]

0568 74 17 J2 N_

056D 40 INC AX

056E 3B 06 208E R (o1 3 AX, [N]

0572 74 1D Jz N_

0574 EB 25 90 N_o: JMP D_END

0577 8D 1E 20B2 R N_1: LEA BX,TABLE_M

057B BE CE10 MOV SI,0CELOR ;LEA SI,Ln10_1+100H
057E E8 05cpD R CALL NINE_BYTE_ADD

0581 EB 18 90 JMP D_END

e384 8D 1E 20B2 R N 2. LEA BX, TABLE_M

0588 BE CE18 MoV SI,0CE18H iLEA SI,Ln10_2+100H
0588 ES8 0s5cD R CALL NINE_BYTE_ADD

058E EB OB 90 JMP D_END

0591 8D 1E 20B2 R N_3: LEA BX,TABLE M

0595 BE CE20 MOV SI,O0CE20H ;LEA SI,Ln10_3+100H
0598 E8 05¢D R CALL NINE_BYTE_ADD

059B 8D 1E 208E R D_ERD: LEA BX,N

059F B8 0000 MOV AX,CO0H

05A2 89 07 MOV [BX) ,AX

05A4 B9 0004 MOV CX, 04

05A7 8D 1E 20B2 R LEA BX,TABLE M 3 BCD -~- ASCII

0SAB 8B 07 BCD_as: MOV AX, [BX]

05AD 0D 3030 OR AX,3030H

05B0 89 07 MOV [BX] ,AX

05B2 43 INC BX

05B3 43 INC BX

05B4 E2 Fs LOOP BCD_AS

05B6 C3 RET

DATA_RANGE  ENDP
H
05B7 EIGHT_BYTE_ADD PROC NEAR ;SUBROUTINE No. 8 FOR THE RTDP.

- ———————— -— et e e e e 2

: BEFOR CALL THIS PROCED :
: 1. TOW ADDRESS (LSB) SHOULD BE MOV INTO BX & SI RESPECTIVELY.:
+ 2. THE RESULT IS SENT TO [BX]) :
: 3. AFTER CALLING SI POINT TO [BX]+7 :
:+ 4. BEFOR CALLING THIS PROCEIDURE PUSH CX IS RECONMANDED. :

05B7 8A 07 MOV AL,BYTE PTR([3X) ;LSB IS SENT 70O AL

0589 02 04 ADD AL,BYTE PTR[SI] :ADD AL WITH THE BYTE POINTED
;BY SI

05BB 37 AAA ;ASCII ADD ADJUSTED

05BC 88 07 MV [BX],AL ;RESULT IN ({BX}

0S3E B9 0007 MOV CcX,07H 1ANOTHER 7 BYTE OTHER THAN LSB

05CL 43 HY: INC X ;POINT TO NEXT RYTE

05C2 46 IHC SI

05C3 8A a7 MOV AL,BYTE PIR{BX] ;N:£XT BYTE TO AL

05C5 12 04 ADC AL .BYTE PTIR[SI] ;ADD WITH CARRY

05C7 37 AAA 1 ADJUST

05C8 88 07 MOV [BX] ,AL tRESULT 14 {BX]

05CA E2 FS Loop HJ

05CC C3 RET
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03CD

05CD
05CF
05D1
03D2
05D4
05D7
05D8
05D9
05DB
05DD
05DE
05E0

05E2

05E3

05E3
03ES

05E7
0SE8
05EA
05ED
0SEE
05EF
05F1
05F3
05F4$
05F6

05F8

05F9

05F9
0SFB

USFD

8A
02
37
88
B9
43
46

12
7
88
E2

Cc3

8A
02

37
88
B9
43
46

12
37
a8
E2

c3

07
04

07
ooo8
07
04

07
F5

07
04

07
000F

07
04

07
FS

EIGHT_BYTE_ADD  ENDP

3
NINE_BYTE_ADD PROC NEAR
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$ SUBROUTINE No. 9 FOR THE RIDP.

BEFOR CALL THIS PROCEDURE i
1. TOH ADDRESS (LSB) SHOULD BE MOV INTO BX & SI RESPECTIVE
2. THE RESULT IS SENT TO [BX] H
3. BEFOR CALLING THIS PROCEIDURE PUSH CX IS RECONMANDED. i

s e e e w

MOV
ADD
AAA
Mov
MOV
HIJ: INC
INC
MoV
ADC
AAA
MOV
LOOP

RET

NINE_BYTE_ADD  ENDP

SIXTEEN_BYTE_ADD PROC

AL,BYTE PTR[BX] ;LSB IS SENT TO AL
AL,BYTE PTR[SI) ;ADD AL WITH THE BYTE POINTED BY
1ASt:II ADD ADJUSTED

{BX] ,AL ;RESULT IN (BX)

CX,08H sANOTHER 7 BYTE OTHER THAN LSB
BX ;POINT TO NEXT BYTE

SI

AL ,BYTE PTR([BX] ;NEXT BYTE TO AL
AL,BYTE PTR{SI]) ;ADD WITH CARRY

;ADJUST
[BX],AL sRESULT IN [BX)
HIJ
NEAR ; SUBROUTINE No. 10 FOR THE RTDP.

: 1. BEFOR CALL THIS PROCEDURE TOW ADDRESS (LSB) SHOUID BE ;

MOV INTO BX & SI RESPECTIVELY. :
2. THE RESULT IS SENT 10 [BX]. . ;
3. BEFOR CALLING THIS PROCEIDURE PUSH CX IS RECONMANDED. :

MOV
ADD

AAA
MoV
MoV
HHJ: INC
INC
MoV
ADC
AAA
MoV
Loop

RET

SIXTEEN_BYTE_ADD

B

EIGHT_BYTE_SUB PROC

AL,BYTE PTR([BX] ;LSB IS SENT TO AL
AL,BYTE PTR([SI]) ;ADD AL WITH THE BYTE POINTED

;BY SI

sASCII ADD ADJUSTED
{BX] ,AL sRESULT IN {BX]
cX,15 sANOTHER 15 BYTE OTHER THAN LSB
BX ;POINT TO NEXT BYTE

SI
AL,BYTE PTR([BX] ;NEXT BYTE TO AL
AL,BYTE PTR{SI] ;ADD WITH CARRY

;ADJUST
[BX],AL sRESULT IN [BX)
HHJ
ENDP
NEAR ; SUBROUTINE No. 11 FOR THE R.i.®.

ju———

3 BEFOR CALL THIS FROCEDURE TOW ADDRESSES SHOULD BE
MOV INTO BX & SI RESPECTIVELY. THE RESULT IS IN ([BX].

3 ;
s+ BEFOR CALLING THIS PROCEIDURE PUSH CX IS RECONMANDED ;
i ;

[BX] - [SI] => [BX]

&

v
S

8

AAS

AL,BYTE PTR(BX] ;LSB IS SENT TQ AL

AL,BYTE PTR(SI] ;SUBTRACT AL WITH THE BYTE
;POINTED BY SI
;ASCII ADJUST FCR SUBTRUCTION
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OSFE 88 07 MOV [BX),AL :RESULT IN [BX)

0600 B9 0007 MOV CX,07H ;ANOTHER 7 BYTE OTHER THAN LSB
0603 43 THI: INC BX 1 POINT TO NEXT BYTE

0604 46 IRC ST

0605 B8A 07 MOV AL,BYTE PTR(BX) :NEXT BYTE TO AL

0607 1A 04 SBB AL ,BYTE PTR{SI] ;SUBTRUCT WITH BORROW

0609 3F AAS 1ASCII ADJUST FOR SUBTRUCTION
G60A 88 07 MOV [BX],AL sRESULT IN {BX]

060C E2 F5 LOOP THY

060E C3 RET

EIGHT_BY:.%_SUB ENDP
060F SIXTEEN_BYTE_SUB PROC NEAR 1 SUBROUTINE No. 12 FOR THE RTDP.

BEFOR CALL THIS PROCEDURE TOW ADDRESSES SHOULD BE

MOV INTO BX & SI RESPECTIVELY. THE RESULT IS IN [BX].

BEFOR CALLING THIS PROCEIDURE PUSH CX IS RECONMANDED
[BX] ~ [SI] => [BX]

e <t en we we we

060F 8A 07 MOV AL ,BYTE PIR([BX] :LSB IS SENT TO AL
0611 2A 04 SUB AL,BYTE PTR(SI] :SUBTRACT AL WITH THE BYTE
1 POINTED BY SI
0613 3F AAS 1ASCII ADJUST FOR SUBTRUCTION
0614 88 07 MOV [BX],AL ;RESULT IN [3X]
0616 B9 J00F MOV CcX,15 $ANCTHER 15 BYTE OTHER THAN LSB
0619 43 GHJ: INC BX s POINT TO #EXT BYTE
061A 46 INS SI
061B 8A 07 MOV AL,BYTE PTR{BX] ;NEXT BYTE TO AL
061D 1A 04 SBB AL ,BYTE PTR[SI] :SUBTRUCT WITH BORROW
061F 3F ’ AAS $ASCII AD.fUST FOR SUBTRUCTION
0620 88 07 MoV [BX] ,AL ;RESULT IN ({BX]
0622 E2 F5 Loop GHJ
0624 C3 RET
SIXTEEN BYTE_SUB ENDP
0625 EIGHT MUL_ONE PROC  NEAR + SUBROUTINE No. 13 FOR THE RTDP.

L ettt ]
THIS PROCEDURE WAS FOR 8 DIGITS X 1 DIGIT ASCII MULTIPLICATION.;
THE ADDRESS OF THE 8 DIGIT DATA MUST BE SENT TO SI AND 1 DIGIT :
MUST BE SENT TO DL REGISTER, BEFOR CALLING THIS PROCEDURE. f
THE RESULT WAS SENT TO (PAR_PRODUCT]. :
PUSH AX BX CX DX SI ARE RECOMMANDED BEFOR CALLING. :

. we me we ws we

0625 8D 1E 20C2 R LEA BX,PAR_PRODUCT :POINT TO PARTIAL PRODUCT

0629 B8 0000 MOV AX,00H

062C 8A 04 MOV AL, [SI]) 1LSB IS AT [SI+0)

062E F6 E2 MUL DL :1 DIGIT IS AT DL

0630 D& 0A AAM $ASCII ADJUSTMENT FOR
tMULTIPLICATION

0632 88 07 MOV {BX],AL +BX POINTS TO PAR_PRODUCT

0634 8A F4 MOV DH,AH +KEEP HIGH DIGIT PRODUCED
1BY AAM IN DH

0636 B9 0008 MOV CX,08H :11 OF 8 DIGITS HAS BEEN

s CALCULATED, BUT THE CARRY MUST
sBE CONSIDERDED

0639 46 RE_CAL: INC SI sPOINT TO NEXT DIGIT

063A BA 04 MOV AL, [SI)

063C F6 E2 MUL DL

063E D4 0A AAM 1ASCII ADJUSTMENT FOR
sMULTIPLICATION

0640 02 C6 ADD AL,DH sNEXT LSB IN AL
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U642
0643
0644
0646

0648

064A

064B

064B
064F
0652
06354
0655
0656
0657
065A
065B
065C

065D
065E
065F
0660
0664

0667
0668
0669
066A

0668
066C

066E
0672
0675
0678
0678
067D

067F
0680
0684
0688
0688
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3ASCII ADJUSTMENT FOR ALDATION

BX \POINT TO NEXT LSB OF PAR_PRODUCT
[BX] ,AL
DH,AH \KEEP HIGH DIGIT PRODUCED
:BY AAM IN DH
RE_CAL
NEAR ;SUBROUTINE No. 14 FOR THE RTDP.

:TEIS PROCEDURE WAS FOR TOW EIGE-DIGIT ASCII (BCD) MULTIPLICATION :
1.16 UNITS ARE RESERVED FOR PARTIAL PRODUCTS [PAR_PRODUCT]+0 -- -+135 ;
2.APTER PARTIAL PRODUCTS ARE ADDED TOGETHER. (THIS RESULTS WERE

CALLED INTERMIDIATE AND STORED IN (INTERMIDIATE] +O -- +15)

IF IT WAS < & THSN OMITTDED, IP IT WAS >6 THEN 4th DIGIT OF THE

3.THE PROGEDURE WOULD CEECK THE 5th DIGIT OF THE FRACTIGNWAL PART, ;

5.THE FINAL RESULT WOULD BE SENT TO [PRODUCT)

[
: 4.THE PRODUCT OF MULTIPLICATION WAS STORED IN A 16 DIGIT UNITS
:
i

{S1]1{8 DIGITS) * (DI){8 BIGITS)} = [BX]{16 DIGITS) ;

[INTERMIDIATE]+PAR_PRODUCT+...+ => & OMMI; 6 PLUS --> [PRODUCT]

BX, INTERMIDIATE

CX,088

DL, [DI) ;LSB TO DL

BX ;[BX] = APMRESS: INTERMIDIATE
cX .

sI

EIGHT _MUL_ONE ;THE RESULT IS AT {PAR_PRODUCT]
SI

cX

BX 1 [BX) = ADDRESS: INTERMIDIATE

BX
X
sI
SI,PAR_PRODUCT ;PART PRODUCTION ADD PROPAIRATION
NINE_BYTE_ADD  ;RESULT WAS IN
s (INTERMIDIATION) ={ {BX] ]

37 AAA

a3 INC

88 07 MOV

8A P4 MOV

E2 EF LOOP

c3 RET
EIGHT MUL_ONE ENDP
EIGH_MUL_EIGH PROC

FRACTIONAL PART PLUS 1.
[PRODUCT]+0 -- +15.

8D 1E 2002 R ' LEA

B9 0008 MOV

8A 15 RE_MULTI: MOV

53 PUSH

51 pUSH

56 PUSH

E8 0625 R CALL

SE POP

59 PoP

5B POP

53 pUSH

51 PUSH

56 PUSH

8D 36 20C2 R LEA

E8 05CD R CALL

SE poP

59 poP

SB poP

a3 INC

47 ING

E2 E& LOOP

8D 1E 20D2 R LEA

B8 0000 MOV

8A 47 03 MOV

3D 0005 o

72 02 JB

77 11 JA

FC OMMIT: cLD

8D 36 20D6 R LEA

eD 3E 20E2 R LEA

B9 000C MOV

F3/ As REP MOVSB

0680 EB 1E 90

sI

cxX

BX

BX {POINT TO NEXT LSB OF
+ INTERMIDINATION

DI ;POINT TO NEXT LSB OF "% XOQ000XK”

RE_MULTI

BX, INTERMIDIATE ;4 OMMITED, 6 PLUS 1 IN 4th DIGIT

AX,00H

AL,BYTE PTR(BX+3] ;TEST S5th DIGIT

AX,058

OMMIT JBELOW OR EQUAL 5 OMMITED

PLUS ;ABOUVE 5 PIUS 1 ON 4th DIGIT
{SET DF=0 TO MOVE FORWARD

SI, INTERMIDIATE+4

DI, PRODUCT

cx,12 :
sMOVES 12 BYTE FROM [SI] TO (DI}

EME
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0690 FC PLUS: CLD :SET DF=y TO MOVE FORWARD
0691 8D 36 20D6 R LEA SI,INTERMIDIAZE+4
0695 8D 3E 20E2 R LEA DI,PRODUCT
0699 B9 000C MOV cX,12
069C F3/ A4 REP MOVSB iMOVES 12 BYTE FROM [SI} TO (DI)
O69E 8D 36 20F2 R LEA SI1,FIVE_PLUS {ONLY 1 IN THE LSB {FIVE_PLUS+0)
06A2 8D 1E 20E2 R LEA BX, PRODUCT
06A6 BO 01 MOV AL,03H
06A8 88 04 MOV [SI],AL
06AA EB 05E3 R CALL SIXTEEN_BYTE_ADD ;THE DATA AT [PRODUCT] LOOKS
sLIKE
s XN XX XXXXK_ __ ____
;LSB POINT MsB
06AD B9 0010 EME: Yov CX,16 i** AFTER CALL EIGH MUL_EIGH MUST#w
06BC BO 00 oV AL,00H ;CLEAR INTERMIDYATE
06B2 8D 1E 2002 R LEA BX, INTERMIDIATE
06B6 88 07 C_INER: MoV [BX],AL
0688 43 INC BX
0689 E2 ¥B LOOP C_INER
06BB C3 RET
EIGH_MUL_EIGH ENDP
06B" i.oox_ur PROC NEAR tSUBROUTINE No. 15 FOR THE RTDP.
T e e e e e e e e e e e e e e et A mact e cr s e~ a— .- H
¢+ DATA IN [RANGE] MUL BY 4 PLUS A_O -- TABLE ADDRESS
i AFTER LOOK UP Lnx STORE IN TABLE_M TEMPERORYLY 3
3 N e S S R e e e e =~ H
MoV BX,0C000H 1LEA BX,A_0+1008 TEE EFFECTIVE
PUSH BX ¢ADDRESS OF FIRST WORD
LEA BX,RANGE_1 1ENLARGED ORANGINAL SENSOR DATA
MoV AX, [BX]) : SENSORS DATA = RELATIVE ADDR IN DI
SUB AX,100 ;THE FIRST ADDRESS OF THE TABLE 100
MOV BX, 4 :4 ASCII CHARECTERS
MUL BX :VALU*4n REAL ADDRESS
N MOV DI,AX ;OFFSET IN DI
POP BX ;TABLE BIGINNING ADDRESS
MoV DX,WORD PTR{BX] [DI] ; FETCH #*__
Gboz  om 82 MoV AH,DL :EXCANGE ASCII BITS
06DS B8A C6 MoV AL’ DH
0617 83 DO MoV DX, AX
06D9 89 16 20B4 R MoV [TABLE_M+2],DX iLnx IS AT TABLE_M+2 (MSB)
06DD 47 INC DI :FOINT TO NEXT WORD
06DE 47 INC DI
06DF 8B 11 MoV DX,WORD PTR([BX]{DI) ; FETCH __#+
06E1 8A E2 MoV AH,DL ;EXCHANGE ASCIT BITS
06E3 B8A C6 MoV AL,DH
06E5 8B DO MOV DX, AX
06E7 89 16 20B2 R MoV [TABLE_M],DX :Lnx IS AT TABLE_M
06EB C3 RET
LOCK_UP ENDP
06EC SIGMA_LnYi PROC NEAR s SUBROUTINE No. 16 FOR THE RTDP.

+ THIS SUBROUTINE WAS FOR CALCULATE SIGMA LnYi (i=0 -~ n) l
+ 1. THE RESULT OF THE CALCULATION ARE STORE IN SIGMA LnY1 M ;

2. BEFOR RET SI POINT TO NEXT YI. AUTOMATICALLY. :

H
$
06EC B9 0003

MOV CcX,03 .FOUR SENSORS ARE IN ONE LINE



Microsoft (R) Macro Assembler Version 4.00

COMBINE GRAIN LOSS MONITOR

O6EF
O6F3

06F7
O6F8
O06FB
06FC
0700
0701

0703

0704

- 0704
0708
070C
Q70F
0712
0714

0716

0719
071D
071F
0720
0721
0723

0725
0727

078

0728
Q72C
072F
0731
0732
0733
0736

8D
8D

31
E8
59
8D
46
E2

c3

8D
8D
B8
A3
B4

B9

F6
a8
4B
4B
8A
D5

E2
c3

8D
B8
89
43
43
B8
89

1E 2102 R
36 23A4 R

05B7 R

1E 2102 R

F4

36 2109 R
1E 2119 R
0003

2090 R

00

04

0008

36 2090 R
07

04

0A

F2

1E 2172 R
0500
07

0500
07

AGAIN_ADD:

SIGMA_LnYi

i
MEAN_VALUE_Y1 PROC

177
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AGAIN DIVIDE:DIV

MEAN_VALUE Yi. ENDP

H

LEA BX,SIGMA_LnYi M ;SIGMA RESULT ADDRESS IN BX
LEA SI,Z_MEAN 1 L~ ;LnYl ADDRESS
PUSE [ 4 1EIGH_BYTE_ADD USE X
CALL EIGET_BYIE_ADD ;8 DIGIT ADD
POP X
LEA BX,SIGMA_LnYL{ M ;SIGMA RESULT ADDRESS IN BX
INC SI 1POINT TO NEXT SOURCE BYTE
LOOP AGAIN_ADD
RET
ENDP
NEAR 1SUBROUTINE No. 17 FOR THE RTDP.
;IBIS SUBROUTINE WAS FOR I.nYi MEAN VALUE CALCULATION. ;
s 1. IT WAS 8 DIGITS DIVIDED BY 1 DIGIT ASCII DIVISION i
: 2. TBE SEQUENCE OF CALCULATION WAS FROM MSB TO LSB 3
3 3. THE RESULT WOULD BE PUT IN TRE MEAN_Ln¥i. '
1+ 4. BEFOR CALLING THIS PROCEIDURE PUSH CX WAS 3
t RECONMANDED. i
3 NOMINATOR / DENOMINATOR = QUOTINET + REMAINDER :
D et ot :
LEA SI,SIGMA LuYi M+7 (POINT TO SOURSE ADDRESS (MSB)
LEA BX,MEAN_LnYi+7 ;POINT TO RESULT UNIT ADDR (MSB)
MOV AX,03 ;DENOMINATOR REPRESENTED
MOV {N_DIVIDE],AX sTHE SENSORS No. 4 SENSORS
MOV AR, 00H 1CLEAR AH FOR THE REMAINDER
MOV AL,BYTE PTR(SI] ;NOMINATOR IN AL
MOV CcX,08H tNOMINATOR IS A 8 DIGIT ASCII
s NUMBER
BYTE PTR(N_DIVIDE] :DIVIDING
MOV [BX],AL $SAVE THE QUOTIENT
DEC BX tPOINT TO NEXT RESULT
DEC SI ;POINT TO NEXT DENOMINATOR
MoV AL,BYTE PTR(SI) :NEXT DIGIT IS SENT TO AL
AAD $1ASCII ADJUSTMENT FOR DIVIDE
s (AL)*10+(AL), (AH) <-- 0
Loop AGAIN_DIVIDE
RET
1SUBROUTINE No. FOR THE RTDP
NEAR ;1 SUBROUTINE No. 18 FOR THE RIDP

MEAN_VALY, i PROC

: 1. DU TO X1 ARE FIXT POSITIONS IN LOGITUDINAL DIRECTION.

1. MEAN VALUE OF Xi WAS CALCULATED BY HAND.

IN TO {MEAN _X1+0]) -- [MEAN _Xi+7}. i.e. 0000.5050
4. XL ARE ALSO SENT TO X1 -- X3.

. e se we we

H
%. IN THIS SUBROUTINE MEANVALUE OF Xi WAS SIMPLY MOVED
:
:
'

;PART 1: STORE MEAN Xi = 0000.5050

Lxa
MOV
INe
INC
MOV
MOV

X, MEAH_X4 sPOINT TO RESULT UNIT (MSB)
£X, 05008

{BX}, A%

X

BX

4X,0500H ;00 70 00 00 . 05 00 05 00
[BX] . AX

:PART 2: STNE X1+0000.2270; X2=0000.4610; X3=0000.8270;

X0~3000.F26FH
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0738 8D 1E 2122 R LEA BX,X1
073C B8 0700 MOV AX,0700H
073F 89 07 MOV [BX],AX
0741 43 INC BX
0742 43 INC BX
0743 B8 0202 MOV AX,0202H
0746 89 07 MOV {BX] ,AX $1X1=0000.2270
0748 8D 1E 2132 R LEA BX,X2
074C B8 0100 MV AX, 01008
0747 89 07 MoV [BX] ,AX
0751 43 INC BX
0752 &3 INC BX
0753 B8 0406 MOV AX, 0406H
0756 89 07 MOV [BX],AX :1X2=0000.4610
0758 8D 1E 2142 R LEA BX,X3
075C B8 0700 MOV AX,N700H
075F 89 07 MOV {8X] ,AX
0761 43 INC BX
0762 A3 INC BX
0763 B8 0802 MOV AX,0802H
0766 89 07 MOV [BX] ,AX +X3=0000.8270
0768 8D 1E 2152 R LEA BX,X0
076C B8 F26F MOV AX,OF26FH :0.F26FH = 0.9470
076F 89 07 MOV [BX] ,AX
0771 8D 1E 2162 R LEA BX,SIGMA _Xi_M
0775 B8 0500 MOV AX,0500H ;SIGMA_Xi M = 1.5150
0778 89 07 MOV [BX],AX
077A &3 INC BX
077B 43 INC BX
077C B8 0501 MOV AX,0501H
077F 89 07 MOV [BX],AX
0781 43 InNc BX
0782 43 INC BX
0783 B8 0001 MOV AX,0001H
0786 89 07 MOV [BX],AX
0788 C3 RET
MEAN_VALUE_X1 ENDP
:
3
0789 D_NOMINATION PROC NEAR ;SUBROUTINE No. 19 FOR THE RTDP

THIS SUBROUTINE WAS FOR CALCULATING NOMINATION OF THE PRAMETER D
SIGMA (Xi - Xmean) (Y1 - Ymean), i{=1 --n

1. THE RESULT WAS STORED IN SIG_Xi Xm Yi_¥Ym ( 8W, 16 BYTE RAM )

2. THE INTERMIDIATES WERE STORED IN (Xi-Xm) & (Yi-Ym) RESPECTIVELY

3. AFTER FINISEING (X1-Xm)*(Yi-Ym) THE PRODUCT WAS ADDED ON
SIG_X1i _Xm Yi_Ym .

4. THE SIGN OF D NOMINATION ONLY DEPENDED ON THE VALUE OF
[SIGN_S1GMA], THAT WAS THE SIGN OF (X1-Xm) (Yi-Ym) .

“ es wa we we ws s we wa e

0789 B9 1003 MOV X,3 33 SENSORS IN A LINE

078C ®p 1E 21.2 R LEA BX,X1 iX1

0790 89 1E 2092 R MOV [X1_M],BX $SAVE ADDRESS FOR FORTHER USE
0794 8D 1E 23A4 R LEA BX,Z MEAN 1 L LnYi

0798 39 1E 2094 R MOV {LnYi M],BX $SAVE ADDRESS FOR FORTHER USE
079C 8D 1E 2iD2 R LEA BX,X1_Xm ;1 Xi-Xm

07A0 89 iR 2099 R MOV [x:._x;_m,nx ;SAVE ADDRESS FOR FORTHER USE
07A4 51 SG_AGAIN: PUSH [ 4 tSAVE CX

jomme- --= CALCULATE (X1 - Xmean) ====-===m=m=cec-=ooo—owces --

e ®e ws ws we ws s @ ws e
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07A5
07A8
Q7AC
0780

07B2
0786
Q7BA

07BD
07BF
07C1

07C3
07C7
07CB
07CD
07D1

07D4
07D7
07DB
o7DF

07E1
O7E4
O07E8
07EC

07EE
07F1
07F3
07F8
07F9

07FB
Q7FF
0802

0805
0809

080C
080F
0813
0817

0819
081C
0820
0824

0826
0829
082D
0831

0833
0837
0838

Q83E
0840

By 0008

8D 3E 2192 R
8B 36 2092 R
F3/ Ab

8D 1E 2192 R
8D 36 2172 R
E8 05F9 R

8A 07
3c 09
75 42

8D 3E 2182 R
C6 45 C3 01
8B DF

8D 36 2192 R
E8 O5F9 R

B9 0008

8D 3E 21B2 R
8D 36 2182 R
F3/ A4

B9 0008
8B 3E 2099 R
8D 36 2182 R
F3/ A4

B9 0010

8D 1E 2182 R
C6 07 00

43

E2 FA

8D 3E 2096 R
€6 05 01
EB 22 90

8D 3E 2096 R
C6 05 00

B9 0008

8D 3E 21B2 R
8D 36 2192 R
P3/ As

B9 0008
8B 3E 2099 R
8D 36 2192 R
F3/ Ab

B9 0008
8D 3E 2192 R
8B 36 2094 R
F3/ A4

8D 1E 2192 R
8D 36 2112 R
E8 O05F9 R

8A 07
3C 09

REPZ

REPZ

REPZ

S_RESULT_X:

REPZ
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MOV cX,8 tMOVE X1 TO INTERMIDIATE_SUB FOR
LEA DI, INTERMIDIATE_SUB :SUB
MOV SI, (X1 M)
MOVSB
LEA BX, INTERMIDIATE_SUB :1GET X1 ADDRESS
LEA SI,MEAN_X1i
CALL EIGHT BYTE_SUB :(BX] - (SI] => [BX]
MOV AL,BYTE PTR[BX) ;TEST MSB
CMP AL,09H sEQUALS TO 97
JRZ S_RESULT_X ;1NO, SEND RESULT
LEA DI,COMPLETE 1YES RESULT IS MINUS ( - )
MoV BYTE PTR[DI+8),018 ;PROPARE FOR SUBTRUCT
MOV BX,DI
LEA SI,INTERMIDIATE SUB ;(BX] - (SI] = {BX]
CALL EIGRT_BYTE_SUB ;CALCU. ABSOLUT VALU
MOV cX,8 18 BYTE MOVING
LEA DI, X1i_Xm sRESULT DISTINATION
LEA SI,COMPLETE :GET 100,000,000 ANBGRESS
MOVSB 1RESULT NOW IN (X1 _Xm)
MOV cX,8 18 BYTE MOVING
MOV DI, [X1_Xm_M] sDISTINATION FOR CALCU (Xi-Xm)°2
LEA SI,COMPLETE +GET 100,000,000 ADDRESS
MOVSB tRESULT NOW IN (X1_Xm)
;OR (X2-Xm)...
MOV X,16
LEA BX,COMPLETE $CLEAR [COMPLEATE] FOR NEXT TIME
MOV [BX),BYTE PTR 00H ;USE
INC BX
Loce CAA
LEA DI,SIGN_X sSIGN OF SUB RESULT
MOV BYTE PTR(DI),01H ;IF 1 MINUS
JMP CAL_Y
LEA DI,SIGN_X
MOV BYTE PTR(DI],O
MOV cX,8 18 BYTE MOVING
LEA DI,X{ Xm sRESULT DISTINATION
LEA $1,INTERMIDIATE_SUB iGET Xi-Xm ADDRESS
MOVSB JRESULT NOW IN (Xi_Xm)
MOV X,8 +8 SYTE MOVING
MOV DI, {X1_Xm M] ;DISTINATION FOR CALCU (Xi-Xm) 2
LEA SI,INTERMIDIATE_SUB ;GET Xi-Xm ADDRESS
MOVSB sRESULT NOW IN (X1_Xm)
1OR (X2-Xm)...

CALCULATE (Yi - YD@AD) ==-m=m-m-me-ee=mececemceessemecnmen=

X,8 {MOVE Ln¥i T0 INTERMIDIATE_SUB
DI, INTERMIDIATE_SUB ;FOR SUB
SI, [LoYL_M)

SI,MEAN_LnY1
EIGHT_BYTE_SUB (BX] -[SI] => (BX)

AL,BYTE PTR[BX] :TEST MSB

MOV

LEA

MOV

MOVSB

LEA BX, INTERMIDIATE_SUB
LEA

CALL

MOV

P AL,09H 1EQUALS TO 97



180

Mierosoft (R) Macro Assembler Varsion &.0u 9/6/90 21:17:24

COMBINE GRAIK LOSS MONITOR Page 1-30

0842 75 35 JRZ S_RESULTI_Y $1NO, SERD RESULT

0844 8D 3E 2182 R LEA DI,COMPLETE ;+YES RESULT IS MINUS ( - )

0848 C6 45 08 01 MOV BYTE PTR{DI1+8),01H ;PROPARE FOR SUBTRUCT

084C 8B DF MOV BX,DI

084E 8D 36 2192 R LEA SI,INTERMIDIATE SUB

0852 EB 03F9 R CALL EIGHT BYTE_SUB

0855 B9 0008 MOV cX,8 18 BYTE MOVING

0858 8D 3E 21C2 K LEA VI,¥i_Ym tRESULT DISTINATION

083C 8D 36 2182 R LEA SI,COMPLETE tGET Xi ADDRESS

0860 PF3/ A4 REPZ MOVSB sRESULT NOW IN (Xi_Xm)

0862 B9 0010 MOV X, 16

0885 8D 1E 2182 R LEA rX,COMPLETE 1CLEAR [COMPLEATE] FOR NEXT TIME

0869 C6 07 00 CAB: MOV (BX),BYTE PTR 00H :USE

086C 43 INC BX

086D E2 FA LOOP CAB

086F 8D 3B 2097 R LEA DI,SIGN_Y ;SIGN OF SUB RESULT

0873 C6 05 01 MoV BYTE PTR{DI},01H ;IF 1 MINUS

076 EB 15 90 JMP CAL_MUL

0879 8D 3E 2097 R S RESULT_Y: LEA DI,SIGN Y :NO, THE SIGN IS PLUS ( + )

087D C6 05 00 MOV BYTE PTR([DI],O

0880 B9 0008 MOV cX,8 +8 BYTE MOVING

0883 8D 3E 21C2 R LEA DI,Yi_Ym :RESULT DISTINATION

0887 8D 36 2192 R LEA SI,INTERMIDIATE_SUB ;GET LnY4{ ADDRESS

0888 P3/ Ab REPZ MOVSB s THE RESULT NOW IN (Y1 _Y¥Ym)
s -—=3
; REXT PART WAS MULTIPLICATION B
+ BEFOR CALCULATING LOGIC CALCULATION MUST BE DONE i.e.
+ SIGN_¥ XOR SIGN_ Y IF = O THEN PLUS IF 1 THEN MINUS :
P e ittt el ettt H

086D A0 2096 R CAL_MUL: MOV AL, [SIGR_X]

08950 8A OE 2097 R MOV CL, [SIGN_Y]

0894 32 Cl1 XOR AL,CL

0896 8D 1E 2098 R LEA BX,SIGN_SIGMA  ;{SIGN_SIGMA] IS THE SIGN OF

0B9A 88 07 MOV [BX],AL 1X1-Xm) (Yi-Ym)

089C 8D 36 21B2 R LEA SI,Xi_Xm

08A0 8D 3E 21C2 R LEA DI,Yi ¥m

08A4 8D 1E 20D2 R LEA BX, INTERMIDIATE

0BAS EB8 064B R CALL EIGH MUL_EIGH (X1 - Xmean)*(YL - Ymean)

H - 1
{NEXT PART WAS CALCULATE STUMA (Xi-Xm)(Yi-Yi) i

1 H
08AB 8D 1E 21A2 R LEA BX,SIC_Xi_Ym_Yi_Ym ;RESULT ADDRESS
0BAF 8D 36 20E2 R LEA SI,PRODUCT ;ADDRESS OF MULTIPLICATION
0883 B0 00 _ MOV AL, 008
0835 3A 06 2098 R aP AL, [SIGN_SIGMA)
08B9 75 06 JINZ MULTY_SUB JIP (X1-Xm} (Yi-Ym)<0, THEN
+ SUBTRUCT
08BB ES 0SE3 R CALL SIXTEEN_BYTE_ADD ;ELSE ADDITION
08BE EB 04 90 P P
08C1 E8 060F R MULTY_SUB:  CALL SIXTEEN_BYTE_SUB
08CA 8B 1E 2092 R FF: MOV “BX, [XL_M] :GET THE XI ADDRESS
08C8 83 C3 10 ADD BX,16 ;POINT TO NEXT Xt
08CB 89 1E 2092 R MOV [X1_M},BX
08CF 8B 1E 2094 R MOV BX, [LaYi M) iGET THE LnYi ADDRESS
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08D3 83 C3 08 ADD BX, 08E jPOINT TO NEXT LaYi
08D6 89 1E 2094 R MOV {LoY1_M),BX
08DA ©B 1E 2099 R MOV BX,(Xi_Xm M]  iGET ADDRESS OF Xi-Xm -> X4-Xm
08DE 83 €3 10 ADD BX,16 {POINT T0 NEXT UNIT
08E1 89 1E 2099 R MoV (X1_Xm M],BX
08E5 59 POP cx
08E6 E2 03 LOOP SG_AGAIN_1
08ES 04 90 ™M LA
08EB E9 0744 R SG_AGAIN_1: JMP SG_AGAIN
R i ettt t
+ NEXT PART WAS CHECK THE SIGN OF SIGMA(Xi-Xm){(Yi-Ym)
; 1. IF>=0 RET. [SING_SIGHA}=0. ;
' 2. IF<0, 1 0000 000G - SIGMA(X1-Xm}(Yi~Ym) :
3 [SICN_SIGMA]=1. :
:+ THE FINAL RESULT WAS STILL STORED IN SIG_XL Xm_Yi_Ym.:
e e e e T e G N e S A e eSaSSSSeee H
0BEE 8D 1E 21A2 R LA: LEA BX,SIG_Xi_Xm _Yi_Ym
08F2 B0 09 MoV AL,9 .
08F4 A 47 07 or AL, [BX]+7 {CHECK 8th DIGIT IF 9 MINUS,
08F7 7% 3C JNZ PL +IF 0 PLUS, IF PLUS RET.
08F9 a0 3E 2182 R LEA DI,COMPLETE {YES RESULT IS MIKUS ( - )
08FD 15 45 08 01 MOV BYTE PTR{DI+8],01B ;PROPARE FOR SUBTRUCT
6901 8% P MOV BX,DI '
0903 o) 36 21A2 R LEA SI,SIG_Xi Xm_Yi_Yo iCALCULATE THE OBSULUTE VALUE
0907 & O5F9 R CALL EIGHT_BYTE_SUB ;-|oBsu]
a9¢A 19 0008 MOV cx,8 18 BYTE MOVING
0Y0L 8% 3E 21A2 R LEA DI,SIG_X1i_¥m Y Y¥m ;RESULT DISTINATION
0911 &) 36 2132 R LEA SI,COMPLETE 1GET X1 ADDRESS
V915 F3/ A4 REPZ MOVSB {RESULT NOW IN [SIG_Xi Xm_Y1_Ym)
0917 B89 0010 MoV CX,16
9914 8D 1E 2182 R LEA BX, COMPLETE JCLEAR [COMPLEATE] FOR NEXT TIME
aME  C6 07 00 CAC: MOV {BX],BYTE PIR O0H ;USE
TITENS INC BX
SEEY Wk FA LOOP CcAC
¢us: 5 1B 2098 R LEA BX,SIGN_SIGMA  ;[SIGN_SIGMA]=1
053 4% 3E 23CA R LEA p1,SYMBLE B
093 %1 61 MOV AL,1
oo w07 MoV (BX],AL
0930 k& 03 MOV (DI},AL
0932 ¥ OF 90 JMP PLL
0935 &b 1E 2098 R PL: LEA BX,SIGN_SIGMA  ;[SIGK_SIGMA])=1
0939 &0 3K 23CA R LEA DI,SYMBLE_B
0930 B0 00 MOV AL,0
093F 88 07 MOV [BX] AL
0941 £8 05 MOV {DI},AL
0943 C3 PLL: RET
D_ROMINATION ENDP
3
H
0944 D_DENOMINATION PROC  NEAR \SUBROUTINE No. 20 FOR THE RTDP
H '
{TEIS PROGRAM WAS TO CALCULATE SIGMA (Xi-Xm) ¢
i 1. GET THE DATA FROM (Xi Xm) -- (X4 Xm) 1
i 2. (Xi-Xm)"2 CALCULATION RSULT IN PRODUCT. ;
+ 3. THE PRODUCTS ARE ADDED ON SIG_Xi Xm"2 1
$ H
0944 B9 0003 MOV cx,03 (SIGMA I = 1 -- &
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0947 8D 1E 21D2 R
094B 89 1E 2099 R

094F 351 PZ:
0950 8B 36 2099 R

0954 83 FE

0956 8D 1E 20D2 R

095A EB 064B R

095D 8D 1B 2212 R
0961 8D 36 20E2 R
0965 51

0966 E8 05CD R
0969 59

096A 8B 1E 2099 R
096E 83 T3 10
0971 89 1E 2099 R -
0975 39

0976 E2 D7

0978 C3

D_DENGMINATION ENDP

3
6979 D_RESULT

5 §I538IRZ6E £ EAEE %

]
-
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EIGH MUL_EIGH ;THE RESULT WAS AT PRODUCTION.

BX,SIG_Xi_Xm_SQ_2 ;GET THE ADDRESS OF

SI,PRODUCT $SIGMA (X1-Xm) "2

o

NINE_BYTE_ADD

o

BX, (X1_Xa M)  :X1_XM ADDRESS STORAGE

BX,16

{X1_Xa M),BX  :X1_XM ADDRESS STORAGE

o

Pz

NEAR +SUBROUTINE No. 21 FOR THE RTDP.

we ®¢ ®s ws @ @r we e ws we

THIS SUBROUTINE WAS TO CALCULATE THE PARAMETER D IN BINARY:

5

i.a. D'S NOMIMATION / D’S DENOMINATION=D (BIN)
IT WAS 32 BIT DIVIDED BY 32 BIT CALCULATION

1. THE DIVISOR WAS AT [DI] -- [DI+5)

THEN DIVISOR/16, THEN DIVIDEND/16 AGAIN.

H

3

IF THE DIVISOR WAS EQUAL OR ABOUVE 65535 :
H

H

3

H

. THE DIVIDEND WAS AT [SI) -- [SI+5]
. THE QUOTINET WAS AT [BX) -- [BX+5} THE REMAINDER IS

0979 8B 45 02
097C 3D 0001
097r 73 03

0981 EB 1F 90

0984 8B 03
0986 B1 04
0988 D3 ES
098A 30
0938 8B A5 02
098E B1 0OC
0990 D3 EO
0992 83 C8
0994 38
0995 0B C1
0997 89 05

DIVISOR_16:

0999 53

099A 8D 1E 2098 R
099E C6 07 01
09A1 353

09A2 BA 0000
09A5 8B 44 02
09A8 8B 0D
09%A F7 11

NORMAL:

09AC 89 47 04
0SAF 8B 04
098y P R

MOV AX, [DI+2] :TEST THE DIVISOR

or AX,1

JAE DIVISOR_16

M HORMAL

MOV AX, {DI] JTHE ACTION EQUALS TO DATA/16
MoV CL,4

SHR AX,CL

PUSH X

MOV AX, [DI+2)

MOV cL,12

SHL AX,CL

HOV X, AX

POP AX

oR AX,CX

MOV {DI},AX

PUSH BX

LEA BX,ABOVE_16

MOV BYTE PTR(BX],1

POP BX

gm====e=nwe=wce INTEGER PART ----=-=--- e
MOV DX, 008 sCLEAR DX FOR STORING REMAINDER
MOV AX, (51+2] sFETCH THE MSW OF DIVIDEND
MOV cx, [p1) yFETCH THE DIVISOR

DIV cx sDX:AX/CX = AX ......DX
v [BX+4],AX JTHE QUOTINET MSW

MOV AX, [S1] ;PETCH THE LSW OF DIVIDEND
DIV cx iDX:AX/CX = AX ......DX
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09B3 89 47 02 MOV [BX+2] ,4X

09B6 B8 V000 MOV AX,00B s1CIFAR AX FOR DICIMAL FRACTION
0989 F7 F1 DIV X ;

09BB 89 07 MOV [BX],AX tDICIMAL PART IN ([BX]

09BD 33 PUSH BX

O9BE 8D 1E 209B R LEA BX,ABOVE_16 1CHECK FLAG

09C2 BO C1 MOV AL,1

09C4 3A 07 cMp AL, [BX]

09C6 5B POP BX

09C7 75 1C JNZ NORMAL 1 +IF 1 DIVISOR/16, IF 0 NORMAL_ 1
09C9 BA 0000 MOV DX,GOH 1DIVISOR/16

09CC 8B 47 04 MoV AX, [BX+4)

09CF B9 0010 MOV CcX,16

09D2 F7 F1 DIV cX

09D4 89 47 04 MOV [BX+4] ,AX

09D7 8B 47 02 MOV AX, [BX+2]

0%DA F7 F1 DIV [»+4

09DC 89 47 02 MoV {BX+2] ,AX

09DF 8B 07 MOV AX, {BX)

0921 F7 F1 DIV [+ 4

09E3 89 07 MOY {BX],AX

09ES 53 NORMAL 1: PUSH BX

09E6 8D 1E 209B R LEA BX,ABOVE_16 sRESET THE FLAG FOR NEXT TIME USE
09EA C6 07 00 MOV BYTE PIR[EX],0

09ED 3B POP X

G9EE C3 " RET

D_RESULT ENDP
H
O9EF C':__RESULT PROC NEAR 1 SUBROUTINE No. 22 FOR THE RIDP.

THIS SUBROUTINE WAS TO CALCULATE THE PARAMETER C (BCD).
C = MEAN_LnYi + D * MEAN X!
1. D * MEAM Xi
2. MEAN Lo¥1 + D # MEAN Xi

: ==m-ee=e CALCULATE D % MEAN XL ---~-----=
09EF 8D 36 2242 R

LEA SI,D_BCD s POINT 70 D_BCD

09F2 8D 3E 2172 R LEA DI, MEAN_X1i
09F7 8D 1E 2002 R LEA BX, INTERMIDIATE
09FB E8 064B R CALL EIGH_MUL EIGH :NOW THE RESULT WAS IN [PRODUTOIN)
O09FE FC CLD sSET DF=0 TO MOVE FORWARD
09FF 8D 36 2112 R LEA SI,MEAN_LnYi sMOV THIS DATA TO NEXT DATA AREA
0A03 8D 3E 22C2 R LEA DI,MEAN LaYi_FOR_C ;TO KEEP THE MEAN_LnYL VALUE
0A07 B9 0010 MOV cX,16
OAOA P3/ As REP MOVSB sMOVES 16 BYTE FROM (SI] TO (DI)
OAOC 8D 36 20E2 R LEA SI,FRODUCT
O0Al10 8D 1E 22C2 R LEA BX,MEAN_LnYi FOR_C
OAl4 351 PUSH -4
OAl5 E8 OSE3 R CALL SIXTEEN_BYTE_ADD ;:NOW THE RESULT OF C WAS
0A18 59 POP cX 1IN [MEAN_LnYL FOR_C).
0A19 C3 RET

C_RESULT ENDP
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OAlA

OAlA
0A1D
0A20
0A23
0ADS

0A28
0AZA
0A2D
0A30
0A32

OA35
QA3?
0A3A
0A3D
OA3Y

0As2
QA4S
QAA7
CAMA
0ALC

OASF

0AS2
O0ASS
OAS7
OASA
O0ASC

OASF
UA61
OAG4
0A67
0A69

0ASC
OAGE
0A71
0A7A
0A76

0A79
OA7B
OA7E
0A81

B9
7
a8

B9
rn

8B
Be
7
ay
83

B9
l 24

838
B9
7

B9
m

B9
7

3A
B39
¥?

0000
&4 02
2710

A7 08
000C
03E8
29

47 07
c2
000y
ores
&7 06
w2
0000
000A
&7 05

57 04

BIN_BCD

'
+THIS PROGRAM WAS TO CONVERT A BINERY DATA INTO 8 DIGIT

v we ws #1 es me we @ W oo

PROC

9/6/90 21:17:24
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184

NEAR ; SUBROUTINE No. 23 FOR THE R1OP.

BCD DATA

1. THE DATA TO BE CONVERTED WAS AT [SI) -- [SI+3] 2 WORDS

1.¢c. WORD . WORD

2. [SI+3) =-- [SI+2) ARE TEE INTEGER PART ( WORD )

{SI+1) ~- [SI] ARE DISIMAL FRACTION PART ( WORD )

3. DICIMAL PART BIN-BCD STORE IN (DI] -- [DI+4] TEMPERARELY

4. THE RESULT WIIL BE STORED AT [BX] -- [BX+8]

“ ws @e *r @s we e %4 we s e o

- o o

{+ ~=ee=o-= IRTERGR PART ----=---
MOY. DX,0

MY AX, [ST+2]
Moy €X,10000
DIV cx

MOV [BX+£] AL
KoV AX,DX
MOV DX, 008
MOV €X,1000
DIV o

MOV [BX+7),AL
MOV AX,DX
MOV DX, 00H
MoV €X,100
DIV cx

MOV [BX+6] ,AL
MOV AX,DX
MOV DX, 008
MOV CX,10

DIV cX

MOV (BX+5] ,AL
wov {BX+4},DL

DISIMAL FRACTION PART
1. COMVERT BIN TO BCD
2. BCD * 0.000015258

584 §388Y ¥53%% #5848

DX,00H
AX, [SI)
€X,10000
cxX

{DI+4],AL

AX,DX

DX, 00H
CX,1000

[ 4
[DI+3],AL

AX,DX
DX, 00H
CX,100

X
{DI+2},AL

AX,DX
DX,00H
CX,i0
X
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0A83
0A86

OABS
0ASC
GABE
0AS0
0A91
0A93
0A95
0A96
0A98
0A9A
0A9B
0A9D
OASF
O0AAO
0AA2
OAAS

O0AAS
O0AA9
O0AAD
0AB1

OABA
OAB7
OABB
OABF

O0AC1

0AC2

0AC2
OACS
OACS
OACA

OACC
0ACD
OACF
0AD2
OADA
O0ADS
0ADB
OADB
OADE

OAEQ
OAE}
0AE3
OAE6
OAE8
QAEA
OAEC
OAEF

8D
BO
28
43
BO
88
A3
BO
88
A3
BO
as
43
B0
as
43

B9
8D
8D

45 01
15

1E 2262 R
08
07

05
07

02
07

05
07

01
07

36 2262 R
3E 2252 R
1E 20E2 R
0648 R

0004
38 2242 R
36 20E3 R

P33/ A

c3

BA

0000
0000
04
07

04
000A
El

07

07

57 02
57 02

REPZ

BIN_BCD
H

BCD_BIN

HOVSB
RET

ENDP

PROC

185
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{DI+1],AL
{bX],DL

B D_15258

AL,8

BYTE PTR(BX],AL
X

AL,5

BYTE PTR[BX],AL
BX

AL,2

BYTE PTR{BX],AL
BX

AL,S

BYTE PIR(BX],AL
X

AL,1

BYTE PIR(BX],AL
BX

SI,D_15258

~=--=-=NEXT PART WAS DISIMAL FRACTION * 0.000015258----- i

1SET 0.000015258

DI,D_BCD_FRACTION

BX, PRODUCT
EIGH WUL_EXGH

:4 BYTE MOVING

{RESULT DISTINATION

sGET THE REAL PRODUCT ADDRESS
sTHE RESULT NOW IN .200KX

sSUBROUTINE No. 24 FOR THE RTDP.

L]

sTHIS SUBROUTINE WAS TO CONVERT ONE 6 DIGIT BCD DATA:
:IN TO BINERY DATA.
+ 1.THE DATA TO BE CONVERTED WAS AT [SI]) -- (SI]+8

H

: 2.THE RESULT ¥ILL BE PUT IN LBX] WORD '

3 -- ===
MoV DX,00H

MOV AX,00H

MOV AL,BYTE PTR{SI) ;LSs OF THE DATA TO BE CONVERIED
MOV [BX],AL

INC £2 ¢

MOV AL,BYTE PTR{SI) ;SECOND LSB OF THE DATA TO BE
MOV cX,10 1 CONVERTED

MUL cX 1THE DIGIT WAS MULTIPLIED BY 10
ADD AX, [BX] 1CONVERTED DATA ADDS LSB

MOV [BX],AX 1SEND TO RAM

ADC DX, [BX+2j 1IF THERE WAS CARRY ADD

MOV [BX+2] ,DX 1STORE HIGH WORD OF RESULT

MOV AH,00H {CLEAR AH FOR NEXT TIME USE
INC sI

MOV AL,BYTE PTR(SI) ;THIRD LSB OF THE DATA TO BE
MOV CX,100 s CONVERTED

MUL x iTHE DIGIT WAS MULTIPLIED BY 100
ADD AX, [BX] 1CONVERTED DATA ADDS LSB

MOV [BX) ,AX +SEND TO RAM

ADC DX, [BX+2) 1IF THERE WAS CARRY ADD

MOV (BX+2],DX 1STORE HIGE WORD OF RESULT
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OAY2 B4 00 MOV AH,00H +CLEAR AH FOR NEXT TIME USE
OAFs A6 INC SI
OAFS 8A 04 MOV AL,BYTE PTR(SI] :ROURTH LSB OF THE DATA TO BE
CAF7 19 038 Mov CX,1000 ; CONVERTED
OAPA F7 E1 MuL cX sTHE DIGIT WAS MULTIPLIED BY 1000
OAYC 03 07 ADD AX, [BX] ;CONVERTED DATA ADDS LSB
OAFE 89 07 MOV [BX] ,AX 1SERD TO RAM
0B00 13 57 02 ADC DX, [BX+2) ;IP THERE WAS CARRY ADD
oBO3 89 57 02 MoV [BX+2],DX ;STORE HIGH WORD OF RESULT
oB0OS B4 00 MoV AH,008 1CLEAR AH FOR NEXT TIME USE
0808 46 INC Ss1
OB09 8A 04 MOV AL,BYTE PIR[SI] ;FIFTH LSB OF THE DATA TO BE
0BOB B9 2710 MoV €X,10000 s CONVERTED
OBOE F7 El1 MUL X +THE DIGIT WAS MULTIPLIED BY 10000
0B10 03 07 ADD AX, {BX] ;CONVERTED DATA ADDS LSB
0B12 89 07 MOV [BX] ,AX 1SEND TO RAM
0B14 13 57 02 ADC DX, [BX+2] ;IF THERE WAS CARRY ADD
oB17 89 57 02 MoV {3X+2},0X ;STORE HIGH WORD OF RESULT
OB1A B4 00 MoV AH,00H JCLEAR AL FOR KEXT TIME USE
;=-- NEST PART WAS DIGIT*100,000=DIGIT*{5000+50000]-~~:
0BiC B9 0C02 MOV cX,2
OBIF 46 INC SI sSIXTH DIGIT OF DATA
oB20 51 NN: PUSH cX
0821 8A 04 MOV AL,BYTE PIR(SI]
0823 B9 C350 MOV CX, 50000
0B26 F7 E1 MUL cxX
0B28 03 07 ADD AX, [BX]
oB2A 89 07 MOV [BX] ,AX
0B2C 13 57 02 ADC DX, [BX+2]
OB2F - 89 57 02 MOV [BX+2},DX
0B32 B4 00 MOV AH,00H
0B334 59 POP X
0B35S E2 E9 LOOP RN
0B37 €3 RET
BCD_BIN ENDP
H
3
0R38 BIN_BCD_INTEGER PROC HEAR ;SUBROUTINE No. 25 FOR THE RIDP.
H H
s 1. BCD IN [SI] WAS A WORD TO BE CONVERDED :
: 2. RESULT IN [BX] -- [BX+4) ARE 5 DIGITS ASCII CODE
$ -—;
0B38 BA 0000 MOV DX,0
0B3B 8B 04 MOV AX, {SI)
OB3D B9 2710 MOV €X,10000
OBAO F7 F1 DIV cx
0B42 OC 30 OR AL, 30H
0BA4 88 07 MOV (BX] ,AL
0B46 8B C2 MOV AX,DX
OB48 BA 0000 MOV DX, 00H
0B4B B9 03E8 MOV €X,1000
OB4E F7 F1 DIV X
0BS0 0C 30 oR AL, 30B
0BS2 838 47 01 MOV (BX+1],AL
0BRSS 8B C2 MOV AX, DX
0BS7 BA 0000 MOV DX, 00H
OBSA B9 0084 MOV cX,100
OBSD F7 PF1 DIV X
03sF oC 30 oR AL, 3C"
0B61 88 A7 02 MOV [BX+%) ,AL
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OB64 8B C2 MOV AX,DX
OB66 BA 0000 MOV DX, 00H
0B69 B9 000A MOV cX,i10
OBSC F7 F1 DIV CX
OB6E 0C 30 oR AL, 30H
OB706 88 47 03 MOV [BX+3] AL
0B73 80 CA 30 oR DL, 3CH
OB76 88 37 04 MoV {BX+4) DL
OB79 C3 RET
BIN_BCD_INTEGER ENDP
3
OB7A BCD_BIN_C PROC NEAR 1 SUBROUTINE No. 26 FOR THE RTDP.
s THI S SUBROUTINE WAS TO CONVERT ONE 6 DIGIT BCD DATA H
3IN TO BINERY DATA. X X . XX XX :
: 1.THE DATA TO BE CONVERTED WAS AT {SI] -- ’F"’H-B H
t+ 2.THE RESULT WILL BB PUT IN [BX+2].[BX] %ot 1
jemmeeeceesdmetecse et r s se o —cae S oaem e Y ooy
OB7A 8A 04 MOV AL,BYTE PTR{SI] ;LSB OF PRAGMENY Pdi‘ii' fe g
OB7C B4 00 MOV 48,0
OB7E B9 0006 MOV CX,6H sTHE DATA TO BE CGAWVERTED
0B81 F7 E1 MUL X sTHE DIGIT WAS MULTIPLIED
0B83 89 07 MOV {BX] ,AX +BY 0.0007H, RESULT WAS IN {BX].
QB85S A6 INC SI
OB86 8A 04 MOV AL,BYTE PTR[SI] ;SECOND LSB OF THE DATA
0B88 B4 00 MOV AH,0
OBEA B9 0042 MOV CX, 428
OB8D P7 E1 MUL X +THE DIGIT WAS MVLTIFLIED BY 0.0042H
OBSF 03 07 ADD AX, [BX] 31 CORVERTED DAT& ADDS LSB
0B91 89 07 MOV {BX],AX $1SENXD 170 RAM
0B93 46 INC s1
0B94 8A 04 MOV AL,BYTE PTR([SI) :THIRD LSB OF THE DATA TO BE
0B96 B4 00 MOV AH,0 s CONVERTED
0B98 B9 028F MOV CX,28FH
0B9B P7 El1 MUL & sTHE DIGIT WAS MULTIPLIED BY 0.028FH
0BSD 03 07 ADD AX, [BX] ;1 CONVERTED DATA ADDS LSB
OB9F 895 07 MoV {3X],AX :1SEND TO RAM
OBA1 &6 INC 34
0BA2 8A 04 MOV AL,BYTE PTR(SI) :FOURTH LSB OF THE DATA TQ BE
OBA4 B4 00 MOV AH,0 ; CONVERTED
OBAG6 BY 199A MoV CX,199AH
OBAS F7 E1 MUL cxX :THE DIGIT WAS MULTIPLIED BY 0.199AH
OBAB 03 07 ADD AX, [BX] s CONVERTED DATA ADDS LSB
OBAD 89 07 MoV [BX],AX $SEND TO RAM
OBAF 46 INC SI
OBBG 8A 04 MOV AL,BYTE PTR(SI] ;:LSB OF THE INTEGER PART
0BRZ B4 00 MOV AH,0
§BR4 B9 47 02 MOV [BX+2} ,AX 1SERD TO RAM
ORR7 b INC sI :SIXTH DIGIT OF DATA
0BB8 8A 04 MOV AL,BYTE PTR(SI]
OBBA B4 00 MOV AH,0
OBBC B9 000A MOV cx,10
OBBF F7 E1 MUL cxX
OBC1 03 47 02 ADD AX, [BX+2]
OBCA 89 47 02 MOV [BX+2]) ,AX
OBC7 C3 RET
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03C8

0BC8
0BCC
0BDO

0BD3
0BD?
03DB
0BDD
OBDF
0BE2

0BES
OBES
0BEA

OBED
0BF1
OBFS

0BF9
OBTA
0%FC
©¢Coo
0co2
0Cos
ocos

0Cco9

ococ
2C10
0C14
0c6
ocis
ocis

0C1E

0C1F

0C1F
0C23
0C27

ocae
0C2D
ocar
0c3l

a6
1E

22A2 R
2272 R

0CAD R

3E
a6
04
05
L1}
45

23BC R
209C R

02
02

04
o4

36
3E
1E

05
1E
07
45
A7

02
23BC R

23C4 R
2300 R

20B2 R

02
02

0979 R

1E
3E
07
03
47
[}

36
1E
k14

8B 04

3]

9 13

2082 R
23CA R

02
02

2152 R
23C4 R
2304 R

g

BCD_BIN_C
]

:

H
A_COEF_A_D_B
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1 SUBROUTINE No. 27 FOR THE RTDP.

THIS PROCEDURE WAS TO CALCULATE A_COEF AKD A/B
BECAISE C = LnA, COEF. A = EXP(C) = EXP(a+b)
EXP(a+b) = EXPa * EXPb. EXPa: LOOK UP TABLE;

1. EXPb WAS CALCULATED WITH INTERACTIVE OPRATION.
2. THE RESULT WILL BE IN -(EXP_N+2).[EXP_N])

3. A WILL BE IN (A _COEF].[A_f COEF+2)

4. A/B WILL BE IN [A_DIV B+2] [(A_DIV_B]

- ar we ws W we we @ e

3S3%EE § 385EFEE FEF 834 FUIEEE EEE

:

A_COEF_A_D_B ENDP
H

H
NEGA_B_MUL_XO

SI,C_3IR
meb
marwsa

DI,A_COEF
sI, m N
AX, {STT
{D1],AX
AX, [SI+2)
[(DI+2},AX

AX,0
{s1],AXx
{s1+2),Ax

SI,A_COEF
DI,D_BIN
BX,A DIV B

BX

AX, [DI)
BX, TABLE_M
[BX],AX
AX, [DI+2]
[BX+2] ,AX
BX

D_RESULT

BX, TABLE_M
DI,D_BIN
AX, [BX)
{DI],AX
AX, (BX+2)
[DI+2],AX

PROC  NEAR

PSR U

;CALCULATE EXP a+b WITH

s INTERACTIVE OPRATION

sPOINT TO A COEFFCIENT

{MOVE A_COEF FOR FOUTHER PROCESS

1A_COEF WAS IN [A_COEF+2) . [A_COEF]
;CLEAR [EXP_N] FOR NEXT CALCULAT

;sPOINT TO A COEF
1POINT TO B COEF
;POINT TC RESULT ADDRESS A/B

+PROTECT DATA IN {DI+2].[DI]
;BORROW THOS AREA

$CALCULATE A/B. THE RESULT NOW IN
1 [A_DIV_B+2].[A_DIV_B}
{RESUME THE ORIGANAL DAT&

1 SUBROUTINE No. 28 FOR THE RTDP.

+THIS SUBROUTINE WAS TO CALCULATE ~-B*X0
$TEE RESULT WILLBE IN NEGA_B_XO

8288 BRE

SI,X0
‘BX,D_BIN
DI,NEGA_B_X0

AX, [SI]
CX, [BX}

cX
(p1],DX

1CALCULATE -B*X0
1D=B
s THE RESULT WILL BE IN
+ [NEGA_B_X0+2) . [NEGA_B_X0]
:XO FRAGMENT PART ONLY

' ;B’S FRAGMENT PART IN CX
1DX:AX FRAGMENT:FRAGMENT AX
;OMITTED
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0C33 8B 04 MOV AX, {SI]
0C35 8B 4F 02 MOV CX, [BX+2] 1B’S INTEGER PART IN CX
oc38 F7 El1 MUL X 1DX:AX INTEGER:FRAGMENT
0C3A 03 05 ADD AX, {DI]
0C3C 89 05 MOV [DI),AX
OC3E 13 55 02 ADC DX, [DI+2]
0Cs1 89 55 02 MOV [pI+2},DX
0C44 C3 RET
NEGA_B_MUL_XO ENDP
3
0C45 EXP_NEGA_B X0 PROC NEAR s SUBROUTINE No. 29 FOR THE RTDP.
0C45 8D 1E 2098 R LEA BX,SIGN_SIGMA ,TEST + OR - SYMBLE OF BeD
0CA9 BO 01 MoV AL,1 aSINCE D DENOMINATION WAS +
0C4B 3A 07 cMP AL,BYTE PTR{BX] :D NOMINATION WAS - OR +
OCAD 74 03 Jz FU
OCAF EB OF 90 JMP ZHENG
0C52 8D 36 2304 R FU: LEA SI,NEGA_B_X0
0C56 8D 1E 2272 R LEA BX,EXP_| b
OCS5A E8 OE7A R CALL EXP_a | PLUS b_NEGA
0CSD EB 0OC 90 JMP FU_1
0C60 8D 36 2304 R ZHENG: LEA SI,NEGA_B_XO0
0C64 8D 1E 2272 R LEA BX,EXP_b
0C68 E8 OCAD R CALL EXP_s_PLUS_b
OC6B 8D 3E 2308 R FU_1: LEA DI,EXP_N_B_XO0
OC6F 8D 36 209C R LEA SI EXP N
0C73 8B 04 MOV AX, {SI]
0C75 89 0S5 MoV [DI] AX
0C77 8B 44 02 MoV Ax.[SI+2)
OC7A 89 45 02 MoV [DI+2],AX
0Cc7D C3 RET
EXP_NEGA_B_XO  ENDP
H
3
0C7E LOSS PROC NEAR 1SUBROUTINE No. 30 FOR THE RTDP.
it vt :
1THIS SUBROUTINE WAS TO CALCULATE AIB*EXP(-B*KO) 3
1+ 1. ADIV B * EXP N B_X0 = LOSS_DATA_ 1 H
+ 2. THE RESULT WILL BE IN [LOSS DATA_ 1+2] [LOSS_DATA_1] :
R ettt S [
OC7E 8D 36 2300 R LEA SI,A DIV B 1POINT TO A/B
0C82 8D 1E 2308 R LEA BX, m ll 3_Xo s POINT TO EXP(-B*X0)
0C86 8D 3E 23CC R LEA DI,LOSS DATA 1 ;POINT TO RESULT LOSS_DATA_1
0C8A 8B 04 MOV AX, [S1]” s FRAGMENT PART OF A/B
+'C8C F7T 27 MUL WORD PTR{BX] :MUL FRAGMENT PART OF EXP(-B*X0)
"L8E 89 15 MoV [DI},DX $1AX WAS OMITTED
JC90 8B 44 02 MoV AX, [S1+2] s INTEGER PART OF A/B
3C93 F7 27 MUL WORD PIR[BX] :MUL FRAGMENT OF EXP(-B*X0)
0Cc95 03 05 ADD AX, [DI] ;1DX:AX INTEGER:FRAGMENT
0C97 89 05 MOV {DI],AX
0C99 13 55 02 ADC DX, [DI+2]
0Cc3C 89 S5 02 MOV {DI+2),DX
OCSF 8B 44 02 MOV AX, [SI+2] s INTEGER PART oF A/B
OCA2 F7 67 02 MUL WORD PTR{BX+2] ;MUL INTEGER PART OF EXP(-B*X0)
OCAS 03 45 02 ADD AX, [DI+2]
0CA8 89 45 02 MOV (DI+2],AX

0CAB C3 RET
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0CAC

OCAD

O0CAD
0CBl
OCBA
0CB6
0CBA
0CBC
OCBE
0CCo
0cc3
occe
0CC9
occc
OCCE
ocDo
0Ch2
ocps
0ocDs

ocDB
0CDD
0CEO
OCE3
OCE6
OCE9
OCEB
OCEF
O0CF1
OCF3
OCF6
0CF9

OCFC
OCFE
0001
0D04&
oDo7
0D0A
oDoC
oblo
D12
o0D14
op1?7
OD1A

c3

1E 209E R
0001

07

1E 209C R
04

07

04

0000

0001

0F92 R
0002

Fl

07

07

47 02
0000

47 02

04
0000
0002
O0F92 R
0006
F1

1E 209C R
07

07

47 02
0000
47 02

04
0000
0003
0F92 R
0018
Fl1

1E 209C R
07

07

47 02
0000
47 02
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LOSsS ENDP
;
GRAIN_LOSS PROC NEAR
RET

GRAIN_LOSS ENDP

H
EXP_a_PLUS_b PROC NEAR

;SUBROUTINE NO. 31 FOR THE RIDP.

[s1+2). [SI}
[EXP_N+2] INTEGER

THIS SUBROUTINE WAS TO CALCULATE EXP (a+b). a AND b ARE;
INTEGER AND DISIMAL PART RESPECTIVELLY. H
1.EXP a WILL BE FOUND IN LOOK UP TABLE H
2.EXP b WILL BE CALCULATED WITH INTERACTIVE OPRATION
3.BEFOR CALCULATION THE DATA TO BE CONVERTED WAS AT H

4.TBE RESULT THEN WAS PUT IN [BX] i.e. [EXP_N] FRAC

w @ e @ e @s wr @ e =

R THE FIRST PART WAS EXP(b) =~---====-=-
LEA BX,EXP_N+2 , ;RESULT INTEGER ADDRESS
MOV AX,01 ;:THE FIRST ITERM

MOV [BX],AX ; INTEGER PART

LEA BX,EXP_N ;FRACTION PART

MOV AX, [S1] :14D_BIN+. ..

MOV [BX],AX ¢RESULT IN [EXP_N] LOOKS LIKE 1.b
MoV AX, [SI) +FETCH b (BIN)

MOV DX,0 {CLEAR DX FOR DIV REMAINDER
MoV cX,1 : 2

CALL DATA_POWER ; DATA POWER

MOV cX,cM_2 : 21

DIV cx + DATA POWER / 2!

ADD AX, [BK} s +D_BIN"2/2!

MOV [BX] ,AX +THE RESULT NOW IN [EXP_N)
MOV AX, [BX+2)

ADC AX,0 :ADD THE CARRY

MOV [BX+2] ,AX sNEW INTEGER PART

MOV AX, [SI) +FETCH b (BIN)

MOV DX,0 sCLEAR DX FOR DIV REMAINDER
MOV cX,2 : 73

CALL DATA_POWER + DATA POWER

MOV Cx,CM_3 ; 31

DIV X + DATA POWER / 3!

LEA BX,EXP N

ADD AX, [BX] + 4+D_BIN"2/3!

MOV {BX],AX +THE RESULT NOW IN [EXP_N)
MOV AX, [BX+2]

ADC AX,0 sADD THE CARRY

MOV [BX+2] ,AX 1HEW INTEGER PART

MOV AX, [S1] ;FETCH b (BIN)

MOV ,0 ;CLEAR DX FOR DIV REMAINDER
MOV cX,3 ;T4

CALL DATA_POWER ; DATA POWER

MOV CX,CH_4 s AL

DIV cxX + DATA POWER / 4!

LEA BX,EXP_N

ADD AX, [BX] + +D_BIN"2/4t

MOV [BX],AX {THE RESULT NOW IN [EXP_N]
MOV AX, [BX+2)

ADC AX,0 1ADD THE CARRY

MOV [BX+2] ,AX sNEW INTEGER PART
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0D1D
OD1F
0D22
0D25
on2s
0D2B
0D2D
0D31
0D33
oD35
oD38
OD3B

OD3E
0D40
0D&3
0D46
0D49
0D4C
OD4E
0D52
0D54
0D56
0D59
oDsSc

O0D5F
0D61
0D64
oD67
ODGA
0D6D
OD6F
0D7%
oD75
ob77
0D7B
OD7E
oD81

0D84&
0Daé6
0D89
oD8cC
0D8F
0D92
0D94
0D98
0D9A
0D9cC
ODSF
ODA2

ODAS
ODAS

QDAB
ODAD
0DBO
0DB2

8B
BA
B9
E8
B9
F7
8D
03
89
8B
15
89

8B
BA
B9
E8
B9
F?
8D
03
89
8B
15
89

8B
BA
B9
E8
B9
¥7
8D
03
89
8D
8B
15
89

8B
BA
B9
E8
B9
F7
8D
03
89
8B
15
89

04
0000
0004
0F92 R
0078
F1

1E 209C R
07

07

47 02
0000
47 02

04
0000
0005
0F92 R
0200
F1

1E 209C R
07

07

47 02
0000
&7 92

04

0000

0006

O0F92 R
13B0O

F1

1E 209C R
07

07

1E 209E R
47 02
0000

47 02

04
0000
0007
O0F92 R
9D80
nl

1E 209C R
a7

07

47 02
0000
47 02

5C 02
CE30

c3
0008

D8

MOV
MOV
MOV
DIV
ADD
MOV
ADC

MOV

MOV
DIV

ADD
MOV

ADC

MOV

MOV
DIV
LEA
ADD
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AX, [SI)
pX,0

cX, 4
DATA_POWER
CX,CM_5
X
BX,EXP_N
AX, [BX]
[BX],AX
AX, [BX+2]
AX,O0
{BX+2] ,AX

AX, [SI)
DX,0

cX,5
DATA_POWER
CX,CH_6
x -
BX,EXP_N
AX, [BX]
[BX],AX
AX, [BX+2]
AX,0
{BX+2] ,AX

AX, {SI]
pX,0

cX,6
DATA_POWER
cX,CN_7

cx
BX,EXP_N
AX, [BX]
{BX],AX
BX,EXP_N+2
AX, [BX+2)
AX,0
[BX+2],AX

AX, [SI]
DX,0

cX,7
DATA_POWER
cX,cH_8

o

BX,EXP_N
AX, [BX]
(BX) ,AX
AX, [BX+2)
AX, 0
[B%+2] ,AX

1-41

s+FETCH b (BIN)

1 CLEAR DX FOR DIN?FUHiAINDER
s 5

+ DATA POWER

3 3¢

;s DATA POWER /[ 5!

3 +D_BIN"2/5!

sTHE RESULT ROW IN [EXP_N]

1ADD THE CARRY
1NEW INTEGER PART

sFETCH b (BIN)

;CEEAR DX FOR DIV REMAINDER
: 6

1+ DATA POWER

3 61

; DATA POWER / 6!

: +D_BIN"2/61
{THE RESULT NOW IN [EXP_N}

;ADD THE CARRY
sNEW INTEGER PART

tFEICH b (BIN)

aC&EAR DX FOR DIV REMAINDER
1 7

1+ DATA POWER

1 7t

s DATA POWER /[ 7!

: +D_BIN"2/71
+THE RESULT NOW IN [EXP_N]
JINTEGER PART ADDRESS

1ADD THE CARRY
;NEW INTEGER PART

sFETCH b (BIN)
+CLEAR DX FOR DIV REMAINDER
‘s

s

s DATA POWER

: 81

s DATA POWER / 8!

; +D_BIN"2/81
{THE RESULT NOW IN [EXP_N]

;ADD THE CARRY
sNEW INTEGER PART

--~ $O FAR THE RESULLT OF EXP b WAS STORED IN {EXP_N+2].[EXP_N] ---;
NEXT STEP WAS TO CALCULATE (EXP a) * (EXP b)

- e e e =

$
H
: 1. EXP a, & = 1--15, ARE DEFINEDED DATA AREA (2 X DD OR 8 BYTE).
: 2. EXP a * EXP b (INTEGER) + EXP a % EXP b(FRAGMENT)
:+ 3. THE RESULT WAS STILL STORED IN [EXP_N+4 ] [EXP_N+2).(EXP N]
4
MOV BX, [S1+2] 13X WAS BASE ADDRESS FOR LOOK UP
1EXP_N
MOV SI,0CE30H sLEA SI,EXP_0+100H THE FIRST
sADDRESS OF LOOK UP TABLE
MOV AX,BX sPROPARE BASE * No. OF BYTE
MOV <X, 8
MUL X sBASE * No. OF BYTE
MOV BX,AX
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0DB4 8B 00

0DB6
ODBA
ODBD
ODBF
opc1
oDCc2
0DC6
obcs
ODCB

0DCC
ODCF
oDD2
0DD4
oBD3
oDD9
oDDG
OoDDF
ODE2
ODES

ODE6
O0DE9
ODEC
ODEE
ODEF
ODF3
ODFé6
ODF9
ODFC
ODFF

0ECO
0E02
OE06
0E09
0EOB
OEQD
OEOE
0E12
OEl4
OE17

OE18
0E1B
OE1E
0E20
0E21
0E25
OE28
0E2B
0E2E
OE31

OE32
0E33
QE38
OE3SA
OE3B
OE3F
0E42
0E4S
OEA8
OEAB

eB
1]
BA

b 44
53
8D
89
89
58

3E 209E R
0000

0D

El

1E 2282 R
07
57 02

40 02
0000
El

1E 2282 R
47 02
47 02
D2 00
57 04

40 04
0000
El

1E 2282 R
47 04
47 04
D2 00
57 06

00

3E 209C R
0000

oD

El

1E 2292 R
07
57 02

40 02
0000
El

1E 2292 R
47 02
47 02
D2 00
57 04

40 04
0000
Bl

1E 2292 R
A7 OA
47 04
D2 00
57 06

PUSH

PUSH
MOV
POP

MOV
MOV

PUSH
MOV
ADC
MOV
POP

MOV

g8

PUSH

14192

192
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AX, (BX] [SI] sPOINT 70 THE TABLE
MULTIPLY THE INTEGER PART OF EXP b---=--=

DI,EXP_N+2 1 INTEGER ADDRESS OF EXPbL

DX,0

cX, [DI]

[+ 4 ;NOW THE RESULT WAS IN DX:AX

BX s SAVE BASE ADDRESS

BX,EXPa_MUL_EXPb_INTEGER

[BX] ,AX

[{BX+2],DX

BX ;sRESUME BASE ADDRESS

AX, [BX] [SI+2] st NEXT WORD

DX,0

cxX

BX 1 SAVE BASE ADDRESS

BX,EXPa_MUL_EXPb_INTEGER

AX, [BX+2]) 3 DX:AX

{BX+2] ,AX :  + DX:AX ;<---[3X]

DX,0 jremmesemm—— e

{BX+4],DX

BX ;RESUME BASE ADDRESS

AX, [BX] [SI+4] s NEXT WORD

DX,0

[# 4

BX

BX,EXPa_MUL_EXPb_INTEGER

AX, [BX+4) : DX:AX

[BX+4] ,AX ;s + DX:AX ;<~-~-[BX]

DX,0 1+DX: AX

[BX+6] ,DX 3

BX

AX, [BX] [SI] ;POINT TO THE TABLE

DI,EXP_N s FRAGMENT ADDRESS OF EXPb

DX,0

X, [DI]

X sNOW THE RESULT WAS IN DX:AX

BX :SAVE BASE ADDRESS

BX,EXPa_MUL_FEXPb_FRAGMENT

[BX],AX

[BX+2],DX

X +RESUME BASE ADDRESS

AX, [BX][SI+2] tNEXT WORD

DX, 0

X

BX $1SAVE BASE ADDRESS

BX,EXPa_MUL_EXPb_FRAGMENT

AX, [BX+2]) s DX:AX

{BX+2]) ,AX ;s + DX:AX ;<---[BX]

DX, 0 jemmmmeen e —————

[{BX+4} ,DX

BX ;RESUME BASE ADDRESS

AX, [BX] [SI+4]  ;NEXT WORD

DX,0

X

BX

BX,EXPa_MUL_EXPb_FRAGMENT

AX, [BX+4] 3 DX:AX

[BX+4],AX s+ + DX:AX ;<---[BX]

DX,0 1+DX: AX

[B8X+6] ,DX 1

BX
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OB4C
0ES0
OES4

0ES8
OESA
0ESC

OESE
OE61
0E64

0E67
OE6A
0E6D

0E70
0E73
O0E76

O0E79

CE7A

0E7A
\E7E
0E81

OE84
OE87
0E89
OESB
0ESE
0E91
0E93

QE96
OE98
QE9B
OESE

OEA4
0EA6
OEAS8
OEAA
OEAD
OEBO

QEB3
QEBS
OEB8
OEBB

8D 36 2282 R
8D 3E 2294 R
8D 1E 209C R

8B 04
03 05
89 07

8B 44 02
13 45 02
89 47 02

8B 44 04
13 45 04
89 47 04

8B 44 06
13 45 06
89 47 06

c3

EXP_a_PLUS_b ENDP

H
EXP_a_PLUS_b_NEGA PROC

8D 1E 209C R
B8 0001
89 47 02

B8 0000
2B 04
89 07
B8 0000
8B 57 02
1B DO
89 57 02

8B 04
BA 0000
B9 G001
E8 OF92 R
B9 0002
F7 Fi

03 07
89 07
8B 47 02
15 0000
89 47 02

8B 04

BA 0000
B9 0002
EB OF92 R

§ ERY 38% bbb
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SI,¥XPa_MUL_EXPb_INTEGER
DI,EXPa_MUL_EXPb_FRAGMENT+2 (KEEP 16 BIT FRAGMENT

BX,EXP_N

AX, {SI]
AX, [DI]
(BX],AX

AX, [SI+2]
AX, [DI+2]
[BX+2] ,AX

AX, [SI+4]
AX, [DI+4]
[BX+4) ,AX

AX, [S1+6]

AX, [DI+6]
[BX+6] ,4X

NEAR

$ SUBROUTINE No.

193

----EXPa * EXPb INTEGER PLUS EXPa * EXPb FRAGMENT----

32 FOR THE RIDP.

THIS SUBROUTINE WAS TO CALCULATE EXP (at+b). a+b<0
a & b ARE INTEGER AND DISIMAL PART RESPECTIVELLY.
1.EXP a WILL BE FOUND IN LOOK UP TABLE

2.EXP b WILL BE CALCULATED WITB INTERACTIVE OPRATION

{sI]

4,THEE RESULT THEN WAS PUT IN (BX] i.e. [EXP_N] FRAC

[EXP_N+2] INTEGER

:
H
3
3
+ 3.BEFOR CALCULATION THE DATA TO BE CONVERTED WAS AT
H
H
3

———-

o = ws ws ws we me me we

—————— THE FIRST PART WAS EXP(b) -~--=--=c--
BX,EXP_N {RESULT INTEGER ADDRESS
AX,01 sTHE PIRST ITERM
(BX+2) ,AX s [EXP_N+2): [EXP_N]

+ INTEGER : FRAGMENT
AX,0 sCLEAR AX FOR SUBTRACT
AX, [SI] 11-D_BIN+...
[BX] ,AX sRESULT IN [EXP_N) LOOKS LIKE 1.b
AX,0
DX, [BX+2) 1 INTEGER PART IN DX
DX, AX 1SUBTRACT THE CARRY
{BX+2],DX 1INTEGRER PAQT
AX, [ST} {FETCH b (BIN)
bX,0 +CLEAR DX FOR DIV REMAINDER
cX,1 ;"2
DATA_POWER 1 DATA POWER
CX,CM_2 1]
X + DATA POWER / 2!
AX, [BX} + +D_BIN“2/2!
[BX] ,AX :THE RESULT NOW IN [EXP_N)
AX, [BX+2) +INTEGER PART IN AX
AX,0 1ADD THE CARRY
[BX+2] ,AX sNEW INTEGER PART
AX, {S1] tFETCH b (BIN)
,0 1CLEAR DX FOR DIV REMALZDER
cx,2 i 73
DATA_POWER + DATA POWER
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OEBE
0EC1
0EC3
OECS
OEC?
OEC9
0ECC
OECF
OED1

OEDé4
0ED6
OED¢
OED(,
OELY
9EE2
OER4
PEV6
CERES
CEZs
0REE

{154 3
OEF2
OEFC
OEF¢
OE¥C
OEFF
OF01
0Fo03
OF035
OF07
OFO0A
OFOD
OFOF

or12
OFl4
OF17
OF1A
OF1D
OF20
oF22
OF24
OF26
0F29
oFr2C

OF2F
OF31
OF34
or3?
OF3A
OF3D
OFar
OFAl
0FA3
OF4S
OF48
OFAB
OFAD

0Fs0
ors2
Orss
QFs8
OF58

B9
®7
8B
28
89
8B
B8
1B
as

8B
BA
B9
E8
39
¥7
03
89
8B
15
89

8B
BA
B9
E8
B9
¥7
8B
2B
a9
8B
B8
13
89

0006

47 02
0000
47 02

04
0000
0006
OF92 R
1380
F1

17

DO

57 02
0000

57 02

0A
0000
0007
0F92 R
9080

382338088Y T388R34p

2§
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cX,0M_3
cx

DX, [BX]
DX,AX
[Bx] .DK
DX, [BX+2]
AX,0
DX,AX
{BX+2],DX

AX, (S1]
DX,0

cx,3
DATA_POWER
cX,cM &

cx

AX, [BX]
[BX] ,AX
AX, {BX+2]
AX,0
[BX+2] ,AX

AX, [SI]
DX,0

cX,4
DATA_POWER
cX,CH_S

cX

DX, [BX)
DX, AX
{BX] ,DX
DX, [BX+2]
AX,0
DX,AX
(BX+2],DX

AX, [SI]
0X,0

cX,5
DATA_POWER
cX,cH_6
cx

AX, (BX]
(BX] ,AX
AX, [BX+2]
AX,0
[BX+2],AX

AX, [SI)
DX,0

CX,6
DATA_POWER
X, CM_7
cx

DX, [BX]
DX, AX
[BX] ,DX
DX, [BX+2]
AX,0

DX, AX
[BX+2) ,DX

AX, [SI]
DX, 0

cX,7
DATA_POWER
CX,CH_8

1-44

: 3
s DATA POWER / 3!

: -D_BIN"2/31

+TEE RESULT NOW IN [EXP_N]
{INTEGER PART IN DX

1ADD THE CARRY

3SUB BORROW

iNEW INTEGER PART

+PETCH b (BIN)
tCLEAR DX FOR DIV REMAINDER
; &

DATA POVER

4!

DATA POWER / 4!
+D_BIN"2/41

+THE RESULT NOW IN [EXP_N]

- we we we

$ADD TEE CARRY
$NEW INTEGER PART

sFETCH b (BIN)
1CLEAR DX FOR DIV REMAINDER
[ ]

: DATA POWER

(-1

; DATA POWER / 5!

s ~D_BIN"S/S!

sTEBE RESULT NOW IN (EXP_N)
sINTEGER PART ADDRESS

;ADD THE CARRY
sNEW INTEGER PART

sFETCE b (BIN)
+CLEAR DX FOR DIV REMAINDER
6

1}

+ DATA POWER

; 61

:+ DATA POWER / 61

+ 4D_BIN"2/61

sTHE RESULT NOW IN [EXP_N]

sADD THE CARRY
sNEW INTEGER PART

sFEICH b (BIN)
$CLEAR DX FOR DIV REMAINDER
s 7

s+ DATA POWER

s 71

; DATA POWER / 7!

+ -D_BIN"? / 7!

s INTEGER PART ADDRESS

sADD THE CARRY
sNEW INTEGER PART

JFETCH b (BIN)

lC&EAR DX FOR DIV REMAINDER
s 8

+ DATA POWER

; 8¢
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OFSE
OF60
QF62
OF64
OF67
OF6A

OF6D
OF70

OF73
OF?5
OF78
OF7A
OF7C

OF7E
0F82
OF85
O0F87
OF89
OF8B
OF8E

OF91

0F92

0F92
OF93
OF95
OF97
OF99
OF9C
OF9D

OF9F

OFAO

7
03
89
8B
15
89

8B
B9
F7
8B
8B

8B
F?
89
B8
89

c3

51
8B
F7
8B
BA
59
E2

c3

F1

07

07

47 02
0000
47 02

5C 02
CEBO

c3
0002
El
D8
00

3E 209C R
0000

oD

El

15

0000

45 02

oc
El
c2
0000

P3

§E45E3
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X

AX, [BX]
[BX],AX
AX, [BX+2}]
&X,0
(BX+2],AX

1-45

; DATA POWER / B!
1 +D_BIN"2/81
{THE RESULT NOW IN [EXP_N)

1ADD TEBE CARRY
1HEW INTEGER PART

--- 50 FAR THE RESULT OF EXP b WAS STORED IN [EXP_N+2].[EXP_N] ------ i

3
3 NEXT STEP WAS TO CALCULATE (EXP a) * (EXP b) H
; 1. EXP a(amd -- -10) ARE DEFPINEDED BY DATA AREA (2 X DD OR 8 BYTE).:
; 2. EXP a * EXP b (FRAGMENT). RASON: EXPa<l, EXPb<1 (a,b<0). 3
; 3. THE RESULT WAS STORED IN (EXP_N] OF [EXP_N+4 ] {EXP_N+2].[{EXP_N) .
e e e e e e e e e e TS eReSessnesemssmeme= ]
MOV BX, {SI+2] 1BX WAS BASE ADDRESS FOR LOOK UP
1EXP_N
MoV SI,0CEBOH 1LEA SI,EXP_NO+100H TEE FIRST
tADDRESS OF LOOK UP TABLE
MOV AX,BX sPROPARE BASE * No. OF BYTE
MOV cX,2
MUL cX :BASE * No. OF BYTE
MOV BX,AX
MoV AX, {BX][SI] +POINT TO THE TABLE
3==-=~MULTIPLY THE FRAGMENT PART OF EXP be------
LEA DI,EXP_N s INTEGER ADDRESS OF EXPb
MOV DX, 0
MOV cX, [pI)
MUL X sNOW THE RESULT WAS IN DX:AX
MOV [DI}],DX
MV AX,0
MOV [DI+2),AX
RET
EXP_a_PLUS_b_NEGA ENDP
3
DATA_POWER PROC NEAR $SUBROUTINE No. 33 FOR THE RIDP.
$ ===
+ THIS SUBROUTINE WAS TO CALCULATE THE POWER :
3 OF A DATA 3
+ 1. BEROR CALLIKG N --> CX, DATA ADDRESS -->SI ;
s 2. THE RESULT WAS REMAINED IN AX '
} ~3
AM: PUSH X
MOV X, [SI)
MUL cX
MOV AX,DX
MoV DX, 0
POP X
LooP AM
RET
DATA_POWER  ENDP
H
i .
SIGMA_21 PROC NEAR s SUBROUTINE No. 34 FOR THE RTDP.

]
1THIS PROGAM WAS TO CALCULATE SISGMA 21.
121 WAS THE DATA COLLECTED BY THE SENSORS.

21, 22, 23 IN RAM

3. THE RESULT WILL BE POSITIVE.

'
L
1]
+ 1. BEFOR CALCULATE THE DATA SHOULD BE SENT TO
3 )
s+ 2. THE RESULT SHOULD BE SENT TO SIG_2i $
4 i
' H
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OFAC 8D 36 22E2 R LEA sI,Z1 sPOINT TO FIRST DATA

OFA4 8B 04 MOV AX, [SI)

OFA6 03 &4 02 ADD AX, [S81+2]) 1ADD THE 1st AND THE 2nd DATA
OFA9 03 44 04 . ADD AX, [SI+4] sADD THE 1st THROUGH THE 3xd DATA
OPAC 8D 3E 22E8 R LEA DI,SIG_Z1 ;POINT TO RESULT ADDRESS SIGMA 2i
oFBCc 89 05 MOV {DI],AX

OFB2 €3 RET

SIGMA_21 ENDP
3

3
OFB3 SIGMA_Xi2i  PROC NEAR 1SLUBRUTINE No. 35 FOR THE RIDP.

]

:THIS PROGRAM WAS TO CALCULATE SIGMA XiZi Xi ARE THE

1 LOCATIONS OF THE SENSORS.

SIGMA X121 = -0.D70AH 21 + 0.E148H 23

1. THE RESULT WAS SENT TO (S12_Xi21]

2. DATA IR [SIG_XiZ1) WAS FRAGMENT PART AND THE DATA
IN [SIG_: X121+2) WAS INTEGER PART.

v @ i %2 we @ ar oL @8

3. SYH‘BI.E SIGXiY1i PLUS (0) OR MINUS (0).
OFB3 8D 36 22E2 R LEA sI,21 ;POIRT T0 2%
OFB7 8B 04 MOV AX, [S1}
OFB9 BA 0000 MoV DX, 00H
OFBC B9 D70A MoV CX, 0D70AH ;TBIS VALUE WAS FRAGMENT TOO
OFBF F7 El MUL cX
OFC1 8D 3B 22FO0 R LEA DI,SIG_XiZi sPOINT TO RESULT DISTINATION
OFC5 89 03 MOV [DI],AX
OFC7 89 35 02 MOV {DI+2},DX
OFCA 8D 36 22E6 R LEA SI,23 ;POINT T0 23
OFCE 8B 04 MOV AX, [SI]
OFDO BA 0000 MOV DX, 00H $CLEAR DX FOR MULTIPLICATION.
OFD3 B9 E148 MOV CX, OE148H $THIS VALUE WAS FRAGMENT
OFD6 F7 El MUL cX
OFD8 2B 03 SUB AX, (DI)
OFDA 1B 55 02 SBB DX, [DI+2) s SUBTRACT WITH BORROW
oroD 89 03 MOV [D1],AX 1 THE RESULT NOW WAS IN ([SIG_X12i}
OFDF 89 55 02 MOV (DI+2]},DX
OFE2 7C 03 JL NEGA s IF NGATIVE
OFEs EB 21 90 JMP POSI 1 IF POSITIVE
CFE7 F7 1D NEGA: NEG WORD PTR(DI]
OFE9 B8 0000 MOV AX,0
OFEC 3B 05 P AX,WORD PTR[DI] ;IF NEG (DI)=0 CARRY
OFEE 74 06 JZ NKD tNEG [00O00H)=FFFFH+1=0000H+CARRY
OFF0 F7 55 02 NOT WORD PTR(DI+2]
OFF3 EB 07 90 P KKD_1
OFFS F7 55 02 NKD: NOT WORD PTR[DI+2]
OFF9 FF 45 02 INC WORD PTR([DI+2]
OFFC 8D 3E 22F6 R NKD_1: LEA DI,SYMBLE_SIGXiZi {SYMBLE OF PARAMETER C
1000 C7 05 og01 MOV WORD PTR{DI],1 ;NEGATIVE
1004 EB 09 90 JHP HIN
1007 8D 3E 22F6 R POSI: LEA DI,SYMBLE_SIGXiZi ;PLUS
100B C7 05 0000 MOV HORD PTRIDI],O
100F C3 HIN: RET

SIGMA_ X121  ENDP
'

]
1010 SIGMA_Xi_SQ_2_2i FPROC NEAR $SUBRUTINE No. 36 FOR THE RTDP.
. H H
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1010
1014
1017
1019
101C
101E
1022
1024

1027
1028
102E
1¢30
1033
1035
1037
103A

103C

103F

1040

1040
1044
1046
104A
104D
1050

1052
1055
1059
1058
105D

1060
1064
1067
1069
106C

106E
1070
1072
1075
1078
107A

B9
F7
8D
89
89

8D

8B
B9
F7
03
13
39

89
c3

3B
74

8B
B9
F7

03
8B

83
89
89

SIGMA_Xi_SQ_2_2Zi ENDP

H

w _ngaﬂ

IS PROGRAM WAS TO CALCULATE SIGMA Xi°2%24

THE RESULT WILL BE PUT IN SIG_ X1 5Q_2_ 21

DATA IN [SIG_Xi_SQ 2 Zi] WAS FRAGMENT PART AND
THE DATA IN {SIG_Xi_SQ_2_21+2] WAS INTEGER PART.
THE RESULT WIIL BE POSITIVE, BECAUSE OF Xi'2.
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- we we we we we

H ¥ §gEEEE%F BEERESEE

)
A_PARAMETER PROC

SI,21 1POINT TO DATA IN Zi.

DX,00H

AX, [SI)

CX,0B4A2H

cX

DI,SIG_X1_SQ2_Zi ;POINT TO DISTINATION STORAGE.

[DI] JAX sFRAGMENT PART IN AX

[(DI+2],DX ; INTEGER 2ART IN DX

51,23 sPOINT TO THE DATA IN Z3

DX,00H

AX, [ST)

CX,0C63FH

X

AX, {DI)

DX, (DI+2]

[DI1],AX 1SEND THE RESULT (FRAGMENT)
170 DISTINATION

{DI+2],DX 1SEND THE RESULT (INTEGER)

+TO DISTIRATION

NEAR s SUBROUTINE No. 37 FOR THE RIDP.

@ o s ws ws me w0 we @

THIS SUBROUTINE WAS TO CALCULATE THE PARAMETER A FOR CONCAVE:

ARC DIRECTION REGRASSION.
A = SIG_Z1 + 0.DDCH * SIG_XiZ1i - 1.5A4AH * SIG X172 21
1. THE RESULT WILL BE SENT TO [A_PARA) FRAGMENT T [A_PARA+2)

INTEGER.

2. CBECK MSB OF [DI+2]:(DI], IF 1, CALCULATE COMPLIMENT.
3. SEND 1 IN [SYMBLE A _PARA) IF NEGTIVE, OK O IF POSITIVE.

o w we es we oo e

36 22E8 R
04

3E 2314 R
A5 02
0000

13

36 22F0 R PLUS_ 1:
0000 -
04

oDDC

Bl

15
c2
55 02
D2 o0
05
55 02

LR

§E45E BEEEF 2NAEE

$1,816_71 1POINT TO SIGMA ZL
AX, (81]
DI,A_PARA ;POIN TO THE RESULT STORAGE ADDR
(DI+2],AX sTHERE WAS ONLY INTEGER PART
DX,0 sCLEAR THE FRAGMENT PART
{p1],DX
--=THIS PART WAS TO CALCULATE THE FRAGMENT PART---:
AX,0
BX,SYMBLE_SIGXiZi
AX, [BX]) $SIG_X121 PLUS OR MINUS
PLUS_1 +IF POSITIVE
MINUS_1 s IF NEGATIVE
SI,81G_X124 sPOINT TO SIGMA X121 FRAGMENT
DX,00H
AX, [ST) 1 FRAGMENT PART
CX,0DDCH 10.0DDCH
X sRESULT HOW IN DX:AX (FRAGMENT)
1AX WAS OMMITED (IT IS TOO SMALL)
DX, (DI} $ADD DATA (FRAGMENT) IN A_PARA
AX,DX 1 FRAGMENT PART WAS STILL IN AX
DX, [DI+2) 1 INTEGER PART
DX, 00H 1ADD THE CARRY
[DI],AX ;SENT THE DATA TO [A_PARA)

{DI+2],DX 1SERT THE DATA T0 [A_PARA+2)
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107D
1081
1083

1033
1087
108A
108C
108F

1092
1096
1098
1098

109D
1097
10A1
10A3
10A6
10A9
10AB

10AE
1082
10B4
1086
1038
10BA
10BC
10BF
10C1

10C4
10C8
10CA
10CcC
10CF
10D2
10D4

1007
100B
10DE
10E0
10E3

10E3
10E7
10K9
10KC
10EF
om

10F4
ior8
107A

1B
89
89

8B
B39
7

36 22F2 R
04

El

05
55

55
33

02
90
36 22F0 R
04

[ >114

MINUS_1:

02

02

36 BIC:
03
0k
55
34
03
35

22F8 R

02
02

02

36 22F8 R
0000

(.1}

3A44

El

05
c2
55 02
DA 00
0s
55 02

36 22FA R
04
El
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------- THIS PART WAS TO CALCULATE TEE INIGER PART-----;

.
(]
1)

LEA SI,SIG_X1Zi+2 sPOIRT TO SIGMA X1Zi FRAGMENT

MoV AX, [SI]

MUL X ;1 THE RESULT NOW IN
:DX:AX INTEGER:FRAGMENT

ADD AX, {DI} ;ADD THE FRAGMENT PART

ADC DX, [DI+2] ;ADD THE INTEGER PART

MOV {DI],AX s SENT THE FRAGMENT PART

MOV {DI+2],DX ;SENT THE INTEGER PART

JMP BIC

LEA SI,SIG_XizZi

MoV AX, {SI] s FRAGMENT PART

Mov €X, 0DDCH 316 .0DDCE

MUL cX sRESULT NOW IN DX:AX (FRAGMENT)
sAX WAS OMMITED (IT IS TOO SMALL)

MOV BX, [DI]

SUB BX,DX ; SUBTRACT FRAGMENT PART

MOV [DI],BX

MOV BX, [DI+2] s INTEGER PART

MOV DX, 00H

SBB BX,DX $SUBTRACT INTEGER PART WITH CARRY

Hov (pDI+2],BX

LEA SI,SIG_XiZi+2 ;POINT TO INTEGER PART

MOV AX, [SI]

MUL (4

MOV BX, {DI]

SUB BX,AX

MOV {pI},BX

MOV BX, [DI+2]

SBB BX,DX

MOV [DI+2],BX

sNEXT PART 1: (A_PARA) - SIG Xi"221 1

3 PART 2: (A . PARA) - SIG XL1°2Z4 = 0.5A44H

$

sPART 1.

LEA SI,81G_X1_SQ2_| 21 sPOINT TO SIGMA Xi“"2 Zi

MOV Ax, (D17 THE FRAGMENT OF A_PARA

sUB AX, [SI)

MOV DX, {DI+2) sTHE INTEGER OF A_PARA

SBB DX, [SI+2] s INTEGER-INTEGEP. WITH BORROW

MOV [DI],AX 1SENT THE RESULT TO A_PARA

MOV [(DI+2],DX

sPART 2.

jmm————— ~THIS PART WAS TO CALCULATE THE FRAGMENT PART---;

LEA SI,SIG_Xi_SQ2_2z4 ;POINT TO SIGMA Xi 224

MOV nx,ooa

MOV AX, (SI] s FRAGMENT PART

HOV CX,5A44H 30.0DDCH

MUL cX sRESULT NOW IN DX:AX (FRAGMENT)
sAX WAS OMMITED

MOV AX, (DI} 1A_PARAMETER NOW WAS IN AX

SUB AX,DX 1SUBTRACT THE DATA (FRAGMENT)

MOV DX, [DI+2] tIN A_PARA INTEGER PART

SBB DX, 00H s SUBTRACT THE BORROW

MOV {DI},AX sSENT THE DATA TO (A_PARA]

MOV [DX+2] ,DX s SENT THE DATA TO [A_] _PARA+2]

—==e-caTHIS PART WAS TO CALCULATE THE INTGER PART-~---;

LEA SI,SIC_Xi_5Q2_2i+2 ;POINT TO SIGMA X1°2 2L
MOV AX, {SI] 1 FRAGMENT
MUL cx tRPSULT NOW IN DX:AX

s INIZGER: FRAGMENT
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10FC
10FD
10FF
1101
1103
1106
1107
1109
1108
110D

SORETEERER
»
o
o
N

1110
1113
1116
1118
1118
111D

BaBUEE
(2]
N

1120 F7 1D

1122 B8 0000
1125 3B 05

1127 74 06

1129 F7 55 02
112C EB 07 90
112F F7 55 02
1132 FF 45 02
1135 8D 3E 2314 R
1139 C7 05 0001
113D EB 09 S0

NEGATIVE:

1140 8D 3E 231A R
1144 C7 05 0000

1148 C3

]
1148 B_PARAMETER PROC

853

38E%REE x~a5%Y HEEEREE

[ ]
=
(1]

5 &F 33k
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24 1 PROTECT DX

DX, (D1} s FRAGMENT PART OF A_PARAMETER
, s SUBTRACT THE FRAGMENT PART

AX,DX 1FRAGMENT PART NOW IN AX

CX, (DI+2) 1INTEGER PART IN CX

DX

cX,DX s SUBTRACT INTEGER WITH BORROW

DX, &X i THE INTEGER PART NOW IN DX

[DI],AX 1SENT THR FRAGMENT PART

{DI+2],DX 1SENT THE INTEGER PART

AX, [DI+2]

DX, 8000H

AX,DX

AX, 80000

NEGATIVE :IF [DI+2):(DI] NEGATIVE.

POSITIVE

WORD PTR[DI)

AX,0

AX,WORD PTR{DI]

MKXD

WORD PTR[DI+2]
MED_1

WORD PTR(DI+2]
WORD PTR(DI+Z]

1IF NEG [DI]=0 CARRY
iNEG [0000H ) =FFFFH+1=0000H+CARRY

DI,SYMBLE_A_PARA ;SYMBLE OF PARAMETER C

WORD PTR(DI],1
SHIN

sNEGATIVE

DI,SYMBLE_A_PARA ;PLUS

HORD PTR({DI],O0

1SUBROUTINE No. 38 FOR THE RTDP.

THIS SUBROUTINE WAS TO CALCULATE THE PARAMETER B FOR CONCAVE
ARC DIRECTION REGRASSION.
B=0.DDCE * SIG_2i + 0.AE91H * SIG_XiZi - 0.20CFH * SIG_Xi2 2i
1. THE RESULT WILL BE SENT TO {B_] PARA] FRAGMENT & (B_] PARA+2)

INTEGER.
2. CHECK MSB OF (DI+2]:{DI}, IF 1, CALCULATE COMPLIMENT.
3. SEND 1 IN (SYMBLE B_PARA]) IF NEGTIVE, OR 0 IF POSITIVE.

T we ws ws we ms we

w we o we we we we we @

1149 8D 26 22E8 R
114D 8B 04

114F B9 0DDC

1152 F7 &1

1154 8D 3E 231C R
1158 89 05
115A 89 35 02

115D 8D 1E 22F6 R
1161 B8 0000

1164 3B 07

1166 74 03

1168 EB 2B 90

116B 8D 36 22F0 R

PLUS_3:
116F 8B 04

gF 3538k

= =PART 2:

SI,S1G_21
AX, (517
CX,0D0CH
cx

DI,B_PARA
(DI, AX
{DI+2),DX

PART 1: 0.DDCH * SIG_Zi

tPOINT TO SIGMA 21

10.DDCH --> CX

1PRODUCT NOW IR DM:aAk

s INTEGER : FRALMEIT

sPOINT RESULT Lirifd? .~ B_PARA

+0.A9E1H * SIG XiYiL

BX, SYMBLE_SICX1Z1i

AX,0
AX, [BX]
PLUS_3
MINUS_2

SI,SIC X121
AX, [SI]

sCHECK THE SYMBLE OF SIG XiZi:
10 PLUS, 1 MINUS IF POSITIVE
1 IF HEGATIVE

1POINT TO SIGMA XiZ1
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un
1174

1176
1178
117A
117D
1180

1183
1186
1188
118A
118D
118F
1192

1195
1199
1198
119E

11A0
11A2
11A4
11A6
11A9
11AC
11AE

1181
11B4
11B6
1188
11BA
11BC
113F
11c1

11Ca
11C8
11CA
11CD

11cr

1103
1103
11D7
11D%
110C
11DF
18

11E4
1187
11E9
11EB
11ED
11EF
11F2
11r

11F7
11FA

B9
¥7

03
89
BA
13
89

8D
8B

89
88

1B
89

aB
¥7
83

89
a8
13
89

88
BA

AE91
El

13

15
0000
55 02
35 02

&4 02

55 02

36 22P0 R MINUS_2:

0000
3D o2
DA

3D 02

44 02
43
1D
D8
1D
5D 02
DA
3D 02

36 22F8 R BID:
04

20CF

El

3E 231C R

1D

DA

1D

5D 02
0000
DA

3D 02

44 02
El
1D
D8
1D
3D 02
DA
50 02

45 02
8000

§EE8Y EEEF RYERERY §RUEE AE

-H

g

MOV
SUB

g8

§
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CX, CAE91H
X

X, {DI]
{DI],D
BX,0

DX, [DI+2)
{p1+2},0X

AX, [SI+2]
[~ 3

AX, [DI]
DX, [DI+2)
{DI],AX
{DI+2],DX
BID

51,5IG_X1zZ1
AX, [SI)
CX,0AE91H
[~ 3

BX, [DI)

DX,0
BX, [DI+2]
BX,DX

[Di+2] ,BX

AX, [SI+2])
>4

BX, {DI]
BX,AX
{DI],BX
BX, [DI+2])
BX,DX
[DI+2),BX

1-30

;0.AE91H --> CX

1DX:AX ARE FRAGMENT AX WAS
sOMMITED

31ADD FRAGMENT

$SEND INTEGER

¢+INTEGER PART OF SIG X1Zi IN AX
1DX:AX ARE INTEGER:

sPOINT TO SIGMA XiZi
10.AE91H --> X

sDX:AX ARE FRAGMENT AX WAS
sOMMITED.

:SEND INTEGER

s INTEGER PART OF SIG Xi1Zi IN AX
1DX:AX ARE INTEGER:FRAGMENT

ym~===a===PART 3: -0.20CP * SIC X1°2 24
j=e=====--CALCULATE FRAGMENT PART
SI,SIC X1_SQ2_Zi ;POINT 7O SICMA X1°2 21

10.20CFH --> CX

1DX:AX ARE FRAGMENT AX WAS

$sOMMITED.

tPOINT TO RESULT DISTINATION B_PARA

1 FRAGMENT ~--> BX
$SUBTRACT FRAGMENT

sADD INTEGER
$1SEND FRAGMENT

$1SEND INTECER

sINTEGER OF SIG XL1°2 24 IN AX
sDX:AX ARE INTEGER:FRAGMENT

LEA

MOV AX, [SI)
MOV CX,20CFH
MUL X

LEA DI,B_PARA
MGV BX, (DI}
SUB BX,DX
MOV {DI],BX
MOV BX, {(DI+2]
MOV DX, 008
SBB BX,DX
MOV {DI+2],BX
jrememm——— CALCULATE INTEGER PART
MOV AX, [SI+2])
MUL X

MOV BX, (DI}
suUB .

MOV [DI],BX
KOV BX, (DI+2)
SBB BX,DX

MOV {DI+2],BX
MOV AX, [DI+2)

DX, 80008
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11FD 23 C2 AND AX,DX
11FF 3D 8000 P AX,8000H
1202 74 03 Jz NEGATIVE_1 sIP [DI+2]:(DI) NEGATIVE.
1204 EB 21 90 Jup POSITIVE_ 1
1207 F7 1D NEGATIVE 1: NEG WORD PTR{DI}
1209 B8 0000 MOV AX,0
120€ 3B 05 P AX,WORD PTR(DI) ;IF NEG [DI]=0 CARRY
120E 74 06 Jz MKD_2 1NEG [0000H)=FFFFH+1~0000H+CARRY
1210 F7 55 02 ROT WORD PTR{DI+2]
1213 EB 07 90 JMP MXD_3
1216 F7 55 02 MKD_2: NOT WORD PTR(DI+2]
1219 FF 45 02 INC WORD PTR(DI+2}
121C 8D 3E 2322 R MKD_3: LEA DI,SYMBLE B PARA ;SYMBLE OF PARAMEIER C
1220 €7 05 0001 MOV WORD PTR(DI),1 :NEGATIVE
1224 EB 09 90 JMP SHIN_ 1
1227 8D 3E 2322 R POSITIVE_ 1: LEA DI,SYMBLE B_PARA :PLUS
122B €7 05 0000 MOV WORD PTR(DI],O
122F C3 SHIN_ 1: RET
B_PARAMETER ENDP
3
H
1239 C_PARAMETER PROC NEAR ;SUBROUTINE No. 39 FOR THE RTDP.
i =i
H THIS SUBROUTINE WAS TO CALCULATE THE PARAMETER C FOR CONCAVE ;
{ARC DIRECTION REGRASSION. :

i Cm~1.5A4AH * SIG_21 -0.20CFH * SIG_XiZi +2.BECCH * SIG_Xi ‘221
1. THE RESULT WILL BE SENT TO [C_ PARA) FRAGMENT & (C_| PARA+2)

INTEGER.

2. THE SYMBLE OF SIG_Xi2Z3s DETERMIN + OR - OF .20CF*SIG_XiZi
4. SEND 1 IN [SYMBLE C PARA] IF NEGTIVE, OR 0 IF POSITIVE.

H
4
H
: 3. CHECK MSB OF [DI+2]:[DI], IF 1, CALCULATE COMPLIMENT.
:
]

1230 8D 36 22F8 R
1234 8D 3E 2324 R
1238 8B 04

123A B9 0002
123D F7 E1

123F 03 05

1241 13 55 02
1244 89 05

1246 89 55 02

1249 8B 44 02
124C F7 E1

124E 03 45 02
1251 89 45 02

1254 8B 04
1256 B9 BECC
1259 F7 El1

125B 03 15
125D 89 15
125F BA 0000
1262 13 55 02
1265 89 55 02

1268 8B &4 02
126B F7 El1
126D 0% 05

+PART 1. +2.BECCH * SIG_X1°2 Zi

MOV

(1) CALCULATE 2.0*SIG_Xi°2 Z1

SI,SIG _Xi_SQ2_Zi tPOINT TO SIG X1°2 21

DI1,C | PARA™ sPOINT TO RESULT ADDRESS
Ax,[SI] sPRAGMENT PART OF SIG X1 221
X,2
>4 sTHE RESULT NOW IN DX:AX
AX, [DI]
DX, [DI+2]
(DI],AX
{DI+2],DX
AX, {SI+2]) s INTEGER PART OF SIG X472 Zi
[+ 4
AX, (DI+2)
[DI+2),AX
~-=2. CALCULATE 0.BECC * SIC Xi°2 2i
AX, [SI] ; FRAGMENT PART IN AX
CX, 0BECCH
X 1DX:AX ARE FRAGMENT AX WAS
sOMMITED.
DX, (PI)
(DI],DX
DX,0
DX, [DI+2] s INTEGER PART ADD THE CARRY
(DI+2],DX
AX, [SI+2] s IRTEGERPART OF SIGHMA X1°2 2t
cX 1DX:AX INTEGER:FRAGMENT

AX, {DI]
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1267
1272
1274

1277
1273
127D
1280
1282
1284
1286
1288
1288
128D
1220
1293
31295

1298
129C
129F
12A1
1243

1246
12AA
12AC
124F

1281
1283
1285
1287

128D
128F

12c2
12C5
12¢7
12C9
1203
120D
1200
1202
1205

1208
i2nc
12 -
12

1ZL

12B>
12E7
12EA
12ED

1270
12r3
1213
1217
12FA
12rc

13
89
89

8D
as
B39
) 24
as
23
89
8B
1B
89
83
2B
a9

8D

3
74

8B
B9
"

89
8B

18
89

8B
2
a8

89
8B
1B
89

8.
¥7
03
13
89
89

55 02
05
55 02

36 22E8 R
04
SAsA
El

1D
D8
1D
5D 02
DA
SD 02
55 02
14

35 02

1E 22F6 R
6000

07

03

33 90

36 22F0 R
04

20CF

)53

PLUS_2:

10
DA
1
5D 02
0000
DA
5D 02

&4 02
El
1D
D8
1D
5D 02
DA
5D 02
28 90

36 <2¢0 R MINUS_3:

10CF

55 02
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DX, [DI+2])
[DI],AX
[DI+2].DX

SI,S1G_21
AX, [SI]
CX,5A4AE
cx

BX, [DI)
BX,AX
[DI],BX
BX, [DI+2]
BX,DX
{DI+2),BX
DX, [DI+2]
DX, [SI]
{DI+2],DX

EEELEREEEEEIFRLEL

1-52

2: =(1.0 + 0.5A44H) * SIG_Zi--===--=

1SIG Zi INTEGER ONLY
10.5AA4 ~-> X

;PRODUCT NOW IN DX:AX
sFRAGMENT PART iN BX

¢ INTEGER PART IN BX

1PART 3:-(0.20CFH * SIG XiZi)
g=m===-==(1) CALCULATE FRAGMENT PART OF SIG X1Zi

AX,0
AX, [3X)
PLUS_2
MINUS_3

SI,SIG_X1Zi
AX, [SI]
CX,20CFH

o

BX, (DI]
BX,DX
(p1],8x
BX, [DI+2}
DX,0
BX,DX
{D:+2}],BX

§85g4 F34F %¥~38k

SBB
MOV

BX,SYMBLE_SIGX1Z1

1POINT TO SIG_XiZi
;FRAGMENT PART

sPRODUCT DX:AX WAS FRAGMENT

;AX OMMITID
sFRAGMENT PART NOW IN BX

s INTEGERPART NOW IN BX

jrme————— (2) CALCULATE INTEGER PART OF SIG XiZi

AX, [S51+2)
cxX

LEL

BX, [DI)
(pI],BX
BX, {DI+2]
BX,DX
[DI+2],BX
HEI

48348

SI,SIG_ X121
AX, [S1}
CX,20CFH
cxX
DX, [DI]
[p1],DX
DX,0
DX, [DI+2]
(DI+2],DX
=--~e~-INTEGER PART
AX, [$1+2)
X
AX, [DI]
DX, [DI+2}
[DI],AX
(DI+2],DX

§REEERELE ¥

5EEEaE

1 INTEGER PART
sPRODUCT DX:AX = INTEGER:FRAGMENT
;FRAGMENT PART NOW IN BX

s INTEGER PART NOW IN BX

sPOINT IO SIG _Xi2Z1
;FRAGMENT PART

;PRODUCT DX:AX WAS FRAGMENT
1AX OMMITED
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12FF 8B 45 02 HEI: MOV AX, [DI+2]
1302 BRA 8000 MOV DX, 80008
1305 23 C2 AND AX,DX
1307 3D 8000 o1 4 AX,8000H
130A 74 03 Jz NEGATIVE_2 $IF [DI+2]:(DI] NEGATIVE.
130C EB 21 90 JMP POSITIVE 2 3JL IF LESS
130F F7 D HEGATIVE 2: NEG Wo?D PTR{DI}
1311 B8 °° MOV AX, 0
1314 3B\ cMP AX,WORD PTR[DI) :IF NREG [DI]w0 CARRY
1316 74 06 JZ MKD_& 3sNEG [000OR)~FFFFH+1=0000H+CARRY
1318 F7 55 02 NOT WORD PTR[DI+2]
131B EB 07 90 JMP MKD_S5
131E 7 55 02 MKD &4: NOT WORD PIR(DI+2]
1321 FF 5 02 IKC WORD PTR{DI+2]
1324 8D 13E 232A P MKD_5: LEA DI,SYMBLE C_PARA SYMBLE OF “ARAMETER C
1328 C7 %5 0001 MOV WORD PTR[DI},1 :NEGATIVE
132 KT 09 90 JMP SHIN_2
137 = 3E 2374 R POSITIVE 2: LEA DI,SYMBLE_C_PARA ;PLUS
22 T 05 00 MoV WORD PTR(DI},0
P SHIN_2: RET
C_PARAMETER ENDP
:
:
1338 Z_MEAN_VALUE PROC NEAR 1SUBROUTINE No. 40 FOR THE RTDP.
; - -=1
s+ THIS SUBROUTINE WAS TO CALCULATE THE MEAN VALUE OF Zi 3
H Z_MEAN = A_PARA + 0.8F6B * B_PARA + 0.5882H * C_PARA t
+ 1. THE SYMBLES OF A B & C MUST BE CONSIDERD, THESE SYMBLES
B WILL DETERMIN THE CALCULATION WAS ADD OR SUB. :
3 2. THE RESULT WILL BE SENT TO {Z_MEAN] FRAGMENT & (Z_MEAN+2)
: INTEGER. 3
: 3. CHECK [Z_MEAN], IF IT WAS EQUAL OR ABOVE 0.1000H (0.5), '
B [2_MEAN+2]+1, OTRERWISE [Z_MEAN) WAS OMITTIED. H
i ==
sPART 1. A_PARA
1338 8D 1E 231A R LEA BX,SYMBLE A _PARA ;POINT TO A’S SYMBLE
133C 8B 07 MoV AX, [BX]
133E 3D 0000 o113 AX,0
1341 74 03 JZ PLUS_4
1343 EB 16 90 JMP MINUS_4
1346 8D 36 2314 R PLUS_4&: LEA SI,A_PARA iPOINT TO A PARAMETER
134A 8D 32 230C R LEA DI, Z_MEAN sPOINT TO MEAN VALUE OF 21
134E 8B 04 MOV AX, [SI] 1SEND A PARA TO Z_MEAN
1350 89 05 MoV [DI],AX 1 (FRAGMENT PART)
1352 8B 44 02 MOV AX, [5I+2] :SEND A PARAMETER INTEGER PART
1355 89 45 02 MOV [(P1+2],AX
1358 EB 19 90 JMP PART_2
1358 8D 36 2314 R MINUS_4: LEA SI1,A_PARA
135F 8D 3E 230C R LEA DI, Z2_MEAN
1363 B8 0000 MoV AX, Q0B
1366 BA 0000 MOV DX, 00H
1369 2B 04 SUB AX, [SI] i1 SUBTRACT FRAGMENT PART
136B 1B 54 02 SBB DX, {SI+2] 1SUBTRACT INTEGER PART
136E 89 05 MoV (DI],AX
1370 89 55 02 MOV [DI+2],DX
sPART 2. 0.8F6H * B_PARA
1373 8D 1E 2322 R PART_2: LEA BX, SYMBLE_B_PARA ;POINT TO A’S SYMBLE
1377 8B 07 MOV AX, [BX]
1379 3p:0000 cMP AX,Q
137C 74 03 Jz PLUS_5
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137E

1381
1385
1387
138A

138C
138E
1390
1393
1396

1399
139C
139E
13A0
13A3
1345
13A8

13AB
13AF
1381
13B4

1386
1388
13BA
138C
13BF
13C2
13Ca

13c7
13Ca
13cC
13CE
13D0
13D2
13D5
13p7

13DA
13DE
13E0
13E3
13E5

13E8
13EC
13EE
13F1

13F3
13F5
13F7
13FA
13FD

1400
1403
1403
1407
140A
140C

8D
8B
B9
b-2)

03
89
BA
13
89

8B
¥7
03
13
89
89
EB

8D
a8
B9
"

8B
2B
89
BA
8B
18
89

8B
F?
8B
2B
89
8B
18
89

8D
88
3D

2B 90

36 231C R
04

08F6

El

PLUS_S:

15
15
0000
55 02
55 02

44 02
El
05
55 02
0S
55 02
30 90

36 231C R
0a

08F6

El

MINUS_S:

1D
DA
ip
0000
5D 02
DA
5D 02

44 02
El

PART_3:

36 2324 R
04

6882

E1

PLUS_6:

15

15
0000
53 02
55 02

A4 02
El
03
55 02
05
55 02

§5E%% EEER X

MOV
UL

MOV
SUB
MOV
MOV
MOV
SBB

MOV

MOV
MUL
MoV
sSuUB
MoV
MOV
SBB
Mov

sPART 3. 0.6882F C_PARA

LEA
MOV
(> 13
Jz

JMP

LEA
MOV
MOV
MUL

ADD
MOV
MOV
ADC
MOV

MOV
MUL
ADD
ADC
MOV
MOV
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MINUS_S

SI,B_PARA
AX, [SI]
X, 8F6H
cx

DX, [PI]
{DI1,DX
DX,0

DX, [DI+2]
{DI+2},DX

AX, [SI+2]
cX

AX, [DI]
DX, [DI+2)
[DI],AX
[DI+2),DX
PART_3

SI,B_PARA
AX, (51)
CX,8F6H
X

BX, [DI]
BX,DX
(D1],BX
DX,0

BX, [DI+2]
BX,DX
[DI+2],BX

AX, [SI+2]

cX

BX, (DI)
BX,AX
[DI],BX
BX, [DI+2}
BX,DX
(DI+2],BX

1~54

sPOINT TO B PARAMETER
;FRAGMENT PART IN AX

:DX:AX ARE FRAGMENT AX WAS
sOMMITED.

s FRAGMENT OF RESULT

1 INTEGER PART ADD THE CARRY
$SERD INTEGER RESULT

s INTEGER PART OF B_PARA IN AX
:DX:AX ARE INTEGER:FRAGMENT

:POINT TO B PARAMETER
;FRAGMENT PART IN AX

1DX:AX ARE FRAGMENT AX WAS
;OMMITED.

:FRAGMENT SEND TO BX

:FRAGMENT OF RESULT

;INTEGER PART SUB WITH THE BORROW
;SEND INTEGER RESULT

sINTEGER PART OF B_PARA IN AX
;DX:AX ARE INTEGER:FRAGMENT

BX,SYMBLE_C_PARA ;POINT TO C’S SYMBLE

AX » [Bxl
AX,0
PLUS_6
MINUS_6

SI,C_PARA
AX, [ST]
CX, 68828
cx

DX, {DI)
[DI],DX
DX, 0

DX, [DI+2}
(DI+2],DX

AX, [SI+2])
X

AX, [DI]
DX, (DI+2]
[DX],AX
[DI+2],DX

;POINT TO C PARAMETER
;FRAGMENT PART OF C PARA IN aX

1DX:AX ARE FRAGMENT AX WAS
sOMMITED.

s INTEGER PART OF C_PARA IN AX
sDX:CX ARE INTEGER:FRAGMENT
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140F

1412
1516
1418
1418

141D
141F
1421
1423
1426
1429
142B

142E
1431
1433
1435
1437
1439
143C
143E

1441

1442

1442
1445
1449
144D
1451
1455
1456
1459
145A
145B
145E
1460
1463
1466
1467
1468
1469
146A
146E
1472
1475
1477
1478
1479

147C
147E
1480
1483
1487
1488
148F
1492

EB 30 90 e
8D 36 2324 R MINUS_6: LEA
8B 04 MOV
B9 6882 MOV
F7 E1 MUL
8B 1D MOV
2B DA SUB
89 1D MOV
BA 0000 MOV
8B SD 02 MOV
1B DA SBB
89 5D 02 MOV
8B 44 02 MOV
F7 E1 MUL
88 1D MOV
2B D8 SUB
89 1D MOV
8B 5D 02 MOV
1B DA SBB
89 5D 02 MOV
c3 POSF: RET

I_MEAN_VALUE ENDP

i

SENSOR_MOVING PROC

3

B9 000C MOV
80 3E 2425 R LEA
89 3E 20A8 R MOV
8D 36 2330 R LEA
8D 1E 20AA R zep: LEA
51 PUSH
E8 0B38 R CALL
59 POP
51 PUSH
83 F9 03 ar
7E 03 JLE
EB 04 90 IMP
83 C6 06 FFI_2: ADD
46 FFI_3: ING
46 INC
56 PUSH
EC cLD
8B 3E 2048 R MOV
8D 36 20AB R LEA
B9 0004 MOV
F3/ A4 REP MOVSB
SE POP
59 POP
83 F9 04 o
74 05 JE
P 12 JG
EB 1E 90 JMP
8D 36 238C R FFI: LEA
8D 3E 2517 R LEA
89 3E 20A8 R MOV
EB 22 90 M
8B 3E 20A8 R FF1_8: MOV
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POSF

SI,C_PARA
AX, [SI)
CX, 68828
cx

BX, [DI)
BX,DX
(DI],BX
DX, 0

BX, [DI+2]
BX,DX
[DI+2),BX

AX, [SI+2]
X

BX, [DI]
BX,AX
(DI} ,BX
BX, [DI+2)
BX,DX
{DI+2],BX

NEAR

1-55

1POINT TO C PARAMEIER
1FRAGMENT PART OF C PARA IN AX

$INTEGER PART OF C_PARA IF AX
;DX:CX ARE INTEGER:FRAGMENT

1SUBROUTINE No. 41 FOR THE RTDP.

3 H
sTHIS PROCEDURE WAS TO MOVE SENSOR & Z_MEAN_i:

{DATA FOR UP LOADING TO AN IBM-PC COMPUTER

€X,12

DI, S1
[DI_MEM],DI
SI,SENSOR_1
BX,51_TEMP

3
BIN_BCD_INTEGER
X

cx
&, 3
FFI_2
FFI_3
51,6
sI

sI

sI

DI, (DI_MEM]
SI,S1_TEMP+1
cX,4

ST
cx
X, 4

FF1

FFI_8
FPI_4
SI,Z_MELN_1
DI, 22141
[DX_MEM],DI
FFI_1

DX, [DI_MEM]

t
sNINE SENSORS+3 MEAN VALUES.
1DISTINATION IN TABLE.
1STORE IN (DI_MEM].
sTHE DATA TO BE CONVERTED.
;PINAL RESULT TEMPERARY STORAGE.

+IF Z_MEAN_1 -- 3.
s IF SENSORS.

{POINT TO NEXT Z_MEAN_i.
;POINT TO NEXT SENSOR.

sDISTINATION ADDRSESS MEMORY.

sWAS SENSORS DATA CONVERTION

s FINISHED?

s PINISHED.

sNO, GO ON NEXT SENSORS CONVERT.

sYES Z_MEAN CONCONVERT.
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1496
1499
149D
14A0
14A3
14A5
14A8
14AC
L4AF

14B3
14B5

14B6

14B6
14BA
14BE
14C2
14C5

14C9

14CD
14CE
14CF
14D2
1403
14D6
14D9
14DB
14DE
1482
14E4
14E7
14EB
14ED
14EF
1472
1473
14F¢
14¥9

147D
14FE
14FF
1502
1504
1507
1508
150F
1513
1516
1518
1518
151F
1523
1527
132A
152C

83
89
EB
83
7E
EB
aB
a3
89

E2

c3

Cc7 10
3E 20A8 R
14 90
P9 03

0oC 90
3E 20A8 R
C7 60
3E 20A8 R

36 2344 R
3E 24E5 R
3E 20A8 R
0009

1E 20AA R

3E 2252 R

VAIA R

44 06
0o01

03

0A 90

3E 20A8 R
2D

07 90

3E 20A8 R
2B

03

Cc6 18

157A R
C? 60
3E 20A8 R

79 07

oD 90
36 234C R
3E 24F6 R
SE 20A8 R
F9 04

12 90
36 2354 R
3E 2505 R
3E 20A8 R
03 90

FFI_A&:

FFI_5:

5 § SpdsEBuEE

SENSOR_MOVING

H
ABC_MOVING

PPPZ:

MINUS_SIGN:

POSI_SIGN:
S_SIGN:

NDJ:

NDJ_1:

NDJ_2:

PPP:
NDJ_3:
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DI,16
{DI_MEM] ,DI
FFI

X, 3

FFI_5

FFI1

DI, TDI_MEM]
DI,32*3
{DI_MEM),DI

PP
ENDP

NEAR ;SUBROUTINE No. 42 FOR THE RIDP.

PROC
s

3 MOVING -

B & C PARAMETERS TO OUTPUT AREA s

}
LEA
LEA
MOV
MOV
LEA
LEA

PUSH
PUSH

POP

Jz
MOV

PoP

HERTRHITATE

L]

SI,A_?ARA;} ;TRE DATA TO BE CONVERTED
DI,Al ;sDISTINATION IN TABLE
{DI_MEM],DI +STORE IN {DI_MEM]

X,9 19 PARAMETERS (Al---C3)
BX,S1_TEMP sTHE FINAL RESULT TEMPERARY

1 STORSGE
DX,D_BCD_FRACTION ;DATA IN [D_BCD_ FRACTION] NEED
; TO * 0.000015258
X
SI
BIN_BCD
SI +POINT TO DATA TO BE CONVERTED
AX, [SI+6] +FETCH THE SIGN WORD
AX,01
MINUS_SIGN
POSI_SIGN
DI, (DX_MEM]
AL, 4
S_SIGN
DI, [DI_MEM]}
AL, '+’
[DI],AL
SsI,18H
sI

+POINT TO NEXT PARAMETER

MF
DI, a2%3
{DI_MEM],DI ;NEXT DISTINATION ADDRESS
;IN [DI_MEM)

s1

X

cX,7

NDJ

NDJ_1

SI,B_PARA_1

DI,Bi:

(DI_MEM; ,DI

X, s

NDJ_2

NDJ_3

SI,C_PARA_1

pI,ci1

{DI_MEM] DI

NDJ_3

PPPZ

PPP
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152E C3 RET

ABC_MOVING  ENDP
]

3
152F Z_MEAN_Ln MOV PROC NEAR 1 SUBROUTINE No. 43 FOR THE RIDP.
!
1. CONVERT Ln Z_MEAN TO ASCII ;
2. MOV ASCII TO UP LOAD AREA ;

3

1S2F B9 000C MOV cx,12 +12 WORDS
1532 8D 36 23A4 R LEA SI,Z_MEAN 1 L  ;POINT TO DATA
1536 BA 3030 MOV DX, 30308
1539 8B 04 zss: MOV AX, [SI]
1538 OB C2 OR AX,DX
153D 89 04 MOV [SI],AX
153F 46 NG SI sPOINT TO NEXT DATA
1540 46 INC sI '
1541 E2 F6 LOOP zss
1543 8D 3E 260E R LEA DI,LnZ1+8
1547 8D 36 23A4 R LEA SI,Z_ MEAN_1 L  ;POINT TO DATA
1548 EB 1565 R CALL F_UP
1SAE 8D 3E 261F R LEA DI,Lnz2+8
1552 8D 36 23AC R LEA SI,Z MEAN 2 L  ;POINT TO DATA
1556 E8 1565 R CALL F_UP
1559 8D 3E 262E R LEA DI,Ln23+8
155D 8D 36 23B4 R LEA SI,2_MEAN 3 L  ;POINT TO DATA
1561 E8 1565 R CALL F_UP
1564 C3 RET

Z_MEAN_Ln_MOV ENDP
1565 F_UP PROC NEAR ;SUBROUTINE No. 44 FOR THE RIDP.
1565 B9 0008 MOV cX,8
1568 83 F9 04 255_1: or X, 4
1568 74 03 JE F_U_1
156D EB 02 90 P FU2
1570 4F F_U_1: DEC oI
1571 8A 04 F U 2: MOV AL, (S1]
1573 88 05 MOV {DI],AL
1875 46 INC 3
1576 4F DEC DI
1577 E2 EF LOOP zss_1
1579 €3 RET

F_UP ENDP

L]

H
157A M_F PROC NEAR 1 SUBROUTINE No. 45 FOR THE RIDP.
1S7A 8B 3E 20A8 R MOV DI, [DI_MEM]
1S7E Al 2242 R MOV AX, [D_BCD) 1PRAGMENT PART
1581 0D 3030 OR AX,3030H 1BCD-ASCII
1584 A3 20AA R MOV [S1_TEMP] ,AX
1587 88 45 09 MOV (DI*9),AL
158A 88 65 08 MOV [DI+8] ,AH
158D Al 2244 R MOV AX, {D_BCD+2]
1590 0D 3030 OR AX, 30308
1593 A3 20AC R MOV (S1_TEMP+2],AX
1596 88 S 07 MOV (DI*7),AL

1599 88 65 06 MOV (DI+6],AH
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s INTEGRER PART
;BCD--ASCII

SI,S1_TEMP+4
AX, {S1}
AX, 30308
[S1},AX
{DI+4],AL
[DI+3],AB
AX, [SI+2]
AX,3030H
[SI+2],AX
{DI+2],AL
{DI+1],AH

PART 3. MINI-OPERATION SYSTEM

. e v

NEAR

This program was for keyboad and liquid crystal display.
When the key was pressed the coresponding letter will be
displaied on LCD.

P

159C 8D 36 20AE R LEA
15A0 3B 04 MOV
15A2 0D 3030 OR
15A5 B89 04 MOV
13A7 88 45 04 MOV
15AA 88 65 03 MOV
1SAD 8B 44 02 MOV
1580 0D 3030 OR
15B3 89 44 02 MOV
1586 88 45 02 MOV
1589 88 65 01 MOV
158¢ C3 RET
MF ENDP
3
H
H
i
158D KEY_SCANNING PROC
3
N 3
3
H
158D BO 90 COUN:: MoV
15BF E6 03 ouT
15C1 B0 00 MOV
15C3 A2 2027 R MoV
15C6 A2 2028 R MOV
15C9 B8 0000 MOV
15CC A3 202D R MoV
15CF B0 FE MoV
15D1 A2 2029 R MOV
15Dk A2 202A R MOV
15D7 AD 202A R PORT_B: MOV
15DA 24 7F AND
150C E6 01 ouT
15DE E4 00 PORT_A: N
1SE0 3A 06 2029 R o
1SE4 75 23 JNz
1586 8B 3E 202D R MOV
1SEA 47 INC
15EB 89 3E 202D R MOV
1SEF E8 1644 R CALL
1582 B9 0014 MOV
1SPS E8 1EE8 R CALL
1578 Eé 00 POR_A: N
1SFA  3A 06 2029 R or
1SFE 74 F8 Jz
1600 B9 0014 MOV
1603 E8 1BE8 R CALL
1606 EB OA 90 P
1609 8B 3E 202D R RCL_A: MOV
160D 47 INC
160E 89 3E 202D R MOV
1612 A0 2029 R RCL_A1: MoV
1615 B1L 01 MOV
1617 D2 CO ROL
1619 A2 2029 R MOV

AL,CWIOO
IOCIR,AL

:8255-1 I/O0 A IN, I/O B, C OUT

AL,008
[COUTER_A},AL ;ROL TIMES FOR IOA
(COUTER_B],AL ;ROL TIMES FOR IOB

AX, 00008 +CLEAR KEY NUMBER

{KEY_NUMBER] ,AX

AL,111111108

[ALM] ,AL \KEEP THE FIKST KEY SCANNING

(BLM] ,AL : STATUS

AL, [BLM] :3 MSB OF PORT B ARE LCD CONTROL
AL,01111111B ;MASK 1 MSB

10B,AL \LINE PIRST LINE CONNNECTERD TO B=0
AL, IOA sPORT A SCANNING

AL, [ALM] +COLUNM CONNECTED TO A PRESSED?

RCL_A : NO ROTAT PORT A
DI, [REY_NUMBER] ;KEY NUMBER INC ONE

Dl
[XEY_NUMBER]) ,DI

LOOK_UP_2 ;LOOK UP TABLE SUBROUTINE
CX,148 ;BOUNCING AVOID

DNIMS

AL, I0A {WAS THE KEY RELEASED?

AL, [ALM]

POR_A 1O, TEST AGAIN.

CX, 00148 {YES PROVENT FROM BOUNCING
DN1MS

RCL_A1 :A INSTRUCTION INC DI BAS EXECUTED
DI, [KEY_NUMBER]

DI

{KEY_NUMBER] ,DI

AL, [ALM]
CL,01H
AL,CL
(ALM] , AL

sROTATE [ALM] FOR NEXT COLUMN
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161C
1620
1623
1625

1627
1629

162C
162F
1631
1633
1636
163A
163D
163F

1641

1644

1644
1647
1648
1648
164D

164F
1652
1656
1658
165A
165C
165E
1660
1662

1664
1668
166A
166E
1671
1673

1675
1676
1678
1679

1678
167E

1680
1683

1686

1689
168C

168F

1692

FE
A0
3c
75

BO
A2

A0
Bl
D2
A2
FE
A0
3C
75

B9

48
8B
43
E2

AQ
88

06 2027 R
2027 R

o8

B7

00
2027 R

202A R

0l

co

202A R

06 2028 R
2028 R

05

96

00CO R

202B R

202B R
11
F

D1F6

3E 202D R
01

21

2A

23

38

24

2E

1E 2012 R
07

1E 2013 R
202B R

o1

06

c8

2012 R
07

1740 R
1C 90

16A2 R

0000
202B R

10 90

O00F4 R

KEY_SCARNING
H

3
LOOK_UP_1

PPE:

COMMAND :

4384

5 HREEEREY &%

388§ %2858 ¢

(]
~N

~3EEEE ~BNY

MOV
MOV

209
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AX, [PRESS_T]
AX
[PRESS_T],AX
AL,17
CLR_LXX

BX,0D1F6H

1-39

1COLUMR NUMBER IN [COUNTER_A)

1COLUMN NO. 87
:NO, SCANNING CONTINOUSLLY

1 YES,
1CLEAR COLUMN NOMBER STORAGE

tPOART A SCANNING FINISHED
sTURN TO PORT B SCANNING
1LINE NUMBER INC ONE

sLINE 5 FINISHED ?
sNO, LINE SCANNING CONTINUOSLLY,

sHOW MANY TIMES HAS PRESSED?

;OUT OF LCD RANG?
sYES, CLEAR LCD

;POINT ASCII LIST. FIRST ADDRESS-1

DI, {KEY_NUMBER] ;KEY NUMBER

AL, [BX] (DI}
ALY’
COMMAND
AL,"#’

F3

AL, . sl

F_2
BX,KEY_DIS
{BX] ,AL

BX, STRING
AX, [PRESS_T]
AL,01H

PRE

AX
CX,AX
BX
PPE

AL, [KEY_DIS]
[3X] ,AL

DIS_KEY
LK_END

STRING_C

AX, 0000H
(PRESS_T),AX

LK_END
WORKING

1LOOK UP ASCII LIST TO FIND OUT THE
sLETTER BEING PRESSED, LRITER IN AL
;IT WAS F1

+1IT WAS F3

1IT WAS F2

;POINT TO KEY DISPLAY BUFFER

sSEND LETTER TO DISPLAY BUFFER
sSTRING EQU 1CF1d

1FIRST PRESS?
1YES,

1NO FIRST PRESS

1POINT TO THE POSITION WHERE
sTHE LETTER SHOULD BE DISPLAYED
+PIND THE LETTER IN DIS BUFFER
1SEND LETTER TO STRING AREA

1PRESS_TIME AS POSITION OF DIS

sAPTER EXCUSE COMMAND CLEAR PRESS
+TIME

s INTERRUPT & COUNTER INICIALIZATION
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1693

1698
1698

169E
16Al

16A2

0A 90

1BBF R
04 90

g 88 8

1A78 R

8B C8
BF D241
8D 36 2013 R

75 5F

E2 FB

E8 19C3 R
EB SB 90

E9 1924 R
Al 202B R
88 C8

BF D234
8D 36 2013 R

LOOK_UP_1

3
STRING_C

INT_IT:
INTER:

REP_4:

SET:

CL_SE:

R

:

-

210
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LK_END

END_TES?T
X _END

CLEAR_LCD

1-60

+F3 WAS THE COMMAND END TEST.

we @ we @ ws @ ws @e

COMMAND AND REAL TIME CLOCK PROGRAM ARE ALSO INCLUDED.
1. CHECK PRESS KEY TIMES, IF 5(TYPE) 6(CLOCK) 10 CLOCK
SET 9(SET 11-11-88 & 12 37 00) 14(INTERVAL TIME)

3(00 -~ 99 MINUTISET)
2. IF THE COMMAND WAS VALID THEN CALL FUCTION SUBROUTINE
IF IT WAS NOT VALID THEN CALL BAD COMMAND !

es s ee ws W es we @

§ B BE N3NQNRNERENAY

o
[}
(1]

g FEERE § BREaQEHEE

3E5u3

AX, [PRESS_T)
AX,5

INT_TIME
AX, [PRESS_T]
AX

CX,AX
DI,0D241H
SI,STRING

BYTE PTR{DI)
PPP1

REP_&
IN_TE_T
PPF2

C_SET

AX, (PRESS_T)
AX

CX, AX
DI,0D234H
SI,STRING

+TYPE THE LIST FILE

{CLOCK READ

1CLOCK SET

$SET YEAR MONTH --- SECOND

3 INTERVAL TIME SET
$SET INTERVAL 00 --- 99 MINUTS

+IT WAS NOT VALID PRESS TIMES
3JMP TO RET

1GO TO INTERVAL TIME SET

;PRESS TIMES -1 BECAUSE
;THERE WAS A RETURN KEY AT
sTHE END OF THE COMMAND
sPOINT TO COMMAND ASCII STRING
;POINT TO STRING T0 BE ENTERED
sSTRING COMPAR

,BYTE PTR[SI)
s INVALID THEN PAD COMMAND !

$VALID INTERVAL TIME SET
1+END INTERVAL TIME SET RET

;SET THE REAL TIME CLOCK

+PRESS TIMES
+-1 BECAUSE THERE WAS A RETURN KEY AT
sTHE END OF THE COMMAND
s POINT 7O COMMARD ASCII STRING
s+POINT TO STRING TO BE ENTERED
1 STRING COMPAR
;CLEAR DF FLAG DI SI ARE INCREASED

BYTE PTR (DI},BYIE PIR [SI)

PPP1
REP_1
CLOCK_SET
PPP2

$INVALID THEN BAD COMMAND |

$VALID CLOCK SET
;END CLOCK SET RET
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1701
1704
1705
1707
17CA
170E
1707
1710
1712
1714
1717

2028 R CL_CK:
cs

D22F

36 2013 R

2A

¥B
183E R
26 90

BERUR3BREEE

171A Al 202B R
171D 48

171E 8B C8

1720 BF D23D

1723 8D 36 2013 R
1727 FC

1728 A6

1729 75 11.

172B E2 FB

TY_PE:

REP_3:

172D E8 17¥B R
1730 BF 0400
1733 B9 02C0
1736 EB 1818 R
1739 EB 04 90

173C EB8 1AB2 R
173F C3

PPP1:
PPP2:

STRING_C

]
1740 DIS_KEY

1740 BO 80
1742 E6 01
1744 BO OF
1746 E6 02
1748 BO 00
174A E6 01

174C 8D 1E 2012 R
1750 8B 16 202B R

1754 89 16 2010 R
1758 EB 1764 R

1758 8B 07

175D E8 1A29 R
1760 EB 1A48 R

1763 C3

DIS_KEY

L]
1764 PO_SI

1764 BO 90
1766 E6 03

1768 8B 16 2010 R POS:

211
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MOV AX, [PRESS_T] 1PRESS TIMES

DEC AX $~1 BECAUSE THERE WAS A RETURN KEY AT

MOV X, AX sTHE END OF THE COMMAND

MOV DI,CD22FH 1POINT TO COMMAND ASCII STRING

LEA SI,STRING sPOINT TO STRING TO BE ENTERED

CLD ;1 STRING COMPAR

CMPS BYTE PIR (DX],BYIE PTR [SI]

JNE PPP1 sINVALID THEN BAD COMMAND !

LoOP REP_2

CALL CLOCK_DIS 3VALID CLOCK DISPLAY

JMP PPP2 1END CLOCK DISPLAY RET

MOV AX, [PRESS_T] {PRESS TIMES

DEC AX 31=1 BECAUSE TRERE WAS A RETURN KEY AT

MGV CX,AX sTHE END OF THE COMMAND

MOV DI,O0D23DH 1POINT TO COMMAND ASCII STRING

LEA SI,STRING tPOINT TO STRING TO BE ENTERED

CLD 1STRING COMPAR

CMPS BYTE PTR (DI],BYTE PTR [SI}

JNE PPP1 1INVALID THEN BAD COMMAND !

LOOP REP_3

CALL RS_232 sVALID RS 232 INCIALISATION

MoV DI,04008B sTHE BIGINNING ADDRESS OF LIST FILE

MOV CX,22%32 +THE NUMBER OF BYTE TO BE PRINT

CALL TEST_TX sFILE TRANSMISSION VIA RS 232

JHP PPP2

CALL BAD_COMMAND

RET

ENDP

PROC REAR

3 $

sDISPLAY THE LETTER WHICH WAS PRESSED AT KEYBOAD:

3

MOV AL, 80H

ouT I108,AL

MoV AL, OFH 1TURN LCD ON

ouT I10C,AL

MOV AL,00H

ouT I0B,AL

LEA BX,KEY_DIS ;POINT TO DISPLAY BUFFER

MOV DX, [PRESS_T] 1SET POSITION POINT
s+POSITION=[PRESS_TIMES-1)

MoV [POINT_S1],DX 1PROTECT POINT

CALL PO_SI 1PROCEDURE FOR SELECT LCD
1ADDRESS

MoV AX, (BX] +THE LETTER TO BE DISPLAY NOW
1IN AX

CALL DATA D 1DISPLAY THE LETTER

CALL CHECXK sCHECK THE BUSY STATUS

RET

ENDP

PROC NEAR 1LCD address selecting

MOV AL,CWIOO

ouT IOCTR,AL

MOV DX, [POINT_S1]

sTHE POSITION WHERE THE LETTER
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176C 83 FA 01 POS_1: [ 4 DX, 00018 s DISPLAIED
1767 75 16 Nz DX_EQUS ‘
1771 B0 00 MoV AL, 00H sSET LCD ANDRESE Q0R
1773 K6 01 ouUT 10B,AL .
1775 BO 80 MOV AL, 80H
1777 Eé 01 ouT IOB,AL )
1779 BO 80 MOV AL, 80H ;1 SET ADDRESS DE /=1
1778 E6 02 ouT 10C,AL
1770 BO 00 MOV AL,00H
177¢ Eé6 01 ouT I0B,AL
1781 EB 1A48 R CALL CHECK ;CHECK HAND &%a:€ STIGHAL
1784 EB 24 90 JMP POS_BACK
1787 83 FA 09 DX_EQUS: [+ 134 DX, 0009H
178A 75 16 JRZ DX_EQU16
178C Bo 00 MOV AL, 00H 1SET LCD ADDRESS 40H
176E Eé6 01 ouT I0B,AL
1790 B0 80 MOV AL, 80H
1792 Eé O1 ouT 10B,AL
1794 B0 CO MoV AL, 0COH sSET ADDRESS INSTRUCTION DB7=1
1796 E6 02 ouT I0C,AL
1798 B0 00 MV AL, 00H
179A E6 01 ouT 108 ,AL
179C E8 1lA48 R CALL CHECK ;CHECK HAND SHAKE SIGNAL
179F EB 09 90 JHP POS_BACK
17A2 83 FA 10 DX_EQU16: CcMP DX, 0016
17A8 75 03 JNZ POS_BACK
17A7 BA 0000 MOV DX, 0000H
17AA C3 POS_BACK: RET
PO_SI ENDP
H
3
17AB POSITION PROC NEAR 1LCD ADDRESS SELECTION
17AB B0 90 MOV AL ,CRIOO
17AD E§ 03 I IOCTIR,AL
17AF 8B 16 200E R MOV DX, {[POINT_S] tRESUME POINT
1783 83 FA 00 POSI_1: CMP DX, 00008
1786 75 16 JNZ DX_EQU7
1788 B0 00 MOV AL ,00H 3 SET LCD ADDRESS 00H
17BA E6 01 ouT I10B,AL
178C BO 80 MOV AL ,80H
17BE E6 01 ouT I0B,AL
17C0 BO 80 MOV AL ,80B sSET ADDRESS INSTRUCTION DB7=1
17C2 E6 02 ouT 10C,AL
17C4 30 00 MOV AL,008
17C6 E6 01 ouT IO0B,AL
17C8 EB8 1A R CALL CHECK 1CHECK HAND SHAKE SIGNALS
17CB EB 28 90 JMP DX_INC
17CE 83 FA 08 DX_EQU7: cHP DX,0008H
17D1 75 18 JNZ DX_EQUA7
1703 B0 00 MOV AL, 00H 1SET LCD ADDRESS 40H
17DS E6 01 ouT I0B,AL
17D7 B0 80 MOV AL, 80H
1709 BE6 01 oUT I0B,AL
170B 130 CO MOV AL ,0C0B :SET ADDRESS INSTRUCTION DB7=1
170D E6 02 ouUT J0C,AL
17DF B2 &0 MOV DL, 40H
1721 30 Q¢ MOV AL, 00H
17ES E6 01 ouT I0B,AL
17ES E8 1AA8 R CALL CHECK sCHECK HAND SHAKE SIGNAL
1788 EB 0B 90 JMP DX_INC
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17EB
17EE
1770

17F3

1775
17P6

17FA

b 24

17FB
17FD
17FF
1801
1803
1805

1807
180A
130C
180D
180E
180F
1811
1812

1814
1815

1817

is1s

1818
181A
181C
181D
181F
1821
1823

1825
1827
1829
1828

182D

83 FA 48

75
BA

05
goec

EB BE

42
89

c3

30
E6
BO
E6
BO
E6

c3

BO
E6
51
BO
E6

Eé
E4
24
3c
75

E4

16 Z00E R

36
23
94
20
01
20

0011

00

30

33

DX_EQUAT:

DX_INC:

PRD_BACK:

POSITION

)
RS_232

RS_232

H
TEST_TX

BEGIN:

RIS:

RETEST:

PROC

213
9/6/90 21:17:24

Page 1-63

DX, 0048H
DX_IKC
DX, 00000

POSI_1

DX
{POINT_S],DX

NEAR

3
3 1. 8253 TIMER COUNTER AS BAUD RATE GENERATER.
3 2. THE PROGRAMMBEL UART 8251 AS RS-232

. o we @

H
sPART 1: INICIALIZATION OF TIMER UPD8253

MoV AL,001101108 1 CONTROL WORDS

ouT 238,AL

MOV AL,04H :DATA WILL BE SEND INTO COUNTER

our 20H,AL . :LSB=0AH FIRST, MSB=01H SECOND.

MOV AL,01H

our 20H,AL

1PART 2: UPD8251 INICIALILZATION

MOV DX,UART_CTRL $RESET

MOV AL, 008

ouT DX, AL

ouT DX, AL

ouT DX, AL

MOV AL,01010000B ; COMMAND : INTERNAL RESET,

ouT DX,A% 1CLEAR ERROR BITS.

MOV AL,11001110B ;MODE:2 STOP BIT, NO PARRITY BIT
18 DATA BITS, BAUD RATE FACTER=16

our DX, AL

MOV AL,00110011B ;COMMAND: RIS~ ACTIV, CLEAR ERROR
:DTR™ OUTPUT LOW, TRANSMITTER WAS
s ENABLED.

RET

ENDP

PROC NEAR

ittt 3

+ 1. THE BEGINNING ADDRSS OF THE PRINT FILE WAS IN DI;

+ 2. THE NUMBER OF BYTES TO BE PRINTED WAS IN CX :

| Rdeiid A m———3

MOV AL,CWIII

ouTr IOCTR_2,AL :110B_2 SERVE AS HANDSHAKING INPUT

PUSH cx

MOV AL,0011001 13

our UART_CTRL,AL

MOV AL, (D1}

out UART_DATA, AL

IN AL,IOB_2 +TEST THE BUZY STATUE, IF IT WAS O

AND AL,01H $CONTINUE TO TEST.

P AL,01H

JHZ RTS

IN

AL,IOB_2 1 TEST THE BUSY STATUS
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182F
1831
1833

1835
1836
1837

1839
1838

183D

183E

183E
1841
1842

1844
1847

1849
184D
1850
1852
1835
1a58

1858
185E
1860
1863
1865

1868
1868
186D
1870
1873

1876

187A
187D
187F
1882
1885

1888
1838
188D
1890
1893

1896
1899
1898

189E

24
3c
78

47
59
2

BO
E6

c3

B9
51
B3O

8p
¥

88
BF
E8

Br

BP
8A
E8
88
88

BF
8A
E8
88
88

BF
8A
E8

o1
13
¥8

B3

99
53

1E 203F R

27F3
03
1A95 R
67 04
47 05

27FA
05
1A95 R
67 07
A7 08

2779
05
1A95 R

67 OA

TEST_TX
3

3
CLOCK_DIS PROC

~
[~
[7:3
=

RT:

35288 §5py EEpEEF %8 °

gpid

MOV

MoV

g § 5% §E¥ %33
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AL,01RH
AL,01H
RETEST

DI
(=3
BEGIN

AL,CWIOI
I0CTR_2,AL

REAR
CX,04H

X
AL, 010000008

BX,RICTRL
[BX],AL

BX, YEAR_RAM
DI,YBAR

AL, [DI)
BCD_ASCII_CL
{BX]+8,AH
[BX]49,AL

DI, MONTH
AL, [DI)
BCD_ASCII CL
[BX] , AR
(BX]+1,AL

DI,DATE

AL, [DI]
BCD_ASCII_CL
{BX]+3,AH
{BX]+4,AL

DI,DAY

AL, [DI]
BCD_ASCII_CL
{BX]+12,AH
(BX]+13,AL

BX, HOUR_RAM

DI,HR

AL, {D1]
BCD_ASCII_CL
[(BX]+4,AH
(BX]+5,AL

DI,MIN

AL, [DI)
BCD_ASCII_CL
(BX]+7,AH
[BX])+8,AL

DI,SEC
AL, (DI)
BCD_ASCII_CL

(BX)+10,AH

1-64

tMASK REST OF THE BIIS

sPOIRT TO NEXT LETTER

s108_2 SERVE AS COUNTERS & TIMER
1CONTROL AFTER TYPING.

sDISPLAY CLGY FOR FOUR TIMES
sWRITE CONTROL WORDS FOR REAL TIME CLOCK

;1DODH WOVE DATA IN RTCLOCK TO RAM

127FFH

$27FE8

127FDH

127FCH

+1D1DH

127FBH

127FAH

127F9H
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18a1

1844
18A6
18A8
18AA
18AC
18AE

18B0
18B4
1887

18BB
18BE
18C0
18C3
18C6
18C7
18C9
18CD
1801
18D3
18D6

18D9
18DB
18DE
12E1

18E5
18E9
18EC
18EE
18F1
18F4
i8F5
18F7
18FB
18FF

1901
1903

1906
1908
1908

190D
1910

1913
1914
1915
1917

191A
191D

191E

191E
1921

BO
E6
BO
E6
BO
E6

8p
BA
89

E8
88
E8
E8
43
BO
FE
3A
75
B9
E8

BO
A2
BA
89

8D
EB
8B
Es
Es
43
BO
FE
3A
75

BO
A2

59
&9
74
E9

E8
c3

47 0B

80 C00:
01
oc
02
00
01

1E 202F R Co:
0000
16 200E R

17AB R C1:
07

1A29 R

1A48 R

10

06 2008 R
06 2008 R
E8

03E8

1EE8 R

00

2008 R
0000

16 200E R

1E 203F R

174B R Cc2:
07

1A29 R

1A48 R

10
06 2008 R
06 2008 R
E8

00
2008 R

oo
27F8
07

03E8
1EE8 R

03
1841 R

1A78 R CED:

CLOCK_DIS

$
CLOCK_SET

1A78 R
15BD R

pE83dsgpEp 35F 983438 ¢

58

MOV

ENDP

PROC

9/6/90 21:17:24
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[BX)+11,AL

AL,80H
10B,AL
AL,O0CB
I0C,AL
AL, 00H
108,AL

BX, YEAR_RAM
DX, POINT
(POINT_S),DX

POSITION
AX, [BX]
DATA_D
CHECK

BX

AL,108
(FLAG1)
AL, [FLAG1}
c1

CX,1000
DN1IMS

AL,008
{FLAG1],AL
DX,POINT
[POINT_.S],DX

BX, BOUR_RAM
POSITION
AX, [BX)
DATA_D
CHECK

BX

AL, 108
(FLAG1)

AL, [FLAG1)
c2

AL, Q0B
[FLAG1]) ,AL

AL, 000000008
BX,RICTRL
[BX],AL

CX, 1000
DN1MS

cX
X
CED
RT

CLEAR_LCD

CLEAR_LCD
COUN

1-65

1DIS YEAR--DAY

;DIS HOUR-~SECND

1 START CLOCK

;:DIS TIME FOR 4 TIMES

s TO KEY SCANNING

215
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1924
1926
1924

192C
192E
1931

1933
1937
1939

193C

193F
1942

1944
1947

194A

194D
1950

1952
1935

1958

1958
195E

1960
1962
1965

1967
1969

196C
196E
1971

1973
1976

1979
1978
1978

1980
1984
1986

B30 rr

2 88 B

B0
BB
88

BO
A2

BO
BB
88

8D
8A
8A

C_SET:
06 200C R
oD

80
2778
07

3E 2013 R

25
45 01

1AAS R

27FE
07

63 03
45 04

1AA6 R

27FD
07

65 06
45 07

1AA6 R

27FF
07

00
27FC
07

FF
200C R

00
27F8
07

1A78 R
15BD R

80 C_SET1:
2778
07

3E 2013 R
23
45 01

x9%

3 83 § 389 9% %5 § %54 3% 3% § 499 %4E 4N

&g

§8F §3% ®p 3%% &%
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AL,OFFH
AL, [FLAG6]
C_SET1

AL, 100000008
BX,RTCTRL
(BX] , AL

DI, STRING
A, [DI]
AL, [91]+1

BX,X_MONTH
(BX] ,AH
[BX]+1,AL

ASCII_BCD_CL

BX,MONTH
{BX] ,AL

AR, [DI]+3
AL, [DI]+4

BX,X_DATE
[BX] ,AH
(BX]+1,AL

ASCII_BCD_CL

BX,DATE
[BX],AL

‘AH, [DI]+6
AL, [DI)+7

BX,X_YEAR
[BX],AH
{BX]+1,AL

ASCII_BCD_CL

BX, YEAR
[BX),AL

AL, 00H
BX, DAY
(BX},AL

AL, OFFH
{FLAG6] , AL

AL, 000000008
BX,RTCTRL
(BX] ,AL

CLEAR_LCD
COUN

AL, 100000008
BX,RTCTRL
[BX] ,AL

DI,STRING
AH, [DI]
AL, [DI)+1

1-66

sIF FLAG6=FFH YEAR HAS BEEN SET

1SET CLOCK
sREAL TIME CLOCK CONTROL WORDS
1REGISTER

;TO TYPE 0S551H

;TO TYPE 0546H

;TO TIPE 055AH

1SET FI=0 (FT BIT WAS AT 7th IN DAY)

;IF OOH SET YEAR, IF OFFH SET HOUR
s START CLOCK

$GO BACK TO KEY SCANNING FIND HOUR

1 SET CLOCK
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1989

198C
198F

1991
1994

1997

199A
199D

199F
1943

19A5
19A8

19AB

19AE
1981

1983
1985

1988
19BA
198D

19BF
19¢2

19C3

19C3
19C6

18C9
19CD
19CF
1902
1905
1909
19DB
19DE
19E0

19E3

E8

8b
88

E8"

BO

BO
88

E8
c3

E8
E9

8D

E8
ap
88
E8
BO

(o]

1AA6 R

27FB
07

65 03
45 04

1AA6 R

27FA
07

1E 2050 R
07

65 06
45 07

1AA6 R

27F9
07

00
200C R

00
27F8
07

1A78 R

1A78 R
158D R

3E 2013 R
25

45 01
1AA6 R

1E 204F R
07

1A78 R
FF

200D R

. e we

CLOCK_SET

IN_TE_T

INT_TIME:

IN_TE_T

¢ 83§ %y gF §% p %% §% %% g §%%

E

g8

558

i

g

g § SELEEREEE 3E §
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{BX]+1,AL
ASCIX_BCD_CL

BX,HR
[BX],AL

AH, {DI])+3
AL, [DI]+4

BX,X_TIMEE+3
[BX],AH
[BX]+1,AL

ASCII_BCD_CL

BX,MIN
[BX],AL

BX,T_RAM1
[BX],AL

AR, [DI]+6
AL, [NI)+7

BX,X_TIMEE+6
[BX] ,AB
(BX]+1,AL

ASCII_BCD_CL

BX, SEC
(BX],AL

AL, 0OH
[FLAG6] , AL

AL, 000000008
BX,RTCTRL
[BX],AL

CLEAR_LCD

NEAR

CLEAR_LCD
COUN

DI,STRING
AB, {DI)

AL, [DI)+1
ASCII_BCD_CL
BX,ITV
[BX],AL
CLEAR_LCD
AL, OFFH
[FLAG7] ,AL

1-67

1START TIME G58DH

+05908

+STORE OLD TIMF

105938

$START CLOCK

1TO KEY SCANNING

;SENT 01--60 MINUTS TO RAM

1STOER INTERVAL

+IF INTERVAL TIME HAS BEEN SET
1SET THE FLAG7
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19E4
19E4

18E6
19E9

19EB
19EF
1972
19F4
19F7
19FA

19FD
1A00
1A02
1A03
1A07
1A09
1A0C
1A0D
1A10

1A13
1A16
1A18
1A1B
1ALE

1A21
1A23
1A26

1A29
1A2A
1A2C

1A2E
1A30
1A32

1A33
1A35
1A37
1A38
1A3A
1A3C
1A3D
1A3F
1A41
1A43
1A45

1A47

50
BO
E6

BO
E6
90

B0
B6
90
BO
E6
38
E6
B0
E6
B0
E6

c3

40

27F8
07

1E 203F R
27FB

05

1A95 R

67 04

47 05

27FA
05

1E 2051 R
07
1A95 R

67 07
47 08

27F9
05
1A95 R
67 CA
47 OB

00
27F8
07

90
03

00
01

20
0l -

A0
01

02
20
0l
00
0l

3
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]
TIME CHECK PROC NEAR

MoV

MV
MOV

LEA
MoV
MOV
CALL
MOV
MOV

MOV
MOV
PUSH
LEA
MOV
CALL
POP
MoV
MOV

MOV
MOV
CALL
MOV
MOV

MGV
MOV
MOV

RET

TIME_CHECK

1
DATA_DIS FPROC

DATA_D:

PUSH
MOV
ouT

MOV
ouT
NOP

MOV
ouT
NOP
MOV
QuT
POP
ouT
MOV
ouT
MOV
ouT

RET

DATA_DIS ENDP

AL,010000008

ENDP

BX,RTICTRL
{BX],AL

BX,HOUR_RAM
DI,HR

AL, [DI)
BCD_ASCII_CL
[BX]+4,AH
(BX]+5,AL

DI, MIN
AL, [DI]
BX

BX,T_RAM2
[BX],AL
BCD_ASCII_CL
BX

[BX]+7,AB
[BX1+8,AL

DI, SEC

AL, [DX]
BCD_ASCII_CL
{BX]1+10,AH
[BX)+11,AL

AL, 000000008
BX,RTCTRL
{BX],AL

AX
AL, CWIOO
IOCTR,AL

AL,00H
I0B,AL

AL,208
10B,AL

AL, 0AOH
IOB,AL

I0C,AL
AL, 20H
10B,AL
AL, 00H
10B,AL

1-68

sWRITE CORTROL WORDS FOR REAL TIME CLOCK

:1Di1DH
;27FBH

;27FAH

;CURRENT TIME-->[T_RAM2]

$27F9H

:THIS WAS DATA DISPLAY PROCEDURE.

sPROTECT DATA STORED IN AL.
sINITI PIO as 100.

;WHEN WRITE DATA TO DATA RAM RS=1

{WRITE DATA RS=1 (PBS,I%:

;+DISPLAY THE DATA STORED IN AL.



Microsoft (R) Macro Assembler Version 4.00

COMBINE GRAIN LOSS MONITOR

1A48

1A48
1ALA

1A4C
1AAE
1A50
1A51
1A53
1A55
1A57
1A59
1ASB
1ASD
1ASF

1A61

1463
1A63
1A67
1A69

1A6B
1A6D
1A6F
1A71

1A73
1A75

1A77

1A78

1A78
1A7A
1A7C
1A7E
1A80
1A82
1A84
1A86

1A88
1A8B

1ABE
1A91

1A94

1A95

1A95
1A97
1A99
1A9B
1A9D
1A97

B0
E6
BO
Eé6
BO
E6
BO
E6

B9
E8

c3

B&
Bl
8A
D2
OA
25
oD

00
01
80
01
0l
02

0l

00AQ
1EE8 R

0000
202B R

00
04
Do
CA
E2
OFOF
3030

CHECK PROC

. o

CLEAR_LCD PROC

MOV
ouT
MOV
ouT
MOV
ouUT
MOV
our

MOV
CALL

MOV
MOV

RET

CLEAR_LCD ENDP
3

L
BCD_ASCII_CL PROC

MOV
MOV
MOV
ROR
OR

AND
OR

9/6/90 21:17:24

Page 1-69

REAR 1THIS WAS THE LCD BUSY STATUS CHECK
s PROCEDURE .

AL, CWIOI
IOCTR,AL

AL, 40B
I0B,AL

AL, 0COH

I0B,AL

AL, IOC ;CEECK BUSY STATUS.
., I0C

AL,80H

AL, I0C
AL,80H

AL,IOC
AL, I0C
AL,80B

AL, 40H
IOB,AL
AL, 00B
IO0B,AL

AL,CWIOO
IOCTR,AL

NEAR

AL,0CH +CLEAR LCD
I0B,AL
AL,80H
I08,AL
AL,01H
I0G,AL
AL, 00B
I0B,AL

CX,160
DN1MS

AX,0000H
[PRESS_T],AX ;CLEAR PRESS TIMES

NEAR

AH, 00H
CL,04H
DL,AL
DL,CL
AH,DL
AX, OFOFH
AX, 30308

219
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1AB2
1AB&
1AB6
14B8
1ABA
1ABRC

1ABE
1AC1
1ACA

1ACS8
1ACB

1ADO
1AD3
1AD4
1AD6
1ADA
1ADE
1AEO
1AE3
1AE6
1AE9
1AEB

1AEE

c3

25

Bl
D2
0A

Cc3

B0
E6
B0
E6

BB
89

43
BO

3A
75
B9

c3

BO
E6
B0
Bé
B0
E6

BA
89

OFOF
D&
04
c2
c2

80
01
oc
02
00
01

D21F
0000
16 200E R

17AB R
07

1A29 R
1A8 R

10

06 2008 R
06 2008 R
E8

03E8

1EE8 R
1A78 R

00

2008 R

80
01
0c
02
00
01

D186
0goo
16 200E R

RET

BCD_ASCII_CL
$

ENDP

4
ASCII_BCD_CL PROC

AND
MOV

MOV

ROL
OR

RET

ASCII_BCD CL
H

ENDP

9/6/90 21:17:24

Page

AX,OFOFH
DL,AB
CL,04H
DL,CL
AL,DL

3
BAD_COMMAND PROC  NEAR

1-70

ENTERED WAS WRONG, BAD COMMAND!

sDISPLAY TITLE & FORMS.

s TURN LCD ON

sPOINT TO TITLE

$SET POSITION POINT

H
; IF THE COMMAND
: WOULD BE DISPLAYED ON THE LCD
$
B0O: MOV AL,80H
: out IOB,AL
MOV AL,0CH
ouT 10C,AL
MOV AL, 00H
ouT I0B,AL
BO: MOV BX,0D21FH
DIS DIS: MOV DX, POINT
MOV [POINT_S],DX
B1: CALL POSITION
MOV AX, [BX)
CALL DATA_D
CALL CHECK
INC BX
MOV AL,10H
INC {FLAG1]
or AL, [FLAG1]
JNZ B1
MOV X, 1000
CALL DN1MS
CALL CLEAR_LCD
MOV AL, 008
MOV {FLAG1],AL
RET
BAD_COMMAND ENDP
:
3
DIS_TITLE  FROC NEAR
MOV AL, 808
ouT I0B,AL
MOV AL,0CH
ouT 10C,AL
MOV AL,00H
out I0B,AL
DO: MOV BX,0D186H
MOV DX, POINT
MOV [POINT_S],DX

sPROTECT POINT

- % es we

220
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1805 EB 17AB R D1: CALL POSITIOR +SELECT LCD POSITION
1808 8B 07 MOV AX, [BX] sLETTER TO BE DISPLAIED IN AX
1BOA E8 1A29 R CALL DATA_D

1BOD BE8 1A48 R CALL CHECK

31B10 43 DD2: INC BX :1DISPLAY NEXT LETTER OF THE TITLE
1B11 BO 10 MOV AL,10H

1B13 FE 06 2008 R INC [FLAG1})

1B17 3A 06 2008 R CMP AL, {FLAG1] 1DIS FULL?

1B1B 75 0B JNZ D2 1NO, GO ON.

1B1D B9 03E8 MOV CX,1000

1820 E8 1EE8 R CALL DN1MS 1 YES DELAY 1 SECOND
1B23 BO 00 MoV AL, 00H

1B25 A2 2008 R MOV [FLAG1] ,AL 1CLEAR POSITION COUNTER
1B28 BF D1F6 D2: MOV DI,0D1F6H

1B2B 3B DF . CMP BX,DI :1TITLE FINISHED?
1B2D 75 D6 JNZ D1 1NO

1B2F EB8 1A78 R CALL CLEAR_LCD 1YES

1B32 C3 RET

DIS_TITLE ENDP
t

1B33 LCD_INI PROC NEAR

1B33 BO 00 MOV AL,00H

1B35 E6 01 our IO0B,AL

1B37 BO 80 MoV AL ,80H

1B39 E6 01 0UT IO0B,AL

1B3B BO 38 MOV AL, 38H 1THE LCD INITIALIZATION.
1B3D E6 02 ouT I10C,AL 18 BIT

1B3F B0 00 MOV AL, 008

1B41 E6 01 ouT IOB,AL

1B43 B9 000A MOV cX,10 310 ms

1B46 ES8 1EEB R CALL DN1MS

1B49 BO 80 MOV AL,B80R

1B4B E6 01 our I0B,AL

1B4D BO 38 MOV AL,38H $1SAME AS ABOUVE
1B4F E6 02 auT I0C,AL

1B51 BC 00 MOV AL,00H

1B53 Eé6 01 ouT 10B,AL

1B55 B9 0001 MOV cX,1 s1lms

1B58 E8 1EE8 R CALL DN1MS

1BR5B BO 80 MOV AL ,80H

1B5D E6 01 our I0B,AL

1BSF BO 38 MoV AL,38H sREPEAT ABOUVE INSTRUCIION AGAIN
1B61 E6 02 ouT I0C,AL

1B63 BO 00 MOV AL,00B

1B65 E6 01 ouT I10B,AL

1B67 BO 80 MOV AL ,80H

1B69 E6 01 ouT I0B,AL

1B6B BO 38 MOV AL, 38H sREAPEAT

1B6D E6 02 ouT I0C,AL

1B6F BO 00 MoV AL, 00H

1B71 E6 01 our I10B,AL

1873 BO 80 MV AL ,808

1B75 E6 01 ouT IOB,AL

1B77 B0 01 MOV AL, 018 sDIS CLEAR

1B79 E6 02 our 10C,AL

1B7B BO 00 Mov AL, 00H

1B7D E6 01 ouT I10B,AL
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1B7F B0 80 MOV AL,80H
1881 E6 01 ouT JO0B,AL
1883 BO OF MOV AL,0FH 1ACT DIS,CURSOR BLINK LETTER
1385 E6 02 ouUT 10C,Al
1B87 BO 00 MOV AL,00B
1889 E6 01 our IO0B,AL
1BSB BO 80 MOV AL, 80H
136D E6 01 ouT I10%,AL
1B8F BO 06 MoV AL, 06H sMODE SET INCREASE NO SBIFT
1891 E6&6 02 our I0C,AL
1B93 BC 00 MOV AL,00H
1895 Eé6 01 our IORB,AL
1897 B9 03E8 MOV cX,1000 +TO SEE LCD HAVING BEEN CLEARED
1B9A E8 1EE8 R CALL DN1MS sFOR 1 SECOND
189D C3 RET
LCD_INI ENDP
t
H
1B9E BEEP_N PROC NEAR
H -—3
;sBEEP N TIMES FOR TROUBLE SHOUTING.
sN MUST BE PUT IN CX BEFOR CALL 3
sCAUTION! AFTER CALLING MODE IS ‘IIXI’;
3 $
1B9E BO 99 MOV AL,CWIOI
1BAO E6 53 ouUT IOCTR_2,AL
1BA2 351 NHVKJH: PUSH X
1BA3 BO 00 MoV AL ,000000008
1BAS E6 51 ouT I0B_2,AL
1BA7 B9 0032 MOV cX,50
1BAA ES8 1EE8 R VALL DN1MS
1BAD BO 04 0V AL, 000001008 sPB2 AS OUTPUT PORT FOR BEEF
1BAF E6 51 our 10B_2,AL
1BB1 B9 0032 MOV cX, 50
18B4 EB8 1EE8 R CALL DNIMS
1BB7 59 POP cX
1BB8 E2 E8 LOOP NEVKJH
1BBA BO 9B MoV AL,CWIII
1BBC Eé6 53 ouT TOCTR_2,AL
1BBE C3 RET
BEEP_N ENDP
[
'
1BBF END_TEST PROC NEAR
H H
1 COMMAND SUBROUTINE '
: 1. UNABLE INTERRUPT H
: 2. CLOSE THE TIMER AND THE COUNTERS GATES ;
+ 3. PRINT OUT THE LIST FILE. f
+ &. LOAD FLAG2 WITH 0 H
[ s
1BBFr FA CLI
1BCO BO 99 MOV AL,CWIOL
1BC2 E6 53 our JOCTR_2,AL
1BC4 BO 04 MOV AL,000001008B ;CLOSE THE TIMER AND
1BC6 E6 51 ouT I0B_2,AL 1COUNTERS GATES
13C8 30 70 MOV AL,011100008 SET OUT(INTERRUPT REQUEST) TO 0
1BCA E6 23 onT TIMER_M,AL sMODE 0 INTERRUPT ON TERMINAL COURT

1BCC 8D 1E 2072 R LEA BX,DATA_DISPLAY ;POINT TO DATA DISPLAY UNIT
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1BDO
1BD3
1BD5S
1BD8
13DB
1BDE
1BE1
1BE&
1BE?7
1BEA
1BED
1BFO
1BF3
1BFé6
1BF9

1BFC
1BFF
102
1C05
1C09
1CCB
1€0D
1c02

1c11

1C14
1C18
1C1A

1CiC

1C1D

1C1D
1C1E
1C1F
1C20
1c21
1C22
1C23

1C24
1C26
1cas

1C2A

1C2¢
1C2E

1C30
1632
1C34

B8
89
B8
89
B8
89
B8
89
B8
89
B8
89
89
49
E8

E8
BF
B9
8D
8B
8B
F7
8B

E8

8D
B0
88

c3

FA
50
53
51
52
o6
57

BO
E6
BO

E6

BO
E6

BO
E6
B0

4554
07
5453
47 02
2020
A7 04
4520
47 06
A&4E
47 08
2020
47 OA
47 ©oC
47 OE
1EBC R

17FB R
0400

02C0

36 2004 R
c1

1C

E3

cs

1818 R
1E 2009 R

00
07

END_TEST
3
.LIST

H
READ_SENSORS

.LIST
sPART 1:
99
53
84

5

70
23

1F
21
c3

R §3F p EEEpEYR pUERIRYEEEEESE

g

PROC
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AX, ‘ET’
[BX] ,AX
AX,‘1S°
{Bx+21,
Az. ’ ’
{BX+4) ,AX
AX, ‘B’
{BX+6] ,AX
AX, ‘DN’
[BX+8] ,AX
“,I ,
{BX+10] ,AX
(BX+12] ,AX
{BX+14],AX
DISPLAY_1

RS_232
DX, 0400K
CX,22#32

1-73

1DIS ‘TEST END’ WITHOUT 1S DELAY.
sVALID RS 232 INCIALISATION

+THE BIGINNING ADDRESS OF LIST FILE
:THE NUMBER OF BYTE TO BE PRINT

SI,SAMPLE_No_1 ;POINT TO SAMPLE NUMBER

AX,CX
BX, (S1]
BX

CX,AX
TEST_TX
BX,FLAG2

AL, 00H
[BX],AL

NEAR

1SAMPLE NUMBER --> BX

sDX:AX = AX w BX

; THE NUMBER OF BYTE TO BE PRINTED
1IN X

;FILE TRANSMISSION VIA RS 232

;LOAD FLAG2 WITH OH

1THIS PROGRAM WAS AN INTERRUPT SERVICE ROUTINE.

i
:+ 1. CLOSE THE GATES AND RESET INTERRUPT ERQUIRMENT.;
: RESET TIMER. H
1+ 2. READ THE DATA IN COUNIERS 1--9. '
+ 3. RESET THE COUNTERS & CLARE THE SENSORS AREA. H
: 4. INC SAMPLE No_l1 = 10 ? IF YES FLLAGZ = 0. {
R e ittt :
CLI
PUSH AX
PUSH BX
PUSH cxX
PUSH DX
PUSH SI
PUSH DI
CLOSE THE GATES ARD RESET INTERRUPT ERQUIRMENT & TIMER
MOV AL,CWIOI
outr IOCIR_2,AL
MOV AL,10000100B sAPTER INTERRUPT CLOSE THE
1 SECOND GATE.
ouT I0B_2,AL 1COUNTERS GATES STILL OPEN
MOV AL,011100008 1 SET QUT(INTERRUPT REQUEST) 0
ouT TIMER _M,AL ;MODE 0 INTERRUPT ON COUNTING
1 TERMINATION
MoV AL,1FH sIT USED T0 BE 1FH FOR 1S.
ouT TIMER 1,AL sLOAD LSB
MOV AL,0C3H +IT USED TO BE OC3H FOR 1S.
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1C36 E6 21 oUT TIME™_1,AL sLOAD MSB

1C38 BO B6 MOV AL,10110110B s CHERNEL 2

1C3A E6 23 ouT TIMER ,AL ;MODE 3 SQUARE WAVE GENERATOTR
1C3C BO 64 MOV AL, 64H ;IT USED TO BE 32H FOR 1S.
1C3E E6 22 oUT TIMER _2,AL sLOAD LSB

1C40 BO 00 MoV AL, 00H

1C42 E6 22 ouT TIMER 2,AL ;LOAD MSB

1C44 B9 0003 MOV xX,3

1C47 EB 1B9E R CALL BEEP_N

;PARS 2: READ THE DATA IN COUNTERS 1--9

1C4A 8D 3E 2330 R LEA DI, SENSOR_1

1CAE E& &0 IR AL ,COUNTEF_1 iREAD LSB

iC50 8A DO MOV DL,AL

1C52 E& &0 IN AL, COUNTER_1 ;READ MSB

1CS4 8A FO MOV DH,AL ;NOM THE DATA WAS IN DX
1C56 8B C2 MOV AX,DX

1Cs8 F7 DO NOT AX

1C5A 89 05 MOV (DI],AX

1CSC E4 41 IN AL,COUNTER 2 ;READ LSB

1CSE 8A DO MOV DL,AL

1C60 E& 41 IN AL ,COUNTER_2 tREAD MSB

1C62 8A FO MOV DH, AL ;NOM THE DATA WAS IN DX
1C64 8B C2 MOV AX,DX

1C66 ¥7 DO NOT AX

1C68 89 45 02 MOV [DI+2],AX

1C6B E& 42 IN AL ,COURTER_3 yREAD LSB

1C6D 8A DO MoV DL,AL

1C6F E& 42 IN AL, COUNTER 3 sREAD MSB

1C71 8A FO MOV DH, AL ;NOM THE DATA WAS IN DX
1C73 8B C2 MOV AX,DX

1C75 F7 DO NOT AX

1C77 89 45 04 MOV [DI+4]),AX

1C7A E4 60 IN AL ,COUNTER_4 sREAD LSB

1C7C B8A DO Mov DL,AL

1C7E E& 60 IN AL ,COUNTER_4 sREAD MSB

1C80 8A FO MOV DH,AL tNOM THE DATA WAS IN DX
1c82 8B C2 MOV AX,DX

1C84 F7 DO NOT AX

1C86 B89 453 06 MOV [DI+6] ,AX

1C89 E4 61 IN AL, COUNTER_S sREAD LSB

1C8B 8A DO MOV DL,AL

1C8D E4& 61 IN AL,COUNTER_5 sREAD MSB

1C8F 8A FO MOV DH,AL ;NOM THE DATA WAS IN DX
1C91 8B C2 MoV AX,DX

1C93 ¥*7 DO NOT AX

1C95 89 45 08 MOV (DI+8],AX

1C98 E4 62 IN AL ,COUNTER_6 sREAD LSB

1C9A 8A DO MOV DL,AL

1C9C B4 62 IN AL,COUNTER_6 sREAD MSB

1CSE 8A FO MoV DH,AL sNOM THE DATA WAS IN DX
1CA0 8B C2 MoV AX,DX

1CA2 F7 DO ROT AX

1CAA 89 AS 0A MOV {DI+10],AX

1CA7 EBA 70 IN AL ,COUNTER_7 sREAD LSB

1CA9 8A DO MOV DL,AL

1CAB EA 70 IN AL ,COUNTER_7 sREAD MSB

1CAD 8A FO MOV DH,AL sNOM THE DATA WAS IN DX
1CAF 8B C2 MoV AX,DX
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1CB1 F7 DO NOT AX

1CB3 89 45 0C MOV [DI+12],AX

1CB6 E& 71 IN AL, COUNTER_8 1READ LSB

1CB8 8A DO MOV DL,AL

1CBA E& 71 IN AL, COUNTER _8 sREAD MSB

1CBC 8A FO MOV DH,AL t1HOM THE DATA WAS IN DX
1CBE 8B C2 MOV AX,DX

1CCo F7 DO NOT AX

1CC2 89 45 OE MOV [DI+14],AX

1CC5 E& 72 IN AL,COUNTER 9 tREAD LSB

1CC7 38a DO MoV DL, AL

1CC9 E& 72 IN AL, COUNTER_9 tREAD MSB

1CCB 8A FO MoV DH,AL 1NOM THE DATA WAS IN OX
1CCh 8B C2 MOV AX, DX

1CCF F7 DO NOT AX

1CD1 89 45 10 MOV [DI+16],AX

;PART 3: RESET THE COUNTERS OPEN TIMER COUNTERS GATE

COUNTER_INI t1RESET THE COUNTERS 1 -- 9

PULS_GENERATE $GENERATE PULS TO CLEAR COUNTERS
1S & COUNTERS GATES ARE OPEND

1CD4 EB8 0182 R CALL
1CD7 E8 O1DD R CALL

sPART 4: THE RTDP
1CDA E8 01F6 R CALL REAL_TIME_DATA_PROCESSING
;PART 5: INC SAMPLE No_1 = 10 ? IF YES, CLOSE THE GATE; RESET TIMER

$AND COUNTERS;

iCDD 8D 1E 2004 R LEA BX, SAMPLE_No_1

1CE1 FF 07 INC WORD PIR{BX]

1CE3 83 3F 0A cMP WORD PTR[BX],10

1CE6 75 12 JNZ ON_NEXT

1CE8 B0 99 MOV AL, CWIOX

1CEA E6 53 ouT IOCTR_2,AL

1CEC BO 04 MOV AL,00000100B

1CEE E€ 51 ouT I0B_2,AL

1CF0 BO 70 MoV AL,011100008 $SET OUT(INTERRUPT REQUEST) 0

1CF2 E6 23 ouT TIMER_M,AL sMODE 0 INTERRUPT ON COUNTING
s TERMINATION

1CF4 EB 0182 R CALL COUNTER_INI tRESET THE COUNTERS 1 -~ 9

1CF7 E8 1BBF R CALL END_TEST

;IF NO, CLEAR SENSORS

1CFA 8D 3E 2330 R ON_NEXT: LEA DI,SENSOR_1 ;CLEAR THE SENSORS AREA.
1CFE B9 000A MOV cX,10
1D01 38 0000 MOV AX,0
1D04 89 035 GPE_1: MOV (DI],AX
1006 47 INC DI

1D07 47 INC DI

1D08 E2 FA LOGP GPE_1
1DOA S5F POP DI

1D0B SE POP SI

iDOC 3A POP DX

ipop 59 POP X

1D0E 5B PoOP BX

1DOF 358 POP AX

1D10 FB STI

D11 CF IRET

READ_SENSORS ENDP
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D12

ip12
iD13
1D14
105
1D16

D17
1p19
1D1B
ip1D

101F
1p21

1p23
D25
1D27
1D29

1D2B
1D2D
1D2F
ip31
1p33
ip3as

1p37
1D3B
1Db3D
1D3F
1Dl
1D43
1DAS
1DA7

1D49
1D4B
1D4D
1DAF
D31
1D53
1D53

iD58
1D3A
1D5C
1DSE
1D60
1D62
1D64

1067
1D69
1DéB
1DéD
1D6F
1071
1073

FA
50
53
51
52

BO
B6
BO
E6

BO
E6

BO
E6
30
Eé

BO
Eé
BO
E6
B0
E6

8D
Bé
8A
E4
8A
8B
4
89

Eé
8A
-1
8A
8B
F?
89

EA
8A
Bé
8A
88
F7
89

B4
8A
Eé
8A
8B
r?

99
53
04
51

70
23

1F
21
c3
21

Bé
23
32

00
22

08

2330 R

04

89 A5 06

H
TEST_59

.LIST

PROC
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NEAR

1-76

1 3
;THIS PROGRAM WAS FOR TEST 8088 INTERRUPT FUNCTION;
: 1. BOTH IN 8259 AND IN SOFTWARE MODE H
:+ 2. THE ORG ADDRESSES ARE DEPEFDS {

3

cLI

PUSH AX

PUSH BX

PUSH o

PUSH DX

(PART 1: CLOSE THE GATS AND RESET INTERRUPT ERQUIRMENT

MOV AL,CWIOI

ouT TOCTR_2,AL

MOV AL, 000001008 ;AFTER INTERRUPT CLOSE THE

outT 108_2,AL +SECOND AND COUNTERS GATES

MOV AL,01110000B +SET OUT(INTERRUPT REQUEST) O

ooT TIMER M,AL {MODE 0 INTERRUPT ON COUNTING
s TERMINATION

MOV AL,1FH

our TIMER_1,AL sLOAD LSB

MOV AL,CC3H

ouT TIMER_1,AL ;LOAD MSB

MOV AL,101101108 sCHENNEL 2

ouT TIMER M,AL {MODE SQUARE WAVE GENERATOTR

MOV AL,328

ouT TIMER 2,AL 1LOAD LSB

MOV AL,00H

outT TIMER 2,AL ;LOAD MSB

{\PART 2: READ THE DATA IN COUNTERS 1--9

LEA DI,SENSOR 1

™ AL, COUNTER_1 sREAD LSB

MOV DL,AL

N AL,COUNTER 1 ;READ MSB

MOV DH,AL sNOM THE DATA WAS IN DX

MOV AX,DX

HNEG AX

MOV {DI}),AX

N AL, COUNTER_2 +READ LSB

MOV DL,AL

™ AL, COUNTER_2 JREAD MSB

MOV DH,AL {NOM THE DATA WAS IN DX

MOV AX,DX

NEG AX

MOV (DI+2],AX

0] AL, COUNTER_3 {READ LSB

MOV DL,AL

N AL, COUNTER_3 JREAD MSB

MOV DH,AL JNOM THE DATA WAS IN DX

MOV AX,DX

NEG AX

MOV {DI+4],AX

N AL, COUNTER_4 {READ LSB

MOV DL,AL

™ AL, COUNTER_& JREAD MSB

MOV DH,AL iNOM THE DATA WAS IN DX

MOV AX,DX

NEG AX

MOV [DI+6],AX
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1D76
1D78
1D7A
1D7C

D8
1D82

1p8s
ipa7
1D89
1D8sB
1D8D
1DBF
109

1D9%
1D96
1Dp9s
1D9A
1DsC
1D9E
1DAO

1DA3
1DAS
1DA7
1DA9
1DAB
1DAD
1DAF

1DB2
1DB4&
1DB6
1DB8
1DBA
1DBC
1DBE

B4
8A
Eé

61
DO
61

8A FO

8B
F7
89

E4
8A
E4

D8
45 08

62
Do
62

8A FO

8B
¥7
89

E4

c2
D8
45 OA

70

8SA DO

E4

70

8A FO

8B
F7
89

E4
E4

¥7
89

Eé4
E4

8B
7
89

8D
B9
B8
89
43
43
B2

BO
BO

8D
8D

B9
23
56
52
a3

5B
SE

45 oC

45 0E

45 10

1E 2072 R

0008

2020

0?7 CMZ:

FA
31
2082 R
32
2083 R

36 2330 R
1E 2072 R

0005

Ca N3
LES0 R

guge FEEguge

FEg=g= IHE

MOV

IN

MOV
IN

MOV
MOV
NEG
MOV

IN

MOV
IN

MOV
MOV
NEG
MOV

;PART 5>: CONVERT CHENNELS 1

33g52338 BE 3583 EEEEE

227
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Pags 1-77

AL,COUNTER_S
DL,AL

AL, COUNTER_S
DH,AL

AX,DX

AX

{DI+8] ,AX

AL, COUNTER_6
DL,AL
AL,COUNTER_6
DH,AL

AX,DX

AX
(DI+10],AX

AX
[DI+12},AX

AL, COUNTER_8
DL,AL
AL,COUNTER_8
DH,AL

AX,DX

AX

{DI+14],AX

AL, COUNTER_9
DL,AL

AL, COUNTER_9
DH,AL

AX,DX

AX
[DI+16),AX

sREAD LSB

sREAD MSB
1NOM THE DATA WAS IN DX

tREAD LSB

tREAD MSB
;NOM THE DATA WAS IN DX

sREAD LSB

sREAD MSB
;NOM THE DATA WAS IN DX

sREAD LSB

1READ MSB
sNOM THE DATA WAS IN DX

sREAD LSB

sREAD MSB
sNOM THE DATA WAS IN DX

=~9 DATA INTO ASCII

;AND DISPLAY IT ON LED

BX,DATA_DISPLAY

AL,’1’
(LEFT]},AL
AL, "2’
{RIGHT],AL

SI,SENSOR_1
BX, DATA_DISPLAY

cX,5

X

sI

BX

BX,3
BIN_BCD_ASCII_D
BX

st

JPOINT 10 THE ADDRESS OF
:DISPLAYING PROPARE TO DISPLAY
i |* 00032+ 00456

1NOW THE DATA_DISPLAY EMPTY

tSTORE SENSORS RUMBER IN RAM
+LEFT SIDE OF LCD

1RIGHT SIDE OF LCD

+POINT TO SENSOR 1
tPOINT TO FIRST ADDRESS OF LCD

1DISPLAY 9 + 1 PLACES

1SAVE SENSOR_1

jLC) FIRST ADDRES:3

}POINT TO FIRST DATA POSITION
;HOW RESULT IN (DATA_DISPLAY+3)
JRESUME LCD PIRST ADDRESS
sRESUME SENSOR ADDRESS



.HLGEOIOft (R) Macro Assembler Version 4.00

COMBINE GRAIN LOSS MONITOR

1DF1
ir2
pr3
1DF4
1013
178
1078
1DFC
10
1DFE
1DPF
1R00
1E01
1E04
1807
1E08
1E09
1E0A

1E0C
1E0E
1E10
1812

1E14

1E17
1E1B
1E1E
1E21
1E23
1824
1E25

1E27

1E2B
1E2D

1E2F
1E30
1E31
1E32

1E33
1E34

1E33

1E35
1E38
1E3B
1X3C
1E3D
1B40
1EA3
1BA6
1EA7
1X48
1RA9

&6
46
56
33
83
E8
38
SE
46
A6
56
53
B8
E8
5B
5B
59
E2

BO
E6
BO
E6

8D
B9
B8
a9
47
A7
E2

SA
59
5B
58

FB
CF

AO
88
40
A0
A2
A0
a8
40
A0
37
oD

Cc3 0B
1E50 R

1E35 R
1E92 R

DA

99
53
8c
51

0182 R

3 2330 R
000A

0000

05

FA

1E 2009 R

128
07

2082 R
A7 01

2082 R
2083 R
A7 09

3030

228
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Page 1-78
INC sI 1POINT TO NEXT SENSOR
INC st
PUSH s {SAVE NEW SENSOR ADDRESS
PUSH BX $SAVE LCD PIRST ADDRESS
ADD BX,11 sPOINT TO SECOND DATA ADDRESS
CALL BIN_BCD_ASCII_D ;NOW RESULT IN {DATA_DISPLAY+11]
POP BX ;RESUME LCD lst ADDR FOR DISPLAY
PoP sI sRESUME SI AND
N ST ;POINT TO NEXT SENSOR.
INC sI .
PUSH s1
PUSH BX
CALL SENSOR_NUMBER ;CEANGE THE SENSORS NUMBER
CALL DISPLAY +DISPLAY THE DATA ON LCD
POP BX
POP 3
POP X
LOOP UNN
MOV AL, CWIOI
ouT I0CTR_2,AL :
MOV AL,10001100B {APTER DISPLAY DATA OPEN THE
out 10B_2,AL ;TIMER AND SENSORS GATA.
CALL COUNTER_INI +RESET THE COUNTERS 1 -- 9
LEA DI, SENSOR_1 +CLEAR THE SENSORS AREA.
MOV cxX,19
MOV AK,00H
GPE: MOV {DI),AX
INC D1
INC pI
LOOP GPE
LEA BX,FLAG2 +IF FLAGS WAS SET 10 1,
s SERVICES
MoV AL,1 {HAVE BEEN DONF
MOV (BX],AL
POP pX
POP cx
POP BX
POP X
sTI
IRET
TEST_59 ENDP
H
H
SENSOR_KUMBER PROC NEAR
3 H
:DISPLAY THE SENSORS HUMBER :
;THE FIRST DISPLAY ADDRESS MUST BE IN BX ;
} H
MOV AL, [LEFT) ;SENSORS 1, 3, 5, 7, 9
MOV {BX+1],AL
INC AX
INC AX .
MOV {LEFT) ,AL
MOV AL, [RIGHT) +SENSORS 2, 4, 6, 8
MOV {BX+9] ,AL
INC AX
INC AX
AMA
oR AX, 30308
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1E4C
1E4F

1E50

1E50
1E53
1E55
1ES8

1E5C

1ESE
1E60
1E63
1E66
1E68
1E6A

1E6D
1E6F
1E72
1875
1E77
1E79

1E7C
1E7E
1E81
1E84
1EB6
1E88
1E8B
1ESE

1E91

1E92

A2
c3

8B
BS
F7
oc
88

B9
F7
oc
88

8B

B9
7
oC

B9
F7
oc
88
80
88

c3

89

E8
8B
E8
E8
43
BO

75
B9

2083 R

0000

2710
Fl
30
07

c2
0000
03E8
F1
30
47 01

c2
0000
0064
F1

30

47 02

c2
G000
000A
n
30
47 03
CA 30
57 04

0000
16 200E R

17AB R
a7

1429 R
1448 R

10

06 2008 R
06 2008 R
E8

03E8

MOV
RET

SENSOR_NUMBER

3
BIN_BED_ASCII D

9/6/90 21:17:24

Page

[RIGHT] ,AL

ENDP

PROC REAR

229

. BIN IN {SI] WAS A WORD TO BE CONVERDED :
RESULT IN [BX] -~ {BX+4] ARE 5 DIGITS ASCII CODE ;

RIEEE ERGEEEILLT

MOV

BIN_BCD_ASCII_D

3
DISPLAY

cccel:

PROC

DX,0

AX, [SI)
€X,10000
X

AL, 30H
(BX) ,AL

AX,DX

DX, 00H
CX, 1000
cxX

AL, 30H
[BX+1],AL

AX,DX

1%, 60B
€X,100
[>+3

AL, 308
{BX+2},AL

AX,DX

D%, 00H
©X,10

cx

AL, 308
[BX+3) ,AL
DL, 30H
{BX+4],DL

ENDP

NEAR

THIS PROCRDURE WAS TO DISPLAY 16 ASCII CHARACTERS ON LCD
1. THE CHARACTERS ADDRESS WAS IN BX

2. AFTER DISPLAY THE MESAGE WILL KEEP ON LCD FOR 1 SECOND

3. PUSH CX WAS RECONMANDED BEFOR CALLING.

§

MOV

PITLE:

g8

DX, POINT
{POINT_S],DX

POSITION
AX, [BX]
DATA_D
CHECK

BX

AL,108
(PLAGL]
AL, [FLAG1]
ceeel

€X, 1000

e me =t e e
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1EBA EB 1EE8 R

1EB7 B0 00
1EB9 A2 2008 R

DISPLAY
3

L]
1EBC DISPLAY_1

CALL
MOV
MOV
ENDP

PROC

9/6/90 21:17:24
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DN1MS

AL, 0Q0H

1DIS BOUR--SECND
[FLAG1) ,AL :

HEAR

230

i

;THIS PROCROURE WAS TO DISPLAY 16 ASCII CHARACTERS ON LCD
1. THE CHARACTERS ADDRESS WAS IN BX

2. PUSH CX WAS RECONMANDED BEFOR CALLING.

 we e ws we

]
1EBC BA 0000
1EBP 89 16 200E R
1EC3 E8 17AB R cccCll:
1EC6 8B 07
1EC8 E8 1A29 R
1ECB E8 1AA8 R
1ECE 43
1ECF BO 10
1ED1 06 2008 R
1EDS 3A 06 2008 R
1ED9 75 E8

1EDB BO 00
1EDD 2008 R

DISPLAY_1

i
1EEO ONE_MS

1EEC
1EE3
1EE5 E2

B89 0106 D1MS:
DiIM51:

FC

[
$
1EE8 N_MS

MOV DX, POINT
MOV {POINT_S],DX
CALL POSITION
MOV AX, [BX]
CALL DATA_D
CALL CHECE
INC BX
MOV AL, 108
INC (FLAG1]
cMP AL, [FLAG1]
INZ cccell
MOV AL, 00H ;DIS HOUR--SECND
MOV [FLAG1],AL
ENDP
PROC NEAR
- H
THIS PROGRAM EXECUTION TIME WAS ABOUT 1 mS
MOV CX, 01068 )
DEC DB
LooP _ DIMs1
RET
ENDP
PROC NEAR

H
IF THE DELAY TIME WAS N*lms, ;
LET CX = N AND CALL R_MS. :

1EE8 351
1EE9
1EEC 39
1EED E2

DNIMS :
1EE0 R

F9
1EEF C3

1FFO
1FFO

RESET

E9 0000 R

PUSH X

CALL DIMS

POP [o+4

Loop DN1MS

RET

ENDP

ORG 1FFOH

1 i
: RESET H
3 H
PROC NEAR

IMP START
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RESET

GRAIN
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ENDP

ENDS

START

231



