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- 3y lbstracth , .?f - v'v_t if: o

The assembly of a portabfe, low-cost mlcrocomputer~ '
based data acqu151t1on system 1ntended for the study of
atmospher1c turbulence is descr1bed The system measures
. fluctuatmg temperature and w1nd w1th a platmum-vure : \
ﬂ thermometer, an; 1nexpen51ve scn1c anemometer -and a palr of
propeller anemometers. The performance of these sensors,
with part1cular eMpha51s on frequency response, is examxned ;
Analog cond1t1on1ng, mu1t1p1ex1ng, and 8- b1t analog to—.
d1g1ta1 c1rcu1try,,developed to 1nterface~the sensors to a rl
low- cost RCA VIP- 711 tra1n1ng mlcrocomputer, are decrlbed
“The m1crocomputer controls data collect1on at from 5 to 20k
Hz, buffer1ng up to 3328 bytes Data collect1on is stopped
wh11e data blocks are transfered to*;tandard audio- cassette-
tape at 100 bytes pe: second The m1crocomputer also : ‘rv
retrleves the data from~tape and transmzts it to a host
computer at<600 baud v1a an~RS-232C nnterface.“Documented

I
'assembly and mach1ne language llstlngs of all software are

1ncluded Suggestions are made for modifying the software to
* allow- cont1nuous data collectgpn, var1able samplmng
frequgnc1es, faster data transfers to the host computer, and
real time output. : jﬂv " .
_ The potent1a1 of the prototype system is demonstrated
with examples of atmospherxc spectra computed from data

collected at a moderately un1form and horlzontal site.

Resu1t1ng power spectra and cospectra compate well.w1th.

s
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_ f];,;f*zf Chaptir f:‘_‘ -
| ‘ " INTRODUCTION:
our understanding of thecatmoscheffccsurface layer has-
been greatly enlarged b¥athegstudy'p£'carefcllmeascrements
“‘gg_qipq and tehperature\iguctuations'over'flat,‘uniform
‘ktecraiﬁ. éarametera of particulaf interest include the

vertical flux of heat,

. H= pCpw'g', (1.1)

and the downwards momentum flux or surface shear stress;

T= cbu'w'= pu,?, - (1.25

where the overbars denote time averagesland primes indicate

-

~fluctuations about a zero mean. In addltlon to tlme domaln

.-

atatlstlcs such as these, much empha51s is now placed on thea'
spectra of atmospherlc turbulence. Ther substantlal
.experlmental conflrmatlon of the predlcteé inertial subrange
behav;pur in one- dlmen51onal Eulerian spectra at frequenc1es

above .n= U/z: . ‘

S {n)= a(U/Zﬂ)2/3 2”n"“"‘k, : : t‘(f.é)

. sy (n)= Sw(n)= (4/3)Su(n), (1.4)
Sg(n)= ‘B(U/Zﬂ)Z/’Ne",”n's”. © (1.5)

The Kolmogofoff?cbhstants; @ and 8; are relatively well
established, thus dissipatfon fates_of.energy, €, aad

temperature variance, N, ‘may be evaluated from measurements

made at frequencies far below the actual_diséipation‘rahge.



. ‘ _
It 1s only in recent years that instruments capable of

maklng rellable measurements of atmospher1c turbulence at
frequenc1es in the 1nert1a1 subrange have become generally
.affordable. For the the all- 1mportant vertical wind
measurements, the sonic anemometer is currently the
instrument ,of choice. The bas1c pr1nc1p1e of the dev1ce is
simple; the difference in times for’ sound waves to travel in
opposite dlrect;ons along a fixed path is proportronal»to
the wind speed aiong the peth. However, the first commercial
sonic anemometers,‘introduced in the late sixties, vere
complex‘and cost;y,and therefore#snot widely used.‘Recently,
,following‘the work of Campbell and.Unsworth (1979) and
Larsen at1al.\(1979), single—oomponent sonic anemometers for
vertical wind measu;Zments have become available for around
$1000 ! ThlS is only a fraction of the cost of more
establlshed units and work by Shuttleworth et al (1982)
1nd1cates further prlce\reductzons ana performance
1mprovements are Stlll to come.«

Flow distortions caused by the acoustic transducers of -
a«sonic,anemometer b%comeAa severe'groblem when horizontal
uind measurements areAattempted.'Consequeptly, horizontal
soniQ%Dseem.likely to remain as veryAspecialized (and
expensive)'research tools. The ionic anemometer, recently
developed'by_Barat et al.. (1982), may prove to be the

low-cost answer to measuring horizontal wind fluctuations.

This simple anemometer, based’on the drift.of ions created

]

- —— -

ALl pr1ces are Canadian (1982)



during a corona ‘discharge, is well suited to both vertical
and horlzontal turbulent wind measurements. At present,
however, relatively low-cost, commerc1ally—ava11able
instruments used to obtain horizontﬁl yind,variations
include propeller anemometers (Hicks, 1972):and drag'
anemomaters (Smith, 1980) ' . |

Much of the research a1med at developlng }ow cost
turbulence 1nstruments'centers around an interest in ;
obtaining reliable, routine (possibly even remote) flum
measurements'by use of (1.1) and'(1.2). This so-called eddy‘
correlation method has attracted much interest from workers
in agricuiture‘and forestry, .as well as meteorology, who
have traditionallf used highly empirical, aerodynamic
methods -to estimate fluxes from pro¥ile measurements. This
emphas1s on flux measurements is reflected in the data

A\
acqu151t1on products currently on the market Still

followlng an approach flrst useduby Dyer et al. (1967),
'commerc1al units tend to be dedicated to/computing and
displaying real-time covariances. While analog circuitry was
originally used for this purpose, modern systems are
mlcroprocessor based and perform dlgltal calculgtions.

Elther way, the drawback with such an approach is that it
precludes . any further analyszs of the data. As a: result ‘the
study of atmospherlc spectra continues to;be‘done w1th
‘on—site minicomputers (e.q. gedford et al., 1981) or
smultichannel FM analog recorders which are later digitized

with a m1n1computer based fac111ty Bothpapproaches are

——



',enpen51ve, cumbersome, and require a hlgh degr&e of
technical expertlse.: ’EE?

For tonventional meteorolog1cal appllcat%?ns, mlcro-'
processor based data logglng 1s becoming commonplace. The
least expens1ve systems, wh1ch store data on audlé cassette
tape, start at about $2000 Retr1ev1ng and transm1tting the
data to a host computer for proce551ng requires another
dev1ce of comparable cost. Weihofen and Woehl (1981) have
shown, however, that a commerc1al training mlcrocomputer
costlng less than $200, could be used in place‘%f such &?
system.’ Thelr dévice saves data on-'audio cassette tape u51ﬁ§f
the 300 baud (30 bytes per second) Kansas City Standard |
" format. By using this pOpular audio ericoding SCheme,vthe »
tapes of Weihpfen'and Woehl could be read directly by the
host computer system avallable for thelr data proce551ng.. _ iy;
Unfortunately, use of the Kansas City Standard results in a ' .
system that is too slow for collectlng multiple channels of
.turbulence data. .

The slow speed of the Kansas C1ty £ormat has led ‘many
mlcrocomputer manufacturers to abandon 1t in favour of their
own faster versions. Several traﬁn1ng computers, in the
class used by Weihofen and Woehl, .are currently aVailable

-

"with cassette interfaces operating at around 100 bytes.per

"second which makes them suitablle for collecting turbulence

. data. Such non-standard formats., howeuer, are unlikely be

e

supported by the host computer to be used for data

processing. This means the m'crocomputGXfmust'be used to
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’

control data retrieval 4s well as data collectzonx.

The' ob]ectlve ofztpls prOJect was .to- assemble a
'mlcrocomputer based data acquls1t10n system capable of
‘collectlng several hours of turbulence data and transferrxng
these data to a host computer for proce551ng. In .addition to
~ being 1nexpen51ve, it was;de51red that the system be easy to
}construct without the need for spec1allzed development
equ1pment. In order. to accompllsh this®*the system has been
kept as simplé as posszble. The pos51b111ty of comb1n1ng
teal -time calculat1ons with the primary task of,data

collection, althdugh desirable, has not been explored’here.
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_Chapter 2

A LOW-COST- INSTRUMENT ARRAY

2.1 Instrument Requirements.

Sensors are tﬁe starting point éflény data acquisitién.
system. Those uséd to measure atmospherié'turbulence require
mpch:bettér resolution and frequency response than areh
needed in-convé%tional meteorological apblidations; As wéll,
turbulehce Qensors must bé'carefuliy:designed so that thef
do not sigqifiééntly modify fhe’éharacteriStics of the flow
which they aré attempting to'méasure. |

The response of an ins;fument‘to a sinusoidal input may
be characterized by an amplitude functiod, H(n), and a'phase
lag,-¢(n),\such that a sinusoidal input'signalf sin(2mnt),
, is'ﬁransformed to H(n)siﬁ{ant-¢(n)}. Here, it is mbrg’

.

convenient to use the transfer function
' .

T(n)= Hz(n)= ' (n)/s(n), | (2.1)

where S'(n) is the computed';SFimate éf the actual‘power

i spgsf?um} S{n)..Knowledge of T(n) reveals therlimitations of
ah-inét;umeﬁp'andhqpp to‘é certain extent, enables them to
be corrected. Typicaliy, the hélf?power‘bqint) where

: T(n)=1/2, is‘tgkenfas the representatiQe cut-off’;frequenc_ﬁ~
"of a sensor. Figurg 2.1, from MéBean (1972), Pérmits éne fO‘
estimate the ioss of vertical flux duevto a high frequency

cut-off as a function of height, wind speed, and stability.

Typical conditions encountered at .5 to 10 m above the
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surfapé require cut-offs ranging from i to $ Hz in order to

keep the 'loss of flux under 10%.

~

Instrumental phase responsé is often 1gnored because
3

 power spectra are independent f"it. leferences 1n ¢(n)|

betwegn two instruments will, however, effect covarlances
énd\ggfpectra. A complex cross-spectrum, S,., may be
correéted for instrumental responée‘by subtracting A¢¥¢z-¢4
from the phase and dividiné the magnitude by‘by'H H,. The
cospectrum may then be obtalned from Re{S,,} and numer1dally
1ntegrated to give an improved’estimate of the covariarnce.
In the present p:pject two propeller anemometers, a
soniclanemoheter, and a élatinum wi;g thermometef are ﬁééd
té measure atmosphefic tﬁrSulehce. Each instrument
r esents a different fradé*off between cost and ' .
performance which must be individu;llj examined.
2;? Tbe P;opellér Anemometgr‘
The propeller anemometer, developed in the early

sixties, is a durable, low-cost, fairly sensitive wind,

sensor. The widely-used Gill UVW array (consisting of three

propeller anemometers mounted at right angles to each other)
( ‘. .

p%esently sells.for>around $1500.? Eaéh‘anemometer~consiéts

of a lightweight, four-blade, helicoid propeller (23 cm
\

:aiaméter) dirédtly'driving a d.c. generator which produces

'.approximately'so mv/(m/s). Ideéally, a fixed bropeller

. .
. anemometer would respond only to the component of the wind

—— - ———— — - ——

*Made by -R. M. Young Co., Traverse City,,Michigan

4



vector parallel'to its axis, thus alloning a fixed afray of
tnree orthogonal propellers to completely determ1ne the wlnd
f1eld In practice,: 6111 propeller anemometers dev1ate from
;thls so- called c051ne ‘response as the angle of attack (angle
between the rotatlon axis and the wind veCtor) 1ncreases.
Drinkrow (1972) and Horst (1973a) have 1nvestlgated thls
" problem and devzsed iterative schemes for recoverlng the
true wind components fromlthose measured byran orthogpnal
array of propellers. | | ‘4‘ .

The frequency response of the Gillyaneﬁbmeter is of
more serious concern. TYpically] it.isomodelled with a

transfer fnnction of the form ,} R : .

Tp(n)= 1/{1+(2wnL/U)’} (2.2)
and a phase lag .

" ¢p(ny= tan~'(2mnL/U), ‘ : (2:3)

where L iseoalled the length ¢onstantffo ¢xamining the
: \ L )
response of propellers released from rest in steady, wind

tunnel flows, Hicks (1972) suggested that

L= Locos '/ze \ (2.4)
where L, is the length constant measured with the mean- wind
aligned with the anemometer (about 1.0 m for. a 23 cm
propeller) and © 1s the angle of. attack A half-power point
at n= U/27L means that this sensor will frequently lose 20%

or more of the vertlcal flux and rarely allow d1551pat10n

estlmates from the 1nert1al subrange without large'



corrections to‘computed spectra. Figure 2;2_showsvthe large. -
..variations in T.(n)ﬁdue'to chaﬁces‘in'axial windfspeed.
addition, indiviaual variations due to bearlng year,and dirt
can also suhstantially degrade the frequency response. THis»
nakes applying meaningful corrections7totpropeller spectra
difficult, since response lengths based on individual |
calibrations should be used, rather than those supplied by
the manufacturef. » |
If one[propeller is aliéned directly with the mean wind .
(6=0°) for optimun performance. (2~3) implies that the
frequency response of an orthogonal propeller (lateral or
vertical) will be extremely poor. Fortunately, Flchtl and
Kumar (1974) have shown that the 51tuatlon is not quite so
bad in a turbulent atmosphere. For angles of attack neatr 90°
they found that the responsge 1s primarily a function of the
intensity of the turbulence along the propeller axis,
resulting in length constants typlcally 4 or 5 t1mes less
than those glven by (2.4). Even so, the frequency response
is continuously.varying and the transverse propeller is
almost always'operating'in its non-llnear regime below
1 m)s Stalllng occurs frequently as the axxal w1nd speed
/falls below 20 cm/s. a f'f‘ B
Eor horlrontal wind measurements, mounting a perpen-
dicular pair of propellers such that the mean horizontall
wind makestan'angle of 45° with each, seems to be the best

approach. In this spec1al case, both propellers have the

- same response (L= 1.2 m) and a single transfer function can
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be used to modlfy the spectra of the resolved longltudlnal
dand 1atera1 components. All other cases will involve
comblnlng-data from sensors with dlﬁferent responses.’ Brooks
e A < e :
- (1977) derived'an effective time constant, using (2.4), for

-

.-a wind component resolved from a pa1r of perpendicular

4

. propeller anemometers, g1ven by u“‘ . v - .
L'= L{1.093+.093sin(4e-w/2)1. (2.8

Desplte the llmltatlons of the propeller anemometer,
low cost and durablllty have’ resulted in 1ts wldespread use,

The lack of an inexpensive alternatlve has resulted in the

.
IR '

use of a palr of horlzontal Glll anemometers here.‘ v
;.%%3 A Low-Cost Sonic Anemometer
| Ebne-dimensional,_sonic anemometers are well»sulted to
‘vertical wind measurements because of their relgtgmely-good
frequency response; linearity, and absence of a threshold.
Flow distortions in the uakes of transducers, whlch greatly
restrictpthe'allowable anglebof attack of horiaontal sonic'
anemometers, are not a problem for vertically- mounted unlts
since the mean wind is almost always transverse to the sognd
path.;The CA27 a commerc1al vers1on'of the contlnuous-wave
'sonlc anemometer de51gned by Campbell and Unsworth (1979)
was, purchased for th1s pr03ect at a cost of about $1200
The 1nstrument is shown in Flgure 2.3. Most prev1ous SOnlcs

_have used separate transmltters and recelvers at each and of

N

’Made“by Campbell Sc1ent1f1c Lpgan, Utah.
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the sound‘path In the CA27, p1ezoelectr1c transducers
“interchange the tasks of transm1tt1ng and. rece1v1ng ultra-_;
jSound a hundred t1mes per second. The un1t operates from a
:12 v battery, has an output of . V/(m/s) and a range of
+3 m/s. The effect.of_temperature variations on both the
speed of sound and ‘the characteristrcs of the -transducers is
not taken 1nto account by the c1rcu1try of this son1c
aheuometer, thus llmlting accuracy to about +1 cm/s.
Although susceptlble to ra1n and dew the small 51ze of
the transducers employed by the CA27 allow the use of a
sound path only. 10 cm’ long, half fhe dlstance used, by ‘most T
sonics.” This is 51gn1f1cant, as 1t is the averag1ng of the
wind over this path which ultimately limits the high
.. frequency response of the instrumeht; For the case of mean
wind along 'a sound path of length d, Mitsuta (1961) derived

~

the transfer functlon

Tsi(n)= {(U/ﬂhd)sin(wnd/u)}2 (2.5)

-
o
(2N ]

by applying Taylor's frozen turbulence-hypothesis; x=Ut, and
'1ntegrat1ng a 51nu501dal wave over the t1me 1nterval
appropr1ate to the sound path This approach atso 1nd1c§tes

jthat there 15 no - phase sh1ft associated w1th the horlzon l

,llne averag1ng process A,comparable analytlc expressgoh for
a vertically mounted sonic.anemometer-has_notpbeen found,

although Kaimal et al. (1968) and Horst (1§73b)’have

14~

produced numerical approximationé haaed‘%hhtﬁe’aSéumptfoh~of RIS

Aan inertial subrange, The:- followlng fifth-order polynomlal

e A el - e °~ay~ b T had R -
- @, « E- - -
- - ;

“ -y - - . . o [ P o
-~ - e am R . . - . e = e . .
e R Tt T T R, s e e e a P
S e ool L Dl B . .. . .
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closely fits their-tabulated.data for a vertical sonic

anemometer with a single, 10 cm sound path:* | B

Tss(n)= exp{-0.0268-0.0664x-0.0662x2-0.0201x?
' ~0.000269x*+0.0000383x%}, (2.6)

L3

Jhere¢x=ln(n/UY‘!§lots of Tg,y are shown in Figure 2:4.
Although much better than that of a Gill prOpeller, the
frequency response of the son1c anemometer still has a
strong dependence on the mean wind. However, this correction
lS‘relatively small in the range of interest here and,;since

U is the only important meteorological variable involved,

"Tss; can be applied to spectral data with a high degree of

.confidence.

2.4 A_Platlnum Wire Thermometer

Fluctuations of temperature are much easier to measure
than ‘those of wind. Generally, thermocouples or re51stance
wires w1th small s1ze and mass are used. A fine-wire

thermocouple (Campbell Sc1ent1fIC‘127), 1ntended.for use-7

with the CA27 sonic anemometer, sells for over $300.. Here,

~’following_Haugen et al. (1967) a single strand of 99.9999%

pure platinum wire,. 25 um in dlameter, was loosely strung

parallel .to the SODlCﬁ path This sensor, and accompanylng

[ L 4 e

c1rcu1try, cost.aboutk$19.< B P

S
N §

————————————————— . ST . - [T
; : - . : : R

‘The Tg; values (labeled T,) in Table 3 6f- Kaimal et~ all““'“‘.‘
© (1968)..should each be: dzsplaced to the next-lowest- tabulate&

frequency. The graph’of~T3 in-Figure®1 of that paper 'is,’

-however, correct.

*Platinum wire was obtalned ‘from Alpha Co., New York. Cost

‘n(1n -ed@rly 1982) was ‘$37 per. meter. - e
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’The'aa;anta;aé of‘ﬁlatinum*ara well known and include
jgood stab111ty ana llnear1ty over tempetatures of
:meteorologlcal 1nterest The change in res1stance with
‘temperature, 0.00395 R(0°C) per °C, is large compared that
of most metals. The re51st1v1ty of pure platinum is
10.6 wohm-cm which, for the chosen diameter of 25 um, gives
‘a fesistance of 2.16 ohm/cm. Kaimal (1968) has shown that
the frequencyuresponseaof such thin wire is predominantely
determined by‘tha'line avaraging_process; therefbre,.fbe
transfer functip; presanted for the vertical sonic
anemometer is directly applicable. -

A 10 cm strand of the platinum wire (2{.6 ohms) was
placed in the Wheatstone bridge shown in Figure 2.5. A ten-
turn, 10 ohm, variable resistor, Ra, is adjusted to bring
the resistance of the platinum wire plus leads up to 28. 0
ohms. This is ea511y done by nulllng the bridge output, e,.
The fixed resistors (metal film type w1th low temperature
coefficient) were matched to better than 0.5%. Analysis of
EheJcircuit in Figure 2.5, under the assumption that QR,.the

variation of the platinum wire resistance, is much less than

‘R, gives
€= E1AR/4R R ' .v (2.7)

In order to avoid seif—heating and wind speed dependence,
“the current through the platinum wire.must be kept'low.'.
"Usihg E,=5:V and R,;=1 kilohm gives e,=135 mV and a current

of 2.4 mA through the wire. Power dissipated@ by the wire is



Figure 2.5. The -

The temperature bridg
‘active arm up to 28 o

18

: platinum wire thermometer.
of a 10 cm strand of

The resistance

25 um platinum wire is about 22 ohms.

e adjust, Rg,
hms in order

is used to bring the
to balance the bridge,
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iapproxxmater?‘t50muw E, is prov1ded by a 7805 voltage

t. -

"regulator Whlch varles by less than 1% from 0°C to 30° Cz'

P2 -

The brldge output eQJ 3; very-imall,.and.must be
appl1ed to a high- gain, low-noiee, differential aaéiitiér.""
Using a gain of 5000 a 22 ohm strand of platlnum w1re was
;callbrated in a water" bath which gives- more- stable and _

-easily controlled temperatures than air’ Using the range 20
.to 35° c, "a calibration coeffzcxent of 0 107+0 004 mvV/°C was
;;-obtalned The theoretlcal value for a 22 ohm wlre 1s
0. 105 mV/ C From thzs good agreement 1t appears that a
J51mple calculatlon based on the re51stance of the platznum

‘w1re is suff1c1ent for cal1brataon. The cal1brat1on

coeff1c1ent in mV/° , is obta1ned by multlplylng the

P
. v ot €5 e oo ar -

re51stance of the platlnum uzré at, room temberature (1n

platlnum wire thermometer and a commerc1a1 thermocouple
(Campbell Scientific 27) clearly showsya high visual
correlation. The effect og line averaging can be seen in the

slightly smoother platinum wire trace.

2.5 Instrumenttnounting
Mounting thevselected instruments in the field iaknot a’
trivial task. The cont1nu1ng controversy over the results of
the Kansas. exper1ment (e.g. Wyngaard et al. 1982)
underscores thé importance of avoiding obstructions:which'
may distort the flow being measuredr Prdper alignment of the

wind sensors is also vitally important. Wieringa (1972)



Thermocouple

. -
. 5.

Figure 2.6. Comparison between platinum wire thermometer
and a commercial,‘fine:wire thermocouple. The traces were
obtained in the laboratory by gently blowing across the
probes. The thermocouple was located about 2 mm from the '
center of the resistance‘wire.jg.high visual torrelation is
evident although the thermocouple seems to show more fine
detail. : ’ '

s
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.son1c probe was remounted on a seven p1n, MS type, Amphenol

" 21

c

found ,that one degree of sensor tilt could result in errors

’of-up to 10% in momentum flux and 5% in heat flux,

The CA27 sonic anemometer.seems to be poorly designed

.

in terms of m1n1m1z1ng obstruction to the. flow. Hpgstrom

(1982) has recently found errors of 10 to 20% in varlancesl
and covarlances caused by flow dlstortlon around a vane-
mounted hot- w1re turbulence sensor whlch is much more.
aerodynamically shaped that the son1c anemometer used here.

It therefore seems llkelg that dxstortlon of the flow due to

'the ¢ylindrical base of the CA27 could. s1gn1f1cantly effect

,the vertical wind measurement To reduce thls problem, the

.
» .

connector compatlble with’ the standard Glll UVW array..The

1_,£1lter -and- blower housed 1h the base of the Glll array (used

W m e

only for contlnuous operat1on appllcatlons with AC power) .

- . .were. replaced w1th the electronlcs of the sonic anemometer.

The- platlnum wire probp was mounted on the sonic probe
parallel to the sound path. The resultlng w1nd=temperature
array, shown in Figure 2.7, reduces obstructlon problems

whlle prov1d1ng a single- unit which 1s falrly easy to handle

“and level. Level1ng by sp1r1t levels and visual 1nspect10n

-

can typlcally be done to w1th1n +1° When only a’ szngle

‘level of measurement is attempted the array should be -

mounted as hlgh as possible in order to optimize sensor

response.

-
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Figure 2.7. The wind-temperature array. The sonic
anemometer and platinum wire thermometer mount into the
Socket on the Gill UVW array originally intended. for a
vertical propeller. :

Electronics
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Chapter 3

— T ’ ANALOG SIGNAL’ com)x'rromns

3.1.The role of Signal Conditioning

The outputs from the 1nstruments, eventually to be L

s - s

“”dlgltlzed \must flrst undergo considerabﬂe analog ’
‘proce551ng Typlcally, ‘the small iluctuatlons of 1nterest

.,5wrll be super1mposed ‘on a large d c. component representlng

the mean value of- the 51gnal Thls_@ust be removed’ and the

fluctuations must then be!rmﬂified so that they utilize'thec

‘avallable dlgltIZIng range (nom1na11y 0.to 5V for all
Y;channels) as fully as possible.- H1gh pass fxlters can be‘?
used to remove d.c. and low-freguency components of the
signals, although .a-simple"offsetv-if possible,.is
preferred as it allows easy reconstructlon -of the absolute

S
~

'51gnal level. Finally, it is important that ‘the szgnals

\

v

undergo hlgh pass fllterlng in order to reduce errors due to

aliasing.

3.2 Alxas1ng

T

A11a51ng errors are, 1ntroduced by the dlgatlzlng -.4._;.;,

- b

process. Only frequenctes -less than half the sampllng

'frequency, the so called(gygulst frequency, n°= 1/2At can

>

be resolved Energy from the’ h1gher frequenc1es 1s folded"

back around the Nyquist frequency according to
— ,

//’,,,/’

Sa(n)— S(n)+L s(zmno n)+S(2mno+n), - (3.1)
m= . ,



’where Sa the aliased estimate of the true power spéctrum S.
Applylng a rectangular fllter pr1or to d1g1t121ng, wh1ch
removes all f{equenczes\above No, would eliminate al1a51n§
completely, but such ideal f1lters are hard to come by A

Tprattlcal “two- pole, Low- pass Butterworth fllter wlth

half power po:nt ‘at no has a transfer functlon given by

.'i‘f(n> =1/{i+<n/no)‘}“ - | (3.2)
and phase ' |

e
a e

These are shown in Figure 3.1, The phase lag of the filter

can be 1gnored only if all of the channels experience the

- o

o
same filtering.

Given the natural n ®/? roll-off in the inertial

subrange of most atmos

. spectra, a two-pole filter,

although unable to completel eliminate aliasing, will

COnfan the. contam1nat1on to.a sm gle fold (neglzglble

N s

”contrlbutlon from above 2no).

CRE S

vhs can .be seen {n’ Figure 3.2, Sf(n) is a good approxlmatlon

to the true spectra due to the close cancellatlon of

AN -~ - ", L

- alxasrng by the two pole fllter. To further 1mprove the B
spectral estlmate it is necessary to provide an exp11c1t-
expression for S(2n0~n). This can be done by extrapolating.
. the measured spectra‘(not‘including the aliased end) or,
folloving Kalmal et akg (1972), inertial subrange behaviour

2
\..

S :. .24

#i(n)= tah:f{hon/(naz-n’)}. _ R (3.3)
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Figure 3.1. Transfer functibn (a) and phase (b) of a two-

pole, low-pass,
at 5 Hz. '

Butterworth filter. The half-power point is
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Figure 3.2. Effect of a two-pole,"
aliasing in the inertial subrange.
estimate of S in. the absence of any

~ N Pm cen cnes e ome pmee  cw—e a—

low-pass filter on
Sa represents the aliased
filteripgg. S; shows the

result of low-pass filtering with half-pow point at the
Nyquist frequency (5 Hz). Finally, S. shows the result of

correcting the filtered spectra, S;

» for the effects of

low-pass filtering. While S is clearly an improvement ové;

Sa, the best. overall estimate appea

-

rs to be Sy.

4
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",could be asSumed Im most cases,_however, this extra work -
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/3.3 Practical Circuitry o e L

~

' To prov1de the requlred ampllf:catron voffsetr and _
'fllterlng the output from each 1nstrument was: passed through
~the precond1t1on c1rcu1t shown in Flgure 3.3. It cons1sts of
a dlfferential preamp11f1er followed by a h1gh pass. f11ter,
-an- 1nvert1ng ampllfmer WIth adjustable galn and offset and
ra low pass fllter.A _ _ |

The major funct1on of the dlfferentlal ampllfzer is to
reference all-the 1ncom1ng 51gnals to-a common ground. By
: rever51ng the role of the. 1nput termlnals, thls stage can
v also be used to.set the final polarlty For most sensors
Ry= Rz= R,— Ru- 1 megohm, thus g1v1ng unit ga1n and 1nput'
1mpedance of about 500. kzlohm (all resistors were matched to
better than 0. 5%) For the temperature 51gnal 'R, and R,
uere replaced with 100 k1lohm re51stors in order to glve
this stage a ga1n of 100.-The resultlng 1nput impedance of
only about 50 kilohms is not a problem due to the low
output. 1mpedance of the temperature brzdge (less than 30
ohms).. . \ _ . )

The output from the d1fferent1al amp11f1er then goes
into a ‘two- pole,‘;utterworth thgh pass filter. w1th a half-
_ power p01nt at 0 005 Hz. The output from this filter
.‘connects into the 1nvert1ng ampllfler stage y1a_the toggle
switch S;. This allows the high—pass filter to he‘left out

a
L’ :




_ ,,' e e o o _7"-”“;1, B - . .'28
R . . - “ N -
o "Differential B . - | <
R 4 émblifiéf ) RA:3 o L T oW 'Rs 2 ke Fyven Wl e . e n_\: ——" a o
» " 3 v o d m' o B *65‘( , . . l{ ] .
" - |f‘* o0JdN 7 _|'High-pass fxltet'(ﬁ -
. . ’ Yran & C2 . ot 3 - e - fl‘ .
- - =t .400uE. A %
- - 1 130k L
Imeg i Manual | :
T 7 Autor .~ -
' St o —
. & w 100k to imeg . : . C3
. : [ (Gain) - 4¢ —
5 R7 o Ao R GRewT v mzifzﬂp PR S
—a R13 | R14
Offset adjust . T ; 100k
;o R9 " P1 [ 0k . R10 "
" 48V o : ! C4 | Yoo ___J . -
-5V ' o
r - . I1.0pF
1 Optional | = =
. low-pass Low-pass- filter
filter
- . Option 5 Hz
O
S2
' - — Out
* |Chan | R1T . R2" R7 R9 R10 R11 Ri12 is
T | 100k 100k 2k 200k 200k .2k 2k )
W . Imeg 1meg 200k 10k _ 10k 10k 10k
u Imeg 1meg 20k 10k 10k 10k 10k
v 1meg 1meg 20k 20k 20k 5k 5k )
X imeg Imeg 20k 10k 10k 10k 10k Spare
Y imeg 1Imeg 20k 10k 10k . 8.5k 8.5k |channels

Figure 3.3. The prototype analog precondition circuit.
Component values which vary from channel to channel are
'shown in the table. All resistors are 1% metal-film types.
The operational amplifiers are each 1/4 of a TLOS4CN.
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of the c1rcu1t if deszred 1n wﬁich case~the output irpm the-- -

d1£ferential amplzfler is sent directly to the 1nvert1ng

7 amplifier The switch does not close off the 1nput to the

high pass filter as this would regu1re ‘the filter to -
resettle (approximately 200 seconds) whenever S, is- thrown.~

The gain. of the 1nvert1ng amplifier stage is given by

Rg/R, where Re, constructed from a 10-position rotary switch .

and 100-kilohm re51stors (1%), is variable from 100 kilohm
to 1 megohm in 100 kilohm steps The value of R, depends on
the sensor. For the sonic anemometer R7= 200 kilohm has been

found to-work - well givwng gains from 0:5"to 5; Por -~

| propeller anemometers R,= 20 kilohm results in acceptable

-

gainS'from 5 to 50. The platinum wire thermometer'amplifier A
uses Rj= 2 kilohm, which, in conjuction with‘ he-gainvof'1do‘
in~the‘differential amplifiér .gives gains trom 3000 to
50,000. The ranges were selected on the ba51s of field
tests, "so that the typical range of turbulence levels can be~
accommodated with reasonable sensitivity

' fhe adjustable potentiometer arrangement attached to
the noninverting terminal of the inverting amplifier stage
allows a d.c. offset to be added to the signal in order to'
approximately center it in the 0 to S V digitizing rangei A
ten-turn potentiometer was used for P, to afgow good control
over a wide range.

Finally, the 51gnal is subjected to low pass filtering

A 'two-pole, Butterworth filter with half- power point at 5 Hz

-is,appropriate for the typicalgsampling frequency of 10 Hz.

/ |
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Henever;nbofaccommAdéte?differen€‘Samplih§ rétesf-the-svitcﬁ
S, provides a path to ah'6§Eioﬁ$l;&ihiéféhéﬂgeébie filter.

Iﬁ the prototype system, the circLit'shown in
Fjgurg‘3}3, gxclﬁding the optionél filter,‘was implemented
on_st&ndard; one-sided, 22-pin, printed-circuit cards, each
'uSingfa'gihgle; ingxpehs{vé[‘moﬁoliﬁﬁié QGadhépgrationéd
‘amplifier (TLOB4CN). Tehperature dependent offset drifts are.
not'critical in this application as the analysis of data |
invariably requires the removal of mean values énd linear
trends over a féw minutes. The cost of parts, per Channel,
"Qééiabbuél2T5”éithbdgﬁatﬁi§Aéouig vgfy'substantiéily B
 depénding on the guality of thé.hardwarg selected.

Commercial quality integ;a;ed circuits, which have a
‘feéommendédvoperating range of 0°C to ?O°é, wefé;ggnerally
‘used Hérél +h¢ prototype sys;em\includes tw6 spare channels
for a total of\fix. Optional filtefs for all‘six chanﬁgls
were implemented bn a single printed-circuit card. The
operational amplifiers in the system are powered by 8 V
obtained from a pair of 12 V lantern batteries via common

monolithic voltage fegulato:s (LM!T?,LM337). v

3.4 Field Operation .

The six channel prototype Analog Precondition Unit
(APU) is'éﬁéwn in Figure 3i5. Two 12 V lantern batteries,
which supply the power to the unit .and the sonic anehometer,
fit insidé the unit. The basic wihq—tempegiyure érray?plugs

into. the rear panel of the APU with a single_cohnectoru
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channels, X and k'S The channel sw1tch allows any of the

condltloned 51gnals to be dlsplayed on the analog meter. The
offset swltch allows read1ng the appl1ed dtcxvoffsets, j'
In the fleld 1t is necessary to adjust the galn and.-
offsetVSettings of~eaeh.channeluto obtaln slgnals,with neans
of about 2.5V (25 uA onfthe analog meter) and fluctuations
between 0 and'S V (d‘and SO;AA) The. analog. meter can be .

used for this purpose, however, a strlp—chart recorder- works

“much. betteru The reoander should be set. on a.0 ;o 5.V, range o

and connected to the meter output at the rear of the unit.

I1f additional strip-chart:recorders are available,

'"'indﬁyidual?channels’can-be'monitored~Viafcondftionedfsjgnal;

outputs prov1ded at the rear- of the APU. ,f b e s

K3

Durlng fleld testlng, 1t was found that h1gh pass

z,,..q.o

f11ter1ng was never requlred for. vertlcal w1nd measurements

BT

For tempe;ature,‘a fixed offseticould;generally be used.for‘ }\
intervals of only ahout 15 minutes, The best gain settings

at “theé ‘start. of an experlment were such that the. maX1mum
fluctuations covered from 50° to 75% of the avallable range.

A sllghtly larger ga1n could be used 1f hlgh pass f11ter1ng
=

was employed however, fllterlng was av01ded whenever ::A, S SRR

‘ e

poss1ble due to the 11m1tat1ons 1t 1mposes on,the low

.

frequency contr1but1ons to fluxes and spectra. In addition,

high-pass filter corrections are somewhat uncertain due to
-the difficulty of trimming and testing such low frequency

filters.
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ii4 1 A Low—Cost M1crocomputen mh:;_::: S o
: Follow1ng the most 1nexpen51ve approach p0551ble,_the
'condltzoned analog s1gnals were channeled through ‘a multr-
»plexer (MUX) 1nto a 51ngle analog to- d1gltal converter
(ADC) In order to operate correctly, the MUX and the ADC
.have to be provided wlth varlous control 51gnals. The
'dlgltal ‘data produced by the ADC must then be collected

*'encoded as audlo sagnalsw‘and recorded -on a cassette tape.

. e a e e~

A

These tasks may be performed eas1ly and economlcally wlth
the aid of a commerc1al mlcrocomputer. The approach used in
:the present - system 1s to collect the data temporar1ly in ‘a

-

. (reserved memory area in the computer When thls buffer 15":;
filled the~collectlon proceSS‘ms ~stopped and the data are
»trans%erred to a cassette .recorder, . Data collectlon resumes
| when the tape transfer is complete and. the cycle gontinues

for as long as requlred Thls is clearly not the best'

" "approachj contlnuous Qata collectlon would be’ preferable.
"However, the approach adopted is the 51mplest one - p0551b1e“
and,_therefore, was considered an appropr1ate start1ng
point. |

v ‘ Numerous low-Cost single- board mlcrocomputers,
. .
intended pr1mar11y for educat10nal and recrqatlonal use,

were available 'in early 1982 for under $300. The RCA COSMAC

:’VIP CDP18$7fW, shoynuin"Figure 4.1, was chosen for this .

%

el . . " . s ' . .t ‘e -
5 T ) : . e . \ .

.- o
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‘.wtary Metal‘0x1de Sem1conductor) fabricatlon of the 1802 and

T = e e

pro:ect although unfortunately,'ft”hasfsfﬁce”been-

d1scont1nued by RC§ It 1s based on the B“blt COSMAC 1802

m1croprocessor runnlng at 1. 7609 MHz. The CMQS (Complemen-hﬁm

a;other components in the VIP 711 prov1de low power"

\;v,f,\'.

'requxrements'and-hlgh n01se;1mmun1ty. On*board‘memory

consists of two kilobytes of static BAM:(Random Access

Memory); empty sockets for an additional twd kilobYtes of

RAM, and 512 bytes of ROM (Read Only Memory)‘containing'an

operating system. The VIP-711 also includes'a'cassette

\Lq

;1nterface, v1deo 1nterface,(an RF modulator 1s needed to use .

‘a TV without & video 1nput) parallel I/O port, expansion

connector, hexadecimal keypad, tone circuit7 and"a power

supply Except for the power supply, the system fits onto a:

s1ngle boa:d measurlng about 20 by 30 cm.

The bas1c VIP-711 cost $260. Addlng a cassette‘tape.
recorder,‘_an RF'modulator,’ and filling the empty RAM
sockets brought‘the.price'of the useable system to about
$400. Various accessoties'whlch'fit'into the expan51on )
connector were also purchased including a four kllobyte RAM
expan51on board ($150) an EPROM (Eraseable Programable Read
Only Memory) programmer -($150), and EPROM 1nterface board
($60). These relat1vely expen51ve options were not needed
for-the.current pro:ect. . |

The VIP-711's built in cassette 1nterface, 1mplemented

~

largely in the operatlng system software, is vital to the

P e - ———— e —— - — - ——

‘Sony TCM-131, $80. -
™M & R Enterprxses Sup "R" Mod 11, $40.

N
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a L videowm

o V-v :“4" NEAR S A .’.“.,‘..-‘-‘.. “r“,.‘ ‘.“;:
Power (5-Volts)- - ... 1177
’ P%qstﬁc Cover '

b

.| GND [ EXPANSION CONNECTOR | [ 1/0 PORT - ' |
. a - —— - .
0 +vDC L R T SO
) l_ o l‘ B R . . R R g
- ROM VIDEO INTERFACE L_SsL_¢"a
e e I/0 INTERFACE aMIC

5 VOLT ’ | OEAR
REGULATOR — E ',E o
o YR 2 XTAL[ ~ ' ,

‘noanQaoo— [0
4K RAM CASSETTE AND KEYBOARD INTERFACE

s@;;[::g 1802 CPU? o o
| s |
N = STATY
S = = "'&"| sexapecimar

KEYPAD
o = =

TONE CIRCUIT EXPANSION

INTERFACE RUN -
& - SWITCH

Figure 4.1. The RCA COSMAC VIP-711 microcomputer (a) and
layout of its major components (b). The VIP-711 comes with a
5 ¥V power supply; the 5 V regulator and two of the four
kilobytes of RAM are optional. '
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current appllcatlon. The interface can transfer N pages (256

bytes_per page) of data between RAM and tape 1n 5 + 2.5 N

§ecpnds whlch 1s almost 100 bytes per secopd .The flrst f1ve-'~~”

seconds are used to reCOrd a constant tone whlch 51gnals

“start- of a data ‘block" durlng taQe playback -This" interface,

while just fast enough for ‘the current appllcatlon, is over

three times faster -than the Kansas City'Standard interface

__used by many single board_and‘home~midrocompUEersr To obtain

R

a significantly higherltransfer rate than that offered by
the VIP-711 would require an expensive tape transport or
digital recorder. = . -

The VIP- 711 must bé programmed in COSMAC machlne
language via the hexadeclmal keypad A detalled dlSCUSSlOﬂ
of this language is given in the RCA User Manual for the
CDP1802 Micnopnocessor.‘ The COSMAC 1nstructzon set is
eff1c1ent and relatlvely easy to useé. There are only 91
instructions compared, for_example;_to 153 offered by the
popular Z-80 microprocessor from. Zilog. Although poorly

suited to mathematical appllcat1ons, the COSMAC is well

vsu1ted_to”the*present control task. The operating system and

video interface, provided with the VIP-711, aid in entering,

-

checklng and running programs in RAM; unfOrtunately, there,

aF% few prov151ons to aid in program development and

; debugging. Such ba51c edltlng features as 1nsert10n and

deletion are absent. Also missing is the option of single

step program execution offered by some single board systems.

- et - —————

*Available from RCA Solid State Division, Somerville, New,
Jersey :
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1.copseqﬁéhfly;~aé§glépméﬁ£ oflgoftwarg is cpp§§ﬁ§rably

X simplified by access to a COSMAC.érosgjasseﬁglér?'This isga

fprog:am,~on'a host compﬁtef} which will accept COSMAC
aésembler languaée mnembhiééf and»translaié them into
machine language hexadecimal code. Aﬂlimitea version of‘thg

RCA COSMAC cross-assembler is supported by the Computing

~

Services at the University of Alberta and was used in this
pfoject. |

Programming_the VIP-711 fequires‘an understand;ng of
the registeg,Structure of the 1802 which is depicted i;
Figure 4.2. The 8-bit data (D) reg{;ter;-which most
manufacturersfrefer“to'és the-aécumﬁlator, is used to hold
the input andtbutput of all arithmetic operations. The
single-bit dita flag (DF) a§sogiated with D indicates
cérriéspdf borfpws. The 1802 has sixteen multipurpose,
16-bit registers not found on mést micrébfocessors. Raﬁher
than'having a special register to act as the program counter
(which always coﬁtains the address of the next instruction
to be executed), oné_of the general purpose registers is
designated program counter by the 4-bit ﬁfogrém counter
pqinter,.P.'similarily, the aata regisfér;pointer, X, is
used to point to a‘regigter which will contain the address
of the next data byte. The 8-bit T rééister is hsed to
temborarily.store the current P éna X‘values when an

bl

interrupt occurs. There are four input or external flags

_'For example, SEQ is used instead of #73 to represent the
command to set Q on. The # is used to indicate a hexadecimal
number .. : ‘ . ) ‘



Carry . Accumulator ‘ ‘ N -

DF . D (8)

~ Register Matrix
sixteen 16-bit registers

rRo[ - RO.1 T R0.0

R1 R1.1 & | R1.0

Pointer to ~ R2 4 R2.1 R2.0

Program Counter R3 R3.1 "R3.0

Pl (4) "‘Z’ R4 R4 .1 R4.0

Pointér.to RS R3. 1 R5.0

Data Register R6 R6. 1 R6.0

X | (4) R7 R7.1 R7.0

“R8 R8. 1 R8.0
Temporary storage for X; P ~ RI R9.1 R9.0
following an Interrupt - RA " " RA.1 N "RA.0
LT (8) RB RB.1 | RB.G
RC RC. 1 RC.0

Interrupt Enable RD "~ RD.1 RD.O

) IE'r-]. RE . RE.1 RE. 0
A RF RF.1 '~ RF.O0

K o Upper byte Lower byte

R Int
External Flags 1S£??loiiggtand

eri [ ] mr2[ ] Fr3 ere[ ] e[ ]

Figure 4.2. The registers in the COSMAC 1802 mictfoprocessor
after Peatman (18977),. '
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(EF1 to EF4) to prov1de 1nformat10n from the out51de.
uSeveral branching’ 1nstruct1ons are assoc1ated with each of
these. There is also a 51ngle output bit, desxyggted by Q,
which can be turned on or off in software. In the VEP-711, Q
is connected to a spééker via a ﬁone circuit. Q ié also
available, in buffered form,ﬁon the I}O port. . |

The 1/0 port of the VIP-711 is an importgnf feature not
offered on ;ll single-board microFomputers. It includés an
84bit’input port, an B-bit output port, power connections,
an input stroég plus buffered connectzons to Q, EF3, and
EF4. The input port allows the #6B instruction.to read a
byte (falses 0 V, trues= S‘V) into the data register and the
memory lqcafion designated by X. An external;sﬁgnaliapplied
. to the input” strobe (INST) tan automatically cause the byte
on the input pért fo be latched. A #68 instfuction can then
read this byte into memory. The #63 instruction places the
contents of D on the pérallel oﬁfput port, OUTO to OUT7, in
order to control external equipment. The pin designations of

the port are given in Table 4.1.

TABLE 4.1 VI P—7‘)1 11 /0 PORT CONNECTIONS

™
.

PIN SIGNAL PIN SIGNAL : PIN SIGNAL
A INO(LSB) K INST U ouTe6
B IN1 L EF4 \ ouT?
C IN2 M OUT0 (LSB) W 0
D IN3 N OUT1 X EF3
E IN4 P oUT2 Y +5vV
F INS R ouUT3 ° y/ GND
H IN6 S ouUT4 '
J IN7 T - OUTS
*\
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4.2 Ahhlog—to—nigital,Conversion .

An Intel 1H4108, eight-channel multlplexer is used to
pass the d1fferent 51gnals to a Teledyne Sem;conductor
8700CJ ADC. The 8700 is fairly typical of numerous ADC
devices currently available. It'is an 8~bit CMOS chip housed
in a 24 pin parkage, rapable of up to B00 conversions per
secoﬁd. C"s£ vas aBout $15. Only a negative reference S
.voltage, dual prver supply, and a few passive support
elements are reypiregd ;or oreration. Any desired positive
input range ca" be selected (nom{%ally 0 to 5 V here). The
circuit, whi<» closely follcws the recommendations of the
manufacturer. is shown in Figure 4.3, The-pésitive power
supply is provided by avstandard 5 volt regulator (7805).
Negative 5 volts is obtéined from this with a unit-gain
invértingvéberational amplifier (741) cigcuit. An LM336
voltage tgference chip (+2.499 § for 0°C to\70%¢C) and an
inverting operational amplifier provide an adfustable

negative voltaqge reference.

There are several advantages to chosing @An' eight bit

device., They are mu~h éheaper than 10- or 12& it units of
the same speed and they interface-easily with a
microcomputer.-ﬂyte-siig words Eaﬁm$e manipulated
eff1c1ently and storéd. angggsfm‘

A
drawback is re=ﬂlut10n The- @gi

more

ce than longer oneg. The
;ﬁcale resolut1on of _an
8 bit ADC is 0.4%. While th1s sounds respectable 1f the

' signal fluctuatlons only cover one tenth of the availa

4

range then the resolution .is at best (z; For the measurémeb(

-

-

-
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of etmospheric turbulence this points out the'impdrtahee of.
.offsettlng the large mean values and ampllfylng the | .
fluctuatlons so that they ult1l1ze the ava1lab1e dlgltlllng
range as fully as poss1ble. It thlS is done properly there
” .would be llttle beneflt given sensor"llmltat1ons,;1n using
more bits. B ‘

The 1/0 port bf the VIP-711 makes interfecing the  ADC
and MUX very simple. The complete circuit is shown in
F‘iguref 4.3. The output of ’the _‘ADCP"cfo._hnfects. directly into the
parallel input port fIN?-INO). The'elbit output port
provides the centrol §ignalslreqﬁired;'1ts three least
significant bits (ouT2, OUT1, OuUTO) selebt whiehamuitiplexer
channel is to be sempled. Binaryﬁgettihés of‘OOb through 101"
are used to designate chahnels-ohevto six respectively. The
OUTS bit instructs the ADC~to commence a .conversion when set
- high; The MSB of the'output port byte;.OUT7- contrblé the
‘tape. recorder via a low power relay. When this b1t is low
(the usual state] the cassette recorder is on. When the oUT7
is high, the cassette is off and the relay draws aboutA |
100 mW. | o

The’twb external flags evailable enlthe 1/0 port are o
also used. EF3 is cohnected.to-the externel clock circuit.ih
Figure 4.3 which is used to set the Samplinghfrequency. EF4
is‘cenneeted to the BUSY pin of the ADC thus enahiinthhe'
computer to-ﬁeeé track of the Statuseof~the cqnéersiOn ,
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A flowchart of the dlglt1z1ng process is given in
.F1gure 4, 4(\The collectlon process beg1ns when EF3 detects
‘the;rlszng edge of a-clock pulse:'Thfs_1n1t1ates a
conéersioh scan intended *o simulate,simUItaheous sampling.
'First an #80 (binary 1000 0000) is placed on the ‘output |
fport which selects ‘the f1rst channel but does not 1n1t1ate a
conver51on. After a}ghort delay (18 ns) to allow the
" multlplexer tlme to settle down, an #AO (binary 1010 ObOO)
starts the conversion. Both the~ #80 and #A0 keep the
cassette recorder power :urned.off.AOnce the converslon‘is
- started, the VIP-711‘continuously polls EF4 uhlch'is
connected to the;ADC Busy plh. When the'conversion is
complete‘EF4.is‘set hioh by the hDC and the computer
immediatelyﬂlatches up”the b&teﬁon the'input port and stores
’ it in the next available memory locatioh..The-nextﬂ
multiplexer code, normally #81, ié then.sent out followed,
as before, by H#AT Th1s cycle contlnues unt11 all active
channels have been sampled at whzch po1nt the computer
resumes poIllng EF3. The time per conver51oh is
"approximately .25 ms;zhence a sik”channel'scan takes about
10 ms., Th1s is an order of magnitude faster than the typ1ca1
sampllng rate of 10.Hz thus prov1d1ng an adequate
" approximation to plmultaneous sampl1ng ‘

The data collectlon proceeds as above untxl the RAM
buffer is filled. The first two pages of ‘RAM (#0000 to ‘
-#01FF) are used to hold the data ‘collection software. The BOK\

bytes at the top of RAM are used by the operatlng system,
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ﬁtnde the last page of -RAM is not included as part of the
buffer. This leaves.a total of 13 pages (3328 data waluesf
for the buffer which, of course, must be divided among the
number of active channels. This can be spec1f1ed in the
program, as in the software in the Appendlx, entered as

1nput via the keypad ﬁpr greatervflex1b111ty.

: 4 3 Wr1t1ng to Tape»
“ . When the aVallable semlconducter RAM is" f1lled the
collectlon process is halted and data is transfered to tape
Samp}ing four sensors atv10 Hz will fill up about elght
pages_of RAM per minutevso this ‘dumping nust occur gquite
frequently | “ | _
By u51ng the subroutlnes contalned in the RCA ROM based
Operatlng System the data collection process was 1mplementedf
with only moderate software'development In order to do
thls, however, it was first necessary to disassemble. and
dec1pher the VIP 711 Operatlng System A memory map’of this
software-ls g1ven in Table 4.2. A documented llst1ng-of the
VIP cassette wr1te software is’ g1ven in the Appendlx.
,Baslcally, the software, via Q, generates one cycle of a
séuare wawe'at_zkaz to representﬁa low-bit and‘one.cycle at
. 0.8 kHz. for a highrbit The interface hardware rounds these
Jnto crude slnes waves for " the audlo tape recorder,

N
In the d%ta colYection software, R3 is 1n1t1allzed to

»

the address (#8091) thus allowlnguthe RCA Write-to- tape

‘rout1ne to be called by making R3.the program counter.'In
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TABLE 4.2. RCA OPERATING SYSTEM MEMORY MAP

a

Address- ~  Function Starting at given address

8000 o Locate top of RAM (from #OTFF)

8022 ' Run program or enter operating system monitor
8027 ' Operating system intializations v

806E ‘ Keypad select operating system function

8091 7 Tape write routine

. 80C2 - Tape read routine

80EF -Memory read routine ~

80F 3 Memory write routine ' \ .
8110 ' Digit display for video output ’

8143 : Video interrupt routine .

816F Subroutine to write a bit to tape _
B182 Subroutine to read a bit from tape N

8194 _ Hex keypad input subroptine.

3
addition, RC is initialized tb:#816F the starting address
of the the RCA subroutine to read 51ngle bits to tape. This
subroutlne terminates with an unconditional branch to
location #816E where P is reset to R3 thus returning control_ -
to the exit: p01nt in thn tape—write rountine. D01ng th;s
from #816F leaves RC w1th the starting address of the
. subroutine (816E+1) for future cal This is the-most~
common method of calling COSMAC su{routines. ‘The tape-write
routine is not, howeyer, such a subroutine as it‘terminates_
in a ciosedvloop; thus, an estape route is needed.in;order.
to use this software. In addition, values normally eupplied
manually’via tne hexped must be'generated in eoftuare,f |
Fortunately, just priot.to falling intd this loop;.a,zideo‘
fdisplay'subroutine is cglledfby nakinng4_the ptogram i
»counter; Since a yideO'diéplay is not needed during‘the.data

o
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| | 8.
\bcollection process, thls subroutine'call.can be used asiway
out of the‘operating‘system. By making‘R4 the main program‘
counter of the data collect1on program the write routlne

w111 return control almost like an ordinary subrout1ge. The
only difference is that RC 1s_left-polnt1n§ to the last' line
of the robtinef rather.than thelfirst,‘after each call, Thus )
.R3 must be re1n1t1allzed before each call ‘a small price-to;

pay in return for avo1d1ng the need to reproduce the tape

interface software in RAM.

4.4 field 0peration
The VIP-711 comes w1th a l1ght plastic case which is

not su1table for outdoor operatlon. Figure 4.5 shows the

) plexiglass enclosure constructed to house ‘the VIP-711° tape

recorder, voltage regulators; RF modulator and relay o

”c1rcult. In th field; this unit sxts -on %op of the APU, the

‘two units are connected by a slngle ribbon cable. An hi ' .

_external 12 V-lantern battery must also be connectédito the

microcomputer unit (MCU) During initial experiments, thev

'MCU was allowed to draw power from the APU. Th1s was found .

to be unadv1sable, howeOer,-51nce the power consumptxon of

the computer.(aﬁout‘3 w).is much greater'thanﬁthét_of'the__;v . i“
APU.'ln'fact;.to extendfbattery life,.the power to the-MCﬁ:. S
";shouldlnot be connected until the analoghéainiand offset

{ 3
<adjustments have been made.

L

when ready to begln data collect1on, the data .

collectlon software must be loadéd from cassette tape into
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: ‘ . »
the first two pages. of RAM, This is done by placing the
cassette into the tape recorder and moving.to:the start ofv
the aﬁdio'code. The VIP-511'operating system ls then ‘
selected by setting the m1crocomputer to RUN while holdlng
the C key depressed To load a two page prograéxlnto memory.
startlngsathbcatlon # 00‘\the sequence of keys: 000032 are

pressed and the recorder is turned to PLAY. The tape 11ght

_:cassette should. be removed ana gepiggld with a blank

cassette for data collection. To ru#k the program the - ;jﬁf"' '

L S o !

microconputer is RESET then switched tofRUN.
Nomerous Qersions of data collection software were
experimented wlth; the program g1ven 1n the Appendzg;yas
found to be the most useful. Upon runnlng the program,
execution pauses to wait for two input parameters. The first
is the number of channels to be qsed taken sequentlally |
from T, W, U, Vv, X and Y Whlle this may seem soméwhat
restrictive, ‘it ensures no confusion ‘about the cdntents of a
tape during playback. The'second inppt parameter is the
number of paoeslper channel to be allotted for‘buffering.
'Thebgoftware;checksvboth inputs for illegal values.

" Ohce the two parameters are supplied from the hexpad,
the‘prooram waits for the APU clock'to be”switched'to the
desired sampllng frequency At this po1nt sampling‘coﬂhenoes
and the tape recorder should be turned to RECORD (power is

off) "The microcomputer fllls the buffer, turns on .the

recorder, writes to tape, turns the recorder off and repeats
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_-this cycle until the computer is RESET. Thirty minutes of
tape will hold about 200,000 bytes, which typically
represents 2 or 3 hours of data.

| The only d1£f1cu1t1es encountered: durlﬁg the - testlng of
the prototype system were caused by low batteries. Symptoms
of this occurence 1ncluded software crashes and failure of
,the relay to operate‘correctly. New 12 V lantern’ batterles
lasted about 13ﬁpours. When using old batteries, the system
must. be monitored closely. An audio signal which is
qsnerated by the VIP-711 doring tape transfers proved to be

D aa b
.a useful indicator of proper operation.

4.5 Continuous bata Collection

| The-major shortcoming of the prototype data collection
'scheme, gaps in the data which occur ouring transfers to
tape, could be e11m1nated w1th improved software. The only
dlféfculty 1nvolves the t1m1ng done by the- m%rroprocessor as
it writes individual bits to_tape; the microprocessor can
Lnot be disturbed.during this process which makes it
difficult'to use the'COSMAC interrupt capabilities. However,
“-gince it takes about 1 ms to write a single bit to tape, it
would. be possible to'poll the flag connected ‘to the clock a
o, tﬁousand times a second to determine if an Arto-D conversion
must be started Since ‘the clock pulse stays hlgh for more
than 1 ms, is should be poss1ble to 1mplement contlnuous

data collect1on w1th the prototype system by simply modifing .

the collectlon program. It would become necessary, however,
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to include the’tape write routine in RAM although the RCA
subroutine which writes individu&l bifs to tape could'l
probably be used directly from ROM. .
Thé_envisioned software would usevtwb'bbffers,_say,-one
page'pef channgl. Data;would be stored in buffer A until it
is filled Jthen‘fi“ﬁto buffer B. While B fills, buffer A would
be writteh to éape. Clearly, if no data are'to be lost, the
sampl1ng rate is constra1ned by the/requ1rement that one
buffer can be wr1tten to tape- more qu1ckly than the other
can be filled. Using one page per channel and sampling at
10 Hz gives 25.6 seconds. For a dedicated tape write thls is
enough time’ to save ejght. pages (2 kilobytes) of data.
Assuming the moq;fled yrite—toftape rogtine is not

significantly slower than thé»present implementation, it

_,;~~shcu%d~be possible to collect six or seven channels of

continuous data at 10 Hz.
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Chapter 5 ; 'h{zv : - y
. TRANSFERRING DATA TO A HOST COMPUTER ' S
RYINE
5.1 A Seriallinterface
The data stored on cassette tape must be transferred to
a host computer before any seribus processéng can begin. The
host computer available at the niversity;of Alberta is an
AMDAHL 580/5860“operating_under the Michigan Terminal System
{MTS) . The UniversitY'é Computing Sérvides supports a large‘
number of fémbte terminals connected to tge computer by
modips (Qandalf Data Sets) capable of serial, full duplex
datgétransmf551on at speeds ranging from 110 to 9600 baud. A
Decwriter termlnal,‘normally operatlng at 600-baud, 3%5
available‘for use in this'projedt, The connedtid;‘bétweén,
the tefminal and its modem is via the widely used RS-232C
standard (see Figure 5.1) which defines interconnéctj‘“
'signals, voltages, connector tyﬁe and pin éssignments,
In}ormation~sent to the AMDAHL must be ASCII. (American
Stahdérd Code for.Information Interchange) wlth odd parity.
Thus, 'in order for the VIP 711 to .use the serial
communication link, data must be retrieved from cassette
tape, translated from binary to ASCII code and transmitted
one bit at a time, in RS-232C compatible signals. Almost all
of this could be done in spftware. The only hardware |
additions concerned the RS-232C hoék'up.
The RS-232C ipterﬁdce rgquirés that a false bié;bé in

the range +5 V to +15 V, while a true bit.iS’énywheré.from

ﬁg?’ : . 52
o,
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A

- Subminiature D Connector

1.Protective Ground 15.Transmitted Bit Clock Internal
2.Transmitted Data’ 16 .Not Used S
3.Received Data - 17.Received Bit Clock

4 .Request to Send 18,19.Not Used

5.Clear to Send 20.Data Terminal Ready -
6.Data Set Ready . 21.Not Used - , . ¢
7.8ignal Ground ° 22.Ring Indicator.

8.Data Carrier Detect 23.Data Signal Rate Selector
9...14.Not Used 24.Transmitted Bit Clock

25.Not Used.

. ¥ -
o |

Y Coh

Figure 5.1, The RS-232Ce standard. The pin definitions above
refer to the terminal side of the connector. In the present
application only pins 2, 3, and 7 are of .in erest.’ A high
bit must be in the range -5 to -15 V, while a low bit is-
anywhere from 5 to 15 V. oLt :

*‘
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-5 v to -15 W ' The. buffered Q 11ne on the VIP~711 I/O port

used to produce the serial output, generates 0 or 5V
‘51gnals. Whlle spec1al integrated circuits are available- to
transform such 51gnals to RS- 232C levels, the conversion can
be ea51ly dpne with more common components. Thé‘non1nVert1ng

o &
operatlonal amplifier conflguratlon shown in Figure 5.2 was

used here. The circuit transforms 0 Vto -10 Vand 5V to ~ =

A 4

10 V which sgems- to be the opposite of what is reguired..
This is done because the AMDAHL requires a high signal when
no data is;being sent but Q is normally low.uUsing the
circuit shown, Q must be turned on to representha_talse bit
and’off for;a‘true bit. This is easily done in'softuare.

The transformed serlal output,must be connected to the
receive line on the modem. However rather than'srmply
replac1ng the normal terminal with the VIP- 711 the
connectlons shown in Fxgure 5.2 leave: the usual term1na1
host connections 1ntact whlle allowing the VIP 711 ‘to tap
‘1nto or drop out of the communlcatlon I%Qk This allows, for
example, the standard termlnal to be used to }og/onto theRv

system before the VIP 711 is engaged to send data. At the

end of. a data dump, control can be ea51ly passed ‘back to the .

—~

—
termlnal to “allow manﬁpulatlon of the‘data file WlthOUt

dlsconnectxng the VIpP-711. The 1nterf ce swztches on the

front panel of the m1crocomputer enc osure (see Figure® 4 9)
allow transmission of 1nformatxon fro the m1crocomputer to
the terminal and the host as well as the normal term1nal to

host link. v _ o

Y
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Flgure.5.2. Hardvare interfate between the VIP-711 and a
ares s RbEthaand terminal.. The serial dnterfate was oper-. .
~ated at 600 baud to allow. simultaneous” transmission to Both
.“the“teﬁminal'and the~hQ§tgc§¢pUte;{%rf_},_ CARSLIN e heth

s
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5.2 Reading"from'Tape:' ; o |
» Read1ng data from the cassette under program contnol is
.7351m11ar to the wr1t1ng of data prevzously d;scussed The VIB‘:'
phardware roughly converts the audlo s;gnal back 1nto\a |
: square wave whlch is mon1tored by EF2 A bit beglns when EF2
‘fgoes h1gh and the VIP software determlnes whether the b1t is
; true or false by t1m1ng from the r151ng edge to the fall1ng
“edge. R3‘serves as the program counter for the read rout1ne
‘l'whlch beglns at #80C2 ThlS t1me RC must be - 1nt1allzed to
f‘#8182 the subrout1ne wh1ch reads\1n 1ndlv1dual b1ts. Aga;n

[

R4 is. used as the main program counter so that it 1s
,l*p0551ble to escape from the operatlng system éhe total
.number of pages to be read from RAM must be placed in RE. O
In the software glven in the Appendlx, thlS value 1s,
'calculated from the number of channels and pages per channel
lwhlch are supplled from the hexpad along w1th the number of
channel scans to be prlnted per l1ne. The output buffer

beélns at 1ocat1on #0200

Y . - " -
3 : . . . _ ; ‘

5. 3 anary to ASCII Conversxon :
After filling the RAM buffer the VIP 711 must begln:§.=
‘sequentlally send1ng ASCII data to the AMDAHL ASCII 1s

.de51gned to handle alphanumerlc 1nformatlon and, as a.

s

-_result is- rather ine f1c1ent for transm1tt1ng pure numeric
data as must be done th; For example, the dec1mal number-
234 1s represented by the s1ngle b1nary byte 1110 1010 |

'(#EA) To‘transmat th1s,va1ue ;n;ASCIlwrequires a bytevfor7?



g
each dec1mal character plus a\byte rgt-the ASCiI.space:
”character.v_ A o o B
The conversion from binary to ASCII is alded by the way
,the ASCII code is set. up. Add1ng 30 to a number between 0
and 9 g1ves the resultzng ASCII hex code. Therefore, the
Pproblem-ls to break the binary representatlon down 1nto-its
:‘three dec1mal dlglts..The procedure, deplcted in the flowf
diagram in Flgure 5. 3 Beglns by subtractlng dec1mal 100
"(#64) from the data byte. If the remalnder is: less than
zero, the flrst dlglt is zero.-If not,-an.addrtlonal
subtractfon is performed to find outiif'this digit is a one
. or.a two. The remaInder of the last successful subtractlon
"15 then subjected to a generallzed version of this procedure
where 10 (#0A) is succe551vely subtracted until the tens
d1g1t ‘is found The - ones dlglt is automatlcally produced as

the remalcder of the the tens loop.

5.4 Parallel to Serial Conversion

As each ASCII character is,'.g.enerated it must be
ser1ally transm1tted to the host. In add1tzon to the seven
ASCII bits assoc1ated Wlth each d1g1t,‘a start b1t, odd

N

| parlty bit, and stop bit must be trawsmltted Inexpen51ve

4 monollthlc'antegrated~c1rcu1ts called~UART s (Hniversal
Asynchronous Rece1ver Transmltters) are avallable to' prov1de
thls £ormatt1ng ere, however, 1t was 1mplemented in

¢

software at no exqra cost.,_ .

57
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'SERIAL OUTPUT. { | | ' D<=-REMAIND | -
. asciispace || | | R .
- (#20) 1 : '

; > REMAIND<--D
HUNS<--#2F g — ‘

A

- REMAIND<--D

R L

" | D<~-D=10 (#0A)

’

TENS<-—TENS+3

D<--D-100 (#64)

HUNS<--HUNS+ 1 A

SERIAL OUTPUT
TENS

sERtAL oUTbUT_ L ONES<--REMAIND+#30 |-
~ HUNS' ' -

T | e

AR » | |- SERI1AL ourtpuT
TENS<--#2F | | || '~ ONES

‘>fi._'  s :_(:f{,fESP ij)

Figure 5.3. Flowchart for. Binary to ASCII conversion. The
Flowchart starts with the binary data byte in the data (D)
register. The hundreds (HUNS), tens, and ones digits are
.sequentially determined and transmitted. = = '
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bhltrue bit is generated by setting Q low.(false-bitt
=requires Q-high) and falling into a ‘software delay loop For
;600 baud the necessary delay 1: about 1 6 ms.'® In the
actual software, the time of the‘delay 1nvolves some'
\overhead due to additional instructions'eéecuted'before'and.
after éntering the loop. Since the number of these'
addltlonal 1nstruct10ns varles dependlng on where the delay
‘subroutine is called from, the number cr 1terat1onsxls sent
as'an7inputdbarameter to the delay-sub;zutine. Values were
'determined.with the aid of anvoscilloscobe,.however, the
setting was'not'particularly critlcal Flne tuning- would be
more- 1mportant for. hzgher baud rates. It seems llkely that‘
'1200 Jor’ 2400 baud. transfers could be 1mplemented using the
‘f;delay loop approach _jg ’ L
C The serial transmissidn of a digit,'flowcharted in

. figure 5.4, begins by sending a low Start bit to the AMDAH

Then', w1th the data byte in the D reg1ster, each b1t of the
data byte is seguentlally shlfted 1nto DF. By test1ng to ‘See
1f DF is a one or zero, Q can be“set“to thchorresponding-
value. One of the scratchpad regxsters 1s used to generate
the parity bit. Intlally zero, each tlme a h1gh bit is |

encountered this reg1ster is 1ncremented by one.'When all

seven bits have been transmltted, the LSB of this reg1ster
+ 1°The 51mplest COSMAC delay ldgp has the follow1ng form'
loop  DEC.Rn; - Decrement Rn -
' GLO Rn; Place Rn.0 in the D reglster
: BNZ ]oop; Goto Joop if Rn,0= 0
wvhere the intial valde of Rn determlnes the delay time. Each
of the instructions reqguires about 9 us to execute giving ' a
27 us delay per loop This- requ\res 60 (#3C) repet1t10ns for‘_
1.6 ms,

«
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- 'INITIALIZE; o DELAY ROUTINE
COUNTER<--7 : | .~ . NE R T

| PARITY<--0 | o N

| cOUNTER<--COUNTER- 1

" SET Q - ' C h e

DELAY ROUTINE
|surFT D To THE
RIGHT BY -1 BIT.

DF<~~D(MSB)
D(LSB)<-~0

>1 | DELAY ROUTINE|
|- RESET Q
. || pELAY ROUTINE

or parallel to serial'COnversion.‘
t 1s necessary to-reset Q. For a low

| SET @ RESET Q

a4

 PARITY<--PARITY+1.}

A )&

¥ :
Figure 5.4. -Flowchart f
For a high bit (DF=1). i
bit (DF=0) Q is set on.

' .
.



will contain the required odd parity bit. This is

transmitted and'followedhhy a‘highhstOp bit.

'.‘5 5 Operatxon |
W1th the m1crocomputer connected 1nto the term1nal

' modem l1nk and 1nterface sw1tches set at T=. TRM and '
21R= HOST the user logs onto the host system'ln the-usual
manner. For the AMDAHL/MTS system used with the prototype,
it is 1mportant to 1ssue a %PRENT=ON command before-
“attemptlng any data.transfers, This command act}vates:input
llne‘buffering'by the;front end processor of the host.
,syStem.-vathisifeature is not‘used"occasional'characters
will be lost when the computer, due to 1ts time. shar1ng

structure, 1s unable to respond 1mmed1ately.‘

The serlal 1nterface program is loaded from tape (same

'tfprocedure as used to load the data collect1on software gn
Sectlon 4.5) and the data ta@p is placed in the recorder.‘
VThe»mlcrocomputer is. sw1tched to RUN In the prototype o
software, the number of channels,_number of pages per
;channel and the number of channel scans to be stsfed per
llne of the host computer file must be entered v1a theA\

hexpad Rt thls.p01nt the T-sw1tch i set to COS. (COSMAC)

the cassette is- turned to PLAY and the last»key'pressed 1s, |

'pressed aga1n to 1n1t1ate the transfer process.

At 600 baud the transfer of data is rather slow. The_

» .

};converslon from blnary to ASCII results in four t1mes more

ﬂcharacters to be transmltted than were or1g1nally saved



'\Houever, ‘it is convenlent to use 600 baugd, 51nce 1t allows
easy 5w1tch1ng between the VIP-711 and the term1na1 as well'b
as a sxmultaneous hard copy output. Parlty errors are
occa51onally detected when read1ng data from tape to RAM
'When thlS occurs, the VIP 711 l1nk with the computer 1s
:automatrcally broken. It 1s then necessary to reW1nd the
tape to the start of the bad block and reread 1t. In many |
'cases the par1ty error does not'reoccur. I1f the error does

| pers1st it can. be 1gnored (llkely just a 51ngle bxt) .or the

-

ent1re block can be sklpped
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DATA ANALYSIS

,6;1,Experiments ' B o :j

Considerable turbulencé-data uere c011ected dﬁringua
series of initial ekperiments intended primarily to test the
.performance of the various components of thevprotOtype'data‘
.acquisltion.system. High-level.processiné was performed'on'

t

‘someé of these data in order 'to- compare computed wvalues WIth‘
v those found by others over. flat unzform t;rra;n thus
_prov1d1ng an additibnal, although‘limlted;‘Check on the
operation of thersystem; o .

) Most of the experlments were conducted at the-
Unlver51ty of Alberta Research Farm located about 10 km
south of Edmonton. A permanent open constuct1on, 10 m tower
is. located at thlS 51te Whlch is a modest approxlmatlon to
horlzontal homogenelty. Exper1ments con51dered here were
restr1cted to days when. the w1qd was predomlnantely from ‘the
the. west as th1s prov1ded the most unlform, unobstructed
"~ approach to the tover. Even in this d1rect1on however,»the
land sloped downwards at a rate oﬁ about one in th1rty, and
‘ had a fetch of. only about 300 m. Ground cover around the |
tower was short grass. ‘About 50 m to the west thls changed
_to a barley crop wh1ch ‘was 30 cm hlgh 1n early exper1ments,
but cut to short stubble 1n later ‘ones (those 1n October) " f&'
L Typxcally, turbulence measurements were made at aboutdi .
5 m. Attempts were also made. to obtain support1ng wlnd and

oL



temperature measurements, however,‘the difficulty of |
obta1n1ng reliable prof1le measurements should not be under-l‘
- estlpated In most cases, the avallable equ1pment for these
measurements, Ri o, 1mpulse cup anemometers and fine-wire
chromel constantan thermocouples, were xnadequate for-
resolv1ng the small gradzents encountered Consequently,
proflle estlmates of stablllty and surface layer parameters
- are quzte’crude. The poor profxle data, site 1mperfect1ons,
and the "low frequency cut-off 1mposed by the prototype data
acqu151tlon software make it unproduct1ve to compare profile
and covarlance flux estlmates. Here, therefore, the focus is
on the spectral analy51s of turbulence which the collect;on'h

“~

of raw data makes p0551b1e.

6.2 Sonic and Platinum wire Power Spectra

The collectlon of data in segments contalnxng mult1ples
of 256 points is wel} suited to spectral analy51s via the
Fast Fourier Transform (FFT) method vhich requires time’
series of length 2™ (m an integer). Typically,htransforms

were performed‘on’segments containing ‘L= 256, 512, or 1024

rav data po1nts. This-ength determlnes the lowest £requency§j~

whlch can be rellably resolved (1/LAt where At is the : l»-

.

‘sampllng perzod) by ‘the subsequent analy51s. Each segment
'y

was detrended w1th a least~ square- fit and its -ends (10%)
‘were tapered with. cosine bells pr1or to transformxng as ,

'descr1bed by B1ngham et al. (1967) The complex Four1era
B -

.7coeff1c1ents vere calculated w1th a standard FFT program B



then squared, summed,.and,SCaled‘to‘provide modified
~peridograms.'.‘ Several consecutive peridograms‘were averaged
to'provide a relatirely stable estimate of,thevtrue.
spectrum.

Follow1ng the usual convention in micrometeorology,
log{nS(n)} 1s plotted against log f. Such a graph unllke-
one of log{s(n)} vs log f maintains an area-variance
equivalence. ﬁigure 671 shows a typiéal.vertical velocity
,‘spectrum plotted in.both waysT The spéCtrum'is the result of
averaging 20 consecutive p£:jdograms covering a period of

about, 15 minutes. thle the large 'scatter 1mplies the need

o for longer averaging periods, the strong 1nfluence of

;ﬂ'diurnal variations restricts such an approach' rarely can
vstationarity be assumed for more than 30 minutes in the :
hatmosphere. Following current practise, a smoother picture
is obtained by block avdtaging the. spectral estimates over
logarithmic intervals to giVe about 20 equally spaced values
on a logarithmic frequency scale. On such a graph the high
'frequency values 1nvolve ‘averaging over many more: estimates
than do lower‘values and, therefore, are more stable. In
particular; not too much confidence can be placed in the
first’feﬁilow-freQUency estimates. Y 2 | |
Figure 6.2 shows the block- averaged logarithmic spectra
of.sonic vertical w1nd nSw(n), and platinum wire o

- —— - - - —

“'The standard FFT routine. distrrbutes the variance over
L=2" estimates, of which only the first L/2 are unigue.
Therefore, the spectra are scaled by multipling by 2 and
dividing by An such that o?= L¥%s,an in keeping with the
definition for power. spectra used in micrometeorology,
0= !oS(n)dn. . . .
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Figure 6.1. A typicqi;gg;&JCal wind spectrum "obtained from
15 minutes of 10 Hz sOnic anemometer data. Twenty segments,
each containing-256 values were Fast Fourier transformed to
give .periodograms with 128 estimates, each which were o
averaged together. The lower plot (diamonds) is log{Sw(n)}.
versus log f and-therefore is expected to follow a =543 .
slope in the inertial subrange. The upper plot (squares) is
the ‘logarithmic spectra, 'log{nSw(n)} versus log f and should"

thus-fgllow a -2/3 slope.
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‘ temperature, nSg(n),, from 30 minutes of turbulence data
obta1ned at the Ellerslie site betvWeen 1330 and 1400 local
time durlng an experlment on Ogtober 10, 1982 The ‘spectra
are the average of 20 modlfled peridograms, each obtglned by
transformlng t1me serles con51st1ng of 512 points of 10 Hz
data. The wind speed at 5 m dur1ng the measurements was
about 5 m/s, thus mak1ng the effect of . vert1ca1 line
averaging negllglblei The data were lowfpass,flltered at
5 Hz: thus, as discussed in Chapter 3, nouSPectrai: |
corrections vere applied For‘these, and'ail;foilowfhg
.measurements, the sonic anemometer was only callbrated
..relatlve to a Gill propeller and may, therefore, be 1n error )
by +10% A more rigorous wind- tunnel calibration is requ1red'.\
before the son1c anemometer is used for more quant1tat1ve -
research. Tllt and flow distortions caused by the sensors
1ntroduce add1t1onal uncertalntles which are d1ff1cult to
quantlfy.-

| ~“The .s0lid lines soperimposed on the spectra:in Figure

6.2 are from the extensive measurements by Kaimal et al.

, (1972) made at a near 1deal site in Kansas. Ka1ma1’et al.
.normalzzed thelr spectra such that all stabllitles would
converge to a single curve in the 1nert1al _subrange. Here,z -
:the lines from Kalmal et al have 51mply been fitted by eye

in ‘the well-defined inertial subrange. Showh in the flguref'
are the Kansas curves for §= -0. 1 and -0. 3. Profile data

'.obtalned dur1ng the experlment 1nd1cated I3 Ris -0. 10* hence

*'there 1s fa1rly good agreement in the shape of the Ellerslle
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.ftemperature and vert1caﬁ wlnd spectra wzth thOSe fro@

ﬂrf Kansas. Although not too much fa1th can be placed in the

'.'?ffxrst couple of low-frequency estzmates,_zt mxght be noted

7ffthat a departuré of the spectra from the reference curves

e

'ffseems to- occur around f= 0. 1 vaen the w1nd speed of 5 m/s,"

;thls corresponds to wayelengthsépf around 50 m, the d1stance
‘“;ﬁto the upw;nd change 1n surface roughness.__dn |

The specbra of vertlcal w1nd and temperature, as noted

»?1n Chapter 1, can be used to estzmate d1551pat10n rates¢ In .

O

"'fidterms of the logar1thm1c spectra, nSw(nl, and reduced

'.dwavenumber f= nz{U (1 4) may be rewratten as .

.\' .

--.»w'z:s\ws £)e 1;<4'/13,>‘av<-e:z‘>'r--=f"=- (z'ir-:l)[*f-?i-' R R

77‘ Us1ng a= 0 55 from Dyer and chks (1982), and chooszng

L

v'rf- 1, 5, whzch 1s Well 1nto the subrange yet st1ll free of

';'al1a51ng, gzves ,___,;?j7-:7;9="
S R : gu e

j‘eg-{é.oS{nswctrsjjﬁf?; A'ji?j;'_;{»"‘”'<e,3)
'ﬁ¥From‘fi§urE"€52(a) nsw(1 5)-0 0080 m’/sz wh1ch g1ves
“e-o 0022 m’/s .vFor near neutral cond1t1ons d-q

LT e

,auwuuwaﬂgq-grmmn

ii.fiwhlch 1mp11es a frzctlon velocxty offabout 16 cm/s."\37fﬁg(”ff

k;nsw(1;39eao,154(ezwéfi;;q"*‘3w7$ffﬁﬁ’:g(s.z>'

(]
o
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:h reaSOnable. A covarlance est1mate can not be g1ven, s1nce
hor1zontal propeller data were not rec0rded durzng th;s
’exper1ment The value of ;, unlzke a covar1ance estlmate, =
'should not be affected by the low-frequency cut off 1mposed.

by process1ng short segments of data. Impl1c1t, of course,_‘

.is the assumptxon that statzonarzty exlsfed for a suff1c1ent’

'h'.t1me prlor to the measurements, to allow the 1nert1al

”;a'dev1at1on of thls estlmate was 12 w/m“

"”h;freasonable drssrpatxon rﬁke est1matf;

E subrange to adjust to\\he\present cond1t1ons» wh1ch was ;'
P o _ o
11ke1y the case. - \\; o : ﬁ,.‘
051ng B= 0. 68 from Dyer and H1cks (1982), and f= 1. 5

'the d1551pat10n of temperature var1ance, N, (1 5) becomes

-;nsen:.:s)g-o;;,sz _Né:,_,-,sz'-z:;,;;‘_f T e
or at_z=5im,?. S ' - L, S

Ne2.25 ! Cnse(18) ‘(6.65).1-;:'

Z‘From F1gure 6 2(b) _nSg(1 5i= 0. 00389K’. stng the prev1ous

:value of e,_glves N= 0. 0011 K’/s. For near’ neutral

. condltlons,

N Hz/{(pcp)=u,xz}, f{~(§.7)

'_ Ty

thus the subrange value of N correSponds to a heat flux of

fiﬂaround 25 W/m’, Th1s agrees falrly well w1th a concurrent

,

j?icovar;ance est1mate of 35 w/m obta1ned by averag1ng ten

Aﬁblocks, each conta1n1ng 1536 data values (the standard':

e

1s{obta1ned from t ef

J

‘pﬁ1nertlal subrange.;;si“"

B N

TR LU
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For the October 10 data, stat1°nar1ty over the 30

mlnute pgrzod con51dered was probably a, good assumpt1on..r,

There are, however, s1tuatzons when this would not be the

case. On September 16 1982 the prototype data acqu151t1on

“system was used to collect 15. m1nute sequences of 10 Hz data

cneutral spectrum, as well as the h1gh frequency endf

“at 45 mznute 1ntervals from: 1700 to 2100 local t1me. Dur1ng -
>th15 even1ng transztzonal per1od, the nature of turbulence
;undergoes large var1at10ns.|F1gures 6. 3 and 6 4 show the‘
“vert1cal wind and-the.temperature spectra obta1ned at
;1700-17l5 1830 1845 and’ 2000 2015 whlch correspond to

wunstable (sz -0 1), near neutral and stable condltzons

(§= +0 1) The wxnd remaxned fazrly steady durlng thlS-

'per1od and a. 51ngle mean value has been used to compute the

reduced wavenumber..For the vertzcal w1nd spectra theré is a
sl1ght 1nd1ctat1on of a relat1ve sh1ﬁt of energy to hlgher
frequencxes w1th 1ncreas1ng stablllty,bsuperlmposed on the
overall drop 1n the 1ntensxty of turbulence.

- The changes in the magn1tude of the temperature §pectra‘

are more dramat1c than those n vertlcal w1nd The 1nten51tyf

"f'of the temperature fluctuat1ons drops to a m1n1mum atf

: neutral then 1ncreases rapxdly as the stable strat1f1cat10n

sets: 1n.,The breakdown of 1nert1al subrange behav1o‘r 1n the

;Funstable spectrum,,ls probable due to no1se problems whrch

4

";are dlscussed in Sectron 6. 4 .f : f af'h‘__i_'ﬁh-;;} 1J}ga'

,~._-. ',
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6;3~Propeller SpeCtra"
" The qual1ty of the prev1ous.tenperature and vertlcalA
wlnd spectra becomes clear upon exam1n1ng the spectra ‘
obta1ned from propeller anemometers. An exper1ment on‘A
October 9 under near neutral cond;txons, 1ncluded
_ measurements of a vert1cal propeller mounted close to the B
V.sonic anemometer. Flgure 6. 5 shows a comparlson of the.
vert1cal yznd spectra of these two 1nstruments obta1ned from-.'
the.' ‘

.

4propeller is clearly seen above fa 0 3 F1gure 6.6

30 m1nutes of 10 Hz data. The fa111ng response of
shows the

”nphase and coherency Spectra between the two, sensors wh1ch

-

1f the response of the sonxc is perfect,vcan be 1nterpreted

:as the transfer and phase funct1ons of the vert1cal

~

,propeller. The solld llnes superlmposed on the data are

obtalned from the horlz;‘tal frequency response model g1ven

in (2. 3) and (2 4) assum1ng, arb1tav1ly, that L-~1 5 m. The
?comparlson 1s encouraglng, wzth the except1on of the phase
'functlon at hlgh frequencies. though the phase est:mates
;become less rel1ab1e as the coherehy drops off the retnrnr

f to zero behav1o%ﬁ of the computed'phase 1s, 1n part .‘ .- B
-fprobably due to the phys1cal separat1on of the two sensors,¢5

_The dashed 11ne 1n F1gure 8 6(b) is the modelled phase after?7

'maklng a s1mp1e correction,lbased on Taylor 5 hypothe31s,‘f'_:-

e

'?ﬁor a 20 cm along—wrnd sepafatlon.uftf**”f T, N
| Tﬂt response of properly alzgned hbrlzontal propellers
yizs expected to be somewhat better than thaﬁ'of a vert:cal

“:propefler, although no 51mple method of ver1f1ng4the

,{a"
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”transfer functlon g1ven 1n Chapter 2 was.avallable. Flgure
6.7 shows the u spectra for 30 mznutes of data concurrent
1w1th the vert1cal wlnd data used 1n F1gure 6 6 The
longxtud1nal component was obta1ned by cosine correct1ng the‘t
_data from the orthogonal palr of propellers, one of wh1ch .

was closely al1gned w1th the mean w1nd The solld llnes from

Kaimal et al (1972) heve been fltted in the reglon around

f= 0.2 where the propeller response correction 1s small yet o

) the statlstlcal confxdence is st1ll fa1r1y h1gh The *
,placement of the line. gn Flgure 6.7 1mp11es, by compamison
i w1th Kalmal et al (1972), a value of u., of about 20 cm/s,
,wh1ch 1s in good agreement with concurrent proflle and ‘
\covar1ance estlmates obtalned on thls occa51on. As expected
' however, the uncorrected spectrum falls off much too QUlckly'c
at high frequenc1es _ . '
| ~When the hor1zontal prope&ler spectrum is. corrected
vthe high frequency end shoots up sharply 1n an alxased ;-
fashlon. This apparent allaslng, also seen in the vertlcal
propeller spectrum showm 1n Figure 6. 6 was typlcal of all
_computed propeller spectra. However, the sharp h1gh “"4"
frequency cutoff of these sensors should result in a, | .
v'reductlon of allaSlng, The observed effect, therefore, 15‘,
.probag&y due to noise rather than allaSLng. The source'of
~this no1se is probably the d1g1t121ng process.

b4

s
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6 4 Noxse due to ADC Resolutxon B S T _' ;

The val1d1ty of us1ng an 8-bit ADC depends upon the
sever1ty of resolut1on related problems. The error.'v
1ntroduced by the d1gltlz1ng process is bounded between iR/Z
where R is the resolut1on of the ADC It .seems reasonable to5
assume that, for turbulence data, any value w1th1n the
allowable range 1s equally l1kely and the mean w111 be zero.
This corresponds to a probablllty dlstrlbutlon funct1on B
which is a constant 1/R between iR/Z and zero everywhere

else. The varlance of such a dlstrlbutlon«1s

+R/2 : T ,
[ (1/R)x7axe R R /i2 o (6.8)
-R/2 ‘ I

If the actual tu}bulence data are- statlst1cally 1ndependent*
of the error 11{;odUcedvby d1grtlzlng and~th15 noise is

white then there is expected to be a contrlbutlon of R’/12n°'z
to' each spectral est1mate. By reduczng the resolutlon of'ﬁ
actual data to 51mulate the effects of .an A- to-D convertor,h'
thlS has been shown to be an adequate deScr1pt1on of the
n01se problem ,As an example, Figure 6. 8 shows a 15 minute
vertlcal w1nd Qp‘ctrum -computed from data- wh1ch ‘had . thezr
resolutlon numerlcally-gédbced from 0 80 cm/s (8 b1ts) to'13
.cm/s (4 bxts) Desplte thlS l§rge reductlon in resolutaon,
theeeffect on. the overall variance 1s only about 10% The
SOlld llne on F1gure 6 8 shows the ADC error expected on thei4
basus of the prev1ous argument and 1t is 1n good agreement ‘
yﬁlh}éhe cBmputed spectrum. 'j L ‘*‘f‘J_h - o

. .
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Figure. 6 8. Effect of ADC resolutlon on a typ1cal ‘paye
atmospher1c power spectrum ‘The triangles indicate a °

vertical wind speéctrum computed from.a set of B-bit daty

which makes good use of the full range of the ADC. The
squares indicate the spectrum of the same set of data
computed after reduc1ng the resolution. of the.data to 4
bits. The solid line 1nd1caﬁés the expected effect of
~reduced resolut1on assum1nq it acts. to 1ntroduce whlte
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The resolut1on problem has affected the propeller data
b
most severely because- relatlvely low ga1n sett1ngs were

customarlly used in order tg accomodate potent1 lly large

var1at1ons wh1c caused by. w1nd shifts, Although

h1gh pass fllterlng reduces th1s problem, 1t was avo1ded
because of the need to reconstruct the absolute 51gnal
“levels in order to perform c051ne correctlons. Of course,
1mproper use of the galn sett1ngs ‘can make resolutlon a’
,problem\for any channel The ‘neqtral temperature Spectrum in
Flgure 6.4 is probably suffer1ng from resolutlon noise,

| ‘The ADC noise on any ‘two channels should be }
uncorrelated thus covarlance and cospéctra calculatlons N
should be falrly 1nsen51t1ve to ADC resolut1on. Follow1ng 3

-

the approach used for power speotra, F1gure 6.9 shows the
cospectra of vert1ca1 w1nd and temperature obtalned from
data with 8 and 4 bits of resolut1on. The two. cospectra
agree very well.. The d1fferences whxch do occur at h1gh

frequenc1es are: assoc1ated w1th amplltudes well below the;

:no1se level.

o ’ : _ _ . _ }
6.5 Cogpectra | N o

Cospectra reveal ‘the - relatlve 1mportance of dlfferent'

scaﬂes of motlon to(the total flux and are thus of
A

considerable 1nterest Slmllarlty theory predlcts an n"”
behav1ogr 1n “the 1nért1a1 subrange of both ng and Cwu,'

vwh1ch should show up as aﬁf4/3 slope on the usual

l

logarlthmlc plot. F1gure 6 10 shows ncwg correspondlng to

5 ‘x
. . ‘(;

- : ' v - -~
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the earller son1c and plat1num w1re,powér“spectra for
.g\,<
'Oetober 10 (Fzgure 6. 2) The cospectra exh1b1t more scatter"

‘~_than the. Forrespondlng power spectra. Thls is 1nd1cat1ve of
hthe need for longer averaglng t1mes'for cospectra (fques) ‘Y
- relative to power spectra (varxances) Es d1scussed by o
: dwyngaard (197&) In the 1nert1al subrange of Fzgure 6.2, nCWO';

seems to fall off Just sl1ghtly more rapzdly than

- -
-

'expected Since the aree beneath thls curve is proportzonal

to the»heat flux, ‘the resultlng loss oﬁ'ﬁdux,at the Low

frequenc1es is clearly seen. \ ' C .
It would be nice to be able to ow a graph of momentum
| cospectra of - the same qualzty as Flgure 6.10. Flgure 6.11

shows nCwy obta1ned from the October 9 data. It is not even
'ipOSslble‘to plotvthese data in the usoal manner, 51nce

nnmerous sign. changes'occur; 1nstead L sem% 1ogar1thm1c
.graph of nCwu is glven. Whlle the use of hor1zontal‘b

propellers ;s,expected to degrade the momentum-cospectrum;
°Site and actual-atmospheric anomolies have probab;y>'~

‘*tcontr1buted to the qurly behaved result 1n F1gure 6.11.

-

'Statlonar1ty was expECted to be qu1te good and this is
.conflrmed by the agreement between the 15~and 30 m1nute

cospectra in Figure 6 11

[P

Somewhat more encouraglng are the nCm“,graphs shown in

-

‘v‘Flgure 6 12 These three cospectra were obtalned from the

'September 16 data correspondlng to the power spectra
;con51dered in Sectlon 6 2. They have been corrected for

2

dlfferences in propeller and sonic response as d1scussed in

R ., . oo S
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be. cons1stent w1th a~-4/3 slope 1n the range shown.

.

Chapter 2 At h1gher frequenc1es than those shown the-:"

Spectra change s1gn and therefore, were dropped The

: scatter of the near neutral ncwy 1s large, whzch is not

surpris1ng 51nce statfonar1ty 1s a rather poor assumpt1on i?”

N

-for thas per1od 0verall however these spectre do seem to

\\A

Flnally, Flgure 6 13 shows the sequence of nc“m*for

"-September 16 For the unstable case,,1t 15 necessary to plot

—

-nC“m. Agaln, a lot of scatter can be seen in the near'

-neutral cospectrum, but the -4/3 slope of the 1nert1al ';

cases. ' ' "ﬂ

subrange 1s ea51ly 1dent1f1ed in the stable and unstable

;_;/{

™
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~

aCQst1t1on system has been’assembled and successfully used
(-
to collect and transfer turbulence data to a. host computer

for process1ng The system ‘is small portable (powered by
1 .
‘ common 12 V,lantern batter1es§ and relatlvely 1nexpens1ve.
o 3 Y 4 ~ [
Meteor“og1ca1 1nstrhmentatlon consl;ts of a sonlc anemometer

- -

for vertlcal wln& m¢ asurements, an orthogonal palr of Gzll

propeller anemometer‘ for hor1zontal w1nd measurements, andf

a thnn platlnum w1re (25 um dlameter) to measure temperaturea

fluctuatlons. A standard 'Gill UWW array was used to mount
®

all four 1nstruments. Cost of the resultlng w1nd temperature'

afray was about $2500

. . 2
Analog condztlonlng, mult1plex1ng, and 8 bit' analog-
o= dlgltal C1rcu1try Whldh 1nterface the 1nstruments to an
RCA VIP 711 s1ngle board m1crocompdter have been assembled
: and described. The mlcrocomputer controls‘data collect1oh at'

« - 5, 10, 15 or 20 Hz (same for, all channels) Simultaneous’

¢

sampl;ng is approx1mated by fast sequentzal dlgltlzlng (1 25
ms per channel) There is enough on- board memory to buffer |

up to 3328 data bytes. When thls avallable space 1s fllled
~, -

data collectlon 1s‘stoppgd\and the data are transfered to -

standard audlo cassette tape at 100 bytes per second The .

o

poss1bl1ty of ach1ev1ng contznuous data collectlon at up to

89



'.,100 bytes per second has been cons1dered and appears o

v‘ e

i}-y,feas1ble with 1mproved software. The m1crocomputer also

“fcontrols the retrleval and transm1ss1on ‘of the dﬂta to a
host cohputer via an. RS 232C 1nterface. Th1s process " éﬁl-?
v1nvolves readlng data from tape, convertlng them from blnary
'to ASéII code,_and then transmxtt1ng the ASCII bytes in
ser1a1 form at. 600 baud Th1s 1nterface was 1mplemented
vpredomlnantly in software.,The only handware reguired . was a
51mple RS- 2§2C drlver. Cost 6f. the” ébmputer, tape- reco;der,

' and electronxc cOmponents requ1red for thls project came, to
around $500. Documented assembly and mach1ne language
llstlngs\of the profbtype software‘%re prov1ded )

A seages of experlments to test the prototype system
'were undertaken at the Un1ver51ty of Rlberta Research Farm .
(Ellerslle) located approxlmately 10 km~south of downtown ;
,Edmonton, Alberta. Statlst1cal and spectral analys1s was
performed on many of the data sets obtained. The results of
a few selected cases were presented The -5/3 and -7/3 ;. ,
behavxoursnexpected in the 1nert1al;suﬁrange of atmospheric
vpoher;spectra.and%cospectra,'respectirely, were generally
-‘found'to be folloued'fairly‘closely.'Reasonable‘estimates of
d1551patlon rates were obtained from the subrange of sonlc‘

vertical wlnd andg plat1num~w1re temperature spe%tra.‘
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7 2 Conclusxons.- yl 'P‘ |
. Th1s work has demonstrated that 1t 1s ourrently
p0551ble to construct a m1crocomputer~based data acqu1s1t1on
system sulted to the study of- atmospherlc turbulence for
around $500 (not 1nclud1ng the cost of meteorologlcal

- 1nstrumentat1on) ThlS is at least an order of magnltude
ot less than any comparable commerc1al systems currently S
avallable. Hardware assembly 1s nelat:vely easy and nelther

ec1al1zed development tools nor. a great deal of techn1cal
LR @ \

ER

* expertise are required. T
| The RCA COSMAC VIP 711 tra1n1ng m1crocomputer was found

to be well su1ted to thlS pro;ect, operatlng rellably durlng

. two months of 1nterm1ttent f1eld testlng. The comme£c1af |

'qual1ty electronlc components of th1s and other comparable o
"mlcrocomputers does,\however, restrlct expo;ed operatlon to |
temperatures above 0°C. | | i

The analy51s of data collected with the prototype

system has conflrmed that the low-cost, CA27 sonlc
anemometer and a very simple platinum wire thermometerﬂcan
be uSed_tobstudy~the spectra of.turbulence atgfrequencies up
to-at least 10 Hz and to obtain reasonable subrange
estimates'of_dlssipation rates. Propeller anemometers, oi
the other hand, provide little_informati?n.aboye about 1 H
Data analysis also indicates thatfe-bit analog-to—diéital
conversion can give sufficient;resolution.for the'study of
turbulence provzded that analog ampllflcatlon and offsets

are used 3ud1c1ously.



e g e —— e = gryemsoewee ve cuveeswe
\re requ1red. T ’

A COSMAC VIP 711 tra1n1ng m1crocomputer was found
su1ted to thlS prOJect, operatlng rellgbly durlng
of 1nterm1ttent f1eld testlng. The commerc1af |
ectronlc_oomponents;of‘th1s‘and other,comparable
;ers:does,\howevet, feStflCﬁ’epr;ed operation to
'S above 0°C. | | )
xaly51s of data collected with the prototype
conflrmed that the low-cost, CA27 son;c

and a very simple platlnum wire thefmometerfoéﬁ
5thdy~the spectra of.tufbalence atufrequeﬁcies up
10 Hz and to obtain reasonable subrange

f d1s51pat10n rates. Propeller anemometers, oh
xand, provlde l1ttle_1nfor@5t1?n.above about 1 H
iis also indicates that-e-biﬁ anelog-to—oiéital
can give sufficient;resolutioh.fof tﬁe'efudy of
prov1ded that analog amplzf1cat1on andloffsets

1d1c1ously.

‘

CODE - SOURCE LINE : e
SHR -
.PLO 7 )
BDF HPAR S




f’12 b1t ADC w111 be more dlfflcult 51nce the extra % b1ts

*f_;to be multgplexed ohto the 8- b;t 1nput port.

051ng 2 bytes pev sample wlll allow wr1t1ng only 50 data '
‘ values per second to tape. Th}s shoUldbbe suffrczent,

fhoweVer,‘zf cont1nuous data collectlon 1s 1mplemented

'j‘The present 600 baud transfer to the host computer is

rather slow.»Transfer rates of 1200 or 2400 baud could
probably be. 1mp1emented 1n software although these

values would not be part1cular1ly useful since they are

not. compatlble w1th the avallable termlnal rates. A 9600‘

‘baud 1nterface wh1ch‘would allow the system to t1e in

,although thlS could not be done in software alone- a-'

',UART chip, baud rate generator, and accompany1ng

circuitry would~be requ1red

D -

The 1nclu51on of real tlme output, notably covarlances,

would be useful in po1nt1ng out 1nstrument malfunct1ons

or unusual atmospherlc condltlons. There is certainly .

sufficent time for the m1croprocessor to do some '«-Q

.ljreal time calculatlons- in the present software most.. of

[

its t1me is spent wa1t1ng for an A- to D convers1on to~rvﬂ

start. or fin1sh Us1ng th1s spare t1me, however, would

requlre 1mplement1ng much more elaborate 1nterrupt based

-software.\ln addltlon, 51nce a'v1deo mon1tor is not ‘well
su1ted to fleld use, a dev:ce to prov1de real- t1me
'.output, preferable a small pr;nter, would also have to

" be purchased.and“interfaced to the-microcomputer..

_ . . : ’

‘w1th an avallable CRT termlnal would be very convenrent‘ F



ld not be particulariiy.useful“since_they-are
ible‘withjtﬁeAavailable.termihal rates. A 9600

EaCe whichxonIH alloﬁ rhe syStem to“tie in

a11able CRT termlnal would be very convenment
118 could not be done in software alone- a
baud rate generator, and accompany1ng

would~be reguired.

-4

-~

ion of realrtime output,~notably covariaﬁces,
seful in po1nt1ng out 1nstrument malfunct1ons
atmospherlc condltxons. There is certalnly
time for the mlcroprocessor to do some '«f;.’
:alculatlon5° 1n the present software mosf;of
5 spent wa1t1ng for an A- to D convers1on to-fvﬂ
in1sh Us1ng thls spare t1me, however, would
olementlng much more elaborate 1nterrupt based
In addltlon, 51nce a'v1deo mon1tor is not ‘well
Eleld use, a dev:ce to prov1de real- tlme
eferable a small pr;nter, would also have to .

'

ed and interfaced to the-microcomputer;i’

_ ’ . : : ’

. .WRITE TO' TAPE ROUTINE - -
. .FROM RCA VIP-711 OPERATING SYSTEM.



bau& Hard d1sc or bubble memory systems,w1th over a

S

hﬁomegabyte of non-volatlle storage have potentlal but, at
'present,,are Stlll very expen91ve.vThus, cassette tape 1s
11ke1y to remaln the cheapest answer to relat1ve1y slow,"
sequent1al data collectxon for some time to come. :Qf'
g What abOut the new generatlon of 16 b1t m1cr0computers?
"At present comparable 16 b1t 51ngle board systems are st111
qu1te expens;ve..Before long, however, such systems w:ll
0become w1de1y ava1lab1e and greatly fac111tate the,use of
12-bit A- to-D converters in a pro:ect such as thlS. In the
,.meanwhlle, there 1s much that can be accompllshed -with- the

e

1nexpens1ve 8- b1t systems currently avallable.

lL
r
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APPENDIX ~

‘_ This app nd1x contalns one ver51on of the machlne
.language programs used by the prototype data acqu151t10n
system. The data collection software permits the user to
input the number - of channels, n, to be sampled,-and then
uses the flrst n channels selected sequentlally from w T
u, v, X, and Y. If this order is not sat;stactory for a -
particular'experiment it can be easily modified by altering,
the initializations in locat1ons #0032 through #0055, %

Both data collectlon and Host 1nterfac1ng software use
routines .in the RCA COSMAC VIP-711 operatlng system‘ These
‘;routlnes have been dlsassembled and documented and ‘are
1ncluded here. for completeness. Except for the RCA
‘1subrout1nes, the programs areiﬁwaded from cassette tape into
<RAM locatlons #0000 to #01FF. Only one program resides in
RAM at any one time. ‘ - B .

' The programs have been developed wlth the aid of 2
version of the RCA COSMAC 51nble pass cross assembler
prov1ded by the Un1vers»ty of Alberta Computlng Services in
the publ1c f1le,*COSMAC Certaln assembler language commands
are m1551ng in thls llmlted 1mplementat10n and machlne
"language hexcodes must be used in thelr place. Most notable
“lof’ these are the REQ (#7A) and SEQ (#78) commands whlch

control the Q 11ne.

o o . : .
. R "
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: LOC COSMAC CODE

0000"
0000
- 0000 L
0000 y""
0000 .
0000
0000
0000
0000 v
0000 '
0000
0000
“0000
0000
0000
0000
0000 -
. 0000
0000
0000
0000
0002 90
0003 B4
0004 B?
0005
0007 A4
0008 D4
0009 F8A1A7
000C D7 .
‘000D BA
000E FFO07
0010 3B15
0012 7B
0013 30713
0015 D7
0016 AA - -
0017 9A -,
0018 AF
0019 94
0C1A AB
~001B 8B
001C F4
001D AB
001E 2F -~
001F 8F
0020 3A1B
0022 8B
0023 FDOA
0025 332B
0027 7B
0028 3028
002a D7
002B

ENDCH :
* QKCHN:

PLUS:

' ENDRM BR' ENDRM

SOURCE LINE

. .COSMAC DATA .COLLECTION 'SOFTWARE
. -WRITTEN BY PAUL HOPPS (1982)

'———-—————-.-—-.-——-———-——————-———--—_————_
o e

..REGISTER DESIGNATIONS:

.~ «.R1 Pointer to I/0 Control Bytes_
..R2.0 Channel Counter
"« +R2 Address of Key-Input
..R3 RCA Tape-Write Program Counter
..R¢ Main Program Counter
. «R6 Pointer to next buffer location
. «R7 Keypad-Input subroutzne P counter
.+-RA.0 Number of pages per channel
.«RA.1 Number of channels :
+'«RB Total number -of pages in buffer
..RC RCA Write-a-Bit P Counter
+.RE.0 Page counter for RCA routine
. «RF Keypade debounce counter
. .RF Rema1n1ng buffer space counter
,#6380 ..Turn cassette power off
GHI 0 ..In1t1allzat10ns, make R4
PHI 4 -..the main program counter.
PHI 7 . o : A -
LDI #09
PLO 4
SEP 4
#A1->R7.0. ..Call Key- Input subroutine
SEP .7 ~++to input the number of
PHI A _ ..channels (Store in RA.1).
SMI #07 ..Check to make sure the =
BL OKCHN ..number of channels:is <7,
,#7B .+1f no, ‘turn on Q tone
BR ENDCH ..and terminate in a loop.
SEP 7 ..Else input pages per
PLO A ..channel (store in RA.0Q).
‘GHI A -+ +Get number of channels
PLO F ..(store in RF.0)

- GHI 4 . ,
PLO B ,
GLO B ..Compute total number of

. ADD ..pages required by
PLO B ..multiple additions (X=2) -
DEC F ..Since the COSMAC does -
GLO ™ ..not have a multiply
BNZ PLUS ..instruction (store

GLO B ..result in -RB.0). -

- SDI #0A .Is there -

. BGE OKRAM ..enough memory?

- #7B ..If no, turn on Q tone

..and. terminate in this loop

SEP 7 ..else wait for clock to start

FB81BC OKRAM:#81->RC, 1



LOC COSMAC' CODE ' SOURCE LINE

100

002E FBFBA1 #EB->R1.0 . .

0031 'E1 SEX 1 = - :

0032 'FBAS - LDI #AS_ ..Mu1t1p1exer In1t1allzat1ons-
0034 73 - STXD - ‘

"0035 F885 LDI #85 ..OOFO #80 )
0037 73 STXD - ..00F1 . #A0
0038 F8A4 LDI #A4 . ..00F2 #81

. 003Aa 73 STXD ..00F3 #A1
003B F884 LDI #84 ..00F4 #82
003D 73 STXD ..00F5 #A2
003E FBA3 LDI. #A3 ..00F6 #83

- 0040 73 STXD ..00F7 *#a3
0041 FB83 LDI #83 ..O0FB #84
0043 73 STXD. ..00F9 #A4
0044 FBA2 LDI #A2 ..00FA #85

- 0046 73 STXD- .+00FB  #AS -

-.0047 F882 LDI #82. - R
0049 73 : - STXD .In the I/O control bytes,g,
004A FBA1 LDI #A1 ..an 'B' iS us€d to select
004C 73 STXD. ..a MUX channel and an 'A'
004D F881 LDI #81 ..is used to initiate an
004F.\73 STXD ..A/D conversion, In this
0050 F8AO0 LDI #AO0  ..program channels 0,1,2,3,4,
0052 73 STXD ..and 5.(W,T,U,V,X, and ¥

- 0053 - F880 ‘LDI #80 - ...respect1vely) are sampled in
0055 73 .- STXD ..order up to the last channel.
0056 FB802B6 START:#02->R6.1 ..The buffer :

0058 94 . GHI ¢ ..starts at location

005A A6 PLO 6 " ..#0200 (X=6).

005B 8A . GLO A ..Use RF to keep track of
005C BF - " PHI F ..+ «how much room is’ rema1n1ng
005D FBFFAF #FF->RF.0 ..in the buffer.

0060. A CYCLE:GHI A ..Start of a Channel scan.
0061 A2 PLO 2

0062 FB8OFA1 #0F->R1.0 ..Select the first MUX channel
0065 63 ,#63 ..before the scan starts. .
0066 21 DEC R1’ B ,

0067 3E67 WAIT1:BN3 WAIT1 ..Wait for a 0 to 5 V ‘
0069 3668 WAIT2:B3 WAIT2 ..transition from.the clock.
006B 63 . NEXT:,#63 ..Select the MUX channel.
006C C4 , #C4 . .Short Pause (NOP) .
006D 63 - , #63 .«.Commence an A/D conversion.

. DO6E E6 SEX 6 i ' ‘
006F 3FBF- = BUSY:BN4 BUSY ..Wait for end of conversion.
0071 6B . , ,#6B ..Input the data byte and store
0072 60 - . ,#60 ..in the next buffer location
0073 E1 - SEX 1 o S o
0074 22 * DEC-2 ..Is this the last channel?
0075 -82 GLO 2 ..I1f no, then start the '
0076 3A6B. ~BNZ NEXT ..next conversion.

0078 2F DEC F ..If Yes, check._to see if
0079 9F GHI F

..the buffer is full.
. o o



LOC
007A
007C
"007F
0082

10083

0085
0086
" 0088
008A
" 008B

008G,

008D
00BE
008F
0090
0092
0093
0095

. 009B

- 009B

009B

0098

00AO
ooAa1
00A4
00A7
00AS8

00A9

00AB

'00AD
- O0AE
~ OOAF

00BO
00B2
00B3
00B6
00B7
0088

00BA

00BC
00BD
O0O0BE
00cCo

-%t. ?{; - 101

R
.\\-

SOURCE LINE . : 25

COSMAC “€ODE "

3A60 BNZ CYCLE ..If no, cont1nue the cycle. ,

F880B3 #805>R3.1 ..Else get readx for a \

‘F891A3 ‘#91°>R3.0 ..Tape write. o

E4 . 'SEX &4 e

6300 , #6300 «.Turn the cassette on.

EC SEX C Coma

F802B6 #02->R6. 1 ..Tape write : o

94 - . GHI 4 +..initializations.

A6 PLO 6 ‘ - o

8B GLO B

AE PLOE ~ - g o

D3 'SEP 3 ..Call RCA Tape-vwrite. . .

61 ., #61 ..Turn Video off. A

6380 ~~~ ,#6380  ..Turn the cassette off. . -

E1 SEX 1 o e . o

3056 BR START ..Start S%er. ’ o *ﬁ%g

000000000000 ,#000000000000:..Filler S B

18000000000 ,#0000000000 . e
..KEYPAD INPUT SUBROUTINE

N . ’ ® -

D¢ RET:SEP 4 . .Return to Main.

F800B2 © #00->R2.1 ..Set M(X) to

FBFFA2 #FF->R2.0 ..#00FF (a place to

E2 - SEX 2 - “,.store value .of" key).

92 :,. 1 GHI 2 ..set D to zero :

FCO1 ' NEXT2:ADI #01. ..This loop cont1nuously

FAOF ' ANI #OF. ..scans the hexkeys until

52. STR 2 ..one of them is pushed.

62 L #62 . '

22 DEC 2

3E6B BN3 NEXT

7B - ,#7B ..Beep when a key is pressed.

FB820BF . #20->RF.1 .- . o '

¢F CONT:DEC F  ..Debounce delay- loop.

9F ~ GHI F ;

3AB6 . BNZ CONT : ‘

36BA *HERE:B3 HERE. ' ..Turn off tone when the key

7A yH#TA ..is released.

PO LDX | | . .Recall value of Key to’ D

30A0 ~BR RET ..Goto RET.

- - - = ——— o —— " - - = - - o -
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P

LoC COS“AC CODE SOURCE CODE

0000
0000
0000
0000
0000
0000
- 0000
0000 -
0000
0000 -

- 0000
- 0000

. 0000"
0000 oA
. 0000 |
0000
0000 -
0000
10000
0000
0000
0000
0000
0000
0000
10000 7a

LN 4

. .COSMAC-AMDAHL INTERFACE SOFTWARE
-+« +WRITTEN BY PAUL. HOPPS (1982)

e " e D WD W . = = P o e We W G - . S me -

. .REGISTER DESIGNATIONS:

+.RO .
. 0R1
..R2
..R2.0
..R3
.-R4
«.«R5
. «R6
. « +R7
..R7.0
..RB,1
«+RO. T
..RA.O
.-RB.0O
«..RB.1
..RC
««RD
«+RE .
«+RF .

A

’,#7A'

Delay loop counter

- End-of-line delay P counter

ASCII message pointer
Character per line counter

'RCA Read-Tape-Routine P counter

Main program counter .
Serial Output.Subrout1ne P counter
Buffer location po1nter

'Keyboard Input P counter

Parity Register _ -
Number of channels of data

Total pages in buffer

ASCII ones digit

Temporary ASCII character storage
Number of characters per line

“RCA. ?ead -a-Bit subroutine

Delay routine program counter
Starting address of buffer -
wOrkhorSe reglster

'..In1t1a11zat1ons'

- 0001 90B1B4B5BABBBD RO.1->R1.1,R4.7,R5.1,RA.1,RB.1, RD 1.
#0C->R4.0 ..Make R4 the maln program

0008 FBOCA4

'002E F827A2
0031 FBB8IBC

!

000B D4 SEP 4 .counter.
000C F801B7 #01->R7.1 - .
000F FB03A7 ¥03->R7.0 o R :
. 0012 D7 SEP 7 ..Input the number of channels
: 0013 B8 PHI 8 ..on the tape (store in R8.1).
0014 D7 SEP 7 .,Input the number of pages
0015 98AF R8.1->RF.0 ..per.channel on the’ tape. t
0017 9a. PAGES:GHI A ..Compute the total number of
0018 F4 ADD .. ..pages per block by using
0019 BA "PHI A - ..,multiple additions (store
001A 2F DEC .F - ..result in RA.1).
-001B 8F GLO F .
001C 3A17 BNZ PAGES
- 001E D7 8EP 7 . ..Input Scans/lxne to be - printed.
. '001F 98AF R8.1->RF.0
9021 9B BYTES:GHI B . .Compute the number of data
8022 F4 , ADD ..values to be stored per .
, 0623 % -+ PHI B ..line-of file in the Host
- 002 \2? A DEC F - -computer (store in RB.1)..
oozaéﬁr ' GLO F
026 3A21 BNZ BYTES,..In1t1a11zation3° ‘
§028 FSADA1 -~ #AD->R1.0 ..Delay address (#00AD)
02B FBBDAS- #BD->R5.0 ..P-to-S address (#00BD)

%#27 >R2.0 ..Message address (#0127)
#81->RC.1 ..need by RCA routines
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' LOC . COSMAC. CODE souncs LINE . . -

-~ 0034 FBF4AD - #F4->RD.0 ..WaitC address (#00?4) ,
0037 FB819AF : #18->RF.0 ..25 characters in message
003A 3E3A HERE: BN3 HERE ..Wait for. repeat of last key
003C 42 - MSG1: LDA 2  ~,.before starting to transmzt.,
003D D5 - . _SEP 5 ..Send the message
"003E 2F - : DEC F SCOPY‘*MSOURCE* -DATA'
003F 8F - GLOF. ..to the Host computer
0040 3A3C . BNZ MSG1

‘0042 F80D LOAD: LDI #0D . }.Send‘a cg;r1age return.“
0044 D5 . SEP 5 - S ’

0045 F80A- - = LDI #0A  ..Send a linefeed.
0047 D5 (' SEP 5 o R -
0048 D1 : SEP 1+ . ..Delay for system response.
0049 E4 .. - SEX 4 [ - e
004A 6300 7 #6300 ..Turn the recorder on.
004C EC - i SEX C AR o .
004D FB02B6 . #02->R6.1 ..Initializations for the '
0050 94 GHI 4 - +RCA tape read (the buffer
, 0051 A6 o " PLO 6 ..Starts at #0200) 2
0052 9AAEBF ‘RA.1->RE.O,RF.1 .
0055 FB880B3 © #B0->R3.1
0058 FBC2A3 #C2->R3.0 : :
005B D3 v SEP 3 . ..Execute RCA tape read .
005C 61 .- : fy#61 . .Turn the video off.
005D. E4 4 SEX 4 o :
00SE 6380 = ,#63,#80 ..Turn the‘recorder off.
0060 F802B6 #02->R6. 1 . o . . .
0063 94 ~ GHI 4 ..Preparé to send the datar
0064 A6 - - PLO 6 ' '
0065 E6 SEX 6 '
0066 FSBFFAF * #FF->RF.0 ..RF counts down chars/block .
0069 FB830 "LDI #30 ..Send a '0' a block separater.,
006B D5 - SEP 5 N
006C 9BA2  NEXTL:RB, 1->R2.0° “.R2 counts down- chars/line.
.006E F80D '£DI #0D  ..Send a carriage return.
-0070,.D5.. - ~ SEP 5 . . _
0071 F80A. -~ = .  LDI.#0D ..Sehd a linefeed.
0073 D5 SEP 5
0074 D1 - . SEP 1 . .Delay for system response.-
+ 0075'F820° NEXTC:LDI #20 : ‘ ‘
-+ 0077 D5  SEP 5 :.Send a’ 'Space' . Ce
- 8078 72 - - ,#72 ~ «.Get the next data. byte.- Rk
©- 0079 AA- PLO A ' :
007A FB2FAB » #2F->RB.0 . .Convert hundreds digit to
007D 8A , GLO A .++«ASCII by repeatedly :
007E AA. - LOOPH:PLO A ..subtractxng #64=100 until -
007F FF64 SMI #64 ..the remainder-is less than
0081 1B . INCB ..100, Add #30 to. the hex
0082 337E . . - BDF LOOPH ..result.-
0084 8B .+ GLO B .
0085 D5 . - SEP b ' ..Transm1t hundreds digit.
0086 FB2FAB - #2F->RB.0 ..Convert tens digit to-

-0089 8BA . ' GLOA ' ..ASCII by repeatedly



: LOC COSMAC CODE SOURCE "LINE

008A

" 008B

008D
008E
0090
009,
0092
- 0093
0095
0096
0097
' 0098
0099
0098

=2 009€

009
0O0AD.
00A6
00AC

‘00AC

00AC
 00AC
00AD
00B0.
00B1
00B2
00B4
00B6
00BC
00BC
00BC
00BC
- 00BD
'00BE
. 00BF
00C2
00C5
_00C6
00C8
00C9
00CA
00CB
00cc
00CE
. 00CF

00D1.

00D2
. 00D3
00D5
00D6
00D?
' 00D8
00DA

GLO 7.

104 -

AA . LOOPT:PLO A ..subtracting #0A=10 ~
FFOA SMI #0A  ..from the remainder to the
1B INC B ..hundreds lopp. : -
338a BDF LOOPT ° , .
8B GLO B !
D5 SEP § ..Send tens d1g1te -
8A " GLO A ..Ones digit is remaander
PC30 ADI #30 ..of tens op. o
D5 - SEP' 5 ..Send the@pnes digit.
22 & DEC 2 . WO *
.2F - DEC F : . .
SF . GHI F ..If this is the last'number
3242~ BZ LOAD ..in the buffer goto LOAD.
82 GLO 2 ~..Is this the .last character
3A75 BNZ NEXTC ..in the line? If no, goto NEZXT.
306C - - BR NEXTL ..I1f Yes, goto NEXTL (nextline)
000000000000 ,#000000000000 ..Flller :
900000000000 ,#000000000000
..END OF- LINE DELAY SUBROUTINE

D4 . RETD SEP 4 ..Return to Maln. . ' '
F820B0' DELAY: #20- >RO. 1 ..Delay for AMDAHL response.
20 LOOPD: DEC 0
90" GHI 0
3ABO BNZ LOOPD" ’ :
30AC - BR RETD :,.Goto RETD._
00000000000 ,#0000000 000 .

- e T T e e e e e e e~ - et itk

. «PARALLEL TO SERIAL ROUTINE

D4 RETS:SEP 4 ..Return to Main.
7A PTOS: ,#7A .:Turn Q tone off. -
A8 PLO 8 ..Binary data value-->RS8. 0 X
FB800A7 . #00->R7.0 ..Initialize parity reg (odd)
FB07A9 “#07->R9.0 ..and bit counter (7).
7B #7B ..Turn Q tone’ on, ‘
F83B DI #3B S e . o
DD "SEP D '~ ,.Send start bit and_then
88 SHFTR: GLO 8 "~ ..Start sh1ft1ng out *data b;ts.
Fé6 ‘ SHR :
AB PLO 8 ..RB 0. Holds rema1n1ng b1ts.
.33D1. BDF HIGH «+Turn Q Qn for a low b1t.
7B H#7B
30D3 BR_NEXTB ..Get next b1t,
71A HIGH: ,#7A ..Turn Q off for a high bit.
17 ’ INC 7 ..Increment partxy register. .
FB3A - °"NEXTB:LDI #3A
DD SEP D ..delay for data b1t(600 BAUD)
29 DEC 9 . ..18 this the last data bit?
89 ~GLO'9 . ..Ifno, get the next bit
3ACS ~ BNZ SHFTR ..else send out the parity bit.
87
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 LOC COSMAC CODE - SOURCE LINE S -

"00DB F6 SHR o
00DC A7 .PLO 7 . B
00DD 33E2 , -BDF HPAR: . g R
OODF 7B ,#7B R o
O00E0 30E5 . '~ BR'STOPB - - v
00E2 7A - HPAR: ,#7A ) . Y
.00E3 30E5 'BR STOPB =~ S
OOE5 FB1B  STOPB:LDI -#1B
00E7 DD SEP D- ..Delay for parity bit.
00E8 7A - #TA p -
O0ES F8FF LDI #40 ..send out stop bit. .
00EB DD . SEP D A
O0OEC 30BC BR RETS ,.Return. , _
00EE 0000000000 . ,#0000000000 - : . . ‘
O0F3 ittt L L T LT P '
OOF3 ' ..SERIAL OUTPUT BIT DELAY
OOF3 T :
00F3 D5 . RETC:SEP 5 ..Return to P-TO-S routlne‘
‘00F4 AOQ_ WAITC:PLO 0 ..S1ngle bit delay loop.
00F5 20 - LOOPC : DEC "0
O0F6~ 80 v GLO 0 _
DOF7 3AF5 . _ BNZ LOOPC .
.00F9 30F3 BR RETC ..Goto retc.
OOFB 00000000000000 ,#00000000000000 e
0102. - mmeeem el e -
0102 ; KEYBOARD INPUT ROUTINE S
0102 ' : : N
0102 D4 RETK:SEP 4 . ..Returh to Main,

0103 FBO1B2 INPUT:#01->R2.1 ..Set M(X) to #01FF (a place'
. 0106 FBFFA2 - #FF->R2,0 ..to store the value of key).
0109 B2 - " SEX 2 . _

- 01bA 92 GHI 2 ° '
010B FE€O1  NEXTK:ADI #01 ...This loop continuously
010D FAOF . -, . ANI #OF ..scans the hex keys until one
010F 52 . STR 2 “ +,0f them is pressed
0110 62 ,#62
0111 22 DEC 2
0112 3EOB . BN3 NEXTK -
0114 7B ' ,#7B ’ . .Beep when a key is pressed
0115 FB20BF #20->RF. 1
0118 2F  LOOPK:DEC F . ..Debounce delay loop. - .
0119 9F . o GHI F = '
011A 3A18 ~  BNZ LOOPK o -
011C 361C "PKEY:B3 PKEY ,.Turn off tone when the
“011E 7A . LH7A ..key’ is released.

- O011F FO - LDX +.Recall value of key to D

. 0120 3002 = BR RETK ..and go to RETK
0122 0000000000 ,#0000000000
0127 T
0127 : ' ..ASCII MESSAGES FOR HOST '
0127 o :
0127 24 ,#24 .

0128 43 ° L pe3 ..C
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LOC COSMAC CODE ;souncs cons

0129 4F AP0 R
" 012A 50 . #50 ..p SRR
'012B 59 S#59 ..y -

. 012¢ 20 . . ;#20 . .SPACE

012D 2a L aR2A s

012E 4D~ . ,#4D .M

012F 83 . ., ¥53 .S

- 0130 4F. . _LHeF ..0

0131 65 -~ - (485 .U
013252 _’ +#52 ..R
0133 43 ' ,#43 .,C
0134 45 - §45 . E | _
0135 2A W H#2A L% -
0136 20 .~ L,#20 °,.SPACE CoN
0138 44 B L S -
.0139 41 : L I e

013B 41 . . 441 A o L

013 28 428 (. »

013D 2A . #2A ,.¥ PR S

013E 4C S 71 AL S S o |
0180, . B T et e



LOC
8091
, 8091
8091

8091

- 8091

8091
8091

8091
8091
8091
8091
8091

8091 -

+ 8091

- 8091
+ . 8094
8097
8098
- 8099
- 809A
809B
809C
809E
80A1

80A3

80A4
80AS5
80A6
80A8

80A9-

80AA
80AC
80AD
B80AE
B80AF

80BO

80B1
-80B2

-B0B3

80B5
80B6

8OB7
"80B8

80B9
80BA
80BC
'80BD
80BE
80BF
80C0
80C2

107

COSMAC CODE SOGRCE CODE

: _..WRITE TO TAPE ROUTINE
* «/FROM RCA VIP-711 OPERATING SYSTEM.
..REGISTER DESIGNATIONS'
«+R3 Program counter
.«R6 Pointer to , next data byte:
.R7 Parity register .
..R7 '} ‘Holds byte being wr1tten
++R9 “.Sync tone timer -
..R9.0 Bit counter > '
. +RC P counter to Bit- wr1te subroutlne

F86FAC WRITE #GF >RC\0 ..In1t1allzat10ns, RC=#816F
FB840B9 : #40->R9., 1

93 "~ SYNC:GHI 3 - ..Start Sync tone, send out’

Fé B . SHR - ..a high b1t. S :

DC ... .SEPC

29 .. " DEC 9 . ‘"..Decrement .8ync counter and .
99 C GHI 9 “<.continue sendlng high b1ts
3A06 BNZ SYNC ..for 5.seconds. :

F810A7 NEWBY:#10->R7.0. ..Reset parlty reglster (0dd).
'FB08A9 : #08->R9.0

46 LDA R6 . .Get next data byte to sehd
B7. © PHI 7 i _

93 GHI 3 | ,.Send out a start bit

FE . SHL -

DC ’ SEP C ’

86 , ~ GLO ’6 S ¢ th1s the- end of the page?
3AAD ~ BNZ NXTBT ..If yes, then decrement the
2E DEC E  ..page counter. RS

97 NXTBT:GHI 7 . .Get rema1n1ng ‘data byte

F6 . . SHR . .and write next bit to tape.
B7 PHI 7 «

DC . SEP C ' o :

29 . DEC 9 . ..Is this the~1ast b1t?

89 B GLO 9 7

3A1D ' ‘BNZ NXTBT ..If no, get next b1t.

17 : INC 7 .JI1f yes, finish up the

87 - GLO 7 ..parity calculation and write
F6 SHR - ..it to tape.- .- :
DC o SBP C - ... -

-8E . "~ GLO E. ..Is this the last byte?

3A%E . . BNZ NEWBY ..1f no, then get new byte,

DC " SEP C- ..else send a stop bit. 5
69 - VIDEO:, #69 ..Turn video display on.

26 . DEC 6 ..-Point at last byte written.
D4 : SEP 4 ~ ..Call video interrupt routine.

3030 . END1:BR END1  ..Terminate in this loop.

—q—-—---,_-._—-——-._——--_———-———.—————————_-—

..RE Rage counter (last byte makes it 0)

*®

-—
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'LOC  COSMAC CODE SOURCE.LINE

80C2 ' o " ..TAPE READ ROUTINE
80c2 ‘ «.+FROM RCA VIP-711 OPERATING SYST§M
gocz2 : e T T T e e e e e e e b e e D e -
80C2 : ..REGISTER DESIGNATIONS’ .
gocz2 - ..R6 ' Pointer to data buffer :
80C2 o . «.R7.0 Partxy reg;s er.
80C2. - «.R7.1 Temporarily stores incoming .byte

. 80C2 ] o -.R9  Sync tone timer
80C2 j - +.R9.0 Bit counter :

- 80C2 ..RC’ Read-a-bit P Counter
80cC2 ..RE.0 Page counter - A C
80C2 ' bbb D D

80C2 FB83AC READ-#83 >RC.0 ..Initialize, RC-#8183
80C5 FBOAB9 AGAIN:#0A->R9.1 ~

- 80C8 DC TONE:SEP C | ..Read in a bxt
80C9: 33C5 BDF AGAIN ..Keep trying until a 1- b1t.
80CB- 29’ DEC 9 “.Are there 2560 high bits"

-80CC 99 . GHI 9 . s++in a row? R ,

BOCD 3AC8 . BNZ TONE . ’
80CF DC WAITST:SEP C - «.Yes, 80 it must be a sync-
80D0 3BCF - o BNF WAITST..Just wa1t for a start bit.

- 80D2 F809A9A7 = - #09->R9.0,R7.0
80D6 97 NEXT:GHI 7 ..Get data byte so far and
80D7 76 - _ SHRC = ..shift on the next bit.
80D8 B7 - - PHI 7
80D9 29 . . DEC 9" .
80DA DC : - SEP C .+Read in next bit.
80DB 89 GLO 9 = ..Is this the last bit?
80DC 3AD6 BNZ NEXT ..No, then get the next one. ’

- BODE 87 ' GLO ;7 ..Yes, so check the par1ty.. b
BODF "F6 ' SHR . T
80E0  33E3 - BDF PARTY ..Turn. Q on. 1f there is-

- 80E2 7B . LB . ..a parity error.

.80E3 97 . PARTY:GHI 7 ..Store finished byte .in -

BOE4 56 = .. STR 6 - «.the next buffer location
80E5 16 INC 6

_BOE6 86 - - GLO'6 . ..Is this end of a page?

. BOE7 3ACF =~ ' BNZ WAITST ..No, then read next byte.

BOE9 2E . . ' DEC E ..Yes, .decrement page counter.

GOEA 8E ' - GLO E .<18 this the very last byte? A
BOEB 3ACF ~ BNZ WAITST ..No,.then get next else :

80ED 30BD BR #VIDEO ..goto VIDEO and terminate.

_‘BOEF : e iinintetaiettedinidat bt DL Eintadntek ekt le



LOC .. COSMAC CODE

- B16E
- B16E

816E
816E

816E

- B16E
816E
‘816E
. B16E
‘816E
B16E

. 816F'

8171
8173

8175
8176
8177

8178
817A
817C
817E

 B17F.
8 180
8182

8182
8182
8182
8182
8182
8182

8182.

8182
8182
8183

8185

8187
8189
8189
8189
818B
818D -

b3

FBOA
-3B76
F820 .

17
7B .
BF
FFO1
3A78

3968

TA
9F
3078

D3

F810
'3D85

3D8F

FFO1

B1BE--. -

QC\;

FE.

818E
818F
8190
8192
8194

3590

3A87

* ST

SOURCE. LINE -

..SUBROUTﬁNE 'TO WRITE A BIT TO TAPE.
. .FROM, RCA VIP 711 'OPERATING SYSTEM.

..REGISTER DESIGNATIONS!
..R3 P counter of calling pra@ram

;..R? Pat1ty reg1ster

RET1:

..RC ' P counter of this subroutlne
«+RF tlmlng counter' e

SEP 3 ..Return to Tape- wrzte.
LDI #OA ..Initialize. timer’ to’ 10.

. BNF ZERO ..Is this a zero bit?..

'f ZERO'

MINUS'

LDI #20 ..If yes, then let, timer be 32

.INC 7 ..and increment par1ty ‘reg.
S#7B .. Turn Q on, start ot b1t.
"PHI F

SMI #01 ..Count ‘down timer w1th

‘BNZ MINUS..Q turned on. When timer

BNQ RET1 ..is zero, turn Q off and .
(#7A .. repeat timer loop w1th Q
GHI F  [.,QFF. When finished:- -

. BR MINUS ..return to call1ng rout1he.

RET2:

WAIT:
TIMER:

OUT:

WAIT2°
3082

- Gt — - — - - — . — 0 . > — s W o —— e e — g e = bt -
LN ]

. SUBROUTINE TO READ IN A BIT FROM'TAPE
. .FROM RCA vip- 711 OPERATING SYSTEM
..REGISTER DESIGNATIONS‘ ¢
..R3 P counter of calling program
.+ R7 Parity register
..RC P counter-of this subrout1ne _
SEP 3 . «Return to Tape- Readt
LDI #10 = ..Initjalize Timer to '10.
BN2 WAIT ,.Wait for start of bit,
BN2 OUT ..If the loop is exited from
..this point then it must -
..be a low bit,
SMI #01 ..Continue timin :
BNZ TIMER..If we:fall thfough the
INC 7 ..t1m1ng loop it must be
. ‘ee@ h1gh bit. Increment the
-..parity register.

GHI .C IF»..Get current byte.
(#FE . ..(SHL)Shift out this bit.
B2 WAITZ...Wa1t for bit transition

'BR RET2 ..if~ necessary then return..

___________ ...———-..——-—---_.. —— e e e - -
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