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*modifications and additional circu1ts were implemented.

. ABSTRACT

o

9With the'advent of developments in microcomputer technology it is cost-

¢
b

effective to perform a wide variety of practical applications of the

theories of Pattern Recognition. This project is one such application

‘. I

" in which a low-cost Passive Bus Detection system 1s developed. :

A
o

Vehicle signatures sensed by an Electromagnetic op Detector ere fed ”
into a micr0computer system. Using the Pattern ecognition technique,»

the system extracts characteristlc features from these signatures and

.defines Discriminant Functions -to differentiate_transitibusses from

other vehicles. ’,_» . <

The system has beeﬁ f1e1d-tested achieving better thad 99% accuracy and

-

»-
fs now in operation as- part of a busway control device in the City of

Edmonton. Most of the equipment used in the system is off the-shelf to

ensure’ “the availability of the f1na1 product. However, some necessary

-\

i
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CHAPTER 1 - INTRODUCTION st

’”
v

> .

»1.1 Background . ' ERRR a . Ca /.

~ . " . b - - _,/

Increa51ng bus ridership as means to reduce congestiongénd fueiiconsum-"

ption has been receivxng a lot of attention in recent years. Reliability

Ly j

"and efficiency are among the techniques used to'aftrect tran51t patron-

-

age. In order to provide reliability and efficlency in TranSLt Operat-<y

ions, priority conce551ons are given to transit vehicles. These conce-~

. ssions 1nclude exc1u51ve bus 1anes and priority traffic signalizations.

Bus'lanes, boﬂh with-flow and contra—flou, are the most common ways of
E . ™

~

»giv1ng busses priority over other traffic. However, while busses almostf}*Ui

;always gain from such treatment, other traffic can suffer Substantially

fvehlcles in the overall traffic streams. In 1967 the Federal Highway

25 "

in certain circumstances and 1nadequate streetafacilities, which are
. o

cOmmon in older neighborhoods of an urban arEa, Will also limit or even

~proh1bit such practice. The second conce551on requires the invocatlon

of various controls that all depend on the 1dentif1cation of transit

K

, Admininstration (FHWA) of the United States 1n1tiatedsa research prOJect"
giled Urban Traffic Control System/Bus Pniority System (UTCS/BPS) whlch
\

. kxhsgantiated the feasrbility of- preferent1a1 signalizations to redUCe'

fdelays of transit vehicles at interSectionsls although the requirement

I

IR ) - 3 '.’,;,"

'for on-board hardware and a specxal detector hindered the attractlve-

ness of the concept.

v . /l

Presently ‘two systems are used in" the City of Edmonton, botn u51ng.d1rectf

. e

radio transm1551on to a control dev1ce. dhe system uses a garage door

'opener to transmit to the control mechanism, the otKer transmits a 51g-'

f”nal;from a vehicle-mounted transponder to an: inductive loop which
o o . . R LT ¢

. B . e .' hS
Y | . . . . . A



indicates the presence of d buSLto'%he local control mechanism. Both

,sttems require all vehicles that use the route to he eq ipped, . and this'

¢

in itself creates flexibil _y problems for the transit operator. The
. /i

' other major problem ‘is the fa lure rate of the various transmiSSion de-lj'

-

rvices. The use of a pa551vé detection system will solve or minimize the -

o o.

' above problems‘ ' b SRS o R S
’ o ' ’ - : - .

©
\'. . - X3 Ry

Tn 1976 Honeywell Inc., der a contract with the FHWA, developed an3
.engineering model of ‘a Pa351ve Bus Detector13. However( the mathematical

. -

‘approach taken inothe development resulted in.a high-cost and large size

»

',“\\system which 1mpairedrits practicalify. It was therefore our: 1ntention

' ; - X e I

'to pursue the development o{hiql?w-cost and epmpact passive loop based

e A

»transit detection'system.

P

o

1a2 .The‘System" . '
‘Prev1ous reSearch-a

~ ) It b

recent advances in microcomputer technology 1nd1ca-

' ted that a claSSification system based on the pattern recognition techn- '

'ique.was w1th1n the state of the art. Conceptually‘the system was identi-

] fied as hav1ng three malpr functional blocks as illustrated i Fig. 1. 1.

The blocks have the, folloying functional attributes.
s

.1;1?The Sens;ng Block prov1des the b351c:§ignal‘that the processinéfh

';logic uses 1n the recognition algorithm.

©

l'

2. The Classifier Block performs the comparative 1ogic which determanes

'~the vehicle type- o év ‘“')*,a.3 R ’,d; ;;4_ Coe s

K

digital format and prov1des the input/output control hardware 1nter—<

Wie i
A e

fface such that a desired action takes place as ‘a’ result:@f a speCific .

vy =N -~

3. T he Perigheral Inte%face Bldck converts the basic signal to the %j_‘;

VA

4
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L=

recognition.

- The development of the system fell into three phases:

1. Sensing (Data Acquisition) : 'l N

2. Feature Extraction (Data Analysis)

3. Development of Dec1sion Algorithms (Software Installatlon)
During the course of des1gn1ng the system, empha51s was placed .on off-
the-shslf equipment for the implementation of the final product. ThlS /

. | | /

will ensure availability and ease in future maintenancee. - C

1.3 Project Obiective

[
!

The objective of this progect was to develop a low-cost and compact prac-

4
tlcal system which was capable of dlfferentlating Edmonton.efansit System

4 ;

(ETS) busses from other vehicles via a passive mode of detectlon scheme

(i.e. neither the bus drlver action nor the on-board equipment is needea)

with anvaCCuracy of 95% or better.lThis objective was successfully attaln-

ed during the course of this projecte f L |

1e4 Scope of the Thesis

ThlS is an 1nterd1c1p11nary project involving both the Traffichngineer—

v

ing and the Electrlcal Engineering where an operatlonal‘system has been
developed.

Chapter one is a desc ipzion of the background and the need 1nd1cated by

K

' the City of Edmonton or the development. 1t also very brlefly describes

the system and its development.

Chapter two is the. theoret1cal analy51s based on the collected data and v

the derlvation of dlscrimlnant fuhctions that are used in the flnal cla-

. -

;A AAT o M



/ ORI .
/ . - . i l

ssification algotithm, B , o ' S /

»

hapter three descrlbes the hardwaresdevelopment and necessary modifica-

tions .to the off- the-shelf‘equlpment to make thls a fully automatlc

¥

operational system.’ g S ‘ SR _f L

»

Chapter four describes the software development in this prOJect. A soft-

ware filtering technique is discussed. Flow charts for the developed
programs are also included.

- u

Chapter five concludes this project by show1ng the performaneevof the

‘1t also points out the arbltrarrnesses or uncertalnties which

’

ystem.

may need adJustments in order to yield optlmal system operations.

~




v”‘ f2 1 Introduction

cmu’rmz | 0 abory *

, , %
Due to the varlatlons of the data set (e.g. positlons ‘and. mAgnitudes of

’ e

.
- local maxima and mlnima in the 51gnatures) the pattern recognition tech-

Trflque seems to be sultable | for solvxng the problem of dlfferentlatlro

e .

ETS busses from other vehicles. This is one technlque that ‘can- handle a

large number of data and thelr variable nature and’ define a solutlon

_;which is, on the average, in‘elose agreement with the actual‘outcome.

v

'ﬁ.Therefore, it is the techniquefehosen‘in this,pxoject.g__

f'a

ff2 2 TyPlcal ETS ‘Bus. Slgnature "'T_ih”fff;73ﬁfﬂ‘fg\-.f‘;fﬁ?dft';

-Before going 1nto the analysis of the data - set, it is helpful to establlsh

the correlatlon between the ETS bus and its sxgnature. Since the dlstor-
tions of an electromagnetlc field are caused by the slze of a metalllc
vobject and its position in the fmeld, the slgnature sensed by the loop
' electronlcs should correspond to the metalllc structure of the vehlcle s

undercarrlage.;Measurements of the metallic lumps on the undercarrlage
of an ETS bus show that the heater box and gas tank are- 51tuated between
17 and 27 feet from the front bumper of a 40- foot bus (Flg. 2.1). When

we normallze the mld-p01nt of the heater box/gas tank with respect to

the total 1ength of the bus, we have N
' < .
(17 + 27)/2° " : , .
7 %0 = 0.?5

-

~

which-is in very close agreement with the second local maximum'of the .
average of a: 3-max. normalized ‘ETS bus 51gnatures (Flg.Z 2). The other

two local maxima are likely produced by the front-wheel axle and the

67

Ly
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K

engine at” the rear part of a ‘buse Therefore, such signature is regarded
ad he typrcal signature of an ETS bus and Will be referred to as such

fhroughout this chapter. “; - . \
)\

A/typical ETS bus 51gnature thus consists of the following characteris-

tics: )
' [ - . R LN
’ ,“ [ 1t f\
1. Three local maxima, .
S N
2e The.secqnd maximum has the highest value, ani

‘o~
kY

d with respect to .the

<

3. Relativevpositions_of these maxima, normaliz
dhration of the signature, are: ' . .
1st maximum, Tx1 = 0410 to 0.20
2nd maximum, Tx2 = 0.425 to 0.675 | ;
3rdvi'maximmn, Tx3 = 0.>__9'O to 1.00." - g
2.3 “Data Analysis" . L ; f . . . "

Q 3
In1t1a1 analysis on the data set (Appendlces 2 & 3). 1nd1cates that the“

B feature space can be. described by two dlmen51o al pattern vectors. The.

by th"follow1ng two

“components of each’ pattern vector (r) are deflne

varlables ‘3 and Yl ’ _where

and o : : - ‘
: N o : ( ,
_ : , R .\\E ¢
q_ = Normalized - magnitude with relpeqgt to\| s
, 5 . : AR\ R

- ' e the detected second maximum.' _

T

The pattern vector Is therefore demoted by:



the value of 1 #-i.Ofls\chosen.

1

.1t belongs to (Flg. 2.55 2. 6 2. 7)._ owever it was 1ater noted that,

® .
Distributions of data from‘the'two ~iasses (i.e., ETS busses and other

vehicles) shou three nearly disjoint clusters (Fig 2.3),thus ipdicating
that dég}sion lines of high accuracy may be defrned. Also, the formation

of these clusters suggests the p0551billty of u51ng only one-dxmensional

* decision algorlthms if the data are partltioned by means of some .value

‘of the 1. component. Based on the analysrs in the precedlng section,

)

~ Now, if we consider onL/vh X component @he data dlstrlbutlon of ETS ‘

busses closely resembles the Normal type (Flg. 2.4). On the other

]

" hand data distributlon of other vehxcles does not quite behave in the

Normal _mannere Thls is expected since the class of other vehlcles con-

sists of a varlety of vehlcles and thus 1t may be consrdered as the sum

of. a number‘of Normal dlstrlbutlons. However, when estimating mean

values, F s--and standard dev1at10ns,§f ’ of £ for these two classes

.» *. a7

. u51ng the Maximum Likelihood Method (Appendlx A the dlstributlons of
data.of both classes are treated as the Normal .type and adjustments are

jmade:when decision llnes are defined.

2.3.1 Hlerarchlcal Decision][re‘e N

§ ~

o

From the collected data, it is’ obv10us that the number of maxima and

their posxtions and magnitudes ‘in a 51gnature characterlze the vehicle
: h "

Y

‘after the feature extractlon procedure, the number of maxima in-a sig- .

nature of a partlcular vehlcle type is not as unlque as we like it to

be. For example, srgnatures of ETS busses are found to have two, three

or even four local maxima as depicted by table 241 One p0551ble exp-

lanation for this would be the measurqnent error due “to noise and/or .

d‘ N

NG

10
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‘.fig. 2.7 Typical vehicle Signatures (Cont'd) t
S
l
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ETS ‘Diesel Bus~ 1x 1'x | x-

:ETS,Troiley‘BU$  = 1 x X | X
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van. . Fx | x

‘Car . :. k ¢ X';J
s X

1 {23 FaT]s

v - -

[ - TN
IR ‘ Number of Maxima

\

_ Table 2.1 Number of Maxima vs Vehicle ‘Types



' only two maxima are detected the first detected max1mum is actually e1-_

consideredfas that of'an‘autq-carrler rather than an'EIS’bus.v_

'into the follow1ng four cases as shown in the heirarchlcal__eclsion

! )
# i .

-the lateral.displacement‘cf the vehiclearelative,to the'detection zone

of the inductive loop. A more careful ana1y51s indicates that,'1n the -

case of ETS bussgs, when only two maxima are detected, either the Yirst

IS [ «

' or the third maximum 1s missrng and the-second maximﬂm, which is- the

global maximum in the signature, is always EzeSent. In other words,'when‘A.

/.'

ther the "real" first or the "real” second max1mum in- a typlcal*ETS bus

[

-signature. Itlis, however,.possible to determine rether or .not it is

o

the "real" first max1mum by comparlng the re tiVe time“poSitionlthis‘

maximum ,is detected w1th ‘the’ duration of he 'whole . signature. Based
o o

on the charted SLgnatures, the typlcal signatures ‘of ETS.busses exhibrt'.

local maxima will be cdhsxdered in the\software loglc. For a 51gdgture
. . .

which consists of ‘more than four local max1ma, the 51gnature w1ll be. . -

S -

- .

O

A HierarchicalvDecisiOn Tree-ig'thus fcrmulated‘(Fig.IZ.B)Q Gi&en’av

vehicle sxgnature, tﬁe system flrst makes a dec151on as to whether or

- .

,\.

‘not the vehicle is a prospective candidate to be- clas51f1ed ‘as an ETS

“

-~

bus by counting ‘the" number of detected local _maxima ;" for 2 é . S 4

(N = number of local maxima‘detected),'data wili be'furthernnrocessed _
tdf'yield a ‘classi.fication decision. In the case ‘where N <'2‘and N > 4 -

Y

‘.the system will reJect the signature and con51der it to be that of a non-

(ETS) bus. A detailed analy51s for the cases where 2‘< '< 4 1s-g1ven

in the follow1ng sectlons; and the prospective signatures are d1v1ded

. >

tree:” c : » ’

‘three dlstinct local maxima ( FLgure- 2. 6 ), thus only the first threeffh‘

16
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1. N=2, B
2. N=2, <1
<

(3,47, 121
4., N € (3,4), I'l( 17

3. N

m

3

02.3;2 'Signatqres with 2 local Maxima

The ma jority of‘eehicle classes have this, characteristic,'namely, cars,
vans, half ton trucks, school busses, moving vans, greyhound busses and
ETS busses (Table 2. 1) To dlstlngulsh the ETS busses from the rest of
the 1rst above, we first investigate the magnltude ratio of the maxima in
"the signature. ;L mentioned before, when oply two maxima arebdeteqted, .
either the first or the . thlrd max1mum in the typlcal signature is undet-
ected. Therefore, if rl ’ 1 the flrst detected maximum is actually the
.“real"vsecond maxlmum 1n the 51gnature, and if q.< 1 the "‘real' first

!

maximum is detected. These two cases w111 be considered separately.

" 2. 3 2.1 In the case N —\?\\YI 1-(Fig. 2.9) -

In this case, mean values (rl)' and standard deviations (@) of g are est- .

0

imated from the collected data to be:

For ‘ETS bﬁsses,”"lb = 0.532 o .
_ 0'5 = 0.023

For other thicles, t& = 0.33
‘ o

It

O = 0.124 .

(o}

- where subscripts b and o denote ETS busses and other vehicles respective-

ly.

«

'The\centroid (mean‘value)‘of ETS busses clearly indicates that when N =

K

18
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2 ’ar‘ld rl; 1 the deteéted 'fir"st maximum is actually the
‘maximum in a tYpical ETS bus signature since itfis situ
to the mld-p01nt of the 51gnature (‘g = 0. 532) Just lik
imum in a typieal ETS bus signature. A linear dlSCrlmln

fl( %, ) = fl(g)" is then"d_efined as,

"real™ second’ .
ated very close

e the second max-

ant, functlon, \

0.532 + 0.33

f1(§’q)‘=f1(§):g'l 2
e, £(g) = g - 0.431

-

and - ~-f1(‘g ) > 0 implies ETS busses, and

fl( %) < 0 impli'eé'other_"Veh‘icl‘es.

During the process of defining the dec;s1on boundary, t

he’ mld p01nt is:

used instead of a point proportional to thelr‘respectlve standard devxat—

s o8 mme?
on the misclassification of ETS busses than that of ot}

~

-

2034202 In the case N = Zand Y](l(Flg.ZlO)

Only a fe‘w. data points were gathered in this catagory (a tota](’of 7, 2

-
-

'estimated to be: - : L R
For ETS busses, .Hb = 0.,155

For other vehicles, Ho: 0.26

K 4

ETS busses and 5 other vehicles). The centroids’ of these two classes were -

.

]’.t is obvious that, since Y(( 1 and the second maxi;num. is the global ~

¢

)

maxlmum in a typlcal ETS bus signature, the detected first maximum is in .

fact the "real"s flrst maximum and the "real third maximum is m1551ng.

From the size of the data set, it appears to be a rare

case although these.

20
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signatures do exist. Uéing the same argument as in section 2:3.2.1, we:
) arrive with a discriminant function as follows:
' . - . . 0.155+ 0.26
e N B e o
., . T - Jt\ - '
" and’ : . .fz('s‘)),'O implieés ETS busses, and I

\ f2( 'g‘) <0 1mpl;.es other vehicles. |

2.3.3" Signatur’és with 3 'o‘rv‘4., Locai Maxima

‘Referring to table 2.1, the vehicle classes that exhibit this charact-
eristic are moving vans, ETS‘phsses‘(trQlleyvana/diesél),,semi-trailers?

T B ‘ .
- and aUto-carriers.'Follbwing the same argument as in section 2.3.2, we

first proceed with the case whére rl P 1 and then l‘( < 1.

2.3+3.1 In the case N € (3,4) and t"]Z, 1'(Fig. 2.11).°

Mean values of the ETS busses and the other vehicles were estima;ed{as
follows:

[N

For ETS busses, ' ,"bbb: 0.532 -~ : ‘ S,

-

R  For other vehicles, t‘o = 0.20 ~
' Agéin?’. in this case, the detected first maXimu;n_is actually the 'real' -

- second maximum in a typical ETS bus signature and ‘the discriminant func-

tion, fj('g , rl ), is defined as:

0.532 4 0,20
2

| , f3(-§’s'1) =‘:f3('5>),_= T -
iee., . £,(85) =g - 0.366 '
and . f3( © )> 0, implies ETS busses, and
. _£3(§ )< 0 F.ii:nplies' other‘v‘ehiéles._

¢
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e

2.3.3.2 1In the case N € (3,4) and %{ 1 (Fig. 2.12)

v,This is the caée.where-the.majbrity of the ETS busses fallé into. It in=-
cludes ‘basically all the eharacté§1st1cs of a typlcal ETS bus signature.
Since no other“vehlcle SLgnatures exhiblt these characterxstlcs from the

'collected data set, any signature which possesses such characteristics

will be considered as that of an ETS bus..

-

2.4 S'hmmavry and .Conclusion

2 .4.>1. sz,mnmary - Final_.pecision Algorithms
For _easé in software implernentation, the final di.scriminant: fu‘n"cti,ons :
are modified and S‘annarized'\‘as follo&g:
1. ForN=2,i "(7/ 1
| , 'f‘1(§)=§-q.a

- f ('§ )2 0 ingélies ETS _lv)usses,,v and

£ ( 'S) <0 :.'melies pthgr. vehicles.

s

© 2 ForN l'((l
"5(3)

vo.167‘ -5
f\2( .§ ) > 0 Aimplies‘_ETS‘ busses, ‘ar}d
A f2(§ )._<0‘_.impl'ies oth“er vehicles.
3.‘v"For N e‘}(3,4), n > 1 o | o .o
’ : f3('§ )\='_$> - 0.4 (sam'e.as case 1)
F R -vf3(".§:). 20 ‘im'p]_.it.i‘s_;ETS b_us;es s a‘nd
f (g ) < 0. : imp%-i'es\ other vehi(cles. )
4. For N 6(3 4), l"l( 1

The vehlcle is c1a551fied -as an ETS bus.
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9.4.2 Conclusion

‘After theffinal‘deéision' Igorithms weré implemented in the software in

0

the microcomputer MemOTY, the system.was-fleld tested to have-an accuracy

4

" very closed to 100%.



CHAPTER 3 : HARDWARE DEVELOPMENT . .

e
-

3.1 InCroduction

s + : .

¥

The hardware implementation of the system consists essentially of three

. ' <
ma jor units. They are: -«

1. The sensing unit,

2. The peripheral unit, and

3. The processing unit.

3

, ‘ . -
The following sections will describe these units and their operations.

3.2 The Sensing Unit

Qut'of the 1ist‘of'preseﬁtly used equipment by Edmonton Power, the.LDQQ
loop yehicle detector of the LFE Cofporation was chosen after some‘extenQ

sive testing to be the suitable candidate for the-sensing unit. It is a

'soiidfstate‘selfetuning phase-shift vehicle detector. The basic principle

SR

‘'of operation of this‘unit is described in the following section.

'

3.2.1 Basic ?rinc;ple of Qggration'of a Phase-shift Vehicle Detector

The sensing electronics of a phase-shift vehicle detector is essentially '

.a RIC resonant circuit>depicted in fig. 3.1,

-

Fig. 3.1 A RLC”ReSQnant-Circuit

i B - ‘ . ;,

y -



’/Iq .

_root of the self;inductance. (Fig. 3.2)

Rk A ST

When the 1%pp is’excited‘with a high-frequency (about 100KHz) AC current,

the presence of a vehicle (or a metallic object) in the electromagnetlc

'fleld of the loop w111 cause a net decrease in its self inductance due to

the metallic frame of the vehlcle. As ‘a result,. since the resonant freq-

uency is defined by

it will shift to a higher frequencyiinve:sely proportional to the. square

fr1 :
ﬁr2
~ where f_, ='resonaﬁt frequency of the tank circuit inm the absence
of metallic‘objecﬁé : : , ' .
‘fr2_= resonant frequencyiof'thé tank circuit when a metallic
object 1is in the electromagnetic field of the loop,
L1 ‘= self-inductance of the loop in the absence of a metall-

.ié'object, and : ) °\\\\\\\\\\\\\\\\\\\\\. ,
g - . . .
L T o ' ' — ‘\\\\' .
L, = self-inductance of the loop when a metallic object ts\\\\\\\\\\\

in its electromagnetic field.

L-a{ _.‘n ' | - \‘.\\;7\‘;:\’.

. | ‘?n ' fn.

Fig. 3.2 Change of frequency by a metalllc object

FRLNIR XCNET, 7N

En e Tk e M A ki a2
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where A f = the. shift in resonant fréquency B

This change in frequency is then detected in ‘the form of a phase-shift .

by a phase-shift detector -within the detector electronics as shown in fig

eelay

e e

Fige 33 A'phaserhift loop vehicle detecﬁor (Block diagram)

T2

The output from the phase detgctor,:inmthg form of a DC voltage, -is then
amplified to trigger the relay to close or open thus renderiﬁg 4 detect-

ion. In this project, however, a more sophisticated'approach'is taken at
| S i . -+ e . g A - .
the signal outptt from the DC amplifier. Since the change (deqrease) in

self—induétance of the loop, hence. the resoﬁaht frequency of the tank

N s

circuit, is dependent on the structure of the undercarriage of the veh-
: A - ‘ o riage t -

'icle‘and'on_the’distanée-between the loop.and'theéé metalliéAltmps; the -
s s o A .

. ‘output oﬂ'the DC amplifier thus takés the erm'of a continuous'sighal

somewhat proportional to the metallic strchure of the'undercarriage of .

Athe vehicle. This continuous signal is defined as the sigﬁatgre of the

28
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P

2

vehicle type.(The sigﬁature'is the essence of the whole project as it is
: \f;gggger unlque for each type of vehicles -and carries all characterlstlcsr‘

‘needed for the vehicle c13551f1cat10n.)The analog signal is then amplifi—

I

" ed and filtered before it goes to the perlpheral unit.

3. 2 2 Ampllfler and ﬁ;lper » o

The signal ampllﬁlcatlon was deSLgned by u51ng an 1ntegrated circuly (IC)

s

_dlfference_ampllfler_(ﬁlg. 3.4). The signal from the LD-4 detector was

-

fed to the posiﬁive input of the rAA741 while a reference 51gna1 was fed

to the negatiwe input. The voltage gain is controlled by four resistors:

as shown:

R, + R R R,’
1 2 4 o ~2
Vo= Y (W - (=),
R, +R, R, - R
‘Choosing Rl'# R3 and.R2 =R’ to minimize‘the offset error due to biased
. 4 R
curfent, we have
R
~ (2 -
Vout = ( - v )
1
B ')
and the gain is therefore,
. gg ’ R R
out - 2 __3
v - Vi) R

Rg
a2
‘ v.,e.. ‘ Ry
R v o :
N —ANM— — : ;
/ o - R o ”“h;;ik\: — o Vout
: ‘“Vi‘v. M ‘ + v ) ' .

T
Re

Fig. 3.4 Difference amplifier  «
. . |

3

29



The output,‘Vout, is then ﬁed-to‘the input of a unity gain Voltage-Contr-

. L - - o . . o o B . N . . . ..
ol-VoLtage-Sdurce'(YFVS) Butterworth Low Pass Filter (LPF) to enhance the
signal‘td'noise”retio (S/N) of the signature. The LPF is designed to cut
off noise freqUenc1es higher than the signal itself and a cut-off
frequency Qf‘appfoximately 10 Hz7whs'chosen.

-

-.C‘ ~

Fig..3.5 . VCVS Butte:wbrth»LPF

-~ ' . ' .. . o

Values of the components in the above c1rcu‘.*were derlved u51ng the

follow1ng formula.'
. .

\ . - " 00 . .

»

where the parameter K is chosen to be 1, and f is the eut'bff frequeney

P

which is equal to- 10 HE. Henée, o ‘_--“ . S

.

c = ‘ =10rf o o

. . R
and the values of the other components are, from a design table, e

. | o, ‘ S
R = 1.65 K/‘ T | SR |
o /o ' ' ' o
"R, =3.1K : :

o
]

D
!

""3.-3'1f . N N Y

"The overall inteiféce ;ircuit is depicéed'hy fig. 3.6
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- . oKk -

o Voul
cnsﬂ58=?

(Fedm LD-4)

‘Signal (Difference) Unity. gain VCVS Butterworth LPF

“Amplifier l_ * Cut oﬁf'frequency
' . 100K g SO

7 = e—— N :
Gain = ©10 20 fC'V 10 Hz

' Fig.;3.6 QOverall interface circuit

3.3 ‘The Peripheral Unit

,3.3.1 "Description ' . ‘ . - ¢

The ST-6806B1A is an analog periﬁheral'unit manufactured by the DATEL
"Systems, Inc. It is‘compatible to Motorola's M6800 microcompnter sYstéms.,
Thls is a real time programmable unlt and is capable of 1nt°rfac1ng both

the analog 1nput and output signals. to this mlcrocomputer System.

¢

This A/D D/A perlpheral dev1ce accepts 16 analog input channels and out-

puts 2 analog channels. Under program control from the mlcrocomputer,

M

partlcular 1nput channels are selected aanglg;tlzed. The: dlgltized data.

B,\‘

is then stored in user-selected memory Lie
’?) . ‘_ﬁ»?.’f‘

atlons so. that it may be furth—

er processed.

The ST6800BI1A A/D-D/A‘systém ptovidééha 12-bit binary resoliition and is

o
. . B "l
- ’ ¥
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organized as a memory-mapped 1“put/output (I/O) dev1oe:#£t_gggears to

e

the M6800 mlcrocomputer unlt (MPU) as a block of 512 consecutive mem-

L

ory locatlons. Analog input channels may be: either randomly or sequent- 7

ially converted and stored in memory at- rates of up to 28 000. samples
. . . - . '
per'second. ‘. ‘

-

3.3.2 Operat1on

As shown in flgure 3. 7, addresses A1 through A7 from the M6800 MPU add-
ress- bus are, loaded into the A/D address latch by a STROBE command
wh11e the MPU is in a “HALT ‘state. The output from this 1atch then sel-

ects and enables one,of»the 16 input channels.

‘The tra111ng edge of the §T§6§E command then trlggers the Sample and Hold
* One-Shot - (S/H OS ) whlch in Cturn trlggers a CONVERT comand The 1 -ad-
‘1ng edge of thls CONVERT pulse places the S/H ampllfler in the HOLD
state and the ‘trailing edge lnltlates the A/D conver51on. After the
conversion is completed the A/D converter w1ll assue ‘an’ output to reset»

‘

‘the GO/HALE Fllp Flop (FF) so that the MPU can resume- its operatlon.'

~

(see figure_3.8) s j; A __,l‘ﬁi' I » "' J)/

- 3e3e 3 Base Address

_The 512, consecutlve memory locatlons requlred by the ST68OOB1A board .
are alocated at’ $4000 through $41FF in the M6800 memory system by Jump-
er connectlons. ($ 51gn represented hexadec1mal number)

~

[ . . R -

" 3.4 . The Processing Unit

3.bel Descnptlons ' S '. N

' The MEK6BOODII 1s a completely self-contalned mlcrocomputer module. It

includes the follow1ng deviees:v *
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_are not all needed for the_final product.

Qty Devices

1 MC6800 MPU

1 ‘ « MCM6830 Read Only Memory (ROM)

T with JBUG Monitor

3 MCM6810 Random Access Memory (RAM)

T ' 128 X 8'bits each R

2 MC6820 Per1pheral Interface Adapter

' (P14) :
SN
1 : MC6850 Asynchronous Ceommunication

1 Interface Adapter (ACIA)

1 MC6871B Clock Generator . ' o

Where the JBUG Monitor is the ffrmwgre'supplied by the Motorola Inc.
which provides the control and'diagnosticncapability of the systems All"
these deyices are necessary during. the development stage although they *

,5)-»

3

3.4.2 Memory Orgahizetion

The‘addresses of this microcomputer'module are dottfully deCodedvand the
hlghest address in the- memory fleld is at $E3FF. Therefore ‘the JBUG

monltor program, wh1ch is preprogrammed into a Read Only Memory (ROM),

re51des at the addresses from $E000 to $E3FF in whlch the reset vector

" is located at addresses $E5k£ and $E3FF. However,fin order to'achieve

a power failure automatic reset sequence,-an Electrically Programmable

'Read Only Memory (EPROM) which contains the c1a551f1catlon program will

have to co- r351de at the same addresses (1. e., from $E000 to $E3FF)

vThe rest of the memory 1ocat10ns are the same as the standard MEK6800DII
'module except, as mentloned in sectlon 3. 3 35 that memory 1ocat10ns
$4000 through $4103 are occupied by the ST6800B1A A/D—D/A perlpheral

'-system. Flgure 3 9 depicts the memory organizatlon of thls microcomputer

system. . . IR

35



‘and EPROM

\ *ROM (JBUG Monitor)

(Clas;ification Algorithm)

| <

PIA (Keyboard)

<

. ACIA (Cassette)/

- A/D—D/Aanard

Static RAM

‘Fige 3,9 . Memory Organization -

* One of the two. is selected via

~a 'toggle switch

/

/

E3FF -

EQOO0O

8023

8020

8009

8008

41FF

4000

'01FF

. 0000

36
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3.4.3 Operations

The decision algorithm developed in Chapter 2 is preprogrammed into the
EPROM of lK byte Memory. When digitized signals are coming in from the
fperipheral unit, this program will first extract the features in the
same order described by the heirarchical decision tree. It then eval- T_:fiq;_
'uates the discriminant functions derived from the preceding chapter.‘
If the vehicle is recognized as an ETS bus, the microcomputer module.
Will issue a +10Vdc output via one of the D/A channels from the periph-
eral unit. This output can then be used to trigger a relay to actual a
ontrol device such as a control gate or aibus preemption traffic sig-

nal.

. 3 4.4 Modifications

In qrder to operate . the system in a fully automatic manner,.it is nec-’
_essary to’ design a power -failure automatic reset circuit (the module
has;a manual-reset circuit only) such that when the power source_is up'
‘from a failure, the system_willibe in operation”afteria7prestored

reset sequence.‘ : ‘( v : - |

!

'To accomplish such an operation, two start-up criteria must be satified.

1. It must ensure that the power'supplY'to the MPU has'reached the
~minimum required operating voltage of 4 75 Vdc. , el
2. 'The RESET line must then be held low for a ‘minimum of 8 complete '

~clock periods.

~The circuit in figure 3. 10 provides a delay of 300 msec to cover the 8
clock cycles (1 clock cycle is equal to 1. 6 msec in this system) with

_*RZC2 time constant after the Rlc1 time constant input has triggered the

B ' 3




MPU inSuring the VCC (S‘Vdé t,S%) has reached the minimum required

‘level (Fige. 3.11).

' B ‘ : ‘ 7
B! <} - 13 2 —t

1465
MC 6B |
) MPU 1S
s v .
: . ,/ N ‘
. Fige 3,10 Power Failuré Automatic Reset Circuit
~ - ’ . ‘ ’ ) .
J o o t Y, ' :
kK 15% ‘ = £ - B
; R,
I
X
| PR
e [4 r ‘ 1 I °
jomsee 300 msec.

" Fig, 3.11 Timing Diagram for Power Start-up

i
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CHAPTER 4 . SOFTWARE DEVELOPMENT

4.1 'Introductioh

Software development very closely followe the development of the
~classification algorlthm leferent routines were designed and imple:

mented for data ana1y51s and parameter de51gnat10ns; Programs were de-
veloped in assembler:language end were assembled and debugged on the

AMDAHL comouter via a M6800ASM cross—aseembler program. They were then
stored, in the form of machige codes, rn an audioﬂeassette.tape and - f)_
were loaded into the microcompoter memory for fieid testing‘porposes.

. After the necessary testings, the final program was then "burnt! into’

‘an’ EAROM for actual operation. .

These routines and programs were developed in the following order

1. DATACQ |

2. Dpac

3. 'FETVD_

4. FEATURE |
5. CLASSIF - Y

1
| :

. : i - - .
‘The following sections will;describe the logic of each of the above

programss

4.2 DATACQ

Thls program is developed to store- dlgltized data from the perlpheral
unlt into de51gnated memory locatlons in the mlcrocomputer module and
then‘transfer them onto the audlo[cassette tapes via the JBUG monltor‘

residence progrem. The flow chart in figure 4.1 depicts the 1ogic,flow

\ )
in this program. , oo o

4 ai e



ENTER

-

. 4
.Estimate
Threshold values
of
Signal

Initialize
Index Register,X

‘ '
Initialize / 4 -~
. A[D Conversion

Saﬂﬁie and
Store in

“Data >
Memory Field
! ?

RETURN.

]

Fig. 4.1 Flow Chart DATACQ '
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Two pdrameters were defined to initialize and the operation of the pro-

gram. They are defined as the input threshold value, Oi;, and the output

. threshold value,vgout. When the digitized signal level iﬁ higher than.

gin the program will start storing sampled values of the signal until it

is lowet than Oo or when the designated memory field is full. The sam-

ut

pling rate is controlled by a timing loop subroutine.

B"‘C u“‘\.“. . Lo

Fig. 4.2 input and output threshold values

The parameters Oin and~9out were rather arbitrarily-thosen according to
the base vaiue of the signal, that is, signal level when there is no veh~

icle in the detection zone. .

4.3 DAC

This program converts the sampled data stoxed in the microcomputer- memi~
ory back into analog signals such that we can plot the SLgnature on a
strip chart or observe the signature on an esc1lloscope.

4.4 FETD

This is a feature extraction program which'éitractsvthe local maxima

and the local minima from the stored signature and stores them into

41



designated memory locationse.

Howeber, due to the noise that exists‘in the signai some form.of digital.

vfiltering is required. After'examining‘the stored data, a set of artifi-

.

.cial data was created (fig. 4a4'& Program listing) and a toierance;\€§, 
was-defined. As shown in figure‘5.3>belew, enly a:signal.variation ‘ k

‘of more. than E §111 indicate the existence of a 1oca1 extremum. Other-
. wise for any sxgnal varlatron less than E .y 1t w111 be treated as n01sea

and‘be reJected. o ’ ) j‘ ‘ - . . D

R

Fig. 4.3 Tolerance value for extremum ‘detection -

The following fiow‘eha%ts ( Fige 4.5,4.6) depict thevlogie'flOw in. this

programe.

e 5‘ FEATURE

This" program performé the same function as the FETD program ( i.e.,

feature extraction .-It baslcally COmblneS DATACQ and FETD to form a- real

time. program. 1t extracts and stores’ only the values of the local" extrema .

iz’
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_of'the signatuLe in the designated memory loeations without having to
store the whole 51gnature data. Thus it saves considerable memory ' .
space o Unlike FEID it only halts when the 51gnal level is lower than

the output threshold value, © .
o out

4.6 CLASSIF

In addition to FEATURE, this program consists of alI‘hﬁiscriﬁinant
funetions defined in Chapter 2 plus a few more subroutines. This oro-
gram is responsihle for.recognizing the ETS busses and outputtiné a
+10Vdc signal_to actuate a control device. The‘othervfeatuqes included

in this program are listed as follows:

1. 1t updates the threshold values in predetermined intervals such
i that a stal}ed‘hehicle'in the detection zone will nothimpair the
performance of the system. » |
2. 1t resets itself after auvehicle has left the Qetection zone; (i.e.
a new set of.threshold.Valugsvfor each vehicle'being detected) This
subroutxne ‘thus compensates the change of base voltage due to the
" aging of the electronlcs ‘of the detector,'and 1t also enables the
:system to operate with diﬁferent detector units w1thout-read3ust;ng
the threshold veloes ih’the software.
3. ~A:subroutine to detect steiledfvehicles in the’detectionfzohe is
also included such that the system will not be tied up by such
vehicles and w111 automatlcally g0 ﬁo other channels (other det—

“ection zones). - E S e
, : : : )

4o 1t also generates a 1 minute delay after system starts up to all-
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[

4.7 through &4.12) show the logic flows
e , -G

The'foilowing flow chdrts (Fige.

in this program.

gt :
: - - Initialzation -

!

Set Starting
A/D Channel

!

S Fetch Data
|  (FETCHA)

Sét,Biased
& 1/0 Thresholds;
(THRESET)

All
Channels
Done?

Set.Starting B
' Channel B t A

LY r
Store ngsed,&
1/0 Thresholds ‘ "y

' . : ‘ ;‘ L ;f:l
'  ;fFetch'Data
A (FEIGHA)

!
v

y<$

All
‘Channels -
Done?

Fig. 4.7 _Flow Chart CLASSIF



Store Adx . R
~ of <
\’Present Channel

. Initialize
Timer &
Max/Min. Counter

24
5
:

. Fetch Data ||~

(FETCHA)

No

‘Maxe. :_'Stalled‘
Detected Vehicle ?

(DISVEH)

|l Biased Offset ’
(BIASED)
' i
Fetch Data f:
(FETCHA) || ©
3

Min.
' Detected
. ? .

NOo

. 1

Fig. 4.8° Flow Chart CLASSIF (Cont'd)
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Time, Tx1
(K2 X Tx1 )

u(INVOR)‘l.

Qutput Bus |l > L

. (BUS) - I

Fig. 4.9 Flow Chart CLASSIF (Cot{t rd)
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 SUBROUTLNE
THRESET
Save
Stack

Set

Index Register

Store .

. Biased, © 0

in’ out

A

Restore
- ‘Stack

" RETURN

SUBROUTINE
FETCHA

Save
Index Register

!

Fetch

Channel No. and Data

Réstore
Index Register

Fig. 4.10 Flow Chart CILASSIF (Cont'd)
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SUBROUTINE |

INVOR .
O !
oy /
Fetch., | _ o
“Tx1
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- ; (X%)

R T ) | v | /
| | Add Tx1 | a

_ : K Times

| : Store

Results

.« SUBROUTINE

i
- BIASED '
* Fetch

:Biased Voltagé

!

Subtract Biased
From.
Maxe & Min.

~.

-Figs 4.11 Flow Chart CLASSIF (Cont'd)



* SUBROUTINE
BUS

- Ber .
L - +10 Vdc

L

_ ~ 3 -
O/P 410 Vdc 0/P-+10 Vdc
-~ To . - : . To
D/A Channel 1 - _ a D/A Channel O
(Gate 2) S (Gate 1)

" Reset O/P
To .83

Fig. 4.12 Flow Chart CLASSIF (Cont'd)
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'CHAPTER 5 P CONCLUSION
This chapter includes the field test results, a cost analysi§ton the

o:

“future deVelopmentsﬁ" ' , - N

3 .
San ﬁﬂ . .
o N . B
4 : o - " -
o X v !
" M e

5.1 Field Testiﬁg Reéﬁgts ‘bm.:Rf
“. ' ',‘-'J, B > ‘, 2 o ‘ .
The system wd% field tested in order te. enstreé,.that, Wigh reliability
£l R TS TR, e
rate could be achieved in an‘operating eng}ronmeatl#&ﬁgtially the sys-

systems being used in the City of Edmonton and thj(areas for possible

3

oty

~ tem was 6apab1g of classifying ETS busses to a very high degree of ac-

curacy. After the implementation‘%fﬁa.LPF, only two (2) passenger cars;

| , b | 4

and four (4) auto-carriers were identified as ETS busses. Adjustments
were then ma?e‘to the algorithm untiL thi® problem was eliminated. The
testing pefféd monitored a total of 3950 vehicles which included:

2892 carls’ and vans; e

737 trucks, tandems and moving vans;

110 semi-trailers and auto-carriers; anf
191 ETS busses.

The results/of'these field tests are .shown in Tables 5.1, 5.2 and 5.3.

Vehiclé‘TyPes ~ No. Deteqted Misclassification accuraﬁy
6ars,/vans 868 o ’ 18 | 97.9%
Tr.,Tandems,M.V. v;::348 | 8 97474
Sémis.AutgeC. , o 4 5 88.9% |
"ETS Busses: Trol. = 22 i 1 : 95.5%
- Dies. o o . 97.7%
TOTAL . 1350 .33 97.6%

Table 5.1 Field Test results (Before implementation of LPF)

53
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I3

Vehicle Types | No. Detected .Miéclassification Accuracy
: Cars,‘vane ' ”1653“ - 2 | ' 99.9%
‘Tr.,Tandeme,M.V. . 387 -—- . 100.0% ‘ﬁ&
Semis.,Auto-C. » 120 ' 4% a . 96.7% i
ETS Busses: Trol. | ‘59 === 100.0%
‘ Dies. - 70 ., ' .- - 100.0%
T0TAL 2224 T T T R T
4

ey Table 5.2 Field Test Results (After 1mplementat10n ‘of LPF).

7

* All four are auto-carrlers

4

Vehicle;Types No. Detected Misclaseification Aceuragy
Cars, vans th o271 S eee 100.0% A
Tr.,Tandehs,M.V. 78 Cemm 1100.0% -
Semis. ,Auto-C. '$ 8 - -fe 7. 100.0%
: ETS'Bussest Trol, e 6 | : --z , 100.0% "
’ Dies. 13 - | : ' 100.0%
T0TAL 316 o - ~100.0% |

~ Table 5.3 Field Test Results (Final Algorithm installed)

At this point it was felt that the system could be placedtinto an:ope-'

rating environment for further evaluation particularly during winter

conditions; The system has been installed to control’gates on a bus only -

road in Edmonton. The bus only road in question has a hlgh private veh=

icle volume desplte signage forbldding these manoeuverse. A gate was

therefore placed at each access of this bus only road. Call on detectors

were located such that activatlon is possible from both directions. The

gate closure operated on a timed delay basis. (Fige 5.1)

-~



55

RN

Gojuowpy °d°N UT FELR) Toi3uo) Aemsng TI°G *31d

%

>

we3s&s
193ndwoo0Id0TW
x03 ,
. J9UIqED

*33Q x

47 Street

43 Street

4 £ —
() \\ \. anuaay mwﬁ

/ /[

/7



s

=7

Tk

56

-
1y

5.2 Cost Analy51s on Existing Systems

o
As mentloned in Chapter 1 of this thesis, there are presently two other

o

‘transit actuated systems used in the City of Edmonton, namely the gar-

age door opener type and the vehicle-mounted type. Since it is the pol~
icy of the Edmonton Tran51t System (ETS) that ETS busses rotate their
services to every route through the Clty, all busses will have to be
equipped with elther of the above devices in addltion to the receiv-
ing mechanlsm to be 1nsta11ed on. the spec1frc routes that requmre

such detection.,lnstead, if a pa551ve bus detection system is used,bit

will be the only ‘device requiredgto be installed on suEh:soecific routes.

A . . ¥
The system developed in this thesis, a passive bus detection system,
offers the following advantages over its counterparts.

1. Lower Operational COsts

(a) Installation and Equipment'Costs:

0

~ The 1nsta11atlon and equlpment cost for each garage door -opener

1s $50.00 and for the vehlcle-mounted transmitter is $120 Q0.

"There‘are a total of 650 busses approxlmately. Thereforex‘a

cost of .$32,500.00 wlll be incurred to equip all busses usipg

Py
.‘/‘.

thg;gﬁrage door opener type and $78 000.00 using the vehlcle

’mounted type of transmltters. In additron, costs for the re-.

L3 "‘!3-" ,‘ ,v Sl . ‘
—~-. - ceiving mechanlsm are $700 00 per intersectlon. The costs for
. ‘ the‘passive‘buS'detector developed in thls prOJect_are app- '

-

roxlmately $2,500. 00 per 1ntersect10n. The City of Edmonton

¢

indicates that 15 1ntersect10ns will require such kind of det-

’bection_in the next two years. Table ‘5.4 shows a comparison in -

the costs incurred for the three systems.

Ve



System , Txe Devices‘:"f Rx. Devices Total Cost
Garage Door Opener - $32,500.00 © $10,500.00  °  $43,000.00
Vehicle-mounted Tx. $78,000.00 . $10,500.0011 $88,500.00
Passive Bus Det.  =-======-- S —$37,5oo.oo’ - $37,500400

Table 5.4 Cost Estimations for 15’1nterseetions, ' v , -
E-Y
(b) Maintenance Costs:
There are only 15 devices to be maintained vs 650 + 15 devices
* ’ '

- which means that a substantial amount of man-hours will be saved

in maintenance if the passive_bhs_detectors are used.

2. Better Reliability 4

The garage “door’ opener type and the vehlcle-mounted transmitters
\‘.
are-more vulnerable to damage than the p3551ve bus detector

[

s gia WS

since the latter is housed in-2a steel cabinet.
. A .

o

- ~Easier to Manage : _ o : ¥

'etors do not have to remember to carry the garage door

543 Conclu51on and Future Developments

EAEg%x*the field testing and the early stage of operation, the sytem'
eppggrs to be hlghly reliable (no system faLlure since the 1nstallat10n
'V?J .
' of~the system on February 8 1979). However, some anltrarlnesses st111

7

gin’ the output threshold,-goux, and the tolerance value E . Until a

much 1arger data set' is obtalned, 1t is very dlfflcult, if p0551b1e at

all, to adjust- these parameters ‘to render an optlmal operatlon.

e Y
N e}ist in the designatlon of the parameters such as the input threshold,‘
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APPENDIX 1 ‘ MAXIMUM LIKELIHOOD ESTIMATION

~

" Consider a Normal distribution probability density function ‘described b

2,, .2
-(X -p )20
. ¢

p(l;‘.A,O’)=f(Z)= . = ’
, _ o 2w

where F is the mean value and ¥ is the standatd deviation of the

data sete.

Let 91 = P 'aﬁdf@_

2 ' :
2 =@ be the components of a parameter vector, 9, and Y

[

be the union of all data points, i.e.,

n
Y= t_J y,s where n is the number- of components.
i=1 :
Then \
“exp (~(y. - 8.)%/20 | e
| exp (=(y, - © ot
"p(yi/_g_) = - 1 1 : 2 Oonoono‘..qoo.ftq.ool-o.oo..n(l)

,/21\'92

The likelihood of @ is defined as

p(Y/8) = l ‘ p(y,/8) . | .
’Therefore,'for‘maximuﬁ'likelihood - . o .

| Vg_[ Tr p(yi/§5]=9 '
L i=1

-

.o ‘

“

A . . :
where § is the maximun.likelihood estimate of Q.. ~ : Vo

Now, 's
-

Inp %hould.also maximizes p.
/ 3

o .
Hencel, let ,

s Lot R
Ve [nC TT ety /801 =0
I R

i=1

¥

yl‘

ince ln p is a monotonic function of p, the vector that maximizes



ioeo,

V_Q [; 1n p(?,i/é)]» - Q"‘,’

! lo

or. -
n ’ . . : ’ . ‘
[IVQ ln p(yi/-g_)J = _0- ....f.....l‘.l..-....C..............'.."f(zl)
i=1 A . .
. Al
From (1), we have
' _ bl ' 1, £
In p(y,/8) = -3 1n (2 6, - 70, (y; - 9)
Thus (2) becdmeél ’
‘ ‘ ; 1. "
n_ ' . n. “ﬁ; (yi - 91) 1
S [Vetre 0/01= 5 P
, _ > =
" ' .52 20 _
) . . .. . 2
: /
'ioeo,
.\
n
1 ‘ A _ ) . L .
E 6 (yi - 01) = 0 oo..;,_..o.o.ndo..-v-ooo-_|'_o-‘.o.--c.(3)
i=1 2 ¢
and '5‘&. _
‘n ~ 2 f
: (%, - 9,) o
[ - . i + 2:l 1 .}=O ‘o’c.c-o-g‘o’q.ocoo-'ocon-o-'(4)
T % 28} T
‘ G

where O, and 9, are the maximum likei;ﬂédd éStima;es fdr'91 and 02 fesp-

1 2 b

ectively.
" hat ) ' #

From (3), we have - o .

- n - h

8 o -
n 1— : yi . .
' i=1

&



i.e.,

n .
“ 8 1 I _ . .
1— n ‘ . yi ...‘..'.,.....I.O..‘....................(5).
: i=1

and from (&)

.

o.o-ooon-.oo.---c-o-ooo-r.o.oo'.‘(é)

~

A A2 A A :
Substituting'f‘ and @ 2 into 91 and 92 respectively,{(S) and (6) .become,

| R o
a L Z.“
r = n Yi

i=1 .
and - -
//'
n, ’
s - .
o/ (v, 'A )
9 . h
s iy i=1
’@) y o ‘:l”

"Expand these results into the multivariate case, we have

‘ ¢
1 =
=Tz i

r=>

i=1 i
and
. ;1 n : : ‘ R
e E v ~ AT
- z = T (Zl - tA )(Zl - tj ) .
=1 > T - ’

is the estimated covariant matrix and superscript T indicates

M

where



matrix transpose.
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APPENDIX 2 : STORED VEHICLE SIGNATURES

This appendix includes all stored vehicle signatures and their correspond-
oo 1

ing features extracted by the program FETD described in Chapter 4.

Note that\values of data and parameters shown are in‘hexadecimal.numbers,

and that the values chosen for the parameters aie*as“fqllowsﬁ‘

% ' o
- 1nput threshold . ‘ giﬁ = 09DB. =
Qutput threshold ] :.69C75:”%‘;’ s
out L . -
Sample timing T Ts = 70 A i
Tolerance , L E =28
unless otherwise stated. :
[N.B.] Time scale is reversed (i.e., from right to'lef%) Onvall'”
¢harted sigﬁatures L a ‘
Oy ’ . o S o R
Bt
\
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T5S1 #Mx #Mn Mxl

" Mni

) Py
%2 Mn2&@@2 M3

Tx1 Tnl Mx2 Tx3 T
1 3 2 O0AIC 1444 O9F0 15A6 OALF 1746 OAOB 1978 CA42 1A4A 1D62
2 3 2 0a50 03E0 0927 0486 OA3B 0498 OAOA 0556 0A42 0600 06DC
3 - e mmmm mmme mmee 5; ______________________ i e
4 4 3 OA2F 0174 0907 0242 OAD4 040A 0A16 059A 0AS3 0642 0734
5 3 2 OA7F O1A8 (957 0246 OAC2 048A 0A66 0624 0AB1 06DO O7DE
6 4 3 OAOE 0166 O9E3 0248 OA2F 0402 0904 O6EA 0A17 O6EC 07¢%
73 2 O0A4B 018A 0923 0210 OABC 040A OA34 O0SAA OA76 O063E 0724
8 3 2 0A1B O18E O9EE 02CE 0A40‘045c 0403 067E 0A38 0722 0836
- :
o TSs2 \ | !
1 0332 QACT 0334 —coc mmce mmee —oic 0432
2 0368 0A17 0444 ‘09E1 O8EE OA1D 09EO 0B62
3 02F2 0A1C 02F8 O9E1 065E OAOA 06D2 0764
4 0328 0A63 053C 0A12 07D2 OALF 08A2 0A22
5 1 0 QBOE 0270 === =mom =mm oo memm e moe e 0412
B i e i Fo-
y 2 U UL | mmme mmmm i eme
8 2 1 |0A38 0218 090F 0322 0A26 032E =--= —o= —cme ——ie 041E
9 3 2 ibAZé 01BO 091E 022A 0A90 0450 OA3B 062C 0A88 06E2 07FO
10 1 0 0ADL O46A =mmm =mmm mmee —mee [N S 089C
11 3 2 O0A35 023C 090B 0278 0AIC 027A 09DA 0436 OA17 0684 0724
12 - 3 2 0A27 0204 09D6 O3DE OAFF O4E4 09EC O4EC 0A2C 0580 06A6
13 3 2 0A52 0196-0928 021E OAA1 0400 0A47 0592 0A94 062E 0724
. o ,
Pérameter$:‘ L y
gin = 09DB (iﬁbut threshold)
Qout=ﬁ09c7 (output'thgeshold)
Té'#‘70 (sample timing)
» . £ = 28‘(tole§§nce)
[N.B.]‘bata and par?mfter'yayﬁﬁé’gfe.in'hexadecimal
A -
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T651 #Mx #Mn Mx1

-Tn2 Mx3

Tx1 Mnl.;Tn% Mx2 Tx2 Mn2 Tx3 T
1 3 2 O0A6C 019E 0942 0212 0AC2 03D2 OAGA O04F6 OAC1 059C 0674
23 2 0A4A O1E0 0916 0200 0A23 020A O9FB 0282 0A38 0356 042C
3 5 4, 0A4A O1E0 0922 021C 0A33 0224 09FO 065E 0A29 06DC O7FE
4 5 4 OA4E 021a 0926 0276 0A3A 027C O9DE 058A 0A24 072E 0834
5° 5 4 0A37 0206 090E 0328 0A22 032E 090C 032E 0A1B O7FC 089C
6 .3 2 0A12 0190 09CC 04D OAF5 0574 09E2 0582 OAOF 060% O6FE
73 2 OALC 01BA 0924 0224 0A88 0498 0A34 0678 OAAD 06CA 086C
8 - e e e emae ---- e A p— P
9 3 2 OAAF 0448 0987 053C OABC 0544 OASD 0604 OAA6 06C4 07GC
10 3. 2 0A4D 0188 0914 0204 OA7D 0432 0A2C 05CO O0A78 0674; 076A
11 2 e e cee e e e e e e R
120 = = emmm Slel ceem mmen mem e e el A= mm— —me-
13 3 2 OATE O1B4 0956 022E OABD 0484 0A61 063C OABO 06D2 0800
14 - | b mme dmee e mmm e el e e e Al-
T6S2 '
13 2 0426 0A3D 0456 OAOE 0526 0A47 05B8 0692
2 2 1 '0358 OATE 0440 =-nn - Ve aime 0512
3.4 3 WEG-091F 0286 0A39 035A 0901 0628 0a11 0630 0650
4 3 2 0A62 01D4 0939 0256 OAAS OLES 0AS3 06F6 OAAS 07AA 0912
5 5 4 0A33 01DO 0907 0244 OA1B 0246 09D1 04CO OA17 069C 0728
65 4 OA4F 0200 0925 0248 0A36 024A 09DC 058C OALE O7FE OBFO
7 4 37°0a2a 01B2 0901 028C 0A61 0486 OA13 0688 0A4C 0734 0866
8 6 5 0A37 020C 090F 0258 0A25 025A 0907 091E 0A1C 0920 0964
I B T R L S p— 0826
10 2 1 0A24 029C 09EC 040E OA3D 063C === -=== =-nc -=o- 07¢0
11 3 2 0AB3 0466 095B 0568 0A69 057A 0A38 0632 0AB7 O06E4 0802
12 4 3 O0A3F 020 0914 02CC 0A2B 0324 0900 0808 OAOA 0814 0B6C
13 3 2 OAIF O1DA 09CD O48A OAF7 04DC G9E7 O4EO 0A47 O78E 08DO
14 - e mmee dmme maee mees mmm mmme dem mmem e c—— e
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4
Al

.
T7S1 #MMx #Adn Mx1 Tx1

Mni Tnl Mx2 Tx2 Mn2 Tn2 Mx3 3 T
4 3 2 0A38 023C 0910 0206 0A29 03D2 09DA 060C 0A1C 0768 O82E
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{0 4 3 O0A2a 01A2 0902 0270 OASF 044C OAOE 0612 OA4A 06D0 O7EZ
11 1 O 0418 049A --m- m=m= -oms mooo moms moso omom oo 086C
42 4 3 0a29 O1FC 0901 0336 0A15 0238 0901°063C 0A17 0644 0720
1752 3
1 & 3 0akA O2FC 0920 03A8 0BO2 061A 0A24 09CE 0AS1 OB8C 0C48
, - 3 2 0A79 01B2 0950 020E OAB6 0434 OASF 05C4 OAAC 066E 0770
3 3 2 089 O42E 095F OS1E OA6F 052C 0A3B 05D8 0492 0674 0790
A 1 0 _ 0A27 O3E8 =--= --== ==== ==== mooo oo e LY
s 3 2 0A7B 01A0 0953 O1FC OABE 0436 0A61 057E OAAF 0624 0722
6 3 2 O0A47 O1AC 091E 0234 OASD 047C 0A31 0650 OA7D 0720 082E
7 3 2 0a77 0188 O94F OIF4 OAB1 0464 OASC 0602 0ABO 06 0786
'8 3. 2 O0A9B O3EB 0970 049C QA7C-O049E OALE O52E OAA9 05CA 06DO
9 1 0 0AQ4 03EC --== ~=-= ==== m=os -oms moT oTTT TRT 0758
10 5 4. OASD O1FE 0931 0232 ‘GASF 0234 O9EE 07C8 0A2C 0870 091E
{1 -3 2 OASD OLFE 0931 0232 OA3F 0234 09DC O2EA 0A18 0384 06AC
12 5 4 OA37 0418 090F 04BO 0A21 04B2 0904 0B10 0A18 0B12 0C3A
13 4 3 0967 01DC OA71-01EO OALE O4FE OABS 064A 0728

OA8F 019C

79

o
pi t



e

\
v

T S
b T751-1 {Semi-trailer)

o

'

-

.

S

[

Ik

\ N \ '
1y Lo \ ! t \
A

Y

i

T751-2 (ETS 'Bus) )
S R e
\_ i ; H ' .
‘ .\ Lo . \ Y\ \ |
' : ¢ T7S1-3 (Semi-trailer)
R ~- R P R R, e
L . o
- /(\Erfifffixk— T

!

: B S S A
.+ T7SY-4 (ETS Bus) = ..

\ P
_— e — B SO WS Y ! — - e
: ; N '
_ © ! R
& ~ R R 1t
. | |
[ Lo |
- e - - - _4_, S YO SR T -
- ’ - .’( : b
, :
/
\ | y ST -
Y B Voo i \ 4 \ ' Loy k
. T751~5 - (Semj-trailer)
Lo 2 L
: ! ! E ! |
. i S
. ' B U
," / ; " i ’
g —_:" - . _— —— P ._«_4"_*__‘ e —_ e
! B . i
Ve . ! ot
I j : /o :
Sl A !
Ghing - 41: vl

80



. \

T7Sl -6 (ETS Bus)

T

1

P

T751-7 (ETS Bus)

81

L e



S . \
T7S1-11 (ETS Bus)'
B e
\ T761-12 (Semi-trailer) -
: P
]
|
. ;
/I 1
AY
» . . , e D
.

-—
1

82~




- - — . - f
,‘*\TT7SZ-..-2_(E']$.'S‘Bus) _ ;

. e .
. RN ! .
S e L e

; ]

i

: 0

‘ ‘ R S U S T L A Y
e 1782-b émﬁhus) [

LS UL S SRS SN

—

Lo de : ‘ .
S | { I | i ‘ '
\ \ B , [l + . ' \\ ‘ : ll 1 .! ;
L I T I S S DR Ty e g/
o T 0 o P/
| o ; i P P/
! . i i ,
I Gt - et R
g e T 11 t
T H i) P Co
J i ! ; s : yl . o i
_d J Lol A - L ’
PR ,T182-5 (RIS Bus) SRR U
i U S N Vo0 i
> \ “ . o A K \ . ) '
. 4“-_ __._A‘-,._L._.“‘__..._ | AR S T _l_“’%‘f_ i \_. ..;_.._*,_.;.._. -
N 1 i 3 . . \
! t ‘x l ‘1 S - - _‘! - ’ “ ‘ H
' < ‘ Lol b

: T
' ; }
- | : ; ; ke
i P o
SRS SRRSO SNV UL U SRS SN U SSUp UMY S UERSSSSTPRESSSY (A
' i ’ ! ! ! : i H i ! .
H S

. favuma Lricaen e BS

83



©, 1782-% (ETS Bus) -

N —

N
L \T782-7 \(ETS -Bus).-

R ,F\;“F N T

_ ‘\\_,'\\ .
T T L D

_1752-8 (ETS Bus) .
FE A P _...Al‘__-;. e - ._ - PO -
e e
U e N U N S
oo b e iris-o (EnS Bls)
B e .._‘..._L‘ — .- b e PSSR —

——mm—— - _.;'._.'___ o e ————— e v e = - -
, i
N . . / - — ‘ ,
R ! b
VIR S S — ‘ !

i

ol \‘ ERY \f\ \ 732-1‘0 KSémfr»tfaAi;let)\"
O L

[} .
t .
. ‘__.; _*_-_1._~,I - : . e =

84

R\



,,,,,,

‘ _ “. .. . . . . ,'\ B Al ) N \.‘ "'" B
i o .T7S2~1% (Semi-trailer) :

i 1752-13 (ETS Bu

T7SZ—12§(SemL-trailer)

s>‘\ v

s
\
| e e e e e
Y . . . -
;b N
N v
1 -
— —- - —
- - x ,
: i
Il !
'
v -
' —
. s
ez T
: - ]
. .
! ‘
i ! B - H /.
) i - ]
[ : / .
4 ' : e "
PR S
¢

85




T8S1 #Mx #Mn Mx1 Tx1 Mnl Tnl Mx2 “Tx2 Mn2 Tn2 Mx3 Tx3 T .
1 5 4 -0A4D 0238 0923 026E 0A32 0272 09D7 0642 0A27 077G 088A
2 3 2 0A23 O1FE 09F7 033A OASA 0532 OAOF 07B6 OA4D 08C6 OASA
3 4 3 O0A3B 0258 0912 02BE 0A28 02C2 0906 081A OA18 081C 08BO
4 4 O0A4B O1E2 0922 022E OA3A 0232 09E7 076E 0A27 081E 0944
5 .3 2 0A26 01E2 09D¥ 06B6 OAFD 06C8.09ED 06CE 0A1C 0766 0866
6 - - am—- -_.{...-'Z"f;‘_ ......... Cmmmm mmmd meen e- e e emen
7 3 .2 0A28 01DC. O9FF 0330 0A67 055A OA1B O7EO OASD 08C8 O0A34
VS U U
9 1 0 OA17 03D4 =-=n =m-= momm mmeo emem maeh cese —aon O70A
10 4 3 O0A38 0216 090F O2AE 0A37 .038F O9EA G7CE OA1D 0886 0974
. s I ' ¢ -
1. 3 0A6C. 01B2 0944. 0200, 0AA6. 0430 OA4E 05D4 OAA1 067C- 078C
12 1 0A18 038 --{ﬂ,--i ------------- ek mmee wmia O6FE
*7852 . ..
2 1 OABC 0454 OA6D 0630 OAB8 06AQ =iz mmmm —mem. —mon O7F4 ™
3 2 -0A34 0186 '0A16 0260 0ATA 03B6 0A33 0542 OA71 05DO 06D6
3 2 0A27 0186.0A0C 0276 OA6A 03E4 0429 0570 OA61'0600‘0726
1 .0 0A10 O46E -m=n =m-= ==im|odoe edme moee oo - --- 0888
3 2 0A77 01A2 0AS1 0262 OAB7| 03FO 0A63 0560 OAA9 OSEE 0726
1 - 0. 0A11l 03CE ==-= =--- -= B e e e
"3 2 0A3A 019A 091F 0210 OA7j O47E
12\ - - mSSs ToTS SoSs mmew msem mess
13, ¥4 3 OA4F 01A4 OA31 0278 0A93 0406
*'Toler,‘ance,value is’ charige.d to & = 1B

¢

86

Q9




\ i A
-/
( 7w :
I
. ; -
o
1 Sy
’.
. .
N I . | .
: ' - S 1
' ) - i e - - s ; - ~ h
} t
. . ~ H
v A‘ ' I
} | i ‘ v
| - - i st T v ey e
' v“_ \,‘ . . \\‘ \ ] ‘\‘ N \ ) .
) T \' \ - R i , =S
[ @_*__Tss -2 (E'rs .&us)_._.-__* e
, : .
M - - e ] ( ‘4'
' ! : K L A
. T o D (]
. T E R \ . .
Co e T8Sl 3‘(Sem1 traller) R K ; ¢
e P SR - B
. .
™~
-
h :




~p
88

1

|
N
!
P
[
{ :

“ |

\
)
N

- _‘.\_ -
S1=
\ ) Y

)

6 (azs,

-
-

i

o

H .
1 %

0
i

.

\
1
—— s

-
.

!

j

i

|

1

.

.

)
!

- i

]

I

- i
-1

i

v

o

}

.

|

[N

1y

\ T.8SVJL-'8¢‘_(Gartba.ge -Truck)

\

v

'
3
FN
]
— L
! ~
: .
e
v
'
! .
| ,-
1
! 1
[
-
i
H
-
i
i
1

T T
881 AETS Bus)

C e ———

A

| B
N LA
b
.
R

T

£10_(Semi

TV \
1851

L‘tf‘piieé) N

A




! ‘P
° a
. \ - \
. \ - B A
. : | ‘ \
. N e s e e e R - \
\ T ¢ e Y8S1st1i(KTS Bus) v |
T U Y WO Uy Uy SRS PR )
2 ' ' . ‘L : : . ) ’
. - : .
: LN + .
< ! ; ) v
— - - __; ——— e - - L] . °
v . - Ll » - a
’ - 1 - N
: S SN T T T T T T y
... .TBS1-12 (ETS.Bus). . .. .R.l ,
' ’ ’ f \ ! : : o
, ‘
03 ¢ . - R -
) q l ! - e
P L P ‘ . ‘
- a.. o - - —— — . - ',-—, )
! ; - Lo .
\ .
5 i '
’ .
. =,
l e - - - — ‘
< \
& \ " .
4 " N -t
T N Q
o S : . \
~ ot - _ - e em oz -
| i
. A | ’
* R N »
- > < A
© .
. ¢ p’ ) . »
//\ \‘\‘ :
¢ / R ‘ :
a b : «
- - ' ‘\.?
\. ’ N
v
. . . )
. v ( - - . .
~ . ) AN ’
. :
= . = A
\ .




.90

1
T
!
a7

“

.

Bus)

o

1852

ETS

+

Y

T

T e

1
-y -

tre\i lbr)

=
8 i_'. !
PRI TR

i

secr

A

R g

. i
1
-

PP S

-
.o
N i
! J
T
i
e
. o
: i
1
1 I
Pt
b ° 4.
_ 4
I

-

) : N <- B - .
'TB52-3 (ETS Bus) -

— e

A

s

-—~—' e ——’-—-—3—-—-_-———‘—»...;- i}

—n e

..

‘

F
Cer
[t
_ Lo
o

B ——

=t

4,;5"_,

[REI SUEU NS S




I 1 TBSZ—6 (Ers sus) R

-
By S S S A .
vl \ H . .
\ At Co [ .
P } '
: *
.
!
: i
N
4 A N
) ' \
1 4 i
AP G S -
;
' .
.
i — .
’ 1
1 i
; .
V 1
:
: 14
i - -~ — - - ————— — oy -$ -
. , ‘
! 8 ‘ v
" ]
h ! .
. [ i .
’ . -
H e e -
t .
\ Vo

SRV T$82-9 (ETS Bus) YA

PN \
\ A ; W \ )

. Lo -\
-t .__»_____‘.__- ; .

.....¢ _...._.4____._—-. S e SR |
1 ' i ’ i

.
N | . -
v o b i
-7.__4:-.__;__ -t ) - - H L R, _,“ —— PR
' " R . |
L : ; . o
[ A et il —-é.-,.....,'_ ,: ‘4_‘_ SRS L LE sl et e
i L. 1)
,

P k
i : o :
20 1Y S A




',k' . N

. . v,
e . L. RN

T8$2 11, (zzs BUS)ﬂr R

; ‘1&

R ,,...\\; - ,__‘.__._,_. -

\ “. .'._..__.x..__.‘__;_ - ‘_.._ ——— __-;,_..._-.:{ .— -...»,_ X
- D
S A coae
i

W .
| ‘T852-12 (zrs Bus)
' [_ BB ‘}\"'—\_—_—_

v
AN

;u;_,J_L_‘ SR

1882-13. (ETS. qu) o

[ S SO Y

.92



,
©

*T9S1 #Mx #Mn Mx1 Tx1 Mnl Tnl MX, ¥%Z MnZ Tn2 Mx3 Tx3 T - * .

1 2 1 0A8B O7DE 0970 0832 05\7’0_0&34: T e/ $ 1
12~ 3 2 OA3E 0208 0927 0242 Obyy (R Q9E6 065¢ 0A18 07CE 08A6
3 3 2 O0A70 019E 0A4C 0276 OAp (402 Qa69 0574 0AAD 0618 0722
4 5 4 O0A47 0234 092G 0288 0Ay (RgA Qa12 0820 0A3D éBAC 0950 >
‘5‘ 3 .2 OAJE O19E 0A4C 0276 OB\y ()42 QA67 0576 OAYF -0618\'07-374
+ 6 3 2 0A23 O1BC 09D9 OSDE Ohyy (Jig6 OgF2 0694 0A17 0738 07F2
7 .3 2 7°0A40 .018C 0925 0210 0%y (4QA Qa3E OSAE 0A81 0607 076E
8 3 2 0AB3 01a8 0A50 0294 OBy (06 Da65 0594 0AC3 06B4 0810 -
9 3' 2 0A68 018A 0A46 0266 OAyg (NgA OA5B 0546 OAID 05D4 Q6F2-
10 3~ 2 O0A6C '01D0 -0A49 02EE 0By~ g QA6B 07A2 OAB3 0894 0A68
11 3 2 O0A78 01B6 OA4F 028C 05y (/& OAGE 060C OAAG 06AC OTFO.
12 .71 0 0AO7 0404 mmmm mmce == o A\ym oo momn mme —mem 07D4
*T952 R |
1 3 2 0A73 0186 0958'01C6m 0514 OAAB 059E 06AGC
2 1 0 O0BOO 0430 ===~ ==wu -~ v NSNS Semmimeme —mn - -m-- 0702 a
310 O0A26 0416 -mc= ==ds =% | s oo mmen Sean eoae 07D6
4 3. 2 0A26 0182 0AOA 0298 O\ (0% Qa24 OSBE 0A51 066A 0788
5 2 1 OALE 039E 0903 0472 Ohyy 36 ~e-m ~ome mmie -—onm 068C
6 £ 0 09E8 03B4 ~ime —mem ==, AN Seem o -~== ,-=-="081E ~
703 2 0A51 0412 0936 04CO Obyy (Xg2 Qa15 05D6 O0A3D 067A 07A0
'8 3 -2 O0A73 0190 0A4A 024E 0A\y 03{20;,6_3 0568 0A9C 0SF8 06F8
93 2 0A6B 01A4 0A45 0278 0%y (420 Qa62 05CO 0AAB 0664 0788
100 10 O0AOA O3EC -Zi- mmon <t s Semm mmie meee mmen 0774
11 3 2 0A69 01C8 0A3E 0206 OAyg gk QASB 06F0 0A98 0786 0932
123 - 2 0A67 018C 0A45 026A OB\ (J4g6 OA67 055G 0ABO 0604 070C
Tk Toleranée'v‘alﬁe £ = 1B

oo



N

\ . P

L T9S1-1 (Semirtrailer) ™l .
. B '. . ‘ i

' . \ T(
} t t . -~ \ . \ ' - e .
3 —— O S Tt e-the i oy e Ce—— e s — =
- —— . ' T o “
% i . ’ - - Y
: AN
,
. : - . .
) ’
) H
° -1 .
- . t
. R .

s A s o -
, . s Coe - . R ,. ' R S - e - ) -M' \ . . ‘ .
: \ y . v L A g : | S
o ‘\‘ Voo v U 9981-2 (Semi-trailer) - ._
I SO R T O cime by e — - . R
L 1 |
- 4 i 4 : 1 3 -
' ] N g _ _[.:.,A o ™ o
- : i R g
T S S S NPT, )
i : : ‘
! ' : " ~

-

Lo UmsiaEmsees) L '

/
S P S — S
ﬁ N "
‘ : : ;
] . R R .
’ - o i . 3
4 P —— - - - Yo —— - - - - —
- : - : .
. AN B e L ; ' Ny
8 . T 4‘ o f -~ ”" T 'T. B v \; "‘ ‘\‘ TR T e T W VT T . v‘ .
Y \ \ \\ v‘ B .\' . L ‘ \) - \ ‘ \=‘ A\ A ) '\\. ) \\‘ . »._. \A S '-l - N
147 T981-43\(Semi. w/t Tractor) . & L . o .
e N g e e -
b - ; ' . . : .
3 1 Al \ 4 . N . | . . )
B LI S (R S T LN . A ) .
R “ } oy I N T . » L
iy ! \ ! 1 7 v \ i . : ) X
- i i ; : ] 1 . B .
: AR ; ;
e . . . ! + ' | E i
i ol

e g el

S e — _ . ' S s LM '
e TT_, e e . P ' @
‘;__TXQ;SJFSLA_(KIS‘. Bus) . ‘ .
I R g : L N




R
P :
P v B '
, !
+ . ..
R ¥ i v.\
v . -
- ) - - = - - _.,,. B _—— e g . \
. ,:r931 7 (ms Bus)_ S
: ‘
L . | S
S S S I O P SN S S -
1 1 i
- ;
\/ R - - heeal o L S [ -
- , .
o )
- -
[} ' -
1
o 2
i
; -
~
/
i
1
/
/’ .-
! 1
V o
, i
;
!
o
P
v e
o a . s
] !
.‘ R A __S ~‘ \ ot
~ . C - ' e “‘"
‘ b
B !
s .
’ L | i {
. D : | | _
I S N NS _ Loy .
f . - { ; (' - T - »7——— - " i
! Jo ' ’ i - !
. - / i Iz / i : '
‘. 1 ; ! JE Y U
YO L QR -~

ias.,

Y

95




L & - .
’ X )
. h 3
- [
i o . °
R .

T AT

96

— T - . .v " RPN “ \,“':"\\ * I ) e ; \_’_ .
, ,\\_ fow T9S1-11 (ETS Busdt UL vl Sl
: . L oo e o - 1
S U - s ~ _‘, B S NP S U
1 . B b .
IO o AN 3 .
! ’ P
: L ) e S 4 |
. ".(_\) : - -, ; K
- _ : N ) ﬁ T - - 2
~ Ly A " \\ - * . ‘ N N " - T . ' I\
B N ‘ 3 ! v [ .'] ’ ‘, \“ k "
= 295%-12 (ETS Bus)' ;- .
. i : L S Nt S T S S i
‘I‘ - T T s s v '_——" T T e i V. b
: l | -~
. - : S I g
I aaiil L TS
j [ "
! ; _»‘ 1 . .
i ) ' : .
; e - L
L o
)‘ v /
- i ! - ” ¢
2 v Q 5
‘ i 4
hooo , i




. .- . A TR Iy g
o AT e O S SRR,

T g T |
EEEIEERAEERTT S0 ) P \—a ‘ros2td Ets aauqs)\ VUL

i __A\,___“_L__;.'_.\-J__._n,\‘ I w.ﬁ_-\_,‘ﬂ_-_k_é_4__“'“,_‘?.__‘_,

AT RN Blia v BEER R

4 =
e .
4
: ) RN
) v
' -
- |2 ’ 3



» o

ol e e it et AT ,-w."'“ o

-

o

i

-
0
o)

-
t

N

¢
RN AR RNt

<

i

A
.
SN

|
'
P
|
)
|
1
-

:

[
1
-
’,
°«
—
RIRT, EX AR LS R

3 .
[0 TS S
v T 1
[ \

\ ' \ } .

I R
82-:10 (ETS ‘Bys

A5 .&H—

YOENTLU N LIIN



R ~
- - )
. v>-J A : I3 et . ’
. \’ B R T .
. : : 9 SR ‘
S = - :
.
| -
' "~ . -~
i ﬁ ' . 1
} ! - : i L ~ ]
» } i S S ’
\ \ A i It e Sl " e S e T ;- o . '\ - "" - - +
.- .. 7982-12 (ETS Bug)* ... "
. \ | \‘ Lo T 3 LU T T ” LI —. ~ .
v
v 2
N P R o >
v v - ‘
. ‘ 7 -
— e . P J S o o “‘
. : . P 5 .
ce L
'
- .
- - - o DREEIES
1 -
. - a0 ! . .
- N . - >.' !
| , .
- . K [ L N
N 1 o " - ' : ' l‘
) o . - : ' K ’ ’
: . . ’ . s
. . . . .
2 , . 8 . g
E o - B ' : . RN 1
N - .
v ) . \
. : . o
. ! ) o
R ~ 1 o © ’
- . - -
] - . ’
. . . ~
= -~ " . )
7 v P e
s ) ° ‘ d : "
LT ~ ) o K
T , - ; .
: 3 . 4 ‘
L : l )
< y . h . -
/ .o
R . ‘ .( . .
. ; . .
~ - * - ‘
- o v'l ‘
b




Lo

*T10S1 #Mx #n Mx1 Tx1. MﬁlfVIpl Mx2 Tx2 Mn2 Tn2 Mx3 Tx3 T
1 1 0 O9ED 0398 --min mumm =-g --m.\::;/,z{:fljix\ig-- 0722
23 2 0a06 019E 09§A502AA’6A0F 03EC O9F0 05A8 0A2B OJ4F 085A
33 2 0A13 01A0 09F8 O2EQ OA4B 0484 0A10 06A8 OA3B 079A 08F0
4 4 3 OAGA 0222 0A01'032E;0ﬁ31 03EG, 0A17 O7F6 OA42 0868 091E
5 1 0 '0A49 03D0 === m--= ches —ooo coeo ceoo oo —oeo O5D4
6 . 3 2 O0A25 0452 090AAQ542 0A1B 0736 0900 0788 O9FF 078A 0858
7 1 O OAOA O3EA --==- femn ——oe - S === 0760
'8 4 3 0A2B 02B2-090F 0336 0A10 0348 098E 0652 0AOF 063C 074A
9 3 2 0A2D 0234 091270406 0A10 040A 09D4 0686 0A13 087A O9CE
10 1 0 O09E8 0302 -==n =fom —mom Zmoo shee cooo oooo oonn 0684
11 3 2 0A68 0186 094D 01C8 OAB1 03A0 0A63 OLFC 0AA7 0582 068A
12 2 1 O0A20 043C O9FD 0600 OA1B 0BAD ---= =am= === =oo- 07D4
*T1052 ' A
“ 1 1 0 O09EE 031G =mm= =mm= mmmm mmmm mmme mmmm meme mmes 063E
2 3. 2 0A32 01A0 0917 02CO 0A7B 0482 O0A32 O68E 0A65 0766 08D2
'3 4 .3 O0AID 026E 0902 02F2 0AO0 0306 09D6 0874 OA14 0BOO 0CS4
4 1 0 O9F0 0432 —-mm —omo mmmm mmmn mmmn moio enl eeee 0842
5 1 0 O9F1 0382 ---= -=3- === =-== === === === o= O73E
6 7 6 OA46 0200 0924 0270 BAS9 0466 QALY OBBE 0A93 0964 0AS52
7 3 "2 047 O1EC O9E7 '043E OA3C OSES 0920 0620 OALF 0622 O6EE
8 3 2 O0AIC O1B8 O9FF O2F8 0AS7 O4E6 OA16 O70E OA41 O7E4 0956
9 1 0 OAO7 046C -m-= —mm= mmmmmmmm mmmm mime mmoe —eee 088E
10 1 0 O09ES 0208 =-== === mmo= meec —moe mmoe mooe mee- 068¢
11 1 0 Q9F5 0780 =-== === === —ome ecen —omooooe —op- 0556
12 1 0 O09ES 02CA ---- -- m e e e mlm e mieo 05EC
13 2 1 O9FF 0334 09CD 05D8 OAGD 0B4A —=iw -=-= =Zee =mcn 0964
9 . ’ )
* Tbleréné_e‘ value ’G = 1B o

¢
e

100



101

Va
\; .
o b

1 (ETSBUS)Y .- .. L.

.: .

- ,&,..

\

N

T10S1

'

: @TS',_BQ_S)_\T__;_A‘

-2

s *

V-

g, -
\

|-

wi[

i
[N SOt
)
: |
[
AN

Ga

710s1

J_ﬁ
:
I
P
S R S
oo
N
T
N S
S

‘\ ]
T

ler)

s o e
. Lt

. Trai

v
)

Rec:

24 (

} '

}

[V

B et

e e

\
}
P
'
‘ -
~. '
-
'
'

(2



& .
. R » . :

' . vt \
'

_T10S1-6 (ETS Bus) * ' .
. S : ;

-
»
.
-
s
/ﬂ
¢ .

R .
Ve

N o N _
5 " T10S1-7 (ETS Bus) . . ‘
- Rt T “""4 "'\‘ h oot '_.‘.1' e "»‘ o . A o

RN

T1051-8 -(Semi-trailer) - |

L M i :
— el m——— - L _3,-_ - - —— U — -
T

L e, em s
"_“__—-ﬁ‘ ) — r~ =
et it

- s L U
. T10S81-9- (Semi-trailer) . - ~ ..

'

< 1 1 v

T e T it _.—L'Lf,_;___..A_ U
g : . . . .

- U T T ;
i ]
_ Y S [ ik e
H ' ’
! .
! - F)
d !
' o

T

. — . ey ‘
N L Y \ \ Lo
S AT ST1051-107 (ETS®Bud) L 0
JPUSSUU LI U U U S J_..L—__i__",_e__/;.l“--v.\‘ Ll C e
?‘:Tw“g' 2“*:?rrf?7:‘.f:=4f{' RN
- A_.;.”.I._.;..‘__I.‘_..L_..L.__;__.._ U —— TT__A__,..A,__ -
) P ‘ .

[
i [ ! . : i
S [ . . ‘ - -+ . .- JU
I i ! . ; i
! XN ! ) : i : . ! ! ‘
e I"'“” B e L R
H . . i i :

. . i i ] . -
! - P IR S AN R SO ;
P A I

S S I




. 103
- Y : ' l'_:“
= 1105111 (ETS Bus) .
- | | -

-

. -

P B =
N N
\ . Do
. R t - . - T !
L “ i Y \ V- . N .- v
. * . - N S . i
A b i L IR 4 \‘A\ o [ Dl e \ N
B \ . \ L . \ S : X B
Dbl L T1081-12, (ETS . Bus) . Lo ,
‘ ' : . : i ! ) i . e
. .
A ‘
; I
.
- .
|
v).
' Ad . i
& . o
. : ! M 13
{ i
!
- e e e s S S
. A . B -
{ ! / i
A . [ S N - P - v
K ; ; ! B B A oy Tr ]
] / / / /
. ; T DY R A SN Y A T S S
. ;
-
’
- ‘A.
) .
LN -
Ly
£
. —
N



104

1

s)}

\

ETS Bu

'\' Abl\ \

l

T1082

V

b

vy
e

V-

. .

\
[y

BN

K ‘_."’(

\ \ |
-t Vel — — )

.3 (Sem

-

71082

'

e e o

'
-

Dy

trailer

i_

o

a0

T SIS e

"4 -(EI-

B T :
\
I TS U SRS S

!

v

\

¢
\
i

e o e b A
. ‘ Y o
-
¢
A -
Bus)
el

1
’

.

|

4

|

=
- ;

P -
§ oy

i
-

VI

-
‘

)

PSSR S
.




i

o3

>

T10S2~-8 (Ets Bus) '

el oL B

PR S

\

(47 = T105249 (ETS-Bus) -

‘\ e

\~- .. - -T1052-10 (ETS Bus) - . . - .. .

e '\, .-

L,

1

AN

105



o ;T._xojs,.z-lz;.‘(E_‘rs_'_Bus;_)} o
' S

" a

MY

\ e

s

y

11082-13 (Bemi-trajler).-

i

f
- - ;-

'
. . R PR L PRV N LI

106

<y

o -



ey
J

*T1151 #Mx #Mn Mxl, Tx1 .

Tx2 Mn2

Mni1 Tnl Mx2 Tn2 Mx3 Tx3 T
S
2 2 1 OAAO O3E2 0A55 0556 OAYF 0SE2 =-== ===c ==n= === 0700

'3 \ '3 2 0a5B 0172 OA36 022E OAAL 0354 OAS6.0498 0A95 051A OSFC
4 Y 0 0A19 0354 --mn - R O 0630
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B = = mmmm mmme mmde mmmn msie g mmme —eee e ———— e
9 1 0 O09EE 0364 ==== =Zec —oee mmo mmen -- m— mm—m meee 06F0
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APPENDIX 3 . DATA ACQUIRED VIA FEATURE

o |
. |

This appendix includes data acquired via the - ~ogram FEATURE which extr-

acts real-time features and stores them int: - signated memory locations.

e



Veh.Type

EN

115

o

No. #Mx Mx1 Txi Mnl Tnil Tx2 Mn2 Tn2 Mf3 -Tx3 T
1 ETS Bus 5 0080 0198 FF65 OLE7 006A O1FC OO4E 0273 006F 02D1 02FO
2 Car 1 0100 009D —mmn —mcm —cme mmm mmmm —ee —men moe 00E2
3 Car L 0143 00A] —-c= mmm= —=m= =mme mmm= mmm= m-m= -mes 00BB
4 Stn.Wgd. 1 0111 00A8 -=-- OOEB
.5 % Ton Tr. 1 QOBA 0077 ---~ 00C4
6. Van 1 OOEB 007B =-== —p== ====i==== —=== ==== === ooos 00CA
2 ETS Bus 1 004D 01A6 =-== FSho como coeo moom moon moon -oos 028D
8 % Ton Tr. 1 OO0B2 008A =--= ==== === —=== ==== ==-- === ==oc 00B6
9 % Ton‘Tr; 1 B0CA 007A ---= -=== ==== === === =-== -=== -=oo 0040
10 Dairy Van 1 00DD 008D ---- ==== =-=-== ==== =-== ==== ==== =770 00B8
11 Police G. 1 OOF9 0085 -mm= ==c= ==im ==== =ooo moo —o=s ooos 00CA
12 Moving Vi 2 0070 0069 FF54 00C8 005C. O15A === —mme === === 0188
* 13- Semi-T. 3 0089 0099 001B O1A7 0037 0234 0035 0238 0051 0265 028B
14 ETS Bus ¥ 5 006F O1EF FF54 025C 0066. 0377 —-=- ==== -=== - --- 0344
15 Semi-T. 4 0064 0081 FF49 OOFA 004F 0100 0026 0264 005A 0330 0381
16 ETS Bus 2 0060 0151 FF45 01D4 0055 0267 ---- =---- PR 0293
17 ETS Bus 3 0095 0067 FF19 00A1 00DB 01E4 0090 02c6 00D2 0336 0552
%8 Deli. van 2 0077 0076 FESC 0OD3 006D 01BD ---- ===- ==== ===- 01F5
19 Moving V. 2 0089 006B 0025 O1E8 0055 0269 =-== —-== ==== ===-= "028¢
N\ 20 Semi-T. .5 0062 0090 FF47 OOE9 0046 O0EF FF59 O053F 005F 0546 0588
21 ETS Bus 5 0b%y 004B 0026 0ODC 0061 0191 ==-= --== ==== ===- 01E3
22 semi-T. 4 Og:;\QODb’001O 0232 0049 0371 FF47 OB6E 004D O0B74 OBDO
23 Semi-T. 3 0082 OcCC FF67 0DOO 0072 0D49 0031 ODE6 0080 OEB6 OEEG
24 ETS Bus 5 006D 018E FFS0 01DC 005A 02D4 -=i= ==n= -=== ——-- O2FE
25 Semi-T. 2 009C° 008F 0826 O1FE 0057 0267 =---- ---- -z=- ---- 028F
26 Dump Tr. 3 0087 009C FF6A OOEA 006D OOEB 004C 012F 0080 01C9 01F3
27 Dump Tr. 3 0080 0081 FF65 00BS 0068 00BY 0042 0106 006A 01A2 OICB . -
28 Dump Tr. 2 O04F 006A 002F 00D6 004D 014B ---= -=== ==== ==== 017F
29 Semi-T. L 00A8 00B4 FF8D. OOF9 0092 0101 O0BF 06AB 00C6 07C8 080D
30 -ETS Bus 3 0073 0048 FF57 OOB1 OOAE 0184 0068 0260 0092 02B2 0.D
31 ETS Bus 5. 006B 0176 FF50 O1EC 0061 028A =-=n =-=c. =m== === - 02¢cA
32 Semi-T. 4 00SF 0082 FFOO 00B7 0045 00B8 0020 0219 OO4E 02CD 031D
33- ETS Bus 5 00AD 005B FF92 0084 00DC 01C9 0097 0245 00D5 0302 031A
34 ETS Bus 3 0073 0042 004B OOBA 00A4 O1A3- 0065 O1F5 00A9 0286 029F
. o .



#Mx Mx1

‘Y‘

A

Mx3 Tx3

>

0040 03C1

No. Veh.Type Tx1 Mnl Tnl Mx2 Tx2 Mn2 Tn2 T
35 car 0 1 0118 006C =--- ---- e o mmmm —a- - 0096
36 ETS Bus 3 007D 01A4 FF62 O1EA 0068 01FO 004D 028E 0070 O2DF 0305
37  Car 1 012E 0159 —m-- mmmm m=m= mmoo mmmelmmme —e- —--- 0186

‘38 ETS Bus 3 0089 01D4 FFGE 0224 0073 022G 0052 02D8 0077 0340 036B
39 Dump Tr. 2 0072 0073 FE57 0095 0077 0125 =--= --== ==== -=== 0141
40 Semi-T. 3 0059 0123 FF3E 0164 003D 0165 0022 01BS 004D 023E 0272
41 Car 1 0110 009C =-=n ==== ==== ==-- fme= mme= =w-- === OODE
42 % Ton Tr. 2 00D4 006D FFB9 OOBB 00B& 00C4
43 Moving V. 2 Qg§8'boen FF4C 00A2 005C O11F
44 Semi-T. ‘4 0074 OO8F FF59 00C8 0069 014D
45 Car-on-Tow 2 OOAA 0077 0029 0153 0101 023E
46 -ETS Bus 3 004E 0067 0030 O11E 0071 0229
47 Semi-T. 3 0096 00SE FF7B 007B 0078 007D 0024 01C1 004F 02CB 02F4.
48 ETS Bus 3 00BC 0080 FFAi 00AA OOED 0222 00AC 0323 OOE6 O38E O3AE
49 Semi-T. 5 0085 0086 FF6A 00AA 006A OOAC FFS8 035E 005B 0362 0377
50 Semi-T. 3 (O7B 0075 FESE 00AD 0061 00B3 0019 0iCB 00B5 0211 0212+
51 Semi-T. 3 U07F 009B 001D 01B4 013 0231 FF3D 0233 0053 0268 0291
52 Dump Tr. 2 006B O07F FF4F O00BS 006C O16E =--= === ==-- —o-- 0198
53 Car 1. 011C 009D =---- =-=- fmmmlmmie deme e mome a- -- OOBE
54 ETS Bus 3 0058 005C 003C 0ODF O0SBE 01D2 0059 02D3 0086 033D 0369
S5 ETS Bus 4 00B9 005C FFID 007 0098 0083 0091 0280 OOE1 031F 033B

56 Semi-T. 3 006C 0074 FF50 OODE 0063 0118.002C 0183 0058 0206 023B
57 Semi-T. 4 007B 009C FFSF 00DO 0072 0159 EF3E 0374 0061 O03DF 0435
58 _ETS Bus 3 0055 0052 0038 OOFB 0084 01BO 00LC 02CD OO6F 0338 0358
59 Vvan L 00D7 0078 ==ie —mmm cmmn memm mmemmmms mmms oo 00F0

60 Cement Tr. 3 0059 008D FE3D 00B9 0040 OOBF O01F O11F 0066 01AD O1E6
61 Tr.aTr&ilr 3 00C5 00DB FFAS 0131 00A8 ui132 0031 02BC 009E 04O0F 0444
62 ETS Bus - 3 008D 0088 006B 0147 00D3 029D 008C O3EE 00CD 0477 0496
63 ETS Bus 5 OOF3 0246 00A7 03CD O0EC 0457 =mmm =m-n ==n= === 0483
64 Dump Tr. 3 0075 00C7 FF5A O10E 005D 011A 0034 019E 0070 0274 02B4
65 SemioT. . 4 OOSE 025C FF43 02A5 0049 02B1 FF40 O6FB 0045 0705 0733
€6 Dump Tr. 2  O0AE 0100 FF92 0143 0093 0153 ---= === ==-= === 01D6

"~ 67 Tr.&Trailr 2 00A6 OODA FF8B O1BE 008C O1BF --==- --== ==== ===~ 01D9
68 ETS Bus 2 0061 027D 005D O045B, =mm= =rm= —=m= ===

116



102,

ETS Bus

117

00E5 .

" No. . Veh.Type #Mx Mx1 Tx1 Mnl Tnl Mx2 Tx2 Mn2 Tn2 Mx3 Tx3 T
69 ETS Bus 3 003D 0094 0022 016D 0064 0245 FF48 037D ‘00SF 04C1 0507
70 Dump Tr. 3 0081 00DC FF65 011F 0066 0121 0043 0173 0075 023A 027C
71 Semi-T. 4L 0069 01A8 FF4E 0202 00SB O3ED 0022 0746 0055 0960 09D3
72 Semi-T. 5. 0064 00B3 FF48 OOF8 004B OOFE 002E 0535 0076 OSE3 0614 -
73 ETS Bus 3 004F 0084 0029 0159 005B 030E 003D 0397 067 0500 0535
74 ETS Bus 3 O04F 009A 002E 0194 0074 O2EA 0046 04A3 0068 0553 05A9
75 Car 1 011F OOFF ==-= =-== =--= iem e amen —es S o--- 0132
76 Dump Tr. 3 0062 0118 FF44 O16E 0047 O16F 0029 O1EE OO4E 02EA 034A
77 ETS Bus 3 0068 006A FF4D 0119 O09F 025C 0061 039D 0094 0420 044F
78 Semi-T. - 4 0090 0122 00C3 0212 0065 0247 003B 060B 0070 0683 O6FA
79 Semi-T. 5 -009D 00CO FF82 0107 0083 0108 003E 04C2 0066 0541 0SBO
80 ETS Busy 3 OOBF O0A7 0097 0157 OOF5.02C1 O0AD O3FF OOEA 049A 04C2
81 ETS Bus 3 0089 009C 005A 0185 00BE 0343 0072 041C 0OBS 0545 0573
82 ETS Bus 3 006A 031B FF4F 03F7 OOSF 0443 0043 0503 0062 05B1 0609
83 %Ton Tr. 2 '00C5 OOAc FFAA OODF 00A9 OOE1 =--= ====m === =---= ~09BA
84 Semi-T. 5 008C 00A9 002C 0147 0082 O1E4 0039 0463 0076 0500 054F -
85 Semi-T. 5 0087 0090 FF68 00AA 006B ODAB 0021 0201 003D 031D 031E
86 Moving V. 2 006A 0080 0021 0198 O13E 021B =mc= e mmmm e 021C
87 Semi-T. 2. 0064 006F 0020 O1EE 013C 9232 =-n= =o== --on === 090
88 Car 1 OOFA Q09F mmo= —mmm me mmim mmme mmm= o oo
89 ETS Bus 2 0065 021C FF49 0305 0065 03B3 --=- === === === O3EA |
90 Sem#lT. . 3 0077 006E 00ZF 00CD 004C 0128 0024 018 0042 0238 0264
91 Semi-T. & 0071 010E FF56 0139 0058 0140 FF47 03AC 0046 03AD 03C4
92 Garbage Tr. 3 ~00BE 0051 FF73 0088 007A 0098 0047 O0E4 0074 0143 016D
93 ETS Bus 2 005C 0190 FF41 0208 O04E 02CD ==== --== ==== === 0305
94 Semi-T. 4 0081 0085 FF66 00B4 0064 00B6 002B 0231 0069 0200 0317 -
95 ETS Bus 3 0081 0066 0058 0113 00C1 0217 0078 0325 OOBO 039D 03B9
96 Dump Tr. = 2 0068 0066 0040 00C4 0062 0124 =<m- ==== ==== -=-= 014C
97 ETS*Bus 3 0095 0054 0076 OOBE 00D7 0184 0090 023A OOCF 028D 02A1
98 ETS Bus -2 0043 0083 0028 015D 0063 0284 ==-= ==== ==== —-== 0355
99 ETS Bus = 3 O0OBA 0055 0090 00BO OOEF 0199 O0AB 024F OOEB 0243 0286
‘100 Moving V. 2 008B 009C 9941 01C4 0080 0243 -=mm ==== —=m= —==-n 0200
101 Moving V& 2 OOSF 0076 FE4G O0AF 0054 0133 mm== mom= —-o= =m= ~ 018D
3 "00AE 0056 0204



“k\ ' . A ) s 118,
X, _ ' ‘

Ng. Veh.Type ix Mx1 Txl Mnl Tnl Mx2 Tx2 Mn2 Tn2 Mx3 Tx3 T

103 G.H. Bus .2 00G9 0137 005C 02B8 0078 0316 -=-= =*== ===7 =777 0360 k

104 Semi-T., 3" 08A 00G1 OO1E 0307 0134 0388 FF43 0394 0079 3FA 0432 SR

105 Sei-T. L 008G. 0073 0028 OOEE 005A 013F 0033 0327 0065 0386 o3 E

106 ETS Bus 3 00AD 005B FFB5 00AB O00E3 01B3 009C 0276 OODF 02D4 O2F2 :

107 ETS Bus 3 Q0AG 0047 0089€0099 00E8 016C 00AA 0209 QOEB 024D 0267 _ i

108 .ETS'Bus 3 0088 018F FF6D 01DC 0073 01FO0 0054 0275”0677’bid§ﬂ62E6 i

109 ETS Bus 3 OOBC 004D 008D OO9F OOF4 016E 00AC O1E9 Q0DD 022C 0249 .. )

110  Semi-T. 4 0065 GO7E FF4A 00D2 0056 O13F FF40 0418 0060 OGLE 0439 4

111 ETS Bus 3 O0BE 0041 FF73 00A9 00D1 0161 008A 021 00CB 0261 0278 ‘

112 Garbage Tr. 2 008B 0052 0043 00F0 0072 014F ---- ==-= ===" o= 0183 \é'

113 ET5 B& 2 0073 OIF1 FFSS 026C 0064 0395 ---- --- - leee l-- 03C9 o

114 Schl. Bus -2 0087 O0AS FF6B 0139 0078 017G -=-= ---= === - ---- 01CO o

115 ETS Bus 3 00A1 0044 0075 0098 O00EO 0158 0095 01B8 00D8 0226 023C i

116 Semi-T. 3 0080 00BA FF64 00D2 0070 010B 002A 02C5 0060 03DC 041F |

117 Semi-T. 4 O06E 00aa FF53 013A 0055 013D 0035 02B5 0075 0300 0328 i

\is ETS Bus 3 008D 0050 006C: 0094 00D3 0175 0088 0238 00GC 0287 029D =

119 Semi-T. 3 0095 009B 0043 GOEF 0068 0158 0024 0229 0076 0369 039E i

120 ETS Bus 20072 0168 FF57:01F8-0071 027F =-== ---- Cemet me== 029E’

121 ETS Bus 3. 0062 0054'0Qd% 00D8 009D 019C 00SF 027B 008F 02D9 O2F9 3 :

., ETS Bus 3 00AA 00B8 E%SF 00c7 00E6’ O1FE 009B O2F7 00D3 0352 036F - i
1/, ETS Bus 3 0058 005B 003B OOED 0088 01C6 0051 02D4 0077 0326 035E Lo
7124 Semift. 4 008B 0090 FFTO 00C7 0070 00GS 0029 025G 0066 WS1E 0378

1ZSVKEi:;:;jffff§4\\997§\0084’FFSB:OOAB 0059 00AD 002D 0233 0054 029G O2DF -

126 ETS Bus 2. 00590203 FF3E 02CD 0050 03BF ---= ~--- eew- ---- 03FB

127 ETS Bus 3 0061 0036 FF45 007D 0075 0174 FF59 O1AE 007B 0263 0287 .

128 Van 1 00BO 0084 ---= === - - s .-~ 00DO

[ S
.
/ &




o ! ) )
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APPENDIX &4 : PROGRAM LISTING . B
.This appendix includes: » /f
1. Data used in Fig. 4.4 t-tificial Test Data in Chapter 4, and the
emulated result (underlined) from FETD using the Motorola M6800
Emulator via the AMDAHL computer. .
2. Program listing of CLASSIF. = |
: 7 VA
‘
b
~. / IS
\\“‘ /
“ // ‘\,/



M

5M
- 6M

5M
LM
SM
aM
SM
M
It
Sl
R
LM
EX

Data values (artificial) in Fig. 4.4 of Chapter 4o

¥ -
T

o .

/

e -

001601946 - ) ’

001830 . T .

0100409 DAC,OPyOCEYOPyOLE»OF»OF Ay 0AY2C»0As1RYyO09yOFE»0nr 24
0]1()90(\720»'0(55»hBrOf\yf’l_VOAro:’vo‘?!(‘!l070 yOEA»OAr 04+ 09y OFE
0120y09y0F O« 09701*70';’70? EyOAs2Ey 0Ay 305 0Av 4y GA Yy 35y 0Ar 4F
013 OyOﬂy?EyoﬁvSB!0H!287OA9207O9yOFEyOAy£Ay0ﬁ730yOQ AT
0140!0H939~Uﬁ:;Uvoﬂv?8709y007OA720409v0Bry0970Uﬂy097/7
0000y 30

GLOO S0 L C

F3000 , ’ e -

359

0000y 5 o B { - N

N
\
™~
s
M&BEML is the rrorerty Motorola Sedy Tnc.
.. Coswurignt 7T hw Motorola Ince -
Motorola MéBOO»Emulathv'Release 1.0
MH'IA  OC ~EA F X A B s T

0000 X%x* 0000 0000 0000 00 00 000000 0000 0000000
0000 00. 00 00 00 0O 00 00 00 00 00 00 00_00 00 00 00 v on
0010 00 00 00 00 00 00 01 4E S0.0Q 00 00 0C¢ 00.00 00 «4on.
0020 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 v qsws
0100 09 AC 09 CE 09 IE 09 FA 0A 2C 0A 1B 09 FE 0A 24 .,
0110 0A 20 OA 1B OA 2E 0A 02 .09 FO 09 EA OA 06 09 EE.. ...

s 0120 0% FO OA OR 09 FE 0A 2E 0A 30 OA 4E 0A 35 0A 4F ...
0130 0A 2E OA 3E OA 28 0A 20 09 FE 0A 24 0A 30 0A™40 vu. i

0140 0A 32 O0A 5I OA 28 0A 00 0A 20 09 EE 09 DI 0% 77 +2.%.
Memorw Fault at FFFa : o R
X31232 SWI  X7FFR O0Q00XO1AEX0O1%X4E OIOQZOOXFFFS 0003425 T

0000 24 02 0A 2E 01 14 09 EA 01 14 0a 4F 01 2E 09 FE $....
0010 01 38°0A 5h 01 42 01 4E 30. 09 RE _0A Il CkE 0L 4ha 8.7
0020 01 4E 00 00 00 00 00 00 00 00 00 00 Q0. 00 00 00 +N, 4.

.

#10:50:58 T=,785 .RC=0 T : T : .

O

Emulatid result from FETD.

[N B. ] JUnderlined values are the local maxima and- the local minima"

extracted by FETD.
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OF 3R0 MAX
OF 3RIN MAX
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.
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