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DISCLAIMER NOTICE

The statements and conclusions in this report are
those of the Contractor and not necessarily those of the
State Air Resources Board. The mention of commercial products,
their source or their use in connection with material reported
herein is not to be construed as either an actual or implied

endorsement of such products.
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ABSTRACT

This final report documents the methodology and
results of the Mobile Source Emission Inventory Project
performed by Olson Laboratories, Inc., for the California
Air Resources Board under Contract Nos. ARB 4-956 and ARB
5-434. The objectives of this project included characteriza-
tion of driving patterns of Tight-duty passenger cars through-
out California's South Coast Air Basin (SCAB), development
of driving cycles, and the estimation and measurement of
emissions from pre-catalyst vehicles. Exhaust C1 to C10
hydrocarbon composition was also determined for 10 vehicles
driven on the EPA Surveillance Schedule and 15 vehicles
driven on the composite derived driving cycle.

An instrumented chase vehicle was used to emulate
and record driving patterns. Nine routes were selected
which provided various freeway and nonfreeway driving condi-
tions. The routes were driven on different days of the week
and time of day. The recorded driving pattern data were
subsequently computer processed to derive matrices of mode
frequency and time-in-mode. Average speeds and mode frequency
~were similar to previous data obtained in the CRC-APRAC-
CAPE-10 Vehicle Operation Survey (VOS) conducted in 1970.
However, considerably more time was spent in cruise modes in
the current study than in the VOS.

Based on the driving pattern data, driving cycles
were developed. One statistically representative cycle was
chosen for each of freeway, nonfreeway and composite driving.
The driving cycles were plotted and emissions measured from
15 vehicles using the composite cycle. Emissions were also
estimated for all three cycles using EPA computer programs
and modal emission data bases. Measured emissions agreed
well with the estimated emissions. Over 2,000 driving




cycles were selected which, while not statistically repre-
sentative, provided a range of average speeds. Emission
factors for the range of speeds were calculated using the
EPA program and data bases for each route and season. This
data was transmitted to TRW for use in calculating speed
correction factors.
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Section 1

SUMMARY

This report documents the methodology and results
of the Mobile Source Emission Inventory Project performed
for the California Air Resources Board under Contract Nos.
ARB 4-956 and ARB 5-434. This project involved the use of
an instrumented chase vehicle to emulate and record the
driving patterns of light-duty vehicles on various roads and
highways in the South Coast Air Basin (SCAB). The recorded
driving pattern data were subsequently computer processed to
derive matrices of mode frequency and time-in-mode. Based
on these matrices, a Monte Carlo simulation model was used
to generate driving cycles. A driving cycle statistically
representative of composite freeway and nonfreeway driving
in the SCAB (SCAB cycle) was then used to test the emissions
of 15 vehicles on a chassis dynamometer. Emission factors
- were also estimated using an EPA computer program for
driving cycles with various average speeds. A set of magnetic
tapes containing edited data, initial speed versus delta
speed matrices, and punched cards with estimated emission
factors and average speeds for cycles generated over a range
of average speeds were provided to the TRW Environmental
Engineering Division. :

This section contains a summary of major findings,
study objectives, chase vehicle operations, and vehicle
emissions by route and driving cycle. Section 2 describes
the chase vehicle Digital Data Acquisition System and the
routes selected for on-the-road data acquisition. Section 3
describes the analysis of the chase vehicle data, development
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of driving cycles, and estimation and measurement of emission
factors based on the derived driving cycles. Additional
supporting information is presented in the appendices.

1.1 SUMMARY OF MAJOR FINDINGS

The follewing major findings resulted from this
study:

. Average driving patterns in the SCAB included
more time spent in cruise (52 percent versus
34 percent) and less time spent in acceleration/
deceleration (37 percent versus 55 percent)
than were shown in the original CRC-APRAC-
CAPE-10 Vehicle Operation Survey (VOS) con-
ducted in 1970 (Ref. 1, 2, 3). The frequencies
of mode occurrence, however, were similar for
the VOS and for this study.

° Average nonfreeway driving patterns in the
SCAB exhibited less time spent in idle (14 per-
cent versus 18 percent), acceleration (25 per-
cent versus 28 percent), and deceleration
(21 percent versus 24 percent) but more time
spent in cruise (40 percent versus 30 percent)
than the LA-4 driving cycle. Average driving
patterns which included both freeway and
nonfreeway operation accentuated these differ-
ences. However, differences in frequency of
mode occurrence were small (+1-4 percent).

° Average speed in the SCAB (31 mph) was similar
to the average speed shown in the VOS (29 mph)
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but was substantially higher than shown in
the LA-4 cycle (20 mph).

Seasonal (i.e., winter and spring) variations
in driving patterns were not significant.

Three statistically representative driving
cycles (freeway, nonfreeway, and composite)
were developed from the SCAB driving pattern
data. These cycles were 17.7 miles, 8.5 miles,
and 10.5 miles in length, respective]y: The
average speeds of the cycles were 51 mph;

24 mph, and 31 mph, respectively. Each cycle
was approximately 20 minutes in duration.

Concentrations of individual species 1in
diluted exhaust were highly variable and did
not relate clearly to type of vehicle or
control system. Total identifiable C1 to
ClO hydrocarbon concentration ranged from
0.64 to 130 mg/m3 or 0.69 ppm to 141 ppm by
mass. This compares to a range of 113 ppmC
to 430 ppmC by volume for total hydrocarbons
in the diluted exhaust measured using a
standard flame ionization detector. The SCAB
driving cycle produced a larger fraction of
parafinic hydrocarbon emissions than the EPA
Surveillance Cycle. |

The composite SCAB driving cycle tended to
produce higher mass emissions of HC and co,
but similar mass emissions of NOX compared to
the EPA Surveillance Driving Schedule.

1-3




1.

2

Using the composite SCAB driving cycle, the
estimated emissions agreed well with the
measured emissions. The estimated emissions
of all three pollutants were within the

95 percent confidence intervals of the
measured emissions for the 15 vehicle fleet.
The estimated emissions were generally within
+10 percent of the measured emissions.

STUDY OBJECTIVES

The objectives of the study included the following:

Record driving characteristics in the SCAB
as a function of route, type of road, day of
week, time of day, and season.

Characterize driving pafterns in the SCAB by
operating mode, time-in-mode, mode frequency
and initial speed versus delta Speed.

Derive chassis dynamometer driving cycles
representative of driving patterns in the
SCAB (the SCAB cycles).

Determine emission factors from 15 vehicles
operated on a chassis dynamometer to follow a

- representative composite SCAB cycle.

Calculate estimated emission factors from EPA
modal emission data and the individual modes
of each representative driving cycle.
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1.

(] Determine specific Cl to ClO hydrocarbon

emissions from 25 vehicles.

() Provide matrices of initial speed versus
delta speed for each route, time of day, and
season, and estimated emission factors as a
function of average cycle speed to TRW.

STUDY SCOPE

The scope of the study included the fo]]owing:.

) Instrument one chase vehicle to acquire in-
use driving pattern data for light-duty
vehicles.

) Collect data by pursuing vehicles with the

chase vehicle under various traffic conditions
over two road design types classified as
either freeway or nonfreeway.

) Process the collected data to obtain matrices
of average time-in-mode, total time-in-mode,
mode frequency of occurrence, transition
probability and initial speed versus delta
speed for the two road design types, nine
routes, winter and spring seasons, time of
day, and day of week.

0 Process the collected data to obtain approxi-
mately 500 driving cycles for each of nine
freeway and nine nonfreeway routes for the
winter and spring samples. Select from these
driving cycles, ten cycles with various average
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speeds. Calculate emissions from six EPA
modal emission data bases applicable to
California vehicles for each cycle and provide
to TRW.

) Process the collected data to obtain ten
driving cycles statistically representative
of all freeway, all nonfreeway and all composite
SCAB driving patterns. Select a representative
cycle of each type and estimate emissions
from 18 EPA modal emission data bases.

] Measure the mass emissions from 15 vehicles
driven over the selected composite SCAB
driving cycle.

° Measure C1 to C10 hydrocarbons using gas
chromatography to determine diluted exhaust
hydrocarbon composition from 25 vehicles.

Figure 1-1 summarizes the tasks of this study.

1.4 CHASE VEHICLE INSTRUMENTATION ANQ OPERATION

_ The chase vehicle was a 1975 Ford station wagon
equipped with a 460 CID engine tc ensure adequate acceleration
capability. A station wagon was selected to provide suffi-
cient storage and load capacity to hold all required equipment.
Supplementary power was supplied by a battery pack, second
alternator, inverter, and voltage regulator.

The chase vehicle was equipped with a Digital Data
Acquisition System (DDAS) similar to the system used on the
CRC-APRAC-CAPE-10 Vehicle Operations Survey (VOS) (Ref. 1).
The data acquisition sysfem provided IBM-compatible tapes
containing data which was accumulated and recorded once each
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second for vehicle speed and manifold vacuum. In addition
to the continuously varying data, the following descriptive
information was recorded once per second from thumbwheel
switches:

day-of-year

time-of-day in hours, minutes, and seconds
car-chased code (make)

weather code

road-type code

route-identification code
traffic-condition code

traffic-density code

Detailed description of the chase vehicle and its
operation are presented in Section 2.1.

1.5 CHASE ROUTES AND DRIVING PATTERNS

Data on typical driving patterns were collected
using the instrumented chase vehicle. Data were collected
during two separate 6-week periods in the winter and spring
- 0f 1975-1976. Nine routes were designed to cover principal
traffic flows in the SCAB. Each route was then divided into
four segments: two freeway segments and two nonfreeway
segments. Routes were constructed so that the same route
was driven at different times of day and on different days
of the week.

A total of 480 hours of chase vehicle operation
was performed. From these data, over 35,000 driving cycles
were generated and filtered to yield ten representative
cycles each for freeway, nonfreeway, and combined operation.
One cycle of each type was selected and plotted. Eighteen
thousand cycles were generated but not filtered to provide
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a variety of cycles for each route, road type and season.
The specific chase vehicle routes are described more fully
in Section 2.2. The procedures used to process the vehicle
operation data and generate driving cycles dre described in
Sections 3.1 and 3.2, respectively. Table 1-1 summarizes
observed driving patterns and several key parameters of the
derived cycles.

1.6 VEHICLE EMISSIONS

Coefficients relating emissions to average speed
which had been derived (Ref. 6) from EPA Emission Factor and
Surveillance test program data were used to estimate emissions
for driving cycles generated from chase vehicle data.
Estimated emissions by route, season, and average speed were
provided to TRW and are shown in Appendix E. Actual CVS
emission data for a statistically representative composite
SCAB cycle were collected from 15 vehicles operated on the
chassis dynamometer. These data included HC, CO, and N0x
emissions in grams per mile and fuel consumption in miles
per gallon. The actual emission data were compared to the
calculated emission data to validate the estimated emission
factors. Table 1-2 summarizes the actual and estimated
average emissions of the 15 vehicles for HC, CO, NOX and
fuel economy. As can be seen, the estimated emissions
generally were within =10 percent of the measured emissions
and always were within the 95 percent confidence intervals
about the measured emissions.

In addition to tests with the composite SCAB
driving cycle, tests early in the program were performed
using the EPA Surveillance Driving Schedule. These tests
were performed to determine exhaust hydrocarbon'composition
and to characterize the test fleet's emissions with respect
to surveillance data. Table 1-3 summarizes the difference
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Table 1-2. COMPARISON OF MEASURED AND ESTIMATED EMISSION
FACTORS USING THE COMPOSITE SCAB DRIVING CYCLE

MEASURED EMISSIONS' ESTIMATED EMISSIONS®
MODEL YEAR([N HC co NOX MPG HC co NOX MPG

1955-1965 |1 4.08 [34.73]3.44 [23.67]5.39 54.94 | 4.28 [18.04

1972 5 1.86 119.384.92 [18.6412.24 21.02 | 5.06 [18.18
1973-1974 |9 2.13 121.3714.33 l19.52|2.05 18.73 ] 3.45 |16. 31
1972-1974 |14 [2.13 |20.66 4.54 118.68(2.12 |19.55 4.03 {16.98

A1l 15 12.16 |21.60 {4.47 |19.02 2.34 121.91|4.05 |17.05

1Measured mass emissions from hot start CVS tests using the composite
freeway and nonfreeway SCAB driving cycle.

2Estimated mass emissions from modal emissions data bases weighted
by time-in-mode from the composite SCAB driving cycle.
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Table 1-3.

COMPARISON OF HOT START MASS EMISSIONS USING
EPA SURVEILLANCE DRIVING SCHEDULE AND
COMPOSITE SCAB DRIVING CYCLE

TEST FLEET AND

EPA SURVEILLANCE CYCLE

COMPOSITE SCAB CYCLE

STATISTICAL PARAMETERS HC co NOX HC co NOX
6 Vehicles Tested on Both Cycleg
Mean 1.39 }13.01 4,93 2.26 |18.76 4.82
Standard Deviation 0.44 4.99 2.13 0.74 | 6.51 1.54
Upper 95% Confidence Limit 1.85 118.25 7.16 3.04 [25.59 6.44
Lower 95% Confidence Limit 0.93 7.77 2.70 1.48 111.93 3.20
15 Vehicles Tests on SCAB Cycle
10 Vehicles Tested on EPA Cycle
Mean 1.37 }17.22 4.42 2.16 {21.60 4.47
Standard Deviation 0.34 7.91 1.81 0.81 | 9.35 1.78
Upper 95% Confidence Limit 1.61 {22.88 5.71 2.61 |26.78 5.46
Lower 95% Confidence Limit 1.13 {11.56 3.13 1.71 }16.42 3.48
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between six vehicles which were tested on both the composite
SCAB and the EPA Surveillance driving cycles. As shown in
Table 1-3, the average emissions of HC and CO were higher

for the composite SCAB driving cycle than for the EPA Surveil-
lance Driving Cycle, although NOx emissions were similar.
Using a paired t-test for the six vehicles tested on both
cycles, the differences in emissions of HC and CO were
significant at the 95 percent level of confidence.

Gas chromatographic analyses of bag samples of the
diluted exhaust were performed to characterize the concentra-
tions of specific C1 to C10 hydrocarbons. Table 1-4 presents
the average hydrocarbon composition for the 15 vehicles
tested on the composite SCAB driving cycle and the eight
vehicles tested earlier on the EPA Surveillance Driving
Schedule. In general, the SCAB cycle emissions showed
significantly lower pPercentage of olefins and aromatics than
did the EPA Surveillance Driving Schedule emissions. Since
the ratio of olefins to aromatics was generally unchanged,
the increased parafin fraction was attributable to higher
parafinic mass emissions from vehicles operated on the SCAB
cycle than on the EPA Surveillance Cycle. The reason for
this shift was not identified.

1-13




Table 1-4. WEIGHT PERCENT COMPOSITION OF EXHAUST
HYDROCARBONS FROM PRE-CATALYST VEHICLES

SCAB COMPOSITE CYCLE EPA SURVEILLANCE CYCLE
a a -
SPECIES MEAN™ }95% CONFIDENCE LIMITS | MEAN® | 959 CONFIDENCE LIMITS

Upper Lower Upper | Lower
C1 Methane c c c 3.17 3.97 | 2.37
C2 Ethane/Acetylene}20.59 25.53 15.65 11.06 14.36 7.76
C3 Propylene 5.80 7.34 4.25 6.72 8.74 4.70
C4 Isobutane 1.55 3.31 -0.21 2.81 4.63 0.99
C4 Butane 4.76 7.88 1.65 0.65 1.56 | -0.27
C4 Isobutene - - - 0.85 1.32 |-0.38
C4 Butene 8.62 10.79 6.45 2.57 4.03 1.11
C5 Isopentane 8.52 10.49 6.55 4,04 5.10 2.97
C5 Alkene 0.72 1.01 0.44 6.82 8.55 5.09
C5 Alkane ‘ - - - 0.27 0.50 0.04
C5 Pentane 4.89 6.74 3.05 0.27 0.74 }-0.20
C6 Alkene 2.50 3.29 1.71 5.77 8.30 3.23
C6 Alkane - - - 3.15 5.24 1.05
C6 Hexane 6.77 10.86 2.67 1.33 1.86 0.79
C7 Alkene 2.07 2.67 1.47 3.34 4,76 1.92
C7 Alkane 3.66 4.67 2.64 3.05 4.59 1.61
C7 Heptane 1.76 2.64 0.89 - - -
C8 Alkene - - - 5.11 9.17 1.06
C8 Alkane 5.54 9.39 1.68 3.15 6.38 0.09
C8 Benzene 16.00 19.65 12.35 8.22 11.16 5.26
C8 Octane 1.18 2.23 0.39 - - -
C8 Xylene 1.41 2.68 0.14 1.00 1.74 0.46
C9 Alkene 3.08 4.49 1.67 0.41 4.86 |-4.04
C9 Toluene 9. 36 11.49 1.65 7.77 12.21 3.32
C9 Aromatic - - - 6.63 9.63 3.63
C10 Ethylbenzene 0.90 1.66 0.13 15.04 26.29 3.78
Cll Undecane 3.49 6.77 0.21 - - -

_ C10+ Aromatic 1.32 9.53 -6.90 7.41 8.43 6.39
Parafins 54 .07 59,22 48.93 30.93 35.95 125.90
O0lefins 19.81 22.16 '|17.46 28.81 32.33 |25.29
Aromatics 26.16 31.34 20.97 40. 34 45.53 |35.16

aFifteen vehicles tested on SCAB composite driving cycle.
bEight vehicles tested on EPA Surveillance Driving Schedule.

CAna]ysis on these samples did not resolve C1 from C2 hydrocarbons.
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Section 2

CHASE VEHICLE OPERATIONS

This section presents a detailed description of
the chase vehicle and the routes used to characterize driving
patterns in the South Coast Air Basin (SCAB). Separate
paragraphs -are devoted to the following topics:

0 Chase Vehicle
Vehicle Description
Digital Data Acquisition System
System Calibration and Checkout
Driver and Observer Responsibilities

0 Chase Routes
Route Selection
Route Description
Chase Hours and Distribution

2.1. CHASE VEHICLE

2.1.1 Vehicle Description

The chase vehicle, shown in Figure 2-1, was a 1975
Ford station wagon equipped with heavy—dUty suspension, air
conditioning, 460 CID engine and automatic transmission.
The vehicle was modified as follows to accommodate the
instruments and Digital Data Acquisition System (DDAS):




LY

URCE EMISSION INVENTORY

INSTRUMENTED CHASE VEHICLE FOR ARB MOBILE S

Figure 2-1.




’ Installed heavy-duty alternator to provide
additional power (see Figure 2-2).

) Installed two 12-volt 60 amp-hr truck batteries
to serve as primary power source to the
inverter (see Figure 2-3).

® Installed 110 VAC inverter to supply line
voltage to DDAS.

" Installed voltage regulator to provide c1ean
power to DDAS.

) Installed DDAS remote control/display panel

in dashboard in front of passenger seat (see
Figure 2-4).

] Installed Viatron manifold vacuum transducer
(see Figure 2-5).

° Installed tee in speedometer cable to drive
rotary pulse generator in parallel with

vehicle speedometer (see Figure 2-6).

2.1.2 Digital Data Acquisition System

The DDAS was purchased from Media III and was
generally compatible with the CAPE-10 system. The DDAS
specifications are shown in Table 2-1. Figure 2-7 presents
the system block diagram of the DDAS and sensors. The DDAS
consisted of three main units: the data acquisition unit,
the remote control/display unit, and the digital magnetic
recorder,

The data acquisition unit, shown in Figure 2-8,
Performed the following functions:
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Table 2-1.

DIGITAL DATA ACQUISITION SYSTEM (DDAS) SPECIFICATIONS

PARAMETER

SPECIFICATION

Analogue Data (Manifold Vacuum)

Analogue Input Range
Digital Data (Vehicle Speed)
Digital Input Range

Digital Clock

Thumbwheel Set Data

Recording Media

Record Size
Recording Rate

Power Requirements

1 Channel with ADC

+5V for a display of 00.0 to
+39.9 inches Hg

1 Channel

106 square wave pulses per mile
for a display of 00.0 to 99.9
mph ‘

Time display in hours, minutes,
and sgconds accurate to 1 part

in 10° per day
6 Channels

Day of Year 3 digits
Vehicle Description 3 digits
Weather Data 3 digits
Segment Data 2 digits
Trip Data 2 digits
Route Data 2 digits

IBM Compatible 9-Track - 800 BPI
Tape

27 Characters
1 record per second

115 VAC 60 Hz 3.5 amp

2-9




WY¥9VIQ ¥u04w W3LSAS NOILVINIWNYLSNI
J10IHIA ISYHD AMOLNIANI NOISSIWI 324N0S IT1I190W QY /-2 s4nbiy

W3ILSAS NOILISINDIV VLY@ YLI9IQ -

e —————

A

W Ow i wme vy el em et WAt e we ww ey ome smp | em am  eme e e

J0ACT JYA STI
LINN YOLINOW/T0YLNOD HIMO

YILYIANI. JVA GTT
7

SITHILLYE/JOLYNYILTIY J0A 2T

AlddNS Y3IMOd WILSAS

T T ==
| [
' mucMNWWm > “ ¥3INASNYYL
| I1LINDYW ¥INOILIANOD WANIYA
| WLI9Ia “ TUNSIS 4704 INYMW
t

!
) . |

LIN |

_ LINN > NOILISINDIY ! mowmmmumu 3
1 AY1dS10/704N09 | Y1YQ _ Y
[
_ “

———— —

43L13W0Q33dS ITIIHIN 0 <=—d

2-10



b—
o
Qo
[ 72}
=
<
o
—
L
<
—
[
=
<C
=
[SE]
—
w
>
(%2
=
o
—
f—
—
(%)
—t
=
o
[
<I
<
=
=9
[am]
—
=
[42)
[om]
L
-
()
—
o ot
L
==
L
(%]
<C
o i
(&)

Figure 2-8.




Accumulated speed pulse data to obtain speed
resolved to 0.01 mph.

Generated digfta] time-of-day data from a
1-MHz clock oscillator.

Received digita]]y—cdded thumbwheel data from
the control/display unit.

Time-multiplexed day-of-year, time-of-day,
car chased, speed, manifold vacuum, weather,
road type, and route data into a BCD serial
format and Presented these data to the tape
recorder at a sample rate of one complete
scan per second.

Received read-back data from the recorder
once each second, de-multiplexed, and provided
it to the control/display unit for display.

Processed and generated all system control
signals.

The remote control/display unit, shown in Figure 2-9,
prov1ded the following functions:

A read-out of al] recorded data.

Thumbwheel switches for manually coding the

day, car chased, weather, road, and route
data.

Pushbutton switches to set the clock.
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. System status indication.
. CRC and LRC end-of-file characters on tape.

The magnetic tape recorder, previously shown in
Figure 2-8, was a 9-track, 800-bpi, IBM-compatible, synchro-
nous recorder which received 27 characters of BCD data in
serial format once each second from the data acquisition
unit multiplexer. The order in which the data was recorded,
the characters per parameter, and the range of possible
values for each parameter are shown 1in the Table 2-2. The
parameter codes are described in Appendix A.

Table 2-2. CHASE VEHICLE DDAS RECORDED PARAMETERS

NUMBER OF ] PARAMETER
PARAMETER CHARACTERS RANGE
Day of year 3 0 to 365
Hour 2 0 to 23
Minute 2 0 to 59
Second 2 0 to 59
Car Chased 3 0 to 999

Speed (mph) ‘ 3 0 to 99.9

Manifold Vacuum (in Hg) 3 0 to 30.0
Traffic Density 1 0 to 9
Traffic Condition 1 0 to 9
Weather Code 1 0 to 9
Segment Code 2 0 to 99
Road Type Code 2 0 to 99
Route Code 2 0 to 99

2.1.3 System Calibration and Checkout

Calibration of fhe two externally generated signals
(speed and manifold vacuum) was accomplished after installa-
tion in the vehicle, Both external channels were provided
with potentiometric adjustments to enable transducer calibra-
tion. The speed signal was calibrated by comparing the
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indicated DDAS speed to an independent]y calibrated fifth
wheel. The speed was calibrated at 60 mph and then checked
at 40 mph, 20 mph, 10 mph, and 0 mph. The signals agreed
within the resolution of the two transducers.

The manifold vacuum signal was calibrated using an
external vacuum source and Precision manometer. The vacuum
transducer was provided with a two-way valve which connected
it either to the calibration source or to the engfne manifold
vacuum source.

During the chase operations, the transducer calibra-
tion was checked before and after each series of road runs.
No adjustments to the calibration were required, however.

The operation of each channel could be monitored
during road operation. The monitored information was obtained
from read heads on the tape recorder located after the write
heads. Therefore, a complete functional check of the external
signals, internally generated signals, I/0 circuits, and
recorder operation was possible during chase operations,

The chase drivers were trained prior to beginning
chase operation. It Was necessary to ensure that the chase
vehicle faithfully replicated the driving pattern of the
target vehicle. Therefore, the fifth wheel used to calibrate
the chase vehicle speed signal was installed in an Olson
vehicle and connected to a strip chart recorder. The chase
vehicle speed signal was also connected to a strip chart
recorder. Several runs were then made until the chase
vehicle dirver was nearly able to replicate the speed trace
generated by the lead vehicle driver. At this point, it was
concluded that the chase vehicle driver was sufficiently
trained to emulate the vehicle being pursued.

After the initial test runs were completed, the
data tapes were submitted for Processing. However, these
tapes could not be read due to an encoding error inﬁthe

MEDIA-III electronics, These tapes were eventually trans-
cribed into a coding format compatible with existing software.
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The electronic problem was also corrected prior to proceeding
with chase operations.

2.1.4 Driver and Observer Responsibilities

The chase vehicle required two operators: the
driver and the DDAS operator who also served as an observer
of test and traffic conditions. The basic responsibility of
the driver was to emulate the operation of the pursued
vehicle.

The observer/DDAS operator was responsible for
starting/mdnitoring/stopping the DDAS and directing the
driver. As the run began, the descriptive information was
set up on the thumbwhee] switches. During the run, the
observer was responsible for appropriate changes in the
thumbwheel switches to reflect changes in the pursued vehi-
cle, road traffic or weather conditions.

The complete step-by-step operating procedure is
presented in Appendix A.

2.2 CHASE ROUTES

2.2.1 Route Selection

The chase routes were selected to survey represent-
ative driving patterns throughout the SCAB. The routes
included predominately freeway and predominately nonfreeway

driving. The specific routes were selected using the follow-
ing criteria.

0 Select freeways and nonfreeways which were

typical routes used by vehicles in the areas
of interest.

- 2-16
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0 Segment each route into portions of freeway
and nonfreeway roads to allow variations in
driving patterns.

0 Sequence segments of each route so that the
starting point of one segment was the ending
point of the previous segment,

0 Plan each segment to take approximately
2 hours under the normal traffic and route
conditions experienced.

Routes were selected using road maps of the SCAB.
Tentative routes were developed along the major freeway and
arterial roads throughout the SCAB. Routes did not neces-
sarily lead into or out of the Los Angeles central business
district so that completely suburban driving patterns could
also be characterized. Maps of the chase vehicle routes are
Presented in Appendix B. Table 2-3 summarizes the nine
routes ultimately selected. Each route segment was specified
in advance. The chase vehicle followed the specified route
and emulated any convenient vehicle which moved with the
general flow of traffic. If the pursued vehicle left the

. route segment, the next vehicle ahead became the new pursued
vehicle.

2.2.2 Route Descriptions

A brief description of each route is pPresented in
this paragraph. 1In general, routes were replicated reasonably
well from day-to-day in terms of distance and average speed.
On occasion, however, traffic, road condition or DDAS problems
caused an unanticipated deviation from the specified route.
Each route segment generally included periods of peak as
well as nonpeak traffic conditions. Traffic condition was
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Table 2-3. DESCRIPTION OF CHASE VEHICLE ROUTES

A MILEAGE T AVERAGE ROUTE SPEED (WPW)
ROUTE |SEGMENT | ROAD TYPE | (MILES) Peak | Nonpeak] Total
A 1 NF 52 27 27 27
2 F 101 - 54 54
3 F 49 - 54 54
4 NF 36 - 24 24
B 1 F 96 44 55 46
2 NF 37 - 25 25
3 NF 20 22 23 23
4 F 95 45 55 53
C 1 NF 44 - 27 27
2 F 78 - 49 49
3 F 81 51 53 52
4 NF 32 - 26 26
D 1 F 95 - 55 55
2 NF 36 - 25 25
3 NF 36 26 25 25
4 F 101 48 55 53
E 1 NF 40 30 25 26
2 F 94 51 53 53
3 NF 38 27 22 26
4 F 86 44 54 53
F 1 NF 39 - 24 24
2 F 148 - 56 56
3 NF 36 - 23 23
4 F 74 - 54 54
G 1 F 85 48 51 49
2 NF 46 30 30 30
3 F 100 - 55 55
4 NF 23 - 25 25
H 1 F 68 40 51 48
2 NF 32 20 - 20
3 F 108 50 54 53
4 NF 44 - 27 27
I 1 F 136 44 54 46
2 NF 33 - 18 18
3 F 42 - 52 52
4 NF 46 - 25 25

NF - Nonfreeway
F - Freeway
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defined as "peak" on a segment if most of the segment mileage
was driven in the direction of major traffic flow during the
hours of 6:00 a.m. to 9:00 a.m. or 4:00 p.m. to 7:00 p.m.

Route A consisted of nonfreeway driving on major
surface streets in Orange County and freeway driving on
various freeways throughout Orange County, West Los Angeles,
the San Gabriel Valley and South Centra] Los Angeles.
Driving was performed on several different days of the week
but was always under nonpeak conditions. Average speeds
were 24 to 27 mph on nonfreeway routes and 54 mph on freeway
routes.

Route B consisted of freeway driving on the Santa
Ana, Golden State, and Hollywood Freeways during morning
peak traffic and nonpeak freeway driving on the Santa Monica,
San Diego, Long Beach, and Artesia Freeways. Nonfreeway
driving was performed during nonpeak periods 1in the South
Bay - Torrance area of Los Angeles County. Average speeds
were 46 mph for segment B-1 which included morning peak
driving. Average speeds for nonfreeway segments B-2 and
B-3 were 23 to 25 mph. Average speed for nonpeak freeway
segment B-4 was 53 mph. |

Route C consisted of nonfreeway driving in Orange
County and freeway driving along the San Diego, Ventura,
Hollywood, and Long Beach Freeways. Except for peak afternoon

driving along the Santa Ana, Long Beach and San Diego Freeways,

Route C represented nonpeak traffic conditions. Average
route speeds were 26 to 27 mph for the nonfreeway driving
segments, 49 mph for peak traffic the freeway driving seg-
ments, and 52 mph for the nonpeak freeway segments.

Route D consisted of nonpeak freeway driving on
the Santa Ana, Hollywood, Ventura, San Bernardino, Pomona,
San Gabriel River, and the Orange Freeways and nonpeak
nonfreeway driving on surface streets in the EI Monte,
Rosemead and Alhambra areas of the San Gabriel Valley of Los
Angeles County. Average speeds for freeway driving segments
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were 53 to 55 mph and for nonfreeway driving segments were
25 mph.

Route E consisted of nonfreeway driving in the
Orange County, and East Los Angeles County areas followed
freeway driving to the San Fernando Valley. Nonpeak,
nonfreeway driving in the San Fernando Valley of Los Angeles
County followed by freeway driving back to Anaheim completed
Route E. Route E Was generally representative of nonpeak
driving except for nonfreeway driving in the San Fernando
Valley. The average speed for nonfreeway segments was
26 mph. Average speed for freeway segments were 49 to
53 mph. X

Route F consisted of nonfreeway driving in the
Long Beach area of Los Angeles County and freeway driving in
the East Los Angeles County, Orange County, San Bernardino
County and Riverside County areas. A1} driving represented
nonpeak traffic conditions. Average speeds were 23 to
24 mph for nonfreeway driving segments and 54 to 56 mph for
freeway driving segments.

Route G consisted of freeway driving to the San
Fernando Valley, nonfreeway driving in the San Fernando
Valley, freeway driving to Fountain Valley, and nonfreeway
driving in the Fountain Valley and Anaheim areas of Orange
County. Route G consisted of morning peak driving on the
Santa Ana, Artesia, and San Diego Freeways and generally
nonpeak nonfreeway driving. Afternoon freeway driving was
during nonpeak traffic conditions. Average freeway speeds
were 49 mph on the morning peak segment, 55 mph on the
nonpeak afternoon segment and 25 to 30 mph on the nonfreeway
segments.

Route H consisted of freeway driving along the
Garden Grove, San Gabriel Valley, Santa Ana, Long Beach, San
Diego, Harbor, and Hollywood Freeways into the Ho]]yWood
area of Los Angeles County, and nonfreeway driving in the
Central Los Angeles and Hollywood areas. Route H was com-
pleted by freeway driving back to Orange County and nonfree-
way driving in the Whittier, Fullerton, and Yorba Linda
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areas of Orange County. Route H generally represented peak

traffic conditions for both freeway and nonfreéway driving.
Average speeds on the peak freeway segment were 48 mph,
Average speed in the Los Angeles central business district
during peak hours was 20 mph which agreed well with the
LA-4 route average speed.

segments, H-3 and H-4, respectively) had average speeds of
53 and 27 mph, respectively.

Route I consisted of freeway driving in the Orange
and Los Angeles counties and nonfreeway driving in Los
Angeles central business district in the Anaheim, Fullerton
areas of Orange County. The firsf freeway segment (H-1)
represented peak traffic. ATl other segments represented
nonpeak traffic. Average speeds for peak freeway driving
were 46 mph. The average speed in the Los Angeles central

business district was 18 mph compared to 25 mph in the
Orange County suburbs,

The average speed on nonpeak freeway
driving was 52 mph.

2.2.3 Chase Hours and Distribution

Each route was driven on several days and times of
day. Table 2-4 shows the chase vehicle hours of operation
on the different road segments described above. A large

concentration of chase hours between 1300 and 1500 (1:00 to
3:00 p.m.) was due to the following:

0 Earliest start time was 6:00 a.m. such that

nine consecutive hours of operations, stop
time occurs at 3:00 p.m.

° Latest stop time was 10:00 p.m. such that
With nine consecutive hours of operation,
start time occurs at 1:00 p.m.
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Table 2-4.

CHASE VEHICLE HOURS DISTRIBUTION

WINTER OPERATIONS SPRING OPERATIONS
LOCAL TIME [Non Freeway | Freeway | Combined Non Freeway | Freeway Combined
0600-0700 3 5 8 2 2 4
0700-0800 4 9 13 2 6 8
0800-0900 6 7 13 4 7 11
0900-1000 8 8 16 6 9 15
1000-1100 9 6 15 10 7 17
1100-1200 8 4 12 11 6 17
1200-1300 11 7 18 7 10 17
1300-1400 14 14 28 14 11 25
1400-1500 15 13 28 16 10 26
1500-1600 9 11 20 11 11 22
1600-1700 7 8 15 11 10 21
1700-1800 5 6 11 5 8 13
1800-1900 4 7 11 5 9 14
1900-2000 8 5 13 6 6 12
2000-2100 6 5 11 7 4 11
2100-2200 3 5 8 3 4 7
Total Hours 120 120 240 120 120 240
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Section 3

DATA ANALYSIS

This section describes the analysis of the driving
pattern tapes, the development of specific driving cycles,
and the estimation and collection of vehicle emissions data.
Separate Paragraphs are devoted to the following topics:

° Chase Vehicle Data Processing
Editing »
Data Reduction

(] Driving Cycle Development
Mathematical Model
Driving Pattern Selection

° Vehicle Emission Estimates
Modal Emission Data Bases
Estimated Mass Emissions
Measured Mass Emissions

Determination of C1 to C10 Hydrocarbons

3.1 CHASE VEHICLE DATA PROCESSING

A1l data processing was accomplished using an IBM
System 360 Model 50 (MVT) Computer with 0S JCL and a Hasp

operating system. A flowchart depicting the data processing
phase is given in Figure 3-1.
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The data processing steps consisted of editing the
raw data tapes and the reduction of the data into matrices.

3.1.1 Editing

The raw data was first passed through an editing
program to determine and correct any errors from the Digital
Data Acquisition System. Before writing the edit program,
selected tapes from the winter sample were dumped to determine
the nature and extent of any errors. From this study it was
found that the recorder would intermittently write a nonnu-
meric character instead of a valid digit code. 1In operation,
however, there were very few errors.

Each byte‘of a raw data tape represented one digit
of a data field. Initially all fields were written in
binary coded decimal (BCD) digits. When the recorder modifi-
cation mentioned in Section 2.1.3 was made, the field
format was changed to extended binary coded decimal inter-
change code (EBCDIC).

For editing purposes the data fields were divided
into three groups. The purpose of this classification was
to group the data fields according to the edit lTogic necessary
to eliminate the nonnumeric characters. Below is a descrip-
-tion of the edit Togic pertaining to each of the data groups:

° Day, Segment, and Route

The field in error was replaced by its corre-
sponding input value.

0 Fleet, Traffic Density and Condition, Weather,
‘ and Road Code
The value of the corresponding field from the

previous record was substituted for the field
in error.
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0 Time, Speed and Manifold Vacuum
A Tinear interpolation was taken from the
corresponding fields of the previous and next
records and this value was then substituted
for the field in error.

Because fast efficient processing was desired and
because the detection of the nonnumeric characters involved
bit manipulation, the edit program was written in IBM 360
Level G assemb]er lTanguage. For each segment of data, an
error count for each field was printed. These error counts
indicated a very low incidence of nonnumeric characters over
the total data sample. :

The edited data were output to 800 BPI magnetic
tape. A1l fields were converted to the equivalent of a
Fortran integer 4 variable and the records written in variable
blocked-spanned (VBS) format. One day's accumulation of
data comprised a file.

3.1.2 Data Reduction

Data reduction consisted of generating two-dimensional
matrices from the edited chase vehicle data including initial
speed versus delta speed and modal matrices.

3.1.2.1 Initial Speed Versus Delta Speed Matrices

Initial speed versus delta speed matrices were
developed at the request of TRW. For the initial speed
versus delta speed matrices, the speed range was 0 to 70 mph
in increments of 1 mph and the delta speed range was
+10 mph per second in increments of 1 mph per second.

Columns 1 through 10 represented deceleration, column 11
represented cruise while columns 12 through 21 represented
accelerations. By summing the appropriate column totals,
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acceleration, deceleration, and cruise frequencies of a
given matrix were determined. 1Idle frequency was the fre-
quency of the cell marked I in Figure 3-2.

‘ Initial speed versus delta speed matrices were
developed for 432 categories broken down as follows:

) Routes: 1-9

® Road type: 3

Freeway, nonfreeway including both major
arterial and collector

() Time of Day: 4
0600-0900
0900-1500
1500-1800
1800-2200

) Weekday/weekend: 2

° Winter/spring: 2

An IBM Level H Fortran Program was written to
~accomplish the desired matrix development. After a record
pair was read, the speed field from the first record deter-
mined the row index of the cell to be incremented. The
column index was obtained by subtracting the speed field of
the first record from the speed field of the second record
and using an appropriate algorithm to convert the resulting
delta speed to an index. Having determined a particular
initial speed-delta speed mode, the corresponding cell of
the matrix was incremented. -

The above matrices were output to 800 BPI magnetic
tape. Each matrix row was written as a record and a set of
24 matrices for each route comprised a field. Winter and
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spring data were written on separate tapes. These tapes
were then transmitted to TRW.

3.1.2.2 Modal Matrices

The following modal matrices were developed to
define parameters for driving cycle development.

(] Time-~in-mode
) Mode frequency
[ Transition-probabi]ity

Normalized Time-in-Mode Matrix

The time spent in executing each mode was accumulated
to yield the two-dimensional total-time-in-mode matrix,
formatted as shown schematically in Figure 3-3. Each entry
was the total accumulated observed time, normalized by
dividing each element by the total of all elements so that
the sum of all entries was 100 percent.

Normalized Mode-Frequency Matrix

This two-dimensional matrix, also formatted as in
Figure 3-3, was derived from the distribution-of-time-in-
mode matrix by simply tallying the number of times each mode
occurred and then normalizing by dividing each element by

the sum of all occurrences so that the sum of all entries
‘was 100 percent.

Transition-Probabi]ity Matrix

This matrix was obtained by row-normalization of the

mode-frequency—of—occurrence matrix. The nondiagonal elements

in each row of the mode-frequency-of-occurrence matrix were
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first summed, and each nondiagonal row element was then
divided by the row total. The off-diagonal entries in any
row were, therefore, the conditional probabilities of making
transitions from thé row's cruise mode (diagonal element) to
those acceleration or deceleration modes. The diagonal
elements in the transition probability matrix remained
undefined, of course, since no transition occurred while
cruising. Table 3-1 jllustrates the transition probability
matrix.

Tables 3-2 through 3-4 show the normalized time-
in-mode matrices for the freeway, nonfreeway, and combined
data bases. The tables define modes as shown in Figure 3-3.
Tables 3-5 through 3-7 show the normalized mode frequency
matrices for freeway, nonfreeway, and combined data bases.
The freeway and nonfreeway matrices were weighted in proportion
to vehicle miles travelled during the CAPE-10 VO0S study
(41.83 percent freeway). The actual percentage of vehicle
miles traveled on freeways was 43.88 percent in the SCAB
(Ref. 5).

3.2 DRIVING CYCLE DEVELOPMENT

The matrices of driving patterns developed in the
preceding paragraph were the basis for developing representa-
tive driving cycles. The basic matrices used in the construc-
tion of driving cycles included the following:

Normalized time-in-mode
Normalized mode-frequency
Avérage time-in-mode
Transition-probability.

The mathematical model and procedures for developing
driving cycles are described in this paragraph. The mathe-

matical model and procedures for statistically filtering the
cycles are described in Section 3.3.2.
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Table 3-1. TRANSITION-PROBABILITY MATRIX (PERCENT)

FINAL SPEED

015 10 1 151 20 25 30 35 40 45 150 55 1 60+

- 8.1 7.11 5.3) 7.30113.1]18.8119.1 }10.9 3.60]/0.7] 0.110.1

37.4) -- 114.6] 7.1} 6.8] 7.6] 9.2] 9.7 |5.2] 1.8 |o.2
15.6118.3 | -- 115.5712.9113.1112.2] 7.9 | 2.8
11.416.5114.9] -- |20.0{15.0] 13.5

J17.0, 6.0 8.2115.7}] --

INITIAL SPEED

20.115.81 6.4

20.5
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3.2.1 Mathematical Model

A Monte Carlo simulation model was used since that
technique allows for rapid generation of large numbers of
driving patterns from which the most representative cycles
may be selected. The Monte Carlo technique was ideal for
predicting a sequehce of events each of which had its own
probability of occurrence, such as a driving pattern. The
driving patterns or cycles were generated by randomly select-
ing modes and mode durations using their respective distribu-

tion functions. Modes and allowable mode sequences were
defined as follows:

() A cruise mode was either an idle mode or a
nonzero constant-speed mode.

) Every other mode in a cycle was a cruise

mode; i.e., eévery acceleration or deceleration

was followed by a cruijse mode; zero-time
cruises were admissible, but were not utilized
for this program.

In order to provide a basis for the mode selection
process, the transition—probabi]ity matrix was recast in the
form of running sums to the right on a row-by-row basis.
This new matrix, the cumulative transition—probabi]ity
matrix, is shown in Table 3-8. In all that follows, the
random numbers generated were uniformly distributed on the
unit probability interval; i.e., .000 to 1.000.

Execution of a cruise mode defined the matrix row
from which to select the next mode by virtue of the mode-
Seéquence logic. A randonm number on the unit interval was
then generated to sample the distribution function for that
row and thus select the next mode. Examination of Table 3-8
sths, for example, that if an idle had just been executed
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Table 3-8.

CUMULATIVE TRANSITION-PROBABILITY

MATRIX (PERCENT)

FINAL SPEED

0 |5 10 15 120 25 30 35 40 45 50 55 1 60+
0.0013.9/21.0) 26.333.6 |46.7 65.5 |84.6 95.5 199.1199.8 {99.94100.
37.4B7.4152.0] 59.1165.9 {73.5)82.7 {92.4 {97.6 99.4 199.9
15.633.91 33.9| 49.4162.3 |75.4] 87.6 |95.5 98.3
11.4117.9]132.8] 32.8(52.8 {67.8] 81.3
17.0423.0 31.2] 46.9146.9
20.1125.91 32.3
20.5
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and a random number of 0.539 (53.9 percent) generated, then
the mode selected is an acceleration from 0 to 30 mph
because this random number is contained within the proba-
bility space defined for 0 to 30 mph.

During the APRAC-CAPE-10 Vehicle Operations Survey
(VOS) (Ref. 1, 2, 3), it was found that virtually all deceler-
ations followed the same normalized curve, independently of
initial and final speeds. The accelerations, however, could
not be accurately represented by a single normalized curve,
but rather required classification into three distinct
normalized acceleration curves. The acceleration character-
istics were found to be functions of both initial speed and
net change in speed. The computer was thus programmed with
polynomials fitting the curve shapes observed in the V0S.
The transitions made between cruise modes in the test cycles
were, therefore, representative of those observed from
actual pattern data. These polynomials were not redeter-
mined for the current project.

The time-in-mode-matrix yielded, for each mode, a
frequency distribution such as that illustrated in Figure 3-4.
By creating equal intervals along the abscissa of the time
distribution curve, stepwise integration lead to a histogram
as shown., After normalizing the area under the histogram,
the Monte Carlo technique was applied to time-in-mode selec-

tion. It should be noted that probability was again reflected

along the random number axis, and that the most probable
time-in-mode was the average time-in-mode.

The sequence in which the selections were made is
shown in the condensed functional flow diagram of Figure 3-5.
The total-time-in-mode and mode-frequency-of-occurrence
matrices were input to the computer. The average-time-in-
mode matrix and cumulative transition-probability matrices
were then created. The program then passed through reference
point one, which denoted the point at which mode selections
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were initiated by random numbers and completed using the
mode sequence logic defined above,

| Since patterns must be of finite duration and it
was desirable to end them with an idle mode, the program
tested each cruise mode to determine if it was an idle. If
it was not, the program returned to reference point one. If
it was an idle, the Program tested the pattern duration to
that point to determine whether the desired duration had
been either reached or exceeded. If the duration was less
than desired, the program returned to reference point one.
If the desired duration had been exceeded, the process was

terminated when the specified number of cycles were generated.

If the duration was within the established time
Timits, the pattern was tested to determine whether it was
representative of (similar to) the observed vehicle operation
patterns used as inputs. If certain criteria were met, the
pattern was retained in storage. If it was found not to
satisfy the criteria, the pattern was erased from storage
after the pattern-evaluation data were stored for statistical
purposes. After each such test, the program was either

terminated or returned to reference point one to generate
another pattern.

3.2.2 Driving Pattern Selection

The Monte Carlo cycle generation procedure described
above can generate highly nonrepresentative cycles. There-
fore, pattern evaluation measures, summarized in Table 3-9,
were used to identify representative cycles.
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Table 3-9. DRIVING PATTERN EVALUATION CRITERIA

] Kolmogorov-Smirnov Difference Test
Acceleration

Deceleration

Cruise

Overall
(] Figure of Merit
. Summary Measures

Percent Acceleration
Percent Deceleration
Pefcent Cruises
Percent Idle

Average Speed

Since a basic goal of this project was to generate
driving patterns representative of observed driving habits,
the problem of matrix similarity was of prime importance.
Although it would be ideal to generate a driving pattern
which, for example, had a normalized modeFfrequency matrix
identical to that of the corresponding input matrix, it was
not possible to do so because of the short duration of the
pattern relative to the large amount of time reflected in
the input matrices.

Since the problem was that of comparing two sets
of numbers to determine how close the numbers were in
magnitude, it was natural to consider the set of statistical
techniques generally used to make comparisons; i.e., to do
significance testing. An attractive feature of statistical
testing was the provision of criterion levels which permitted
the acceptance or rejection of hypotheses at any desired

confidence Jevel. This process was referred to as cycle
filtering.
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For these reasons, it was first decided to apply
the Kolmogorov-Smirnov Difference Test (KS-Test) for matrix-
comparison. The KS one-sample test s a test of goodness of
fit and is concerned with the degree of agreement between a
set of sampie values (observed scores) and a specified
theoretical distribution. It determines whether the sample
values can reasonably be considered to have come from a
population having the theoretical distribution.

Acceptance or rejection of the null hypothesis
(i.e., that the matrices are not significantly different)
with the KS-test was referenced to a criterion Tevel depending
only on the number of degrees of freedom and the selected

Type I error confidence leve] (80 percent). The 80 percent
confidence level was selected to minimize the Type II error
probability. Application of the KS-test involved formulating
a distribution function (cumulative percent table) of the
modes to be tested of both the input matrix and the corre-
sponding cycle matrix. The greatest difference between
corresponding cells of the distribution function was then
determined. The KS-test was satisfied; i.e., the cycle was
representative of the input data, if the largest difference
was less than the statistical criterion.

For pattern evaluation purposes, KS-tests were
performed between the input matrices and driving pattern
matrices for the acceleration, deceleration, and cruise
modes, and for the composite of all modes. Consequently,
eight KS-tests were computed for each cycle: four for the
normalized time-in-mode matrix and four for the normalized
mode-frequency-of-occurrence matrix. For a cycle to be
accepted as statistically representative, all eight KS-tests
had to be satisfied.

A figure of merit was then defined which consisted
of a linear combination of the eight KS differences. The
smaller the value of the figure of merit, the more represen-
tative the pattern. The statistical data for each pattern
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meeting the desired criteria were computer-sorted and out-
putted in ascending order of figure of merit.

Finally, the idle, cruise, acceleration, and
deceleration data were summed by category to yield the
percent of time spent in each of the four mode types and the
percent frequency of occurrence of each of the mode types.
Statistical tests were not performed. However, the summary
measures for the cycles were compared to the input matrices
to insure similarity.

Five hundred unfiltered driving cycles were gener-
ated for each of the nine freeway and nine nonfreeway routes
from the winter and spring data samples. From these 18,000
cycles, ten unfiltered unrepresentative cycles for each
route, road type, and season were selected between the
highest to lowest speeds of the generated cycles on the
route. Emission factors were then developed for each driving
cycle as described in Section 3.3. These data were trans-
mitted to TRW.

Some 35,000 driving cycles were generated for
freeway, nonfreeway, and composite freeway and nonfreeway
driving. From these, ten statistically representative
cycles were selected by the KS-test for each of freeway,
nonfreeway, and composite driving. The 30 driving cycles
were then plotted and visually inspected to select one of
each which appeared to have a reasonable sequence of modes
and rates of transitions. Plots of the three cycles and

tables of speed versus time for the three cycles are shown
in Appendix C.

3.3 VEHICLE EMISSION ESTIMATES

Vehicle emissions were estimated using a modal
emission data base and interpolation program supplied by the
EPA (Ref. 6). Modal emission factors were time integrated
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using the driving cycles derived according to the procedures
described in the preceeding paragraph. A small test fleet
was utilized in an effort to validate the emissions estimates
by measuring mass emissions while driving the composite SCAB
cycle. Finally, specific C1 to C10 hydrocarbon species were
identified by gas chromatography of diluted exhaust collected
while the vehicles were driven over the composite cycle.

3.3.1 Modal Emission Data Bases

Modal emission data has been collected for several
years as part of the EPA emission factor, in-use compliance,
and surveillance vehicle test programs. Eighteen data
bases, distinguished by vehicle model-year and city, have
been established to date and are shown in Table 3-10.

Table 3-10. MODAL EMISSION DATA BASES (REF 6)

DATA

BASE MODEL YEAR LOCATION

1 1957 - 1967 Denver

2 1957 - 1967 Low Altitude,

No 1966, 1967
California

3 1966 -1967 California

4 1968 Low Altitude
5 1969 Low Altitude
6 1970 Low Altitude
7 1971 Low Altitude
8 1968 Denver

9 1969 Denver
10 1970 Denver
11 1971 Denver
12 1972 Denver
13 1972 Los Angeles
14 1972 Low ATtitude
15 1973 - 1974 Denver
16 1973 - 1974 Los Angeles
17 1973 - 1974 Low ATtitude
18 1975 Low Altitude
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Of these data bases only the first 11 were avail-
able from EPA at the time emission factors were calculated
for TRW. Only data bases 2 through 7 were applicable to
California. Therefore, the emission factors provided to TRW
only include data for 1957 to 1971 model-year vehicles.

3.3.2 Estimated Mass Emissions

After selection of typical driving patterns at the
various average route speeds, an EPA-supplied computer
program (Ref. 6) was utilized to estimate the emissions over
each pattern for each vehicle group. The driving pattern
generation .computer program was modified by computing and
storing speed data on a second-byQEecond basis and incor-
porating the EPA-supplied program. The model interpolates
for cruise or acceleration/deceleration modes which were not
included in the original data bases by the use of polynomial
regression functions. The emissions for HC, CO, and NOX
were calculated for the ten driving cycles for each data
base (a total of 360 cycles). The emissions and average
speed for each pattern and vehicle group combination were
then output on punched cards for transmittal to TRW. An
overview of the process is shown in the flow diagram of
Figure 3-6. The three representative SCAB driving cycles
(freeway, nonfreeway and combined) were also used to esti-
mate emissions and fuel economy. These estimates are pre-
sented in Table 3-11 for all 18 data bases which were
available as of September, 1976.

3.3.3 Measured Mass Emissions

Fifteen dynamometer tests were performed to deter-
mine whether the estimated emissions were comparable to

actual emissions. A1l dynamometer tests were hot start CVS
tests using the composite freeway and nonfreeway driving
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cycle shown in Appendix C. A1l vehicles were consumer-owned
1972 to 1974 model-year vehicles, except for one 1965 Ford
Mustang. The emissions data in grams per mile and fuel
economy in miles per gallon are shown in Table 3-12. ’
Although the'test fleet size was small, the 95 percent
confidence intervals for both the entire fleet and for the
1972 to 1974 model-year vehicles enclosed the estimated
emissions based on the two Los Angeles data bases (13 and
16). In general, the estimated fleet emissions agreed well
with the measured fleet emissions, except for 1965 mode]-
year vehicle.

3.3.4 Determination of Cl_to C10 Hydrocarbons

Samples of the diluted exhaust were collected and
sent to Analytical Research Laboratories, Inc., for deter-
mination of C1 to C10 hydrocarbon composition by gas chromato-
graphy. In addition to the 15 vehicles tested on the compos-
ite SCAB driving cycle, ten vehicles were tested earlier in
the program using the standard EPA Surveillance Driving
Cycle. The mass emission data for these vehicles are pre-
sented in Table 3-13. Table 3-14 identifies the test
numbers and vehicles which were tested on both cycles.

Vehicles tested on both driving cycles exhibited
considerable variation in total hydrocarbon emissions and in
hydrocarbon composition. Appendix D presents the diluted
concentration data in mg/m3 for each specie. Since the
individual emissions varied so much, the percent composition
was calculated for each identified specie for each test.
These data are presented in Tables 3-15 and 3-16, respectively
for the EPA Surveillance Driving Cycle and the derijved SCAB
composite cycle. The mean of the percent composition and
the 95 percent confidence intervals are also presented. In
general, the hydrocarbon percentage composition of parafinic
compounds was higher for vehicles tested using the SCAB

cycle than for vehicles tested using the Surveillance Driving
Schedule.
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Table 3-12. MEASURED EMISSIONS DURING COMPOSITE
SCAB DRIVING CYCLE

TEST VEHICLE DESCRIPTION HC c0 NOX F.C
NO. | Year Make Cylinder T Weight | Air gm/m1 | gm/mi gm/m1 | mpg
11 73 Buick 8 5500 Yes 3.23 | 18.65 5.95 | 11.69
12 73 Pinto 4 2750 No 1.62 | 24.04 4.52 | 28.74
13 72 Vega 4 2500 No 2.41 | 33.85 3.81123.88
14 73 Vega 4 2500 No 1.38 | 16.49 3.23125.40
15 65 Mustang 6 2750 No 4.08 | 34.73 3.44 1 23.67
16 72 Toyota 4 2750 Yes 1.65 | 26.49 | 5.39|24.00
17 74 P1ymouth 8 3000 Yes 2.57 | 39.25 1.17 1 18.95
18 73 Mercury 8 5000 Yes 1.84 | 18.21 7.44 1 14.55
19 74 Buick 8 4000 Yes 2.15 | 16.10 3.23 }.13.88
20 73 Comet 6 3000 Yes 2.29 | 11.81 3.76 | 16.91
21 73 Pinto 4 2750 Yes 1.72 | 20.03 6.91 | 23.51
22 72 Hornet 8 3000 Yes 2.79 | 18.97 7.08 }118.76
23 72 Pontiac 8 4500 Yes 1.06 6.25 3.45-113.99
24 72 Pontiac 8 4000 Yes 1.22 {11.34 4.85 | 12.57
25 73 Ford 8 4000 Yes 2.41 | 27.75 2.75115.08
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Table 3-13. MEASURED EMISSIONS DURING EPA
SURVEILLANCE DRIVING CYCLE

TEST

VEHICLE DESCRIPTION HC (4] NOX F.C
NO. | Year Make Cylinder Weight | Air gm/mi { gm/mi gm/mi | mpg
1 72 Mustang 8 3,000 Yes | 1.30 14.93 3.84 | 21.39
2 72 Pontiac 8 4,000 Yes | 1.20 11.44 5.19 | 18.99
3 72 Buick 8 5,500 Yes | 0.83 8.43 2.59 | 15.46
4 72 Hornet 8 3,000 Yes [ 1.92 12.79 8.30 |24.19
5 73 Ford 8 4,000 Yes | 1.89 21.68 é.80 18.72
6 72 Pinto 4 2,250 No 1.27 30.60 3.03 |[32.18
7 73 | Pinto 4 2,750 | No [ 1.12 | 15.28 | 5.99 ]30.96
8 72 Chevrolet 8 4,000 Yes | 1.21 17.28 4.99 |18.92
9 73 Comet 6 3,000 Yes | 1.37. 8.44 4.69 [21.51
10 74 Duster 6 3,500 Yes [ 1.59 29.37 2.74 |23.08
Table 3-14. VEHICLES TESTED ON BOTH DRIVING CYCLES

‘—* VEHICLE DESCRIPTION EPA SURVEiLLANCE SCAB CYCLE

Year Make Cylinder T Weight Air CYCLE TEST NO. TEST NO.

72 Pontiac 8 - 4,000 Yes . 2 24

72 Buick 8 5,500 Yes 3 11

72 Hornet 8 3,000 Yes 4 22

73 Ford 8 4,000 Yes 5 25

73 Pinto 4 2,750 No 7 12

73 | Comet 6 3,000 | Yes 9 20
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Section 4

DISCUSSION AND CONCLUSIONS

The results of this study, which have been presented
in the Preceding sections and subsequent appendices, provide
a data base for refining the lTight-duty vehicle emission
inventory in the South Coast Air Basin (SCAB). Specific
contributions included the following:

° Updated and expanded driving pattern data base to
include more areas of the SCAB.

(] Processed data to derjve driving cycles representa-
tive of driving patterns throughout the SCAB.

9 Estimated emission factors based on SCAB driving
patterns using an EPA computer model.

[} Measured emissions from a fleet of vehicles driven
On a representative derived driving cycle to
validate the estimated emission factors.

e Characterized the composition of C1 to ClO hydro-
carbon emissions.

Data from the chase vehicle indicated that the mode
frequency of average driving patterns has not changed signifi-
cantly since the original CAPE -10 Vehicle Operation Survey
conducted in 1971. The amount of time spent in cruises has




increased, however, while the time spent in acceleration and
deceleration has decreased. This has been accompanied by a
sTight increase in average speed from approximately 29 miles
per hour to 31 miles per hour. These resylts confirm the
original VOS conclusion that the LA-4 driving cycle does not
represent typical driving patterns in the SCAB.

Three driving cycles were selected as representative
of driving patterns in the SCAB. The first cycle included
only freeway driving patterns. The second cycle included
only nonfreeway driving patterns on principle city streets.
The third cycle included both freeway and nonfreeway driving
and represented average or typical driving throughout the
SCAB. These cycles were used to estimate emission factors
for 18 vehicle groups using an EPA supplied computer program.
Emission factors were estimated for 1957-1975 model-year
vehicles in several cities. Only eleven of the data bases
were applicable to the Los Angeles vehicle population,
however.

The third driving cyc]e,'representing composite
freeway and nonfreeway driving, was plotted and used to
measure emissions from a fleet of 15 vehicles. The estimated
emissions were within the upper and lower 95 percent confi-
dence limits of the measured emissions indicating that the
EPA computer model accurately predicted actual emissions.

In addition to these three driving cycles, ten driv-
ing cycles were generated for each SCAB survey route by road
type and season. These 360 cycles differed from the three
discussed above in that they were not statistically represen-
tative of the driving survey data base. Rather they were
randomly generated combinations of modes derived from the
driving survey data. They, therefore, represented possible,
although not necessarily typical driving cycles.

Emission factors were also estimated for these
driving cycles using the EPA modal emission model. These
emission factors were not analyzed by 0lson but were provided




to TRW for development of speed correction factors. The NO
data were observed to be highly variable for different
derived driving cycles while HC and CO data were relatively
independent of the driving cycle. Since NOX emissions tend
to be speed or load dependent, i.e., vacuum advance and EGR
modulation, changing the cycle may have significant effect
on emissions even though the average speed is unchanged.
The HC and CO emissions, however, were apparently independent
of the cycle and correlated well] with average speed. As
expected, the cycle average emissions of NO tended to be
higher for freeway cycles than for nonfreeway cycles.
Emissions were also measured using the EPA Surveil-
Tance Driving Schedule for six of the same vehicles used in
the above test fleet. These emissions were significantly
Tower for HC, somewhat lower for CO and generally similar
for NOX as the emissions measured using the SCAB composite
driving cycle. The reason for these differences were not
identified, although the EPA Surveillance Driving Schedule
does not have as much cruise Operation as the SCAB composite
cycle.
The C1 to C10 hydrocarbon emission composition was
measured using both the EPA Surveillance Driving Schedule
and the SCAB composite cycle. The difference in total
hydrocarbon emissions noted above was also reflected in
differences in hydrocarbon composition. In general, the
SCAB driving cycle resulted in more Cl’ C2 and parafinic
hydrocarbons and benzene than the EPA Surveillance Driving
Schedule. However, there was substantial vehicle-to-vehicle
variation in hydrocarbon emissions and composition for both
cycles.

In summary, the following conclusions have resulted
from this study:

® Nonfreeway driving patterns in the SCAB are similar
to those found in the original CAPE-10 Vehicle
Operation Survey (vO0S).




Composite driving batterns in the SCAB which
include both freeway and nonfreeway driving are
similar to the VOS in the mode frequency but
include more time spent in cruise and less time
spent in acceleration or deceleration.

The average speed in the SCAB has increased slightly

since the VOS (29 mile per hour to 31 miles per
hour).

Measured emissions agreed well with the emissions

estimated from a computer model for 1972 to 1974
model year vehicles.

Hydrocarbon emissions from the derived SCAB driving
cycle are higher than from the EPA Surveillance
Driving Cycle.

Hydrocarbon composition is highly variable although
the composite SCAB driving cycle tended to produce
more parafinic hydrocarbons than the EPA Surveil-
Tance Driving Schedule.
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Appendix A
CHASE VEHICLE OPERATIONAL PROCEDURES




Appendix A

OPERATING PROCEDURE FOR ARB. CHASE VEHICLE

VEHICLE AND SYSTEM PREPARATION

1. The day's recording should normally be started

with a full gas tank and the vehicle refilled

during the lunch or dinner break as need
dictates.

At Teast three blank tapes should be in the
vehicle when starting out. One spare is

recommended in case a tape should break or
prove defective.,

A11 the magnetic tape reels must contain a
write ring to record data on the tape. The
write ring is a 3-inch diameter black plastic
ring pressed into a groove located on the
backside of the tape reel. (If a ring is not
present, the file protect indicator on the
tape transport (recorder) wil] illuminate and
data cannot be recorded on the tape.)

Verify that the Ca]ibrate/Operate valve for
the manifold vacuum transducer valve is in
the Operate position.

Verify that gasoline credit cards are in the
POssession of either the driver or observer,

Verify that appropriate maps, 1og sheets and
other Nnecessary items are present in the

A-1
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.2

.3

vehicle before leaving for the start of the
route. ‘

SYSTEM STARTUP

TAPE

Turn the Main Power switch "on."
Turn the Clock Power switch “on."
Observe that Display and Transport power is

llon. ]

LOADING

Install a fresh data tape on the tape transport.

Label the tape with the day and Segment
numbers 1 and 2.

Thread the tape by following Steps 4 through

11 and referring to the diagram on the face
of the transport.

Lead the end of the tape down and around the

fixed guide; then around the left side of the
buffer arm guide.

Continue across the head assembly from left
to right by passing over the fixed guide,

tape cleaner, head, and second fixed guide to
the capstan.

A-2




10.

11.

12.

13.

At the capstan end of the head assembly, lead
the tape below and around the right side of
the capstan.

Pass the tape around the left side and over
the top of the other buffer guide.

Lead the tape below and around the right side
of the fixed takeup reel.

Press the tape end against the top of the
hub,

Holding the tape against the hub, turn the
reel until the end of the tape is overlapped
and secured by the next tape layer.

To complete the loading operation, firmly
press the LOAD pushbutton, Both buffer arms
will move to their normal operating positions
and the capstan will pull the tape forward
until the beginning-of-tape (BOT) marker
reaches the photosensor assembly.

Observe that the Power, Load, and On Line

indicators are illuminated.,

——

If all three indicators are "gp" the transport

is ready; if not, recheck the loading and
correct the problem,
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OPERATORS CONSOLE SETUP

1.

10.

Set the current day of the year into the
three thumbwhee] switches labeled DAY.

Place the clock Run/Hold switch in the "Hold"
position (down).

The time of day clock is set to a desired
number using the Time Set thumbwheel. Depress
the pushbutton switch above the selected
display to 10ad that particular display.’

~Repeat this operation for each clock position

(Hours , Minutes, Seconds)

Place the Run/Hold switch in the "Ryn" position.

Observe that the clock increments at l-second
intervals from the present correct time.

Set the Weather switches to the desired
pattern (see Table A-1).

Set the Segment switch to "1t
Set the Trip switch as shown in Table A-1.

Set the Route switch to the appropriate route
number to be run that day (see Table A-1 and
calendar schedule).

Set the Fleet Select toggle switch to the
“000" position,
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*NOTE :

DATA COLLECTION PROCEDURE
Segment 1*

1. Drive the chase vehicle to the route starting
point and park.

2. Dial in the appropriate trip selection number
(see Table A-1).

3. At start time, press the Record Start pushbutton
and proceed on the route.

4. Observe that the tape moves off the load
point and proceeds forward in 1-second
increments.

5. Log the starting time, mileage, dial in the
make of vehicle being chased (see Table A-1
and A-2) and Proceed on the route.

6. Throughout the route refer to Table A-1 and
dial in any required data such as traffic
density, condition, visibility, and type of
road (trip selection number).

7. Select the Recorded Data display and observe
that data is being recorded correctly.

ATT data collection must be started with the

vehicle completely stopped ( 0 MPH! ) and terminated
after the vehicle has come to a complete stop. This
applies to all recorded segments.

pol = LT i i rear ey
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.2

Y]

Follow Step 7 frequently during the route to
verify correct system performance so that a
minimum of data is lost due to a system
malfunction or operator error.

Upon completion of the first segment, stop

the vehicle, press the Record §£gg_pushbutton,
and log the time and mileage.

Segment 2

Drive the chase vehicle to the route starting
point and park.

Dial in "2" in the Segment switch,

Dial in the appropriate trip selection number
(see Table A-1).

At start time press the Record Start pushbutton
and proceed on the route,

Observe that the tape proceeds forward in
l-second increments.

Log the starting time, mileage, dial in the

make of vehicle being chased and proceed on
the route.

Throughout the route refer to Table A-1 and
dial in any required data such as traffic
density, condition, visibility, and type of
road (trip selection number) .

A-6
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10.

11.

12.

13.

14,

15,

16.

17.

Select the Recorded Data display and observe
that data is being recorded correctly.

Follow Step 8 frequently during route to
verify correct System performance so that a

minimum of data is lost due to system malfunc-

tion or operator error.,

Upon completion of Segment 2, stop the vehicle,

Press the Record Stop pushbutton and Tog the
time and mileage,

Press the End of File pushbutton and observe

that the tape movés forward approximately
1 9nch,

Repeat Step 11.

Press Reset on the tape transport.

Press Rewind and observe that the tabe goes
into the rewind mode until the load point
foil is detected then Proceeds forward and
stops at the foi] lToad point tab.

Press Rewind again and the tape wil] unload.

Remove the tape from the transport and place
it in jt's container.

During lunch op dinner break (norma]]y after
Segment 2) the data system can be turned off
(Main Power to "gffn position) and the Clock

Power should remain "on." This is especially -

important if the vehicle is to be closed and
unattended as tpe data system may overheat.

A-7
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Segment 3
1. Turn "on" Main Power switch.

2. Load a fresh data tape (see "Tape Loading
Procedure").

3. Label tape with day and Segment numbers 3
and 4.

4. Set the thumbwheel Segment switch to "3 »

5. Dial in the appropriate trip selection number .

6. Proceed to the route starting point and park.

7. At start time press the Record Start pushbutton

10.

11.

and proceed on the route,

Observe that the tape moves off load point

and proceeds forward in l-second increments.

Log the starting time, mileage, dial in the

make of vehicle being chased and proceed on
the route.

Throughout the route refer to Table A-1 and
dial in any required data such as traffic
density, condition, visibility, and type of
road (trip selection number) .
Select the Recorded Data display and observe
that data is being recorded correctly.

A-8
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.5.

12,

Follow Step 11 frequently during the route to
verify correct system performance so that a
minimum of data is Tost due to system malfunc-
tion or operator error.

13. Upon completion of Segment 3, stop the vehicle,
press the Record Stop pushbutton and log the
time and mileage.

Segment 4

1. Drive the vehicle to the route starting point
and stop.

2. Set the thumbwhee] Segment switch to 4.

3. Dial in the appropriate trip selection number.

4. At start time, press the Record Start puysh-
button and proceed on the route . "

5. Observe that the tape moves forward in l-second
increments .

6. Log the time, mileage, and dial in the make
of vehicle,

7. Dial in any required data as done in the
previous segments.

8. Select Pecorded Data and observe correct data
as done in Previous segments.

9. Upon completion of Segment 4, stop the vehicle,

Press the Record Stop pushbutton and log the
time and mileage,
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10. Press the End of File pushbutton and observe

that the tape moves forward approximately
1 inch.

11. Repeat Step 10.

12. Unload the tape as done previously (Segment 2
Steps 13 through 16).

]

13. Turn the Main Power and Clock Power "off. "

14, The two tapes containing the day's recorded
data should now be removed from the vehicle
and stored in an appropriate place.

A.5. DESCRIPTIVE INFORMATION AND DEFINITIONS

Route - There are nine (9) survey routes identified. During
any given day, one and only one route will be followed

Segment - There are four (4) segments for each route. These
segments will be followed in Séquence, no exception. The
starting time of each segment is significant. Thus, if the
Preceding segment isg completed and the next segment is not
due to start, the driver will park and wait at a convenient
location. This applies only to segment start time.

Trip - The trip indicator wilj be used to denote the type of

road traveled. There are freeway, major arterial, and
collector roads which are defined as follows:

Freewax - Only roads designated as freeways on
street maps will pe coded as such.

A-10
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Major Arterials - Major surface streets, usually

with highway number assigned, will be coded as
major arterials. See route maps for coding.

Collectors - A1l streets not designated as free-
ways or major arterials will be coded as collectors.

Traffic Density - A general indication of the amount of
vehicles on the road going in the same direction as the
chase vehicle will be recorded using the first digit of the
Weather switches. The following definitions will be used:

Light - Usually encountered during early morning
or late night, typically very few vehicles on the
road travelled.

Moderate - Usually ehcountered during mid-morning
and mid-day, number of vehicles about normal for
type of road and area.

Heavy - Usually encountered during peak-hour
traffic, morning and evening, with many vehicles
on road travelled.

Stop and Go - Extremely heavy traffic dye to peak5
hour congestion, special event traffic congestion,
road construction, or traffic accident.

Traffic Conditions - A general indication of traffic flow )
conditions will be recorded using the second digit of the
Weather switches. The following definitions will be usd:

Normal - Traffic flow as expected for type of f
road, time of day, day of week. |
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Obstruction - Traffic flow impeded due to weather,

visibility, unusual circumstances such as dog on
road, buildings or large objects being transported,
etc.

Accident - Traffic flow impeded by accident or
stalled vehicles.

Road Construction - Traffic flow impeded due to

construction, land painting, etc.

Visibility and Precipitation - A general indication of

weather conditions as they affect traffic flow will be
recorded using the third digit of the Weather switches. The
following criteria will apply: ‘

Visibility Normal - Visibility obscured by Tight

rain or light fog.

Visibility Moderate - Visibility obscured by light

rain or light fog.

Visibility Greatly Reduced - Visibility greatly

impaired by heavy rain or heavy fog.

Precipitation Light - Light fog, light rain, or

heavy dew.

Precipitation Moderate - Moderate rain of intermit-

tent nature, normally requiring low speed windshield
wiper action.

Precipitation Heavy - Heavy continuous rain,

normally requiring high speed windshield wiper
action.
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1

TRAFFIC
DENSITY

Light
Moderate
Heavy

Stop & Go

Table A-1. INpuT CODE DEFINITIONS

WEATHER
2 3
TRAFFIC VISIBILITY
CONDITION PRECIETIATIQ&
Normal Visibi]ity Normai

Obstruction
Accident

Road Construction

TRIP

__“___h_h—-ﬂ

—

Freeway

w M

Collector

Major Arterial

A-13

Visibility Moderately Reduced
Visibility Greatly Reduced
Precipitation Light
Precipitation Moderate

Precipitation Heavy‘

ROUTE

4 5
1 (A)
2 (B)
3 (c)
4 (0)
5 (E)
6 (F)
7 (G)
8 (H)
9 (1)
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Table A-1. INPUT CODE DEFINITIONS (Continued)

FLEET CODE

CODE VEHICLE CHASED

001 Chevrolet

Chevrolet, Chevelle, Corvair, Chevy II, Nova,
Corvette, Camaro, Vega, E] Camino, Monte Carlo

002 Ford

Ford Galaxie, Fairlane, Torino, Mustang, Falcon,
Maverick, Pinto, Thunderbird, Ranchero, LTD

003 Pontiac

Pontiac, Tempest, Le Mans, GTO, Firebird, Grand
Prix, Bonneville

004 Plymouth

Fury, Belvedere, vIP, GTX, Valiant, Barracuda,
Swinger, Duster

005 Buick
Buick, Special, Riviera, Electra, Apollo, Wildcat

006 Oldsmobile

Oldsmobile, F-85, Cutlass, Toronado, Ninety-Eight

007 Dodge %
‘ f

Coronet, Monaco, Charger, Dart, Challenger, Polara }

008 Mercury o }
1

Mercury, Montego, Cyclone, Cougar, Lincoln
Continental, Comet Meteor

009 Chrysier
Chrysler, Imperial, New Yorker

010 American Motors

Ambassador, Rebel, Rambler, Javelin, AMX,
Gremlin

A-14




Table A-1. INPUT CODE DEFINITIONS (Continued)

CODE VEHICLE CHASED

011 Cadillac

Cadillac, E1 Dorado

012 Other American

Checker, Edsel, DeSota, International, Jeep,
G.M.C., Kaiser, Nash, Studebaker, etc.

013 !o]kswaggg
014 Other Foreign Cars

Toyota, Datsun, Jaguar, MG, Porsche, etc.

NOTE: The fleet switch is to be in the "0og" position when
no vehicle is being followed.

A-15



Table A-2. SAMPLE ARB CHASE VEHICLE LOG SHEET

DAY
ROUTE
SEGMENT
START MILEAGE _ _ START TIME
END MILEAGE  _  Ewp Time
SEGMENT
START MILEAGE _ START TIME
END MILEAGE \ END TIME
SEGMENT
START MILEAGE START TIME ]
END MILEAGE END TIME i
SEGMENT L
START MILEAGE _ _ START TIME o
END MILEAGE END TIME
4
GAS: GALLONS MILEAGE PRICE __ TME
0IL: |
NOTES :
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Appendix B
CHASE VEHICLE ROUTE MAPS
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