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PREFACE

During the spring of 1978, as part of the Multi-User Automatic Vehicle
Monitoring (AVM) Program, Contract DOT-TSC-1237, Gould Information Identifi-
cation Inc. of Fort Worth, Texas, conducted an evaluation of three commercially
supplied passenger counters. This evaluation involved enviroamental and
ichoratory testing, as well as field testing on a City Transit or Fort Worth
(CITRAN) bus. The purpose of this evaluation was to assess the potential
performance of each counter for use as passenger sensors in an AVM system
on six selected routes of the Southern California Rapid “ransit District
(SCRTD). Experiments with AVM are slated to begin in the fall of 1979.

The AVM system is being develc;ed for the Urban Mass Transportation Administration
by Gould under Contract DOT-TSC-1237 to the U. S. Department of Transportatiou,
Research and Special Progrars Administration, the Transportation Systems

Center.

A large number of Gould personnel contributed to the success of this
program in the roles of simulated passengers and in conducting the tests.
Particular acknowledgement is given to D. Brown, J. McKinney, and B. Roper
for their aid in installation and testing of the counters. A. Balaram and
G. Mayfield provided needed support in the ds“a analyses and G. Gruver, Gould's
Program Manager, assured that the evaluation was compatiblc with the overall
program goals.

Special acknowledgement is accorded to Messrs. L. Heil and J. Bertosiwicze
of CITRAN and their staff of operators and maintenance personnel without
whose full support this program could not have been accomplished. The support
of Mr. B. Blood, the Transportation System Center's Project Monitor and
Project Engineers B. Kliem and J. Herlihy is also gratefully acknowledged.
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1. INTRODUCTION

This report contains the test data of au evaluation of passenger ccunter
sensors (PCS) for use in transit buses. The work was performed by Gould
Information Identification, Inc. (GI 3, under Contraci "OT-TSC-1237 to the U.S.
Department of Transportation, Research and Special Programs Administration,
Transportation Systems Cente-. Funding was provided by the Office of Bus and
Paratransit Technology, Urban Mass Transportation Administration.

The work effort reported herein represents a small part of the overall
contract effort whose sole primary objective is the evaluation of Multi-User Auto-
matic Vehicle Monitoring (AVM) for transit and paratransit users. As part ot that
overall effort, an AVM system will be depli.ved on six test routes and 200
buses of the Southern Califorria Rapid Transit District (SCRTD) and evaluated
over a onc-year period. An important requirement of AVM is that accurate
knowledge of the transit rider load factors on each AVM-equipped bus be available,
both in real time to facilitate closed-loop bus control tactics and off-line
for transit management information. The transit rider count for each vehicle
will be obtained using available passenger counters as sensors.

The criteria used for this evaluation were developed to fulfill the require-
ments set for the AVM experiment and evaluation program and do not necessarily
represent the criteria that a transit property would apply in the selection of a
PC5 for use as part of an on-board data collection system. The goal of the
Multi-User AVM program is to determine the potential benefits that AVM may yield
to both transit operators and passengers in a clusely-controlled experimental
environment. Thereiore, many of the regjuirements which have been placed on che
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system elements that will be used to gather data during the transit experiments
are more restrictie than may be necessary in some transit environments. In no
way should the results of this evaluation be construed as a sanctioning of one or

more passenger counter systems by the U.S. Department of Transportation.



2. TEST PROGRAM DESCRIPTTON

The test program was designed to assess the capability of each passenger
counter sensor and associated logic to reliablv and accurately record bus passenger
boarding and alighting activities through a vaiform and objective comparison of
each of the three selected PCSs. Two of the three PCSs that were selected for
testing incorporated prototype electronic rackaging, although all three manufacturers
have indicated that they have the capabil’ty to manufacture production hardware.

In each case, the complete PCS went through both laboratory tests and field
operational tests, but only the sensor elements underwent environmental! testing,
since in the AVM applicatién ro displays are required and the logic would be packed
with other on-vehicle AVM equ:.pment in :n environmentally protected enclosure.

The tests performed weras designed to provide both absolute and comparative
data regarding each PCS with regard to-:

® accuracy in counting boarding passengers,

[ accuracy in counting alighting passengers,

° gusceptibility to error for particular types of boarding/alighting

configurations,
. ease of installation on a bus,
o susceptibility to the environmentzl conditions associated with

operation on a bus in an urban enviromment, and

) susceptibility to vandalism.

Tests were conducted in three parts as follows:

® Simultaneous testing of the three units in a laboratory mockup of a
bus passageway as a means of identifying the basic counting capabili-
ties of each PCS under controlled conditions.

) Simultaneous testing on a City Transit of Fort Worth (CITRAN) bus.
During these tests, all three counters were subjected to exactly the
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same operational conditions in order to obtain a set of PCS data

which could be authentically used as a basis for comparing the counting
accuracies of three different PCSs.

Environmental testing of the sensor elements of each PCS to deteruine
their ability to function within the environment which may be expected
in transit operating conditions and the extent to which the environ-

ment produces degraded performances.

These tests were conducted in the order shown. Laboratory and field tests

were conducted by GI3 personnel.

2.1 Laboratory Tests

2.1.1 Laboratory Test Configur.cion. Laboratory testing was conducted

through the use of a special test stand which was constructed at the facility.

This test stand included a replica of both the front and rear doors of a Flxible

Corporation Model 7200 Series bus. In order to replicate the boarding/alighting

areas of an actual bus, the test stand included the following:

Doors which could be opened and closed remotely.

A rear door which could be opened by a passenger pushing on the door,
Step heights which were based on specifications provided by the
Flxible Corporation.

Sensors which were installed in the manner suggested by the appropriate
PCS manufacturer.

A test stand front door which was of a fan-fold type. (This was in
conirast to the slide-type door found on the CITRAN bus. The test
stand front door is also wider by six inches than the CITRAN bus front

door.)

All three PCSs were installed in the test stand, in accordance with the

applicable manufacturer's specifications, and were tested simultaneously. There~

fore, passengers passing through either door of the test stand provided a common

baseline for each test.
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Laboratory testing ser ed to verify the fundamental characteristics of each
individual PCS in tvrme o its ~.. (ing p operties under controlled conditions.
Also, since the passenger sensing cechanisws used { infrared (IK) and treadlelare
so basically different, these tests served to identify problems which result in
degraded performance of each “ype of counter. Particular problems which can be

expected relative to the two technologies are as follows:

IR TREADLE
° passenger silze or carrying parcels ® passenger weight
o passengers boaraing/alighting o type of boarding, e€.g., both teet
simultaneously on une step simulianeously
° whether or not passengar's hands

touch the door or sensors
* door alignment after each closing e curb height
Each of these  tems is discussed with regard to specific tests.

2.1.2 Laboratory Test Description.,K Laboratory tests were conducted through

the use of personnel simul:ting the b.arding/alighting of passengers from the test
stand. Table 2-1 contains a description of each specific test that was conducted,
the number of samples involved, and the conditicns under which each test was
performed. As noted in ciils table, both single boardings and mass boardings of
passengers were simulated. Each test is briefly described in the following para-
graphs.

Zest 1. This tes: provided data for characterizing each individual PCS
under conditions ot single-passenger, separate transactions with all doors open.
In this marner, the efiact of repeated door open/close events was not included,
thu: allowing the inherent counting accuracy of each PCS sensor to be assessed in
both directions. Passengers weighing between 80 and 240 pounds were utilized

during these tests.
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TABLE 2-1 LABORATORY TEST DESCRIPTION

OBSERVATIONS
TEST PA PB
NO. DESCRIPTION OF TEST CONDITIONS
1 600 600 Pasece through each door 1. Both doors
gseparately, board front/ open
alight rear 2. No Parcels
2 600 600 Simultaneous board at front Same as 1
door/alight at rear door
3 600 600 Simultaneously two passengers| Same as 1
board/alight at front and
rear doors
4 600 600 Passage through each door Passengers
separately, bouard front/ Carry &
alight rear Parcels
5 600 600 Simultaneous board at front Pagsengers
door/alight at rear door Carry
Parcels
6 600 600 Same as 2 with both feet No Parcels
planted on each step at
each transaction
7 600 600 Steady stream of passen~- Pagsengers
gers board at front door, Carry
alight at rear door Parcels
PA = NUMBER OF PASSENGERS ALIGHTING

Py = NUMBER OF PASSENGERS BOARDING

#PARCELS INCLUDED BRIEFCASES, GROCERY SACKS AND UMBRELLAS.




Test 2. A passeuger hoarded at the front door and a passenger alighted at
the rear door simultaneously. This test evaluated the ability of each PCS's
logic to perform che simultaneous counting functions.

Test 3. Two passengers alighted and boarded simul taneously at the front door
and at the re.r door.

Test 4. Same as 1 except passengers carried (a) briefcases, (b) grocery
sacks, and (c) umbrellas.

Test 5. Same as 2 except pacssengers carried parcels identified in Test 4.

Test 6. Same as 2 except passengers was forced to dwell in the sensor
area by planting both feet on each step.

Test 7. A steady stream of passengers were continousiy crowded on and off
the test stand. Some carried parcels as noted in Test 4.

2.1.3 Test Procedure. Laboratory tests were conducted with pre--planned

bcarding and alighting of passengers through the test stand. All tests were
structured so as tc involve sets of exactly 100 passenger boardings and a like
number of passenger alightings in order to facilitate data recording and analysis.
During all tests, a manual record was kept of all passenger transactions and the
conditions of the test.

2.1.4 Data Recording. An example of the recording format used for the data
during each test described in paragraph 2.1.2 1s shown in Table 2-2. After each
100 observations, the test director recorded the displayed values of P, and Py
corresponding to each of the three PCSs and then reset each display to zero.

2.1.5 Data Reduction. The data recorded during the laboratory test were

analyzed with the objectives of ¢
[ identifying particular error-inducing conditions associated with cach
type PCS,
° characterizing the basic sensing ability of each PCS under the controlled

conditions of each test,



TABLE 2-2 LABORATORY TEST DATA SHEET

TEST NO. _
TEST RESULTS
DYNAMIC
RUN NO. NO. SAMPLES CONTROLS DYNIMAN PRO-DATA
PB A PB PA PB PA PB PA
1 100 | 100
2 100 | 100
3 100 | 100
4 100 | 100
5 100 | 100
6 100 | 100
TotaL | 600 | 600
NO. ERRORS (+)
PERCENT ERRORS
lze,ze || o 0
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) establishing incidence of hoarding errors, and
) establishing incidence of alighting errors.

2.1.6 Data Analysis. For each PCS and for each test, the following data

were computed from the recorded raw data:

° percent ccrrect boarding counts = 600 - absolute no. of errors
600 x 100%.
) percent correct alighting counts = 600 - absolute no. of errors
600 x 100%.
° percent overcounts/errors = no. of overcounts

no. of errors x 100%.

The number of councing errors in P, and P observed for eacl. PCS during
v

A
each 600 observation test was compared with the number of failures (47 which
would result in the PCS failing the test. For example, if the number of measured
2rrors in PA is less than 40, then there would be no more than a 4.2 percent
probability that a PCS with a 5 percent error rate would have failed and no more
than a 0.2 percent probability that the PCS actually had an error rate greater
than or equal to 10 percent.

The absolute number of errors is defined as the total number of errors
(overcount and undercount) observed during each test. An overcount occurs when
the display indicates more passengers boarded or alighted than actually boarded or
alighted. An undercount occurs when the display indicates fewer passengers boarded
or alighted.

2.1.7 Laboratory Test Data

Duriny each laboratory test, a log sheet was filled out describing test
conditions ani any anomalies observed. Log sheets for Laboratory Tests 1 through

7 are contained in this subsection.
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LABORATORY TEST DATA SHEET

TEST NO. /

paTE & —/ 7/"‘75

TEST RESULTS
DYJNAMIC
RUN NO. NO. SAMPLES CONTRILS DYNTMAN PRO-DATA
)
PB PA Pn PA PB PA PB PA
1 100 100 floo| 0o | 101 {2 | 9¢ | te/
2 100 100 ool oo | 97| wo | 1on o2
4 100 100 Jioo [ 100 | a¢ | 98 | 94 | a8
5 100 100 |10t f1o0 | 99 |38 | 18 | 9¢
6 100 100 1100 | 100 [101 |99 | | 9 f
TotAL {600 | 600 |o| | oo [S9F | S93 |SI8 | SV

NO. ERRORS (+)

ljo o |7 e | IS

PERCENT ERRORS

o] O JLLL]| 16 dy] 28

| P A-::p,l

-\ -i - N

TEST CONDUCTED BY & 22 ,M



LABORATORY TEST DATA SHEET

TEST NO. 2 pate 2 /(- 78

TEST RESULTS

DYNAMYC
RUN NO. NO. SAMPLES | CONTROLS DYNIMAN PRO-DATA
PB P A PB P A PB P A l’B P A

1 100 | 100 {ioH| e | i3 | iof {ize | M
2 100 | 100 ot [ 18 [ 105 |02 |4 4 | 100

3 100 100 |ico | 12 lco | A1 | 1o ]| (o}
4 100 100 Jion | 102 108 | 99 |iol | 10y
5 100 100 J oz} o0 li107 |98 | ios | 108
6 100 100 1100|499 | 1ot {100 | 103 | 1O

TOTAL 600 600 |61 | 619 2% [boz [653] 37

NO. ERRORS (+) Ul zl |24 ] lo | &3 |37
PERCENT ERRORS 1.8]3s do e |BE]e.\
'mA-zPB' 0 0 *8 27 -1b

TEST CONDUCTED BY 2 Q,%’m‘
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LABORATOKY TEST DATA SHEET

TEST NO. __ 9 bate _2 - /S 78
TEST RESULTS
DYNAMIC
RUN NO. | No. SAMPLES | CONTROLS | DYNIMAN | PRO-DATA
P, | E, pg | P, |7 P, | P | s

1 100 100 |lol | loo | to) filet | 11 | 1oz

2 100 100 Jiot} v 12 | 102 | 110 | ig)

3 100 100 |99 | ol | S | 0p ot | 98

4 100 100 lioof oz, | 99 fiot |17 | 1o

5 100 100 {1oo| 1 J1or | M | 1os ] 103

6 100 | 100199198 o2 Jiop |/ | o5 |
TOTAL 600 600 |6oo| o\ o leesje| Gl

NO. ERRCRS (+) 4/ 71217 42|15
PERCENT ERRORS YA IS R B B ) .S
lee, 2l o | o x\ -5 -27

mast comncrmn 3 _ Wpra eHbborsen
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LABORATORY TEST DATA SHEET

st vo. _Jar e 2 15-78

TEST RESULTS

DYNAMIC
RUN NO. NO. SAMPLES | CONTROLS DYNIMAN PRO-DATA

P P P P P P P

B | "a |%| Falfs | P |%|E

A

1 100 100 |loo | o\ | o | 100 | 98 ek

2 100 100 Jico | 100 | 103 | |00 ico | tox

3 100 100 hed | 100 | A8 ico 103 | 1
4 100 100 {49 | O\ {joo | 98 | to1 | e

5 |0 | 100 |aq } |00 |99 | loo Jusf | 1oe
6 100 100 |99 | 1oy Jio2 | lot | 94 9

TotaL | 600 | 600 |S9)|6ot |bc2 |bco ] LA é/%

NO. ERRORS (4) > + 8 "I" 271/98
PERCENT ERRORS S16]"3].cs |l&as]s
lee, e l| o 0 +7 -1 +5

TEST CONDUCTED BY m %ﬁa.—
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LABORATORY TEST DATA SHEET

TEST NO. 45 patE &~ 16 —783

TEST RESULTS

DYNAMIC
RUN NO. 0. SAMPLES CONTROLS DYNIMAN PRO-DATA

P P P P P P P

B | A |'B| *al®s | EA]PB|P

A

1 100 100 /oo | g8 1 a7 19| roe

/70
2 100 100 140 1 10 | 1o 1 9¢ | 98 | 97
400

3 100 100 00 lweo |7 |a7 | oo
4 100 100 ol 199 | 99 |98 | po | r00

5 100 100 |99 | 03 | 99 |98 |08 | 100
6 100 | 100 Jjoo | s0f | 00 |90 | 1o | 20

TOTAL | 660 | 600 [b0O | Lot |58 |59 |6 32| 577

Nu. ERRORS (+) 2 |8 |17 |25 |92 /
PERCENT ERRORS S lvs]28141 12 |
IEPA-Z.'PBI 0 0 rb +8 33

—— R Y
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LABORATORY TEST DATA SHEET

TEST NO. /0 pate 2 - /S =28

TEST RESULTS

DYNAMIC
RUN NO. NO. SAMPLES } CONTROLS DYNIMAN PRO-DATA

P P P P P P P P

B | Fa 5| Fa|%s A | % | Pa
1 100 100 (27| 101 | 22 |98 | 03] 96
2 100 100 | /00 lol lm /oo mn /92

3 100 100 | 981 10) |98 | %6 | 107 10
4 100 100 /00 |00 |91 | 9S | 107 | 103
5 100 100 {00 l10c | €3 97 | ng| a7
6 100 | 100 koo | ey 123 |96 | 4o | 10n

TotAL | 600 | 600 [5§9S 6od |st5 s fost eo|

NO. ERRORS (+) c|o |35 |18 st | s
PERCENT ERRORS Bl.t]58]13 |1 2.5
IDA-EPBI 0 0 « 9 1 -53

-

TEST CONDUCTED BY —M—-&W
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LABORATORY TEST DATA SHEET

-

TEST No. < paTE 2 -/ -8

TEST RESULTS

DYNAMIC
RUN NO. NO. SAMPLES | CONTROLS DYNIMAN PRO-DATA

P P P P P P P

B | A | B8] "a|" |%|®]|E

A

1 100 100 {ypof o | AV |90 |11 | 78

3 100 100 | ic6 | o3 8s | 83|93 A
4 100 100 }1OS] 10\ | 89 8917 | g>
5 100 100 1A | 104 |83 |82 |G| 20

6 100 | 100 [+23] 103 [ 90 |21 |82 | Al

rota. | 600 | 600 650|621 €28 |52 (46 |91

NO. ERRORS (4) Yo | 21 | 72 7)‘ 1 lof
PERCENT ERRORS Col2s iz [123fj23]).8
lze, e |l o [ o -9 ~2 | +33

rest cooueren 17 _Zdosta Petman
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LABORATORY TEST DATA SHEET

esT vo. b DATE 2 - /6-7F8

TEST RESULTS

DYNAMIC
RUN NO. | NO. SAMPLES | CONTROLS | LYNIMAN | PRO-DATA
P
Pa | P [ %] Pa % | P | % | B
1 100 100 100} loo | 1o\ | 99 | 100 | 94

2 100 | 100 o\ | oy | 94 |ag |28 | %

100 100 1100 | 100 ae lag |2 Q8

100 | 100 J1eo 100 H oo | g 1110 | jo0

100 | 100 oo 1o |97 | 99 | 02| 102
6 100 100 oo | (02| ro] | 98 | ¢ | 10y

w & W

ToTAL | 600 | e00 |6O\|Goo g§2¢|552|578 | 59 [

NO. ERRORS () | o 0o |8 26 IS
PERCENT ERRORS v (5 6 11314328
ImA‘SPBI 0 0 -l -z -7

TEST CONDICTED BY _ Alpsssre wdlbmenr
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LABORATORY TEST DATA SHEET

TEST NO. / DATE _&Z ~/6 ~78

TEST RESULTS

DYNAMIC
RUN NO. NO. SAMPLES CONTROLS DYNIMAN PRO-DATA
PB PA PB PA ?B PA PB PA

1 100 100 196 | 96 |98 |t | €9 | 9

2 100 100 199 | 100 | o5 | (ot 27 | 07
3 100 100 |42 | 96 1 97 | 98] 4¢ 00
4 100 100 |1 92| 97 | 98 |10y |97 98

5 100 100 14 | 87 i |8 | 99
? y - a:x
6 100 100 | 92 | 94 ’” ag | 12 | 98

TOTAL 600 600 |47/ |4/83 %85 £og|ssw|s98

NO. ERRORS (+) 29 |2) |25 12 43 | 5
PECENT ERRORS 4.8 38 4.| 2 2 2.6
lzm,zeld] o 0 12 +23 +4)

TEST CONDUCTED BY _M

% TVE logie: o D YWAmC oML Re<eT rsece
WHES T dooar weat AV e wwta 3!»“ 4'\&»!3

% % ?emc..mc.rr ot Ioont Res\%p .~ Tre Lom. bemc Reser
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2.2 Field Operational Tests

2.2.1 Field Test Methodology. Field testing of all three PCSs was

accomplished through tests on a CITRAN bus ir Fort Worth. All three PCSs were
installed and tested sirultaneously in order to ensure that the test results
were based on exactly the same set of passenger transactions. All passenger
transacticns aad, therefore, all observations consisted of boardings and alight-
ings as they occurred during the day-to-day operation of the bus on a selected
CITRAN bus route.

CITRAN operations personnel recommended that the Hemphill (B) line be
utilized for the test route. This line was identified by C1TRAN as one of
their more heavily travelled routes. CITRAN data indicate that a bus on the "2 '
line typically handles 400 passengers per day, which is considerable less than a
typical SCRTD bus run. Consequently, special runs to schools, local aerospace
contractor facilities, ans a park-and-ride arrangement were also conducted to
allow mass boarding data to be obtained.

2.2.2 Operational Test Procedure . Attempting to correlate passenger

transactions to specific bus stors from run-to-run or day-to-day was not the

goal o{rthese tests; the goal was primarily the determination of counting accuracy.
Therefore, data were recorded at each bus stop in sequential order without
reference, except through special comments, to the specific location.

During the operational tests, the test conductor read and reset the PCSs
after each stop. Other members of the test team manually counted the passenger
transactions at the front and rear doors, leaving the test conductor free to
coordinate the activities and record the data after each stop.

At each location at which the bus stopped, the following data were recorded:

1. Pg: the actual number of passengers boarding.

2. P,: the actual number of passengers alighting.

3. P(1) :the number of passengers boarding as counted by the PCS

designated as 1, either DC, D, or P (with DC corresponding to the
Dynamic Controls PCS, D corresponding to the Dynimau FCS, and P

corresponding to the Pro-Data PCS).

2-17



4, PA(i): the number cf passengers alighting as counted by the PCS
designated as i either DC, D, or P.

5. T: the elapsad time at each stop between the time the first door

opens and the time the last door closes.

6. Remarks as necessary, e.g., / or 9 passengers boardiig were school

school _hildren, mass boarding, etc.

Actual boarding and alighting data were obtained by two -est personnel
(situated front and rear) manually couurting boardings and al.ghtings on handheld
mechanical counters, one in cach hand. During actual passenger transactions,
the test personnel devoted their full attention to obtaining accurate counts of
PAgnd PB' A few instances of manual errors were detected during the test program;
these were noted on the test log and the associated data deleted from considera-
tion.

After the bus ceased passenger transactions, the test director had ample
time :o (1) record the actual transitions as values recorded on the four
mechanical counters (two values supplied by the reardoor observer and two by
the frontdoor observer), (2) record and reset the thfee PCS displays, and (3)
read the atop watch prior to reaching the next bus stop.

CITRAN scheduled the bus as requested by GI3. The tests were conducted
on weekdays and Saturdays. Each test day began at the CITRAN garage with
Glabersonnel instaliing the display console and power connection to the PCSs and
having test personnel board the bus for its initial scheduled rum, which began
during the 6-7 a.m. time block. Tests were then conducted continuously with a
separate test run number being designated for each round trip. At least three
test personnel participated in all test runs. During each test, a log of all
extraordinary occurrences was kept to facilitate subsequent analysis.

2.2.3 Data Reduction. The second step in the data reductioa process

involved segregating the test data into sets of data which were jdentifiable
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with a specific PCS. This involved reducing the data collected on test sheets.

2.2.4 Field Operational Test Data

During each test run, a log sheet was completed recording passenger trans-
actions and any anomalies observed. Log sheets for the Field Operational Tests

1 through 8 are contained in this subsection.
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