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Preface -Preliminary Statements of Progress

OVERALL PROGRAM OBJECTIVES

Thisprogram’s primary goal isto facilitate the development of arange of commercial& able
sensors and associated application systems that supplement the forward crash avoidance
performance of drivers. A secondary god is to advance the associated evaluation toals,
methodologies, and knowledge base available for expedidting the development of forward crash-
avoidance system (FOCAS) products and for assessing the performance of these products.

The three-year program’ s objectives are (1) to apply and extend an UMTRI/Lei ca/Michigan
Department of Transportation-provided autonomousintelligent cruise control (AICC) testbed; (2)
to conduct engineering and human factorstesting, in concert with the devel opment of sensor and
systems design supporting the AICC application; (3) to measure asample of longitudinal response
characteristics that are practicably representative of the U.S. passenger car population and pertinent
to the problem of engineering AICC packages; (4) to determine a practicably representative
distribution of geometric roadway propertiesthat cover limited-access highwaysinthe U.S. and
are pertinent to the AICC engineering problem; (5) to explore the application needs of FOCAS
packages that engage higher levels of deceleration than are available in the throttle-off state —
including controlled downshifting, modest braking viathe traction-control system, and application
of service brakes over a moderate range of deceleration levels; (6) to develop test methodologies
and modeling tools as needed for evaluating the performance of FOCAS packages; and (7) to
devel op the technol ogy and application-knowledge supporting FOCA S applications as broadly as
possi ble within the scope of the cooperative agreement.

The deliverable for the first year is this annual report that provides detailed information on (1) a
baseline AICC system, (2) the performance of the baseline system, and (3) the human factors and
engineering aspects of problematic situations.

WORK ACCOMPLISHED DURING THE REPORTING PERIOD

We have analyzed quantitative data from all of the tests with the AC& quipped Saab 9000
being driven with and without the ACC system in operation. This includes complete time and
histogram analyses of the basic measured variables, and then more sophisticated analysesincluding
the use of derived variables for quantifying and evaluating performance.



A computer application for sudying target losses on curves and false alarms from vehiclesin
adjacent lanes has been developed. Weare preparing to use this application in conjunction with
road curvature information in the Highway Performance Monitoring System (HPMS) database.
We have used this computer application to look at the path curvature information measured during
the operational tests performed on stretches of local freeways.

Work in the months of November and December 1994 involved performing a set of baseline
measurements for usein characterizing human performance and headway-control system
performance on the road. These tests have been completed, and a massive data set for 36 naive
driver-participantsis now available. During January and February 1995 we examined these data to
provide results and findings concerning manual control, conventional cruise control, and adaptive
cruise control during freeway driving of approximately 50 to 60 minutes for each control mode for
each driver.

Our preliminary findings are not surprising in hindsight. Specifically, we found that (1)
driving in the ACC mode is very orderly, with the range headway being close to the system-
specified headway range for most of the time, and (2) manual driving is not characterized by
anywhere near the same orderliness as that provided by ACC driving. Our preliminary observation
isthat the driver is not concentrating on headway control during much of hig/her driving time.
Perhaps amajor benefit of the ACC systemisthat it vigilantly concentrates on headway control. |t
also aidsthedriver by autonomously performing precise and smooth modulation of the acceleration
to maintain headway. However, the ACC system only has alimited scope of information and
control authority, hence the driver needsto use his/her broader knowledge and information
processing skillsto supervise overall vehicle control during ACC operation.

Theimplications of these two findings have a significant bearing on our approach to data
anaysis. Comparing ACC driving to manual driving isnot as straightforward aswe had believed
that it would be. Itisdifficult because we do not know when the driver is concentrating on
controlling headway. We do not have any measurements of what the driver is thinking about.
(For example, drivers could be day dreaming or talking to the passenger/experimenter.) Since
drivers use learned skills for much of the driving process, it is not easy for them to tell us how they
perform the headway control function. This leads us to a finding that we need to identify the
driving situation pertaining to each section of the data. Given the driving Situation, we can then
comparedriver performancein those situationswith ACC performancein similar situations.
Accordingly, agreat deal of effort has been devoted to working out data processing means for
identifying driving situations such as closing-in on aslower moving vehicle, another vehicle
merging-in ahead of the ACC vehicle, steady following of apreceding vehicle, etc.



We have made considerabl e progress eval uating the subjective data gathered in November and
December. Theseresult have been written up in the form of adraft paper entitled “ Consumer’s
Subjective Impressions of Adaptive Cruise Control: A Preliminary Report.” Thetechnical reporting
that follows this preface includes subjective and objective results and findings concerning the
influences of driver characteristicson driving performance.

PLANNED ACTIVITIESFOR THE NEXT YEAR

During the next year we plan to incorporate a capability for applying modest braking (less than
approximately 0.1 g) in the test vehicle. Thiswill allow usto perform engineering testsinvolving
“low-decel-cues.” After asatisfactory cue arrangement is devel oped, typical driver-participants
will operate the vehiclein aproving-grounds setting. Given acceptable results from the proving
grounds, on-road operational testing may be performed.

Also, we plan to work out an arrangement in which the driver adjusts the headway timeto the
preceding vehicle. Driver performance and acceptance as well as system performance will be
assessed in an experimental or operational setting.

In addition, during the next reporting period (between now and July 15), we plan to employ
the Highway Performance Monitoring System database to evaluate the possibilities for false aarms
and missed targets for sensors with three or four degree fields of view, given the distribution of
geometric roadway propertiesin the U.S. We also plan to conduct tests assessing the coast-down
characteristics, and accelerator-pedal-to-velocity characteristics of several vehicles.



1. INTRODUCTION AND RATIONALE

This work is part of a three-year program to foster the development, evaluation, and
deployment of forward crash-avoidance systems. The efforts during this first year have focused
on operational testing of a passenger car equipped with a baseline autonomous intelligent cruise
control (AICC) system. For purposes of communicating with drivers in general, we refer to the
AICC system as “adaptive cruise control” to distinguish it from conventional cruise control, and
we use the acronym ACC. To aid in evaluating and comparing ACC with other types of speed and
headway control, on-road measurements have been made while driving using conventional cruise
control (denoted as CC), manual (normal) control (denoted N), and the ACC system.

This program is seen by the researchers as an evolutionary process. Figure 1 illustrates and
delineates the elements of the evolutionary process as it is envisioned by the researchers. The
program started with a baseline ACC system whose features are sufficiently developed to be used
by alert, normal drivers. The evolutionary process involves iterating between development and
deployment stages in a reciprocating manner.

proving grounds, traffic, road,
simulation, & drivers, &

s 'y
simulator environment

{

Starting Develo . Evaluati Depl t
: : pment valuation ploymen
ideas baseline __ |imodels analytical & m (usinga_
and system and experimental options functioning
concepts prototypes) | results system)

1 ideas for improvement 1 operational experience

Figure 1. Evolutionary process for fostering forward crash-avoidance systems (FOCAS)

During the past year an ACC-equipped vehicle has been operated on local freeways by drivers
that were accompanied by a knowledgeable experimenter. In this sense, the data resulting from
this year’s work provide measures of operational experience that come from deploying the ACC
system in a real driving environment involving real drivers and real roads.

An important aspect of the evolutionary process, as portrayed in figure 1, is the role of the
“evaluation” stage. As new ideas are fed forward from development, they are evaluated to
determine reasonable options and constraints on the type and level of deployment. For example,
the original proposal was based upon ideas and concepts developed during previous research and



testing done by UMTRI with support from Leicaand MDOT. In the preparation of the proposal,
the researchers evaluated past work and experience, and proposed operating the baseline ACC
system on real roads with real drivers. NHTSA evaluated the proposed work-before funding was
provided to operate the system on theroad. Asaresult, thereisnow awealth of information
pertaining to the operational experience obtained by deploying the baseline system. Currently, an
evaluation activity is underway, but this time the evaluation is in the feedback path of the
evolutionary process. The evaluation is expected to provide new insights that will contribute to the
development of an improved ACC system. This system will be analyzed and prototyped as
necessary to provide information and hardware for another eval uation before retuming for more
operational testing. Ideally, this process evolves and reciprocates, until an evaluation of
operational experience indicates that the system is ready for deployment with constraints that will
not limit the utility of applying the system in practical transportation service.

The rationale for an evolutionary approach lies in the idea that we need to develop methods for
obtaining the information, knowledge, and understanding necessary to evaluate ACC systems
effectively. Thereis synergy between current objectives concerning fostering forward crash
avoidance systems, and ultimate goal's concerning the development of driving theory asit appliesto
the intelligent control of vehicle dynamics. One might say that a theory of driving that is applicable
to intelligent control of vehicle dynamicsis needed to evaluate proposed ACC systems. In this
context, the objectivesfor year one have involved devel oping methodol ogiesfor gathering and
processing information concerning the performance of the baseline ACC system.

The baseline ACC system employs an infrared sensor for detecting range and range rate. The
beam isfixed, and its width is such that targets at long range on sharp curves may be missed. Also
on sharp curves, vehicles in adjacent lanes may provide false targets. However, these limitations
occur relatively infrequently on multilane U.S. freeways, which seldom have curvesthat are
sharper than 3 degrees (1900 ft radius).

The fundamental functional characteristics of the baseline ACC system with regard to following
apreceding vehicle are:

Initiating following — The system has automatic target acquisition. A major benefit is expected to
be that the system aids inattentive drivers in preventing rear-end collisions
with slower-moving vehicles. Thiswould not happen if the driver had to
initiate tracking a target.

Establishing following — Following is established automatically using a time constant to control
the closing-in rate.



The following rule — The system use a constant headway time, such that headway distance varies
in proportion to the velocity of the preceding vehicle.

Response to momentary target loss — The system/vehicle does not accelerate rapidly to achieve
the set speed unless the driver aggressively pushes on the accel erator pedal.
This means that speed doesn’t change much during a momentary target
loss.

Minimum operating speed — The minimum speed for headway control is determined by that of the
inherent cruise control of the vehicle.

Maximum operating speed — The maximum set-speed value for the cruise control isdetermined
by that of the inherent system of the vehicle. In headway control, the
system will not follow vehicles that are going faster than the cruise speed
set by the driver.

Minimum following distance — The constant headway time (see ‘ The following rul€’) along with
the minimum operating speed establish the minimum headway distance.

Maximum following distance — The sensor isfairly reliable out to about 160 m (about 525 ft) in
good weather. Targets beyond sensor reliability are ignored. The constant
headway time along with the cruise speed set by the driver establish the
maximum headway distance.

Maximumdeceleration — The maximum deceleration rate is determined by zero-throttle coast-
down of the vehicle (about 0.04 g).

Maximum acceleration — Automatic speed increase is done using a speed command that is no
more than 4 mph above the current speed. The driver can always use the
accelerator pedal to get any other achievable acceleration.

Insufficient deceleration level warning — The warning is through the sudden switch to coast down
deceleration when closing-in becomes too fast for the range involved.

Some of the characteristics of the ACC system are planned to be improved and modified during
the second phase of the FOCAS study (next year). These characteristicsinclude:
Minimum following distance — We plan to incorporate driver-adjustable headways.
Maximum deceleration — Next year we will look a down-shifting or small amounts of braking
effort.
Insufficient deceleration level warning — We plan to incorporate an audio warning.

The objective and subjective results obtained this year indicate that the baseline system operates
well on U.S. freeways, and that the performance obtained with this system will be useful asa
benchmark for comparison with the performance of future ACC systems. In general, most of the
driver-participants liked driving with this baseline ACC system. Given that the results obtained



with the baseline system are useful, there now exists an extensive database which contains new
knowledge about driving and the intelligent control of vehicle dynamics.

Thefollowing sections of thisreport present technical results and information that support
preliminary conclusions, and recommendations concerning:

simple design methods for speed and headway control
eva uation of system performance as afunction of range, range rate, and velocity plusthe
driver’scontrol actions and subjective ratings
methods for evauation of operational field experience

. futurestudiesaimed at obtaining improvementsin the devel opment, evaluation, and
deployment of ACC and other systems for perfoming functionsinvolving the control of
forward motion of highway vehicles.




2. TECHNICAL DISCUSSION

2.1 Basic Description of the Dynamics of Rear-End Crashes and Headway and
Speed (H&S) Control

Referring to Figure 2, the following fundamental quantities are needed to describe speed and
headway control:

Vv D" velocity of the preceding vehicle

V - velocity of the ACC-equipped vehicle

R -  range from the ACC-equipped vehicle to the preceding vehicle

Ry desired range from the ACC-equipped vehicle to the preceding vehicle (In the situation

shown in figure 2, the ACC-equipped vehicle is closer to the preceding vehicle than the
desired range.)

dR/dt — range-rate, the relative velocity between the vehicles (Range rate is also denoted by
Rdot in thisreport.)

Knowledge of these quantities plus the accelerations of these vehicles alows a complete
kinematic analysis of the relative motion between the following and preceding vehicles.

Ry

il O —=—0):

Preceding Vehicle R ACC-Equipped Vehicle

<

dR/dt= Ri\/p—V

Figure 2. Headway Control

Because the sensor in figure 2 is located behind the windshield, the distance R to the front
bumper is not zero. If thisoffset in R is compensated for in the control system, one can makeR =
0 occur at the front bumper. The following discussions are based on R being measured from the
front bumper of the following vehicle to the rear bumper of the preceding vehicle so that a crash



occursif R=0. Also, Rhismeasured from the front bumper of the following vehicle. (Of
course, these offsets are unnecessary, if the sensor is located on or above the front bumper.)

The occurrence of a rear-end crash as a result of a deceleration by the preceding vehicle, can be
determined (under most circumstances) by the reaction time of thefollowing vehicle' sdriver. |If
the driver reacts too slowly, arear-end crash will occur; if the driver’ sreaction is prompt, the crash
is preventable. Reaction timeis denoted here as Ta; the particular value of reaction time which
seperates between crash occurrence and crash avoidance is denoted Ta*. The scenario described
below demonstrates the importance of this parameter.

Suppose that two vehicles are travelling at the same speed (Vo) and that they are separated by a
range Ro (see figure 3 for an illustration of the kinematics described here). At tune point “0’ the
preceding vehicle starts to decelerate, but the following vehicle still maintains Vo, since its driver
has not had time to react yet. At point Ta*, a reaction time that will just prevent a collision, the
driver of the following vehicle starts to slow down. The braking deceleration applied by the driver
of the following vehicle, is equa to that applied by the driver of the preceding vehicle. That is, the
deceleration of the following vehicle is the same as that of the preceding vehicle, except that it is
delayed by Ta* seconds. Inthis case, acrash will not occur, and if the maneuver is carried to a
complete stop, the point tc denotes the time when the following vehicle will come to rest with its
front bumper just touching the rear bumper of the preceding vehicle.



Rear-End Precrash uence Diagram
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Figure 3. Kinematics of available reaction time and Ta*.



The basic form of figure 3 was originally created for use inillustratingwhat the preceding and
following vehicles were doing in driving Situations that led to rear-end crashes. Although it has
never happened, the ideawas that crash investigators or people reading accident reports would use
aform like thisto describe precrash scenarios. Clearly, there are all sorts of arrangements of
decelerations, accelerations, velocity differences, and range separations that are possible precrash
scenarios, and they should be accounted for accordingly. For the purposes of this discussion, and
asit was described earlier, in the case shown in figure 3 the following vehicle will come to rest
barely touching the preceding vehicle. Asshown inthefigure, if thefollowing vehicle starts
braking after it has traveled a distance equal to Ro (the initial separation between the vehicles), the
crash will be avoided. Also as shown in the figure, the distance Ro is reached by the following
vehicleat timeTa*. The point is, that when a car travels at a velocity V and at arange R behind a
preceding vehicle, it has an available reaction time Ta= R/V to avoid a crash (assuming
compareabl e decel eration capabilities). Ideally, one might wish that Ta be greater than Ta*.
However, as apractical matter, traffic streams are usually much denser than that implied by
evauating Ta* for apanic stop of the preceding vehicle. It seemsthat both preceding and
following driversknow that it isbad form (culturally unacceptable) to brakein atraffic stream.
Nevertheless, Ta is a measure of available reaction time that has a physical interpretation related to
describing theinitial conditionsif and when a pre-crash sequence starts. In subsequent sections,
Tawill be one of the performance measures used in eval uating results from operational testing of
ACC systems.

Thetype of kinematic considerations used in thinking about figure 3 has been used (along with
trying ideas on the data) to arrive at definitions of various driving states that are pertinent to the
speed and headway control problem. Based on these types of considerations, the following
driving states have been identified:

Cruising-There is no preceding vehicle close enough to cause the following vehicle to
change speed. The following vehicle proceeds at a nearly-constant velocity asit does when
conventiona cruise control is in operation.

Closing-in-There is a preceding vehicle ahead, and it is close enough that the following
vehicleis slowing down towards a desired headway range.

Following-The following vehicle is following a preceding vehicle at an approximately
constant headway range and the following vehicle's speed is approximately equal to the
speed of the preceding vehicle.

Chasing-The following vehicle istrying to catch-up to a preceding vehicle that, at least
initialy, is travelling faster than the following vehicle.



Sudden merge-Either, a preceding vehicle has suddenly become a consideration in speed
control of thefollowing vehicle because the preceding vehicle cut-in or merged in front of
the following vehicle, or because afollowing vehicle suddenly cut-in or merged behind a
preceding vehicle.

Beyond the control authority of the ACC or Too close-The relative motion of the
following vehicle is such that, with the deceleration capability (authority) given to the ACC,
the following vehicle will come closer to the preceding vehicle than some safety margin
would allow (if the driver does not intervene).

Sudden slow down - The following vehicle was following a preceding vehicle at the desired
range and then the preceding vehicle suddenly slowed down.

Clearly, these definitions appear to be amenable to precise and rigorous interpretations such
that computerized data processing may be used to determine whether a vehicle was in one of these
states of driving. However, these qualitative definitions are astarting point for understanding the
phenomenainvolved. They provide reason to observe that relative headway range R and range-
rate dR/dt are key to identifying the driving state. In fact, a diagram displaying vehicle motions in
arange-rate versus range space has been a key feature of many papers on headway control
authored by UMTRI researchers (references[ 1] through [6]) The use of diagrams with range on
the vertical axis and range-rate on the horizontal axis are used throughout this work to display
results and ideas concerning headway and speed (H& S) control.

The range-rate/range diagram is useful for explaining the concepts behind the headway control
agorithm used in the baseline ACC system. Conceptually, the control objective is to perform
headway control in accordance with the following equation:

TdR/dt+R-R=0 (1)

This equation appears as a straight line in the range-rate/range diagram. See the line labeled
“dynamicsline for headway control” in figure 4. The dlope of that line (T in Equation 1) serves as
acontrol-design parameter.
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Figure 4. Range-rate versus range diagram.

The desired headway is a linear function of Vp the velocity of the preceding vehicle; viz.,

Rh=VpTh @)
where Thisthe desired headway time which isacontrol parameter.

Thisequation isof the form of the commonly used advice, “ Allow one car length for each ten
miles per hour of speed.”

Since VP - dR/dt + V, measurements of V, R, and dR/dt are sufficient to evaluate the termsin
equations 1 and 2. This means that the difference between the desired state and our current
situation, expressed as an error e in velocity isasfollows:

e=dR/dt +(R - Rp)/T (3)
where the quantities on the right side of the equation are evaluated using inputs from the sensor and
values of the control parameters.

For avehiclewith acruise-control system, thereisaready an existing velocity-control system.
To make asimple speed-and-headway control, one needs to send avelocity command(V ) to the
cruise-control unit, so that the desired headway will be attained. The generd ideaisthat if the
vehicleistoo far away, one must speed up, and if the vehicle istoo close, one must slow down.
From the above discussion, the particular velocity command (V¢ = V) to achieve the desired
headway (Rh) is given by:

V=V p+H(R-Rp)/T (4)
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Equation 4 is the basis for asimple design method for extending (or adapting) a speed
controller to include an outer control loop that achieves a headway control function. The baseline
ACC system is an example of an H& S control system of thistype.

2.2 Description of the ACC System

This section describes the operational properties of the baseline ACC system that was deployed
during the first year of the FOCAS study. The functional structure of the system isdepicted ina
block-diagram formin figure 5.

. System's Status Display
(e.g., set speed, target following)
| Driver's Control Settings A
(eg., set speed, system activation)

Range (R) l v Yeicle.
— Sensor LL2E% Control Speed | YCruise | f
i data JAlgorithm | Command | j Control V

Range rate —
w0 T 1

V)

Figure 5. Baseline ACC system structure

2.2.1 Interface with the Driver

The ACC system that was deployed had three interfaces with the driver. Of the three, two
interfaces enable the driver to provide control inputs to the system, while the third interface is
informative only (to provide the driver with information regarding the status of the system).

2211 Driver Controls

Since the ACC system utilizes the origina cruise-control system of the vehicle, its operation
depends upon activating the cruise-control. Two main switches need to be activated for the ACC
system to be operative: (1) the original cruise-control toggle switch mounted on the stalk (see
figure 6), and (2) the on switch on the ACC control unit. This unit, which is conveniently
mounted in the central instruments console, is shown infigure 7.
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Setting and controlling the desired cruising speed is done using the original stalk-mounted
switches (see figure 6). Once the system is engaged, the desired cruising speed is set like a
-onventional cruise control — by pushing the “SET” button when the vehicle is travelling at that
speed. Reengaging the system (if it was disconnected by depressing the brake pedal — much like
the conventional cruise control), is done by pushing the “RES” side of the toggle switch. The
“SET” and “RES” buttons are also used to incrementally increase or decrease the value of the “set”
cruising speed (again, as in the case of a conventional cruise control). During normal operation,
the driver does not need to interact with the ACC unit. However, a big, visible, red button (on the
lower-left side of the unit — see figure 7) allows for an immediate system shut-off.

DIAG INFO

@ @ TRANSPORTATION SENSORS

Figure 7. ACC control unit

/

2.2.1.2 Driver Displays

The driver’s display unit is located above the steering column, so that it is well within the
driver’s view of the instrument panel. The display is shown in figure 8.
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Figure 8. Driver’ sdisplay unit

The desired speed, or “set” speed, is shown on the left side of the display. Whilein ACC
mode, this speed will never be automatically exceeded by the car. The hatched areain figure 8
shows, for general information purposes only, additional display itemsthat the participants were
instructed to ignore during the deployment exercise. These itemsinclude three diagnostic LED’s,
and a multicolor illumination that provides some visua cue concerning deviation from the desired
headway distance.

The green square LED on the right indicates when the system is engaged, and thered LED
aboveit illuminateswhen atarget that is“valid” to follow is detected by the sensor (see discussion
in section 2.2.3 about what “valid” targets are). The system stays active until the brake pedal is
pushed, or if it is switched off. The system can be overridden at any time, without being
disengaged, by depressing the accelerator pedal.

2213 Warning Cues

The baseline system did not provide any active warning signal to the driver, However,
warning was provided implicitly through a kinesthetic cue. Under most operational conditions, the
speed of the vehicle was smoothly governed by small modulations of the throttle. When the
combination of range and range rate to the preceding vehicle was such that a complete dethrottling
(coastdown) was called for, it caused amomentary disruption in the smoothness of the drive which
was altogether noticeable. Thisinitiation of coastdown served as awarning cue, calling the
attention of the inattentive driver to all situations challenging the control authority of the ACC
system.
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2.2.2 Sensor

Theinfrared headway sensor (Leica-ODIN) measures the distance (range) and relative velocity
(range rate) between the ACC-equipped car and the vehiclein front. Thesetwo parameters,
together with the speed of the car, are imperative for a proper operation of the ACC system.

The ODIN sensor is mounted above the rear-view mirror, behind the front windshield (see
figure9). The sensor is of a fixed monobeamtype, which meansthat itsfield of view is fixedin
shape and dimensions, and also in its orientation relative to the bearing vehicle. Potential
impedimentsthat this characteristic might impose on system’ s operation are discussed in section
2.2.5. The view angle of the ODIN is shown in figure 10.

Figure 10. Sensor’sfield of view

The principle of range measurement employed by the ODIN sensor is called time of flight. The
sensor emits a light pulse, and then measures the time until the echo of this pulse is scattered back
from the target. The emitter and receiver lenses of the sensor arc clearly shown in figure 9. Based
on the fixed value of the speed of light, the distance to the target can be calculated from the time
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lapsed between emitting and receiving the light pulse. Digital signal processing that takes place in
the sensor unit enhances the reading and improves the sensor’s performance. In addition, the
range data is also processed to provide relative-speed, or range-rate information.

The sensor is capable of measuring distances from 2 m (6.56 ft) up to 160 m (525 ft), and
relative speed values between —400 kph (—248 mph) and +200 kph (124 mph). Measuring
accuracy varies from £0.5 m (£1.6 ft) at close ranges, to £1.0 meter (3.2 ft) at large distances.
Range and range-rate data are provided by the sensor to the ACC system at a frequency of 100 Hz
(every 10 msec) for targets up to 120 meters (394 ft), and at a frequency of 10 Hz (every 100
msec) for targets that are further than 120 m.

An additional data item that the sensor reports to the ACC system is tracking. Conceptually,
that information can be regarded as an indication of target consistency. Momentary targets which
only flash through the sensor’s view for a very short brief (less than 300 milliseconds) will not be
reported as tracked, or consistent targets. Furthermore, since the sensor is of a monobeam type,
only one target (the one which is closest) is reported each time. If the range data indicates that the
target lacks consistency, (that is, the variation between two consecutive readings is too large), that
target will also not be reported as tracked. Figure 11 shows two targets that are detected. Only the
closer one will be reported, and if it drops out of the sensor’s view so that the distant target is now
reported, it will initially not be reported as tracked.

Figure 11. Multiple targets

When a target is detected by the sensor, its range, range-rate (relative speed), and also the
tracking information are reported to the ACC control unit. Consequently, that data, together with
additional information, are evaluated by the control algorithm to determine the course of action
needed.
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2.2.3 Control Algorithm

The control agorithmisasequential process which begins by assembling data from the various
sources, continues through processing the data to make decisions, and it ends by providing an
output signal. In the baseline ACC system (see also figure 5), the input data for the control
agorithm includes target data (range, range rate, and tracking), driver’s setting data (set speed),
and vehicle'sspeed. The output isacommanded speed value which isthe input to the
conventional cruise control.

Once the controller assembl es the necessary data, the decision-making process commences.
Figure 12 describes the control algorithm by way of a schematic. When the information from the
sensor indicates that an object is detected within its field of view, the agorithm’s first decision
needsto addressthe “validity” of that target.

The controller discriminates between targets that should be ignored and targets that should be
considered. Stationary objects (e.g., road signs), or traffic in the opposite direction are classified
by the algorithm asinvalid targets. Such targets will cause no control action to be taken. Vehicles
that are traveling in the same direction as the host vehicle are classified as valid targets, and the
necessity of a subsequent control action is considered by the controller. In addition, target data
beyond practical bounds will aso classify it asan invalid target. These bounds are defined by a
combination of range, range rate, and speed.
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Sensor Vehicle Driver

Assemble data:
Range, Range rate, Tracking, Driver's set speed, Vehicle's speed

Use driver's set speed as the
commanded speed
Vo = Vet

.

Send speed command

Compute headway speed for a commanded speed v
Vc = Vh - .C
to the cruise control

Figure 12. Autonomous Cruise Control algorithm

The process outlined below is used by the control algorithm to determine the validity of a
target:
* Compute the speed of the preceding vehicle according to V,=V+R .
» If the target is moving at a reasonable speed, and at the same direction as the host vehicle
(Vp>03-V), it is a valid target.
» If the target is close enough (R < 525ft), but not too close so as it might be an erroneous
optical reflection (R>15ft), it is a valid target.
All other targets are ignored by the controller.
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If a valid target is detected by the sensor, the controller evaluates the driving situation,
calculates the appropriate headway distance and corresponding speed, and then sends a speed
command so that the headway distance is achieved. If no target 1s detected, or when the vehicle in
front either disappears or accelerates above the desired speed, the ACC operates as a normal cruise
control according to the speed set by the driver.

As shown in figure 5, the output of the control algorithm is a speed command to the cruise-
control system of the vehicle. As shown in figure 12, the commanded speed can be either the
driver’s set speed (Vget, like in a conventional cruise control), or a headway speed (V) that was
computed by the controller. If a headway speed needs to be computed, a sliding-control approach
is used [7]. Relative to the time it takes for the vehicle to close headway gaps and to reach the
desired range, it is assumed that the speed response is significantly faster. That is, it is assumed
that in comparison to range changes, speed variations are almost instantaneous (V=V{).
Therefore, for longitudinal control purposes, the vehicle can be modeled as a first order system.
Equation 5 represents such a system (see also figure 12 and discussion in section 2.1).

R-Ry
Vp=Vp+ 5
h=Y¥p T &)

where Vp=V+R
and Rh =Th -Vp

2.2.4 Control Authority

The longitudinal control authority given to the baseline ACC system was limited to throttle
manipulation. Brakes are not applied automatically by the system to control speed. Target
acquisition, however, is fully automatic. Driver’s input in selecting a target is not required, and the
system autonomously chooses a target to follow (see also discussion in sections 2.2.2 and 2.2.3).

Since brake activation was not incorporated in the baseline system, the maximum available
deceleration rate was the prevailing deceleration during zero-throttle coastdown (approximately
0.05g). During acceleration, however, not all of the available engine power was utilized.
Preliminary tests showed that when the vehicle switches from “headway” operation (V¢ < Vget) to
“cruise” (V¢ = Vget), the large change in commanded speed usually involves a startling level of
acceleration because of the high-output engine. For that reason, a taming feature had to be applied
during acceleration. This feature was in a form of speed ramps, or a moving-window. When
acceleration is required, the commanded speed (V¢) sent to the cruise control never exceeds a value
which is 6 kph (3.7 mph) more than the current speed of the vehicle. This incremental speed
increase using 6-kph steps at a time, continues until the desired speed is achieved. This taming

18



feature also possesses a safety benefit: If the preceding vehicle accidentally drops out of the
sensor’ sview (e.g., when going around a curve) so that the system attempts to resume Vset, the
slow acceleration level caused by the 6-kph steps significantly reducestherisk of crashing into the
rear-end of the preceding vehicle. Clearly, opposing scenarios aso exist. When moving to a
vacant lane, drivers might feel that the vehicle istoo-lame or not-responsive-enough. However,
safety considerations prevailed in this case. Furthermore, the driver always has the option of
overriding the throttle momentarily to get higher acceleration without disconnecting the system.

2.2.5 Summary of Operational Boundaries

This section presents a summary regarding the operation of the ACC system. These
boundaries are aresult of either the system’ sdesign, or its component’ s characteristics, or both.
Explanations as to the cause or the rationale behind these boundaries are also provided.

Following distance

Maximum bound : 160 m (525 ft)

Minimum bound : 4.6 m (15 ft)

Rationale : The maximum bound isahardware-related limitation. The minimum bound
isaimed at minimizing the potential for erroneous reflections from the hood, etc.,
since the sensor is mounted far behind the bumper at the top of windshield

Operating speed

Maximum bound : 160 kph (100 mph)

Minimum bound : 24 kph (15 mph)

Rationale : Both bounds are established for safety reasons. The lower bound,
however, is determined by the vehicle's cruise-control system. This system does
not operate below 15 mph. Though the cruise-control system can operate above
100 mph, it was decided that for safety reasons the ACC should not be engaged
above that value. In any case, the speed commanded by the ACC never exceeds the
driver’s set speed (see section 2.2.1.2).

A lon/D lon
Acceleration bound : No definitive numerical value. The acceleration level depends on
the instantaneous speed and gear, and it can vary between approximately 0.04 and
0.1g.
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Deceleration bound : Similar to the acceleration, there is no definitive numerical value.
Actual limit is the resultant dethrot:’ing coastdown (approximately 0.05g,
depending on instantaneous speed and gear).

sor’s coverage
Maximum bound : £1.5 degrees relative to the centerline of the ACC vehicle
Minimum bound : none

Rationale : The sensor’s limited field of view (see section 2.2.2 and figure 13)

Figure 13. Target outside sensor’s view

2.3 Definitions and Symbols Used in Describing Data Variables, System
Parameters, Conceptual Ideas, and Measures of Performance in the Report

This section describes the data required for evaluating the performance of the headway-control
system and characterizing the driver as the system’s supervisor and operator. These data are used
to identify operational parameters for the driver when he/she operates the vehicle without the
assistance of any control system. Based on experience with data acquired while using a working
headway-control system, it has been concluded that additional data items (that will be computed
from the acquired data) are desired. These computed data, referred to as auxiliary variables,
provide additional information to be used in evaluating the performance of the headway-control
system and characterizing the driver.

2.3.1 Measured (Acquired) Variables

The operation of the ACC system can be regarded as a combination of the following four
elements: (1) the sensor, (2) the vehicle, (3) the driver, and (4) the controller. The measured
variables are basic data that pertain to each of those elements. These data are used in evaluating
driving operations under various modes of automatic-control assistance. This section summarizes
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the measured data according to the four elements of the ACC system. In addition, ambient and
monitoring data that are intended to aid in the posttesting processing were acquired.

Sensor Data

The sensor measures range (R) and range-rate (dR/dt) data regarding objects it detects. That
information is fundamental to evaluating and controlling headway.

Vehicle Data

In the longitudinal direction, the essential vehicle data ate velocity and acceleration. Velocity
data was available on the communication-buss system of the vehicle. Acceleration datawas
available from the electroni c-throttle system of the vehicle (through the communication-buss). The
same system provided data concerning the actual position of the throttle on the engine (from fully
open under heavy acceleration, to almost closed at idle). In addition, the vehicle was also
instrumented with an accelerometer for direct measurement of acceleration and deceleration.

Toidentify when thevehicleisin aturn, yaw rate was measured. This information is useful in
identifying (later when processing the data) whether atarget isin the sensor’ sfield of view. These
data were acquired by means of a specially installed sensor.

Driver Data

“Driver datd’ refers to actions taken by the driver to control the vehicle. The driver can control
the forward velocity and the lateral direction of motion. For that purpose, measured quantities
included accelerator pedal position, brake actuation, and steering-wheel angle. The data
concerning accelerator pedal position was available from the electronic-throttle system of the
vehicle (through the communication-buss), which also provided boolean (yes or no) information
about the activation of the brake pedal. Steering-wheel-angle data were acquired by means of a
specialy installed rotaty potentiometer.

The desired cruise speed set by the driver and the driver’'s desired headway-time setting were
recorded. It should be noted that even though during this phase of the study driversdid not have
the ability to modify headway-time setting. Thisfeature is planned to be incorporated in the future,
therefore the data-acquisition system was designed accordingly. These dataitems were available at
the communi cation-buss link.
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Controller Data

The controller processes the range and range-rate data from the sensor to discriminate between
targets that should be ignored (e.g., road signs), and valid targets for which speed adjustment
should be considered. Thisboolean signal (valid or not valid) was collected from the data serial
port on the controller.

The controller’s output command to the vehicle's cruise-control system, available at the
controller’s communication link, was recorded. Thiscommand signal isin aform of a
commanded speed.

Ambient and Monitoring Data

To identify when the vehicleis on an uphill slope or adownhill grade, an atmospheric-pressure
sensor wasinstalled. Thisinformation was intended to be used later when processing the data, to
possibly identify reasons for otherwise unexplained throttle or brake activation. In addition, visual
data was acquired by means of avideo camera so that any driving scene could be reviewed.
Synchronization between the video tape and the other data that was collected on a laptop computer,
was ensured by registering the frame numbers along with the other data.

The complete array of data that was collected is listed in Table 1 below. For each dataitem
listed in the table, its description, units, and the acquisition source are provided.
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Table 1. Acquired data

Data Item Symbol Definition Units Acquisition Source
Sensor Data
Range R Distance from the sensor to a detected object ft Sensor
Range Rate Rdot |Rate of change of distance from the sensor to a detected |  fps Sensor
object

Vehicle Data
Velocity \Y, Forward velocity of the headway controlled vehicle fps Comm. buss
Acceleration AX Forward acceleration of the vehicle g Accelerometer
(measured)
Throttle Cth  [Throttle position (on the engine) % Comm. buss
Acceleration vdot  [Forward acceleration of the vehicle g Comm. buss
(calculated)
Yaw Rate YR  |Yaw rate of the vehicle deg Transducer
Driver Data
Steering Csw  |Rotational position of the steering wheel deg Transducer
Accelerator Cac  |Accelerator pedal position % Comm. buss
Brake Lbr Boolean variable indicating brake peda status: ©) Comm. buss

0 = brake pedal isnot depressed

1 = brake pedal is depressed

* Note: Inthefuture, when limited braking is

incorporated, this data item will contain a

continuous variable for brake intensity.
Set speed Vset |Cruise speed set by the driver fps Comm. buss
Headway time Thc |Desired headway time = Controller
Controller Data
Valid target Ltv  |Boolean variable to filter objects: ) Controller

1 = detected object is avalid target to consider

and to possibly adjust headway to

0 = Otherwise
Command speed Vc Velocity command for headway control fps Controller
Ambient and Monitoring Data
Grade grade |Atmospheric pressure (to indicate altitude changes) inHg | Pressure transducer
Frame Fn  |Frame number of the VCR for data playback ) VCR
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2.3.2 Derived (Computed) Variables

In addition to the data collected during the tests, there are auxiliary variables that were
computed and evaluated. These auxiliary variables were derived from the acquired datalisted in
Table 1. The purpose of the auxiliary variablesis to enhance data processing by providing
additional information concerning the driver, the vehicle, and a better understanding of driver’s
operating patterns. Table 2 lists the auxiliary variables that were computed and stored.
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Table 2. Derived data

Symbol Definition Units | Condition to Expression Value if
derive cannot be
derived
Valid Valid target - ) =1 if: (5252R=15) and (Rdot>~0.7V) and (V>10)
and (Ltv=1)
=0 otherwise
Rnew Valid range ft Valid=1 =R 0
RdotNew | Valid range rate fps Valid=1 =Rdot 0
vp Speed of preceding fps Valid=1 =V + RdotNew -10
vehicle
Rh Reference headway ft Valid=1 =Vp-Th ~10
distance
SSPC Steady-state path 1/t V>10 _(E) ( T ) -0.05
curvature v /1180
Ays Steady—sfate lateral g V>10 ~(YR-V)- AT 0.5
acceleration 180/\32.2
Ta Available reaction time | sec Valid=1 _Rnew -10
v
Ti Time to impact sec Valid=1 - ~Rnew -10
and RdotNew
RdotNew<—1
Dreg Deceleration to avoid g Valid=1 (RdotNew2) ( 1 ) -0.05
crash and = )
. 2
RdotNew<0 2Rnew 32
Eh Headway difference ft Valid=1 =Rnew-Rh -1000
Nh Normalized headway - Valid=1 - Rnew -1
Rh
VcRef Reference speed fps Valid=1 =Vo+ Rnew-Rh 0
command P T
Lhind Hindrance level - Valid=1 - v 0
and Vset
Vset222
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2.4 Possibilities for Safety Benefits of ACC over Manual and CC Driving

Based on experience and analysis, it appears reasonable to specul ate that ACC systems might
have safety benefits related to system characteristics that change the driving situation with respect
to driver inattention, available reaction time, and fatigue.

In many rear-end crashes the following vehicle does not slowdown at all or perhaps it does not
slowdown until it isway too late to avoid a collision. Some of these crashes are with stopped cars.
As currently configured, in order to eliminate false alarms, ACC systems do not respond to
stationary objects. Hence, current ACC systems, like the baseline system, will only intervene to
prevent collisions with moving vehicles. Nevertheless, there could be awarning given when there
Is any obstacle in the path of the vehicle at a relatively short range (say less than the stopping sight
distance associated with a modest level of deceleration). Whether there would be too many false
aarmsisnot clear.

For moving vehicles, the baseline system provides awarning to drivers through the
deceleration that isfelt by the driver when the vehicle starts coasting down in speed. Thisis
noticeable and drivers ook around to see why the system has decided to slow the vehicle. Based
on experience in this study, it appears that decel erations on the order of O.Ig will certainly send a
warning message to the driver because deceleration levels at or above 0. g seldom occur in manual
driving on U.S. freeways. Seefigure 14. Thismay have a significant effect upon driver inattention
to preceding vehicles.

26



8 x 10* Ax for S0, N[0,1,2] TABLE of: Ax for S0, N[0,1,2]

A bin  freg bin  freq
C -0.200 13 +0.004 57722
6} Y -0.192 22 +0.012 35785
HinE -0.184 26 +0.020 21166
- mli{E -0.176 20 +0.029 14228
4 ({1 ] -0.167 18 +0.037 9908
= Sl ~0.159 19 +0.045 8528
e -0.151 50 +0.053 5686
ol Al ] -0.143 123 +0.061 2134
-0.135 246 +0.069 597
-0.127 306 +0.078 247
-0.118 416 +0.086 175
{ Y 0 X o  -0.110 548 +0.094 182
Hax @ -0.01224 momn @ -0008348 -0.102 683 +0.102 141
Tot=4.5366+05 9 std.=0.02763  -0.094 1137 +0.110 109
-0.086 1692 +0.118 109
-0.078 2724 +0.127 119
-0.069 4244 +0.135 63
-0.061 6522 +0.143 76
-0.053 10822 +0.151 42
-0.045 15552 +0.159 30
-0.037 21613 +0.167 16
-0.029 30144 +0.176 17
-0.020 54923 +0.184 11
-0.012 72767 +0.192 26
-0.004 71799 +0.200 18

Figure 14. Deceleration and acceleration density

As explained in Section 2.1, the available reaction time (Ta) has a bearing on whether crashes
are likely to occur. Test results have shown that drivers often travel at values of Ta that are much
closer than 1.4 seconds, which is the desired value of Ta used in the baseline ACC system. See
figure 15. If one knew the relationship between Ta and the risk of a crash, one could estimate the
benefits obtained by maintaining longer ranges (i.e., providing more reaction time when reaction
time is less than 2.5 sec). Given a concem with crashes, it is of interest to estimate what might be
done with more reaction time. For example, each additional 0.1 sec of available reaction time
means a change of relative velocity (DV) of 0.322 ft/sec per 0.1 g of relative deceleration between
the preceding and following vehicles. This means that a 0.4 sec reduction in Ta and an available
relative deceleration capability of 0.5 g could reduce DV by 6.44 ft/sec (about 4.4 mph) which
could mean a reduction in the number of rear-end crashes and a reduction in the severity of the
accidents that did occur.
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x10¢ Ta_d for S0, N[0,1,2] TABLE of: Ta_d for S0, N[0,1,2]

a0 bin = Sag bin  freg
il ! +0.00 1f +7.65 0

stilfl ! +0.31 2177 +7.96 0
) +0.61 34051 +8.27 0

o Loy +0.92 37946 +8.57 0
S5 ; +1.22 33338 +8.88 0
& <] , +1.53 26888 +9.18 0
' +1.84 23484 +9.49 0

+2.14 19729 +9.80 0

1 1 +2.45 17002 +10.10 0
+2.76 15031 +10.41 0

H +3.06 12942 +10.71 0

00 5 0 15 *3.37 10874 +11.02 0
hax @ 0.91 e mean@ 1847 +3.67 9229 +1.33 0
Tot = 2.891e+05 std.=1.208  +3.98 8444 +11.63 0
+4.29 7063 +11.94 0

+4.59 4597 +12.24 0

+4.90 2958 +12.55 0

+5.20 1598 +12.86 0

+5.51 481 +13.16 0

+5.82 118 +13.47 0

+6.12 5 +13.78 0

+6.43 0 +14.08 0

+6.73 0 +14.39 0

+7.04 0 +14.69 0

+7.35 0 +15.00 0

Figure 15. Available reaction time (Ta) density

With regard to drivers being able to perceive relative velocity, it has been found that drivers
become aware of relative velocity through the looming effect that occurs as an object gets closer.
Studies show that people start to distinguish relative speed changes when the angular rate of
change of image size exceeds 0.2 deg/sec [8]. For example, the angular width (A in degrees) of a 6
ft object at a range (R in feet) is given by:

A =6573/R (6)
And the angular rate is:

dA/dt = - (344 dR/dt)/R2 (7
For dA/dt at the 0.2 sec threshold of resolution, one obtains:

dR/dt = ~ 0.00058-R2 (8)

This means that at a range of 250 ft, for example, the range-rate needs to be at least 36 ft/sec
(25 mph relative velocity) for the driver to notice it. This result for minimum detectable range-rate
is so much bigger than one might imagine that it needs further verification. Nevertheless,
presuming that the result is at least qualitatively correct, it means that the ACC system has a big
advantage over drivers in detecting the rate of closing on a preceding vehicle. In essence, drivers
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are nearly “blind” to range-rate until they get to within about 100 ft of range when the minimum
detectable range rate is 5.8 ft/sec (4 mph). Perhaps this has something to do with why driverstend
to follow at close ranges when the relative velocities are small. In any event, it means that the ACC
system is much more responsive to relative velocity than the human driver, and hencethe ACC
system can be expected to close in on preceding vehicles in a much more orderly and consistent
manner.

Now consider fatigue. Thisis really a nebulous subject, but there is no doubt that ACC (as
well as conventional cruise control) greatly reduces the physical and neurological effort that the
driver expends in modulating the accelerator pedal. One might think that they put the accelerator
pedal at afixed position and go at the speed they desire. Measurements made in this program show
that this is not the case at all. See figures 16 and 17. Drivers tend to be moving the accelerator
pedal continuously with aratio of standard deviation of the pedal motion about the mean to the
mean itself of approximately 0.43 at highway speeds. To the extent that the benefits of removing
thiseffort, and dl of the decisionsto increase or decrease speed that accompany it, greatly reduces
the driver’ sworkload, the ACC system leads to safer aswell as more pleasant driving.

Throttle position on engine - percent
100 W

80 1

60 1

40

0 1000 2000 3000 4000
Time - sec

Figure 16. Accelerator pedal position time histories
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Figure 17. Accelerator pedal position density
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3. CONDITIONS OF DEPLOYMENT

3.1 The Vehicle and its Instrumentation

The vehicleis equipped with anumber of ancillary transducers along with the headway sensor
employed (seefigure 18 for adepiction of the ACC Instrumentation system). Longitudinal
acceleration, yaw rate, steering wheel angle, and atmaospheric pressure were transduced using
analog sensors and a simple eight hit dititizer. Signalconditioning circuitry was implemented for
powering the transducers and filtering the signals prior to digitizing. These datawere transmitted
(via RS-232) from the digitizer to the laptop computer for storage. Range and range-rate
information are al so collected by the same |laptop computer, also viaRS-232 communications.

A color video camera, two microphones, and computer-controlled, videotape recorder were
installed. The tape deck recorded the forward scene and in-vehicle sounds of the driving
experience whenever the laptop was collecting data from the transducers and headway sensor.
Thisrecorder was controlled (record, stop, play, etc.) by the laptop viaan RS-232 connection.
While recording, the video recorder also placed SMPTE (Society of Motion Picture and Television
Engineers) time-code data on an audio track and transmitted this code (as frame counts) to the
laptop for storage. These datawere simply treated as another serial-data stream, which servesto
synchronize the engineering data with the video and sound captured. These datawere permanently
recorded on the video tape and stored in the data files providing the common synchronization
between the two storage mediums.

Data from the headway sensor and controller were transmitted to the laptop via RS-232 at
10Hz. These data consisted of range, range-rate, and several control parameters such as set-
speeds, current speed, intervention mode (if any), etc. Datafrom the digitizer (the ancillary
transducers) and the video recorder (the time-code for synchronization) were also transmitted to the
laptop at 10Hz intervals.

The entire instrumentation package is independent of the controller (i.e., the vehicle functions
asan ICC system without the need for alaptop, VCR, analog transducers, etc.). All instruments
are powered separately using an inverter which produces a 110V, 60Hz square wave from the
vehicle shattery voltage. The vehicle's own charging system was sufficient to maintain the battery
voltage levelsfor the duration of the study.
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Figure 18. ACC Instrumentation system

3.2 The Route and Driving Control Modes

3.2.1 The Route

Each participant drove a predetermined route on local highways (figure 19 and table 3). The
length of the route was 55 miles, and took approximately 50-60 minutes per trial to complete.
This time was believed to be sufficient to allow participants to experience, and become accustom
to, controlling the vehicle. Participants drove only when weather and road conditions permitted
(an experimenter was present at all timesto aid participantsin route guidance). Test drives only
took place between the hours of
9 am.-noon and 1:30 p.m.430 p.m. to avoid large fluctuations in traffic density associated
with rush hours. At the end of each experimental trial participants returned to the UMTRI research
facility to completeaquestionnaire. A ten minute break was provided to participants at the end of
each trial.
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Figure19. Map of the selected route through Ann Arbor and the Metropolitan Detroit area.

Table 3. Annual average 24-hour traffic volumes for the selected route (Source: Michigan
Department of Transportation, 1993 [9])

Segment Average Volume Lanes
US 23 (South) 44,000 - 56,000 2
[-94 (East) 60,000 - 91,000 2-3
[-275 (North) 45,000 - 112,000 3-4
M4 (West) 43.000 - 70.000 2-3

The recorded data clearly show the locations of the ramps and the time periods when the
vehicles were on the various highways. Seefigure 20 for an example of typical datafor one
subject. To obtain information pertaining to driving a highway speeds, it is convenient to use data
when the velocity is greater than 55 mph. As indicated by the velocity time history shown in figure
20, the velocities on the three low-speed, short-radius, right-turn ramps are below 55 mph
athough the high-speed, long-radius, |eft-lane-to-left-lane ramp is included for subject S 1.
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Figure 20. Time histories showing ramp locations



The recorded data also provide an indication of the traffic situation during the tests. There is a
subtle way to deduce how much of the time there is a preceding vehicle within range of the sensor.
Figures 21 and 22 show histograms of the frequencies of occurrence for various ranges (bins) of
velocity and headway range. In these figures, the special information under the bar charts includes
a quantity called Tot which is the total number of data points measured for the variable. There are
fewer data points for R (that is, Rnew) than there are for V because R is only measured when there
is a preceding vehicle in range of the sensor. If the frequency numbers (“freq”) in the tables were
divided by the value of Tot , these frequencies would be turned into probability estimates for each
bin. This is all very interesting as a matter of general knowledge, but specifically with regard to
traffic the value of Tot for R divided by the value of Tot for V is the fraction of the time there is a
preceding vehicle within 525 ft of the participant’s vehicle. That fraction for all subjects (also know
as S0) is given by (289,100)/ (453,600) = 0.64. Or in other words, the traffic can be described by
saying that a preceding vehicle was within 525 ft for 64 percent of the time.

x 10* V for S0, N[0,1,2] TABLE of: V for S0, N[0,1,2]

2t : E : bin freq bin freg
X i

: +80.7 4903 +103.1 14221
15l ;( . +81.6 5575 +104.0 12510
: h X +82.5 6165 +104.9 10809
- 5 . +83.4 7251 +105.8 8339
o 1! : +84.3 7847 +106.7 7437
& 1t X +85.2 8567 +107.6 6437
; +86.1 9958 +108.5 5554
X +87.0 11688 +109.4 4528
0.5 ' +87.9 13230 +110.3 3665
; +88.7 14621 +111.2 750
X +89.6 16223 +112.1 3518
+90.5 17310 +113.0 3106
max @ 9903 10? . 10 an 8019 +91.4 18143 +113.9 2183
Tot=4.536e405 T std.=7.956  *92.3 19313 +114.8 1913
+93.2 19753 +115.7 1749
+94.1 19532 +116.6 1192
+95.0 19788 +117.5 1149
+95.9 19025 +118.4 1082
+96.8 18862 +119.3 789
+97.7 17553 +120.2 564
+98.6 17983 +121.1 329
+99.5 17669 +122.0 168
+100.4 17395 +122.9 178
+101.3 16674 +123.8 87
+102.2 15471 +124.7 62

Figure 21. Velocity density histogram
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Figure 22. Range density histogram
3.2.2 Control Modes

Each of three experimental trials began and ended at the UMTRI facility. On each trial a
different mode of speed assistance (cruise control) was evaluated: no cruise control (manual),
conventional cruise control, and ACC. The same route was followed for testing each of the control
modes. The orders in which participants experienced cruise control modes were counter balanced
to eliminate order effects.

3.3 Participants

Thirty-six licensed drivers were recruited from a local Secretary of State’s office (the state of
Michigan’s equivalent to the Department of Motor Vehicles), as well as through newspaper
advertisements, to participate in the study. Prospective individuals were required to meet the
following criteria:

a. possess a valid, unrestricted, driver’s license

b. have a minimum of two year's driving experience
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c. and appear not be under the influence of alcohoal, drugs, or any other substances that could
impair their ability to drive

The participant population was balanced for gender, age, and experience in the use of
conventional cruise control. The average, yearly mileage driven by participants was 13,500 miles.
The three age groups examined were 20 to 30, 40 to 50, and 60 to 70 years of age. Experience
with conventional cruise control was divided into two groups:. those who frequently used cruise
control and those who never, or very rarely, used cruise control. Among those who never, or
rarely, used cruise control, having a car that was not equipped with cruise was cited most often as
the reason it was not used (57. |percent). Among users of cruise control, reduced workload was
cited most often as the reason for its use (64 percent). When the participants were asked to
describe their cruising speed on the open freeway, 57.1 percent reported that they drove 5 mph
above the speed limit, 22.9 percent reported driving at the speed limit, 2.9 percent reported driving
5 mph below the speed limit, and 17.1 percent reported driving at some other speed. In addition,
44.4 percent of the participants reported regularly driving at speeds consistent withthe flow of
traffic, while 55.6 percent drove at a speed with which they felt comfortable.

In the event participants encountered a slower moving vehicle, and the adjacent lane was free,
75 percent of the participants stated that they would pass the vehicle and return to the lane even if
momentary accel eration was necessary. Another 16.7 percent claimed they would maintain their
speed even if it meant moving to another lane and remaining there. While 8.3 percent reported that
they would adjust their speed and remain in the lane if the other vehicle were only dightly slower.

3.4 Instructions

Individuals were briefed as to the nature of the study. Prospective participants were asked to
read an information letter describing the study and the associated benefits and risks. Individuals
who agreed to participate, and met the previously mentioned criteria, provided informed consent.

Participants were shown the research vehicle and instructed on its operation. Specific attention
was paid to locating and identifying controls and displays. Instruction on the use of the two
cruise-control deviceswas also provided. Participants were asked to adjust the driver’s seat and
vehiclemirrors. All participants were required to wear safety belts.

Participants were instructed to drive as they would normally for the existing road and traffic
conditions, with the exception that they were asked to employ a specific level of speed assistance
(control mode) for each of thethreetrials. The participants were further instructed to disengage
cruise control at any time they felt it was unsafe to use for the existing conditions, but to use the
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control mode requested as much as possible during the course of the trial. Participants were
reminded that as the driver they must remain in control of the vehicle at all times.
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4. DESCRIPTION OF THE DATABASE

4.1 Objective Data

Datafrom thefield consisted of atime sequence of samplesfrom avariety of sources, each
with its own independent timing system and phase rel ationship to the system asawhole.
Synchronization of all datato within one sample period is possible under such ascheme. Prior to
testing the subjects, the data being transmitted to the laptop computer had been validated to ensure
such a phase relationship existed, and that it remained constant over the course of atest. The 10Hz
transmission rate was chosen since the controller installed in the vehicle had a preprogrammed
output rate of 10Hz. Also, this allows a maximum skew in channel phasing of 100ms- acceptable
synchronization of each sub-systemin this configuration.

Raw data exist in the data base as a 5Hz time history of each transduced variable. The bit depth
of the data varies between subsystems. Digitized analog data are eight hits deep, while the
controller had a variety of effects on resolution of its data output, dependent on internal
representations within the microcontroller vehicle system. The video tape frame numbers are
integers, and assumed to be of resolution as may be specified in the SMPTE specification.

Listings of the data items for which time histories are stored in the database, are given in Tables
1 and 2 (see pages 23 and 25).

Postprocessing efforts have been made to zero any DC offsetsin steering wheel angle and
longitudinal acceleration sensors, and to correct zero-drift in the yaw-rate sensor. Such analog
transducers exhibit classical drift and zeroing problems. More efforts need to be made in this
processing area; literature supports a plethora of techniques for doing this and they will not be
discussed here. All of the data in the time histories have been calibrated and corrected for offsets,
and these data exist in the files in the appropriate engineering units. Appendix A includes an
example set of time histories for subject S 1.

A first-level reduction approach has been to generate histograms of the raw data. Histograms
for each variable for all subjects currently exist. These histograms provide immediate accessto a
distribution of the data and simple descriptors such as mean, mode, variance, etc. These
histograms also lend themselves to easy merging (i.e., aggregate totals across arange of subjects),
alowing convenient comparative analysesfor different subject groups and/or driving modes. The
bins selected for the histograms are somewhat arbitrary. When sensor quantization effectsare
known, attempts were made to locate histogram bin centers at the center of the quantization levels -
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alleviating requantization problems. When the sensor’ s or subsystem’ s characterization is not
known, the assignment of bin centersis simply chosen to be uniform between the minimum and
maximum values in the time history. Bin center intervals were, of course, kept constant for a
single variable across al subjects and driving modes.

Histograms for al 36 subjects combined and tables of means, standard deviations, variances,
modes, and numbers of samplesfor each subject areincluded in Appendix B.

4.2 Subjective Data

4.2.1 Comfort and Safety Questionnaires

Following the completion of each traverse of the predetermined route, once for each of the
three control modes, a brief questionnaire was completed by each of the participants. These
questionnaires were used to compare the participants’ sense of comfort and safety across control
modes. The questionswere worded identically, with the exception that reference was made to the
control mode most recently experienced by the participant. Each of the questions was followed by
aseven-point adjectival rating scale. The questions, and results, are provided below.

1. How comfortable, from a safety standpoint, did you feel driving the car with no cruise

control/conventionalcruise control/adaptive cruise control? The scale was anchored on
either end by “ Not Comfortable” (1) and“ Very Comfortable” (7) respectively, as shown

below.

Control Mode Mean Std. Dev.
No Cruise 6.17 1.28
Conven. Cruise 5.75 1.05
ACC 6.00 1.22

2. How easy did you find it to maintain a safe distance betweenyour car and other cars in
front of you? The scale was anchored on either end by “ Not Easy” (1) and “ Very Easy”

(7).

Control Mode Mean Std. Dev.
No Cruise 5.86 1.50
Conven. Cruise 514 1.62
ACC 6.33 1.17
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. How confortable did you feel with the ability to pass other cars whiledriving with no
cruise control/ conventional cruise control/adaptive cruisecontrol? The scale was anchored
on either end by “ Not Comfortable” (1) and “ Very Comfortable” (7).

Control Mode Mean Std. Dev.

No Cruise 6.36 0.96
Conven. Cruise  5.67 1.22
ACC 5.72 1.56

. Using no cruise control/ conventional cruise control/adaptive cruise control, do you feel
that you drove either faster or slower than you would normally? The scale was anchored
on either end by “Slower than Normal” (1) and * Faster than Normal” (7).

Control Mode Mean Std. Dev.
No Cruise 5.17 1.13
Conven. Cruise  3.86 1.15
ACC 3.69 1.43

Using no cruise control/ conventional cruise control/adaptive cruise control, do you feel
that you applied the brakes more or less frequently than usual for comparabletraffic? The
scale was anchored on either end by “ Lessthan Usual” (1) and “ More than Usua” (7).

Control Mode Mean Std. Dev.
No Cruise 4.42 1.46
Conven. Cruise  4.39 1.52
ACC 247 1.52

. In general, how similar wasyour driving to the way you would normally drive under the
same types of road and traffic conditions? The scale was anchored on either end by “ Not at
al Smilar” (1) and “ Very Similar” (7).

Contraol Mode Mean Std. Dev.
No Cruise 5.97 1.36
Conven. Cruise  5.33 1.43
ACC 4,72 1.95
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4.2.2 ACC Acceptance and Comfort Questionnaire

Following the completion of all three trials, each participant was asked to complete a detailed
questionnaire regarding the use of the ACC mode only. The questions, and participant responses,
are provided below.

1. When a differencein vehicle speeds would require you to use the brake, would an audible
tone be useful?

Yes= 17 Not certain= 10 No=9
2. Did you like the 2 mph increments for setting and reducing cruise speeds?
Yes=34 No=2(would prefer 1 and 5 mph increments)

3. If the headway (distance the adaptive cruise control system maintained between the two
vehicles) was adjustable, you would:

likeit shorter (drive closer to others) = 3

like it where it currently is = 17

likeit longer (farther from others) = 2
it would depend on traffic conditions= 13
NO response = 1

4.  What impact did adaptive cruise control have on your sense of safety? The scale was
anchored on either end by “ | felt very unsafe” (1) and "I felt very safe” (7).

Mean = 5.97 Std. Dev. = 1.08

5. What impact did adaptive cruise control have on you sense of comfort? The scale was
anchored on either end by “ | felt very uncomfortable” (1) and "I felt very comfortable” (7).

Mean = 6.25 Std. Dev. = 1.10

6. Did the system ever make you feel too comfortable, as if someone else had taken control
of the car for you?

Yes= 11 | amnot certain=3 No0=22

7. How convenient did you find using adaptive cruise control? The scale was anchored on
either end by “ It was very inconvenient” (1) and “ It was very convenient” (7).

Mean = 6.25 Std. Dev. = 1.23
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8.

When closing a gap, or when a lane becomespee, what do you think of the adaptive cruise
control system's rate of acceleration? The scale was anchored on either end by “ Too Sow”
(1) and “ Too Fast” (7).

Mean = 4.22 Sid. Dev. = 1.10

How similar to your own driving behavior do you think the adaptive cruise control system
operated? The scale wasanchored on either end by “ Not similar” (1) and “ Very similar” (7).

Mean =4.91 Std. Dev. = 1.68

Did any aspects of the adaptive cruise control system bother you? If yes, what aspects were
bothersome? Valuesin parentheses represent the number of participants providing the same
comment,

Loss of target on curves (4)

Can't track cars entering the highway (2)
Rate of acceleration during lane change (2)
Location of controls and digital display (2)
Tracks wrong targets on curves (1)

What would indicate malfunction? (1)
Lack of brake lights during deceleration (1)
Uncertain about reliability (1)

Not for use on interchanges (1)

Difficulty in remaining awake (1)
Headway istoo short (1)

Headway too long (1)



Advantages Disadvantages

Very safe, reduce risk of accidents Over dependencein poor weather
Good for elderly, minimum leg movement Concern about quick cut-ins

Safety for lane changing Too comfortable on long trips

Less driving stress Needs sound

Useful and comfortable Problem on exit ramps

Convenient, unobtrusive Use on exit ramps and curves

Less leg cramping, less stress False sense of security

Good for elderly & drowsy drivers Over dependency
Simpleoverridemechanism Sound when braking needed

Improves safety Curves, need to eliminate wrong targets
Less braking required Prefer to control car myself

Good acceleration, safer than standard cruise Over dependence

Comfort on highway trips Too little acceleration for lane changing

Fine for the open road or low traffic

4.2.3 Focus Groups

Twenty-four of the original 36 participants returned to take part in focus groups concerning the
ACC system they had experienced. Three separate focus groups were held with seven to ten
participants in each, and conducted by the same researchers who accompanied participants while
driving. Individuals had driven the ACC-equipped vehicle one to seven days prior to participating in
the focus group. In each of the three sessions participants were asked the same sixteen questions.
Each question is provided below, and most are followed by aresearcher’ s synopsis of participants
responses. |n addition, abbreviated forms of participant comments, transcribed from video tape, are
also provided. Each comment is preceded by athree | etter acronym that describes the participants
gender, age and conventional cruise control usage (respectively). Thelisting below is akey to these
abbreviations.

Gender
F = Female
M=Male

Age
Y = Youngest age group (20 - 30)
| = Intermediate age group (40 - 50)
E = Eldest age group (60 - 70)



Age
Y = Youngest age group (20 - 30)
| = Intermediate age group (40 - 50)
E = Eldest age group (60 - 70)
Conventional Cruise Control Usage
N = Never, or seldom, use conventional cruise control
F = Frequently use conventional cruise control

What are the main advantages, or disadvantages of using conventional cruise control

when driving your car? On what occasions do you use or avoid using conventional cruise
control? when, or if, you use cruise control, do you try to “ platoon” with other vehicles or
try to remain isolated?

Participants frequently responded that conventional cruise control was useful in reducing
driver workload, helping to maintain posted speed limits, and resulting in better gas
mileage than manual control. However, some participants expressed concern with
becoming too dependent on cruise control, and ACC in particular. Specificaly,
participants felt that some drivers would not pay close enough attention to the task of
driving when they relied too heavily on cruise control. Several participants suggested
that conventional cruise control was least useful in congested tréffic situations, and most
useful for long trips on open highways.

Advantages
« MEN - reduces workload on open highway driving

. MEF-maintain speed

. MEF - reduces workload; can concentrate on steering task

« MEF - looks further down the road while driving w/ cruise

« MEF - better gas mileage

. FEF - controls speed in city driving (school zones)

Di t

. FEN - over dependency

. MIF-lossof control; loss of quick response

. FEF - dangerousin rush hour traffic; constantly concentrating on turning cruise
control off/on and not concentrating on the driving task

. FYF-not for usein rush hour traffic; will use driving long distances even in heavy
traffic
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Blatooning

. MEN - never platoon; have to worry about speed of preceding vehicle

« MIF - platoon on open highways

. FIF-don't platoon or isolate, | drive to pass slower cars, stay behind faster cars;
reduces workload on long trips; prevents speeding

. MYN - tough using cruise control with people who aren’t using it; they are constantly
slowing down and speeding up; always having to adjust the cruise

. FIF- platooning is nice to use with other drivers who are using cruise and going at
comparable speeds

. FEN - I wouldn't try to stay in aplatoon

« FIN - I do; smooth riding when pulling atrailer; saves gas

. FYF - | platoon

2. How convenient did you find using adaptive cruise-control? Wasit difficult to learn to
operate?

While some participants were not pleased with the cruise-control interface, they almost

unanimously reported that the ACC system was convenient and easy to learn.

Participants had a good conceptual understanding of how the system functioned, the

system limitations, and that the ACC system was not a collision-avoidance device.

. FEN - quite easy to learn to use; poor placement of controls; set speed display useful
and in a good location

. FEF - poor placement of controls; increasing/decreasing by 2 mph was confusing
(opposite of her vehicle)

. FYN-foundit easy to use. set speed display helpful

. FIF - wonderful; system kept asafe distance; | do alot of night distance driving and it
would be great for that; exit/entrance ramps were startling at first; learned
easily; liked set speed display

. FIF-1thought that | wouldn't likeit, because | like to bein control, but | would buy
it asan option right now; headway wasfing; similar to how | drive; easy to
learn how to use it; controls placed on the steering wheel would be more
convenient; have speed indicators on speedometer

. FYN - easy tolearn; difficult to remember to use resume and use the 2 mph
incremental change

« MYN - easy to learn; set speed display was helpful

. FYN-nodifficulty inlearning to use
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« MIN - not difficult at al to learn; problems on curves with wrong targets and problem
with accelerating on exit ramps

« MIN - very convenient; not difficult to learn; would like a signal for deceleration

. FEN -1 don’'t dways listen to instructions; once | used the system, | was OK.

« FEN - not difficult to learn

. FEF- will set speed display bein the dash? angle was bad to read it; should be on top
of the dash; liked the display, didn’t like the position

- FEN - had same problem with the set speed display

3. How similar to your owndriving behavior do you think the adaptive cruise-control system
operated?

Participants generaly reported that the ACC system they had experienced was similar to
their own driving behavior. Except for the ACC system occasionally losing targets on
curves, the system headway and deceleration characteristics were reportedly similar to
participant behavior under manual control. A few participants even suggested that the
ACC system was safer than their normal driving behavior because it maintained a longer
headway. However, participants did suggest that the acceleration levels of the ACC
system were less than what they would accelerate themselves under manual control and
that headway should be adjustable.
- MEF-similar
« MIF - ACC provided smoother acceleration than manual driving
- MIF-similar
- MEN-similar
« FEN - deceleration was a little low as compared to her manual driving
. FIF- headway was similar; on curves - slowing down because of wrong targets was a
problem
« FIF-oncurves - originally annoying; | then realized | just needed to accelerate if the
system wastracking the wrong target
FYN - ACC had longer headway than | keep which was safer
MYN - safer than how | drive
. FMF - the acceleration for lane changing was dlightly slower than | like
« FYN - the deceleration occurred too quickly
. FYF - closeexcept for overtaking acar; ACC gives extratime (safety zone) for
passing; normally, | would brake or shut off the cruise before passing
FEN - | would have braked sooner than the system (just alittle); not uncomfortable
nor frightening; concern on curves
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FEF - would need to brake for cut-ins
. MIN-quite similar

4. Did you like the 2 mph increments for increasing and decreasing the cruise-control speed?

The majority of participants liked the 2 mph increments used for both conventional and
adaptive cruise controls. At least two participants wanted the size of the increments to be
adjustable by the driver.
- MEN -yes
- MEF-yes
. MIF-yes

FYN - bothered that she couldn’t increase/decrease and be right on 55 or 65 mph;

desiresincrements of 1 mph

« FYN-yes

- FYN-yes

. FEN-yes

- FIN-yes

« FYF - yes

-MYN - liked the increasing 2 mph; for decreasing the speed would like a coasting
feature

. FIF-would like a coasting button

« FYN-yes

FIF - rather than braking and pressing resume, it was nice to hit the button to increase

the speed

. MYN - it would be nice to have the option of programming a control to vary the
increment

1 mph increments?

- FYF-no

. FIN - would be annoying
« MIN - could it be changed? Under some circumstances, 3 mph would be OK,
suggests a programmable device for 1- 4 mph.
FEF - adjustable but keep it smple

5. Did you fedl comfortable with the headway distance? Should it have been longer or
shorter? Should it be adjustable?
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The response of participants to the 1.4 second headway was mixed, and their responses
were heavily dependent upon the density of traffic in which they felt they would be using
the ACC system. Specifically, participants frequently stated that the 1.4 second headway
was fine, or perhaps even alittle short, for use on the open highway. However, several
participants felt that the same headway was too long for use in dense traffic conditions.
While several participants felt that ACC should not be used in high density traffic
conditions, they were generally in favor of an ACC system that offered adjustable
headways depending upon the driving environment. Some participants stated that the 1.4
second headway was longer than they would maintain driving manually, and recognized
that this distance waslikely safer than their behavior. Participants were also interested in
knowing how much headway was required for an automobile to come to a complete stop
at highway speeds.
MEN - headway too short; wants to have enough time to react
. FYN -just right; maybe alittle too long
. FEN - headway should be adjustable; too long for rush hour cut-ins
Adjustable?
. FEN-yes
. MIF-if it istoo complicated, people wouldn't use it; recommend short (standard
safety distance at a given speed), medium, and long
MEF - adjustabl e based upon speed
« MEF - in bumper to bumper traffic: if it would work at 15-20 mph, | would useit
MEF - will have chaos with adjustable; there would be a lack of standard following
distances
. FEN - suggest No Traffic/Heavy Traffic as settings
FIF -just perfect
. FYN - it was good, but not really comfortable, too impatient; I'd like it shorter
. MYN - safedistance, but I'm used to shorter headways in city driving
. MYN-wouldlikeit shorter
. FF-right distance
. FYN - redly safe, but too long
. MYN - for long trips, headway was fine; like shorter headway for city driving
- FYN - yes
- MYN-yes
- FIF- yes
. FEN-fine
MIN - Isthe distance a safe one?
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FEF - Isthe headway tied to braking time? It should be; should be related to the
ability of the car to stop
FIN - comfortable with the headway
« MIN -1 like the system. | tend to follow more closely than the system. It would
promote safer driving.
« MIN - make adjustable for rush hour; driver experience/age; type of car
« FEF - should be a minimum/maximum

6. Did you feel more safe or less safe when driving with adaptive cruise control as compared
to manual driving? conventional cruise control?

Several participants suggested that use of the ACC system wasjust as safe asdriving
under manual control, and one even suggested that it was safer than manual control
becauseit prevented him from tailgating. Participants regularly reported they felt safer,
or as safe, with the ACC system as they felt with conventional cruise control.
Specificaly, participants stated that they felt safer using ACC because it maintained a
“safer” following distance (headway) and required fewer interventions by the driver than
conventional cruise control. Several participants, particularly individuals from the ol dest
age group examined, expressed a concern with becoming too dependent on ACC
systems.

Manual control
« MIF - safer w/ ACC; wouldn’t let me tailgate at 75 mph
. FEF - very comfortable; usesits brain instead of mine
FEF - didn’'t feel safe; traffic moving so fast had to drive faster to test ACC
. MIF-felt unsafe with merging traffic and traffic in adjacent lane. The system can’t
recognize what is happening laterally.
MIN - safer than manual
. MEF- response time for deceleration was faster than | was; good for people with
depth perception problems

nventional crui ntrol
FEN - safer; anticipated traffic slowing down; would not useit on entrance/exit ramps
MIF - in heavier traffic, CC is a problem; when overtaking slower cars, the CC hasto
be taken off; one doesn’t have to think about it w/ ACC; ACCisimproving CC
MEN - concerned about over dependency; I’ m becoming a passenger in my car
. FEF - concern about over dependency
 FIF - extra safety as compared to manual and conventiona cruise
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FIF - safer than cruise control; always braking and setting in conventiona cruise; with
manual driving | wouldn’t keep a constant headway; felt safer passingin
manual because you can rapidly accelerate in manual

FYF - same as manual; safer than CC

FIN - same as manual; safer than CC

. FYN - way safer than conventional cruise; maintains headway for safety

Did anyone feel like thev relinauished control?
. FIF- canawaystakeit back

. MYN - scary; when approaching a slower car with faster moving traffic in the passing
lane; | wasn't good at overriding using the accelerator. | just tried to pull out

and let the car accelerate by itself; didn't trust ACC to accelerate as quickly asiit
should

7. While on a curve, did you experience the loss of a targeted vehicle resulting in the car
accelerating? What was your reaction if you experienced this?

Severa participants expressed concern over the loss of targets, or even the sensing of
fal se targets, while on curves. While someindividuals stated that they simply cameto
accept the ACC system asit was, othersfelt it was unsafe. Participants regularly stated
that they would not rely on the ACC system while on curves or at interchanges. One
participant asked whether the vehicle's fear stoplamps illuminated in response to the
vehicle slowing to maintain headway. Severa of the participants felt it was necessary to
have some form of warning or stoplamp to indicate deceleration to following drivers.
. FEN - yes; didn't feel safe on interchanges
. MEF - sensed awrong target on a curve and slowed down; potential problem for
followingvehicles
. FEN - brakelights?; received dirty looks from people following me because | was
slowing down w/o brake lights
. FIF-yes; | gotusedtoit
FIF - yes, tracked wrong target which produced a slow down; could pose safety
problems
« MYN - no problems
. FYN- 1 automatically brake on curves; system was off
FIN - yes; reaction was panic
. FEN - if you keep using the system, you would get used to it; you’ d pay attention on
curves
MIN - after using it for awhile, it would become second nature
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8. What impact did adaptive cruise control have on your sense of safety? comfort?

Several of the participants stated that they felt more comfortable driving with ACC, but
not necessarily safer. Some individuals expressed concern with over-dependency on the
ACC system, and still others were concerned with the system reliability. Severa
participants felt that using ACC made them feel safer and more comfortable. A few
participants expressed concern with becoming too comfortable, to the point that they
could fall asleep, and stated that this would be dependent upon the driving environment.
FEF - | would be more comfortableif it had awider range of tracking; like CC better
MEFI like ACC better
. MEF - might be too comfortable; people may fall asleep on highway, country driving
with no traffic
. MIF-if tripislessthan 1 hour: using cruiseis laziness and |aziness becomes a safety
issue; overtime with cruise use, run timeswill slow down; driving manually
over timewill produce better skills; liken it to a car phone — people aren't
paying attention to theroad. Onalong trip, it would be refreshing to have.
. MEN - felt like car took care of itself; | talked excessively while driving
« MEF - provided speed control; relieved me of one responsibility
MEF - physically comfortable; can move legs and release leg and back pain
FIF - safer; more comfortable
. FYN - safer; more comfortable
« MYN - safer; more comfortable
. FYN - safer; less comfortable because of headway and deceleration
. MYN - alot more comfortable; safer because | wouldn’t hit preceding car; less safe
because | didn't trust the system to always work
. FEF- ACC felt more comfortable than CC, not as comfortable as manual
. FIN - very comfortable, smooth ride; not j amming on the brakes; for a drowsy driver
this system would be an asset.

9. Did the system ever makeyou feel too comfortable? as if someone else had taken control
of the car? that you mightfall asleep easily?

. MEF-no
. FEN-yes
- MEN -yes
FEF - still had responsibility to drive
. FIF-didn't driveit long enough to find out
MYN - yes; felt too relaxed; don’t have to worry quite so much
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MY N - depends on driving conditions - wide open road, too comfortable, some traffic
thenit'sOK
. FIF - after having it along time, maybe I’ d become too dependent on the car but |
would not fall asleep; didn't feel like | gave over control
. FYN - I till felt in control; didn’'t feel | could get so comfortable that | would fall
asleep
. MYN -right; conventional cruise more dangerousthan ACC

10. whenclosing a gap, or when a lane becomes free, what do you think of the adaptive
cruise control system's rate of acceleration?

FEN - too slow
. MIF-too slow
. MIFI likedit
. MEF -just right
. MEN - a acomfortable level
. FIF- not aproblem
. FYN - too slow to pass
MYN - accelerating is such apersond thing, | didn’t want to leaveit to ACC, wanted
to do it based on road conditions
. FIF - wanted to get out and get by without slowing down traffic flow
« FYN -just right
« MIN-fine
. FEF -nice; CCisjerky, don't have that with ACC; deceleration was much smaoother;
rate was fine

11 What do you think of the adaptive cruise-control system's rate of deceleration? in
response to slower moving vehicles? in response to “ cut-ins “?

. MEN - comfortable level

. MIF - deceleration was noticeable; alerted before the visual determination to decelerate
was made

. MEF- not sure when to brake; would like auto braking with ACC; with cut ins, the
deceleration was too slow

. FEN - deceleration wastoo slow in rush hour traffic

. FIF - car responded beautifully; rate was perfect

. FYN-withcutin, | had to brake; | was unsureif the system would work or not;
system responded too slowly if coming up on someone
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« MYN -felt fineif approaching from the rear
- FEF - with cut-ins, system was not fast enough; no lateral sensing; needs a larger arc
FYF - with slower moving vehicles, the system responded fing; with cut-ins - if they

were moving faster than you or at the same speed, there was no problem. |If
they were moving slower (like when a car merges onto the highway), you'll
need to watch for them anyway.

« MIN - had atruck cut-in; had to brake because the system could not respond quickly
enough to the great difference in speeds for the short distance

12. When a difference in vehicle speeds required you to use the brake, wasit difficultto learn
when braking was required? Would an audible tone be useful? Would you like a system
that automatically applies the brakes when the distance ahead is very short given the rate of
closing?

Participants regularly stated that it was easy to learn when their intervention was
required. Most participants objected to the idea that an audible tone be incorporated into
the ACC system, unless an on/off switch was provided. Several individuals felt that a
tone would be useful for personsjust learning to use ACC, or just learning how to drive,
but felt that a tone would eventually become annoying and therefore be ignored.
Regarding the issue of automatic braking, participants wereamost unanimousin their
objection to automatic braking. Severa participants stated that automatic braking crossed
the line that dictates who controls the vehicle. Still others objected because they felt as
though they would become a passenger in their own vehicle. Finally, other participants
objected to the concept of automatic braking because the ACC system would have to
consider the status of vehicles to the rear (likely adding considerable cost to an ACC
system).

Audible tone?
« MIF - tone would be useful; digital display of preceding vehicle s speed would be
helpful
. FYN-notone; it would be distracting
« MEF - no tone; dready have enough bells/whistles in the car
MEF - tone would be helpful; aert to possible hazardous conditions
. FIF-somany bellsin new cars; another bell?; | would like avoice
FYN - only in dangerous situations; you should be aware if you are driving
« MYN - helpful if personin front of you had broken brake lights
« FEN - no; | would just tune it out
. FEF - suggested ablinking light at eye level
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FEN - shouldn’t be that out of it that you need a signa

FYF - would like atone with an on/off switch; no blinking light
FEN - would be helpful for learning phase; on/off switch

MIN - tone would be good for learning phase

FIN - would like the option of having atone

Auto braking?

MEF-yes
FEN - no; at that point one becomes a passenger; | would like to retain control
FEF-no

- FYN-no
- FYN - no, braking isanatural thing when car isin front of you
- FYN-no

FIF-no

. FIF-no
- MYN-no

FYF - no; takes too much control away
FEF - need to look in the mirror to see conditions behind you
FEN - unless sensor can sense speed of vehicles approaching from the rear

- FIN-no
- FEN-no
« MIN - undecided

FIF-Iwouldlikethat
« FYF-impulse comesinand you brake; driver must stay in control; | shut the system
down whenever | felt it was necessary

13. What features of adaptive cruise control did you find most beneficial?

14.

(The answers to this question are combined with those to question 14 below.)

What disadvantages do you feel are associated with driving in adaptive cruise control
mode?

. FEF-would liked to have known the speed to which | had slowed down; couldn’t see

the controls

« MEN - helpful driving assist
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MEF - thoroughly enjoyed it; liked that the car accelerated/decelerated automatically;
very convenient

MEF - made me a better driver; didn’t alow tailgating

FEF - al right; like CC better; liked SET SPEED DISPLAY

FEN - nice being the passenger whileit drove; made me a better driver

MEF - liked the visual displays; SET SPEED DISPLAY

FEF - very comfortable; like magic

FYN - comfortable; liked TARGET ACQUIRED LIGHT, SET-SPEED DISPLAY

MIF - deceleration; digital display; suggest a display on top of dashw/ set speed,
actual speed, and speed of preceding vehicle

MIF - made me a safer driver, liked the acceleration and not having to reset the cruise

MY N - ACC made me more relaxed than conventional cruisein medium traffic - didn’t
have to set/reset the cruise; | would be tempted to use it in situations in which |
shouldn’t , like heavy traffic, fog, and snow

FYN - safety - keeps a safe distance; decel erated too quickly; too long of a headway

FIF - liked it in medium tréffic; like 2 mph increments; did not like control placement
and the tracking of wrong targets on curves which resulted in deceleration

MY N - liked headway; 2 mph increments; didn’t like missed targets (system did not
track atrailer which was being pulled by a car)

MYN - liked safe following distance; didn’t like missed targets

FYN - liked digital readouts; more in control of setting the speed; liked the headway;
didn’t like that she was too relaxed and that she relied too much on the system

FIF - enjoyed it; felt safer and more comfortable; didn’'t see any disadvantages that
could not be overcome with overriding the system

MIN - liked that the car automatically slowed down in moderately heavy traffic given
that he couldn’t change lanes; disadvantages were accelerating on exit ramps
and too slow of aresponse to cut-ins

FEN - | wouldn’t have either one; neat that it slowed cars down; headway was fun; |
would not have stayed awake with ACC driving long distances

FYF - ACC gave extratime for reaction; problem with wrong targets on curves
resulting in deceleration in the passing lane

FIN - ACC provided safety and comfort and a smooth ride; liked 2 mph increments;
problem on curves

MIN - comfortable; didn’'t like not being able to tell when the car was going to
decelerate
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FEF - 1 wouldn’t have any types of cruise control unless traveling long distances
frequently; on curves and exit ramps, the car was traveling too quickly; liked
controls on the stalk

. FEN - felt comfortable; kept safe following distance; problem on exit ramps

15. Given the present state of devel opmentof the adaptive cruise control (what you
experienced), would you feel comfortable using it on a trip of several thousand miles?

. MEN-yes

- MEF-yes

. FEF - yes

- FIF - yes

« MYN-yes

. FYN -feel comfortable, but would prefer to drive manually
. FIN-yes

« FYF-yes

. FEF-itwould be easier than manual

16. Please estimate the cost of the adaptive cruise control system.  What would you be willing
to pay for adaptive cruise control?

Participants were frequently reluctant to estimate the cost of an ACC system. Thiswas in
part due to their lack of familiarity with the cost of conventional cruise control. To make
the process easier, participants were instructed to estimate the amount, in addition to the
cost of conventional cruise control, that manufacturerswould charge for an ACC system
(e.0., the cost to upgrade from conventional cruiseto ACC). Cost estimates ranged from
$100 to $5000, with amedian value of $350. When asked how much they, as
individuals, would be willing to pay for an ACC system, participantswere willing to
spend considerably lessthan what they felt the manufacturers might charge. What
participants were willing to spend on an ACC system ranged from $0 to $8000, with a
median vaue of $200. Only two participants expressed a willingness to pay more than
what they believed amanufacturer would charge for asystem. Four participants were
not willing to purchase an ACC system at any price.
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5. FINDINGS

5.1 Findings from Objective Data

5.1.1 Nature of Traffic and Roadway

The results presented in section 3.2 showed that during testing there was a preceding vehicle
within sensor range 64 percent of the time on these routes. Examination of the histograms and
tables in Appendix B indicates that the mean speed of preceding vehicles (Vp) was approximately
66 mph with a standard deviation of about 6 mph. The density function for Vp is not extremely
skewed as can be seen by examining figure 23.

Vp_d for S0, ACC[0,1,2] TABLE of: Vp_d for S0, ACC[0,1,2]
14000 ¢+ : 1 bin freg bin  freq
12000 | __JH_ | +80.7 1682 +103.1 9063
| ! +81.6 1736 +104.0 8955

10000 !y , +82.5 3672 +104.9 8066
: . +83.4 4074 +105.8 6353

g 8000 4843 4122 +106.7 5703
= 60001 +85.2 4737 +107.6 5539
+86.1 5920 +108.5 4763

4000 } +87.0 7346 +109.4 3856
+87.9 7749 +110.3 3413

2000 | +88.7 8238 +111.2 2557
o il +89.6 9844 +112.1 2083

» +90.5 9352 +113.0 1780

max @ 9934 10(: 110 on 67 +91.4 10282 +113.9 1759

Tot = 2.95e+05 PS std. = 8.535 +92.3 13286 +114.8 1166

+93.2 11343 +115.7 1161

+94.1 11461 +116.6 839

+95.0 12053 +117.5 647

+95.9 13186 +118.4 537

+96.8 12365 +119.3 308

+97.7 11970 +120.2 301

+98.6 11206 +121.1 277

+99.5 10662 +122.0 219

+100.4 11238 +122.9 153

+101.3 11285 +123.8 126

+102.2 10015 +124.7 115

Figure 23. Density of the velocity of the preceding vehicle

The roadway is fairly straight and drivers do not make many sharp turns on these freeways.
Figure 24 is a preliminary result that needs to be corrected for drift in the yaw rate sensor.
Nevertheless, if one mentally adjusts so that the mean is at zero, these data show that path
curvatures more than 0.0005 ft-1 (less than 2000 ft radius turn) are very rare. Although more data
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processing using our computer application for false and missed targets needs to be done, the
preliminary fmding is that a monobeam sensor is not going to have many misses and false alarms
on these freeways, and when it does the situation is going to be easy for driversto recognize.

x 10 SSPC-d for SO, CC[0,1,2]
4l — - :

-
T
 Ja
Y

freq
R

-1 -0,
max @ -090302245 0

Tot = 4.624e+05 std.= 0.0002566

Figure 24. Approximate density for path curvature (I/radius)

TABLE of: SSPC_d for SO, CC[O,1,2]

bi n
-|. QCe-03
-9.59%-04
-9. 18e-04
-8. 78e- 04
-8.37e-04
-7.96e- 04
-7.55e-04
-7.14e-04
-6. 73e-04
-6. 33e-04
-5.92e-04
-5.5/e-04

rg'esan @ -0.0001121x 102 -5.10e-04

-4.69e-04
-4.,29%9e-04
-3.88e-04
-3.47e-04
-3.06e-04
-2.65e-04
-2.24e-04
-1.84e-04
-1.43e-04
-1, Qe-04
-6.12e-05
-2.04e-05

5.1.2 Comparison of Driving Modes Based on Freeway Driving

The differences between driving with normal (manual) control, conventional cruise control,
and adaptive cruise control are large. These are different modes of driving not only in name but
also with regard to performance. A good qualitative understanding of these differences may be

obtained by inspecting figures 25 through 29.
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354
415
514
498
757
976
1317
1599
1852
2487
3307
3980
4947
6853
9466
17239
23749
25082
29942
38106
34372
32873
28316
25059
23835

bin

+2. 04e-05
+6. 12e- 05
+ . 02e-04

+ . 43e-04

+1. 84e-04
+2. 24e-04
+2. 65e- 04
+3. 06e- 04
+3.47e-04
+3. 88e- 04
+4. 29e-04
+4. 69e- 04
+5. 10e- 04
+5.51e-04
+5.92e- 04
+6. 33e-04
+6. 73e-04
+7. 14e-04
+7. 55e- 04
+7. 96e- 04
+8. 37e-04
+8. 78e- 04
+9. 18e- 04
+9. 59e- 04
+| . 00e- 03

freq

24500
22482
18492
15374
11223
10121
9612
7167
7034
5735
3470
2164
1637
1264
934
670
477
403
269
159
138
117
69
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Figure 25 ACC loop, hcadway control onjy, Rdot vs, g

60



fps
'0. ﬂ.739,‘: smg

61



. N V/A ‘)
100 ///
g

o ‘/’//7 //{/// /

-100 <

-300 ~
300
150 - -~ ]
100 - \-5 0
50 T
fl
fos
max:fps=0, ft=155.8; Sum=l.13e+05; Flt=ft=-3.74fps +167.15

Figure 27 CC loop, CC only, Rdot vs. R

62



[

=
NN

/ /
///wu%,.
/// \

N\

WA
SRR
.ﬂ/x/
S \

.,,,,”

&

)
W

A
b

)
) i V?

\

=

I
L
=, ;

\

300~

10

63



1000~

500

freq

04

-500

ft fps

max: fps=0, ft=77.1: Sum=2.18e+05: Fit=ft =7.11 fps +127.86

Figure 29. Normal loop, Rdot vs. R

Figure 25 shows the form or density of the distribution of R versus Rdot for when the ACC is
operating and the headway algorithm is in operation determining V¢, the speed command to the
cruise control. The pattern of the frequency density isjust as one would expect given that the
control objectiveisknown to be asit is. The performance is very regular and conformsto the
control objective asit should.

The situation does not change much for the whole loop (route) when other modes of control are
included. See figure 26.

In contrast, the situation looks entirely different during the cruise-control loop. See figure 27.
“ Range vs. range-rate” points are spread all over. There are many points at small valuesof R in the
range versus range-rate sample space. When all modes are included for the CC |oop, the general
form of the two-variable histogram (see figure 28) does not change much.
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The appearance of the two-variable histogram of the N (no auxiliary control ornormal) driving
loop is different from any of the histograms for the ACC or CC loops around the route (see figure
29).

Further examination of the one-variable histograms indicates that there are differences in the
form of the range R and Ta data for each of the control modes. These differences show up at close
range as well as elsewhere. Since the density functions are greatly skewed towards zero for R and
Ta, the mean value is not representative of what is happening at small values of range, which
represent very small values of available reaction time. In short, driversfrequently come
surprisingly close to the preceding vehicle in either manua control or cruise-control driving.

5.1.3 Differences by Participant Characteristics

Several four-way, mixed-factor, analyses of variance were performed, including the
independent variables age, gender, and experience, using conventiona cruise control. In addition
to the three independent variables based upon participant characteristics, the fourth, and fmal,
independent variable examined was control mode (a vehicle characteristic). The three participant-
characteristic-based independent variables were between-subjects factors in the analyses of
variance, and the remaining variable, control mode, was awithin-subjectsfactor.

The results of analyses for each of the three independent variables based on participant
characteristics for the observed cell mean values of the dependent measures range, range rate,
velocity, accelerator pedal position, and brake application are presented below. Plots for
statistically significant (p < 0.05) effects are provided and include standard-deviation error bars.

5131  Age

Threeranges of participant age were examined; Y oung (20-30 yrs), Middle Aged (40-50 yrs),
and Older (60-70yrs). Themain effect of participant age was statistically significant (p < 0.05) for
the following dependent measures. range, range rate, velocity, accelerator pedal position, and
brake application (figures 30 through 34).
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Figure 30. Plot of the main effect of Age for the dependent measure Range (mean) where F(2,24)
= 10.48 and p < 0.01, and Student-Newman-Keuls post hoc analysis.
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Figure 31. Plot of the main effect Age for the dependent measure Range Rate (mean) where
F(2,24) = 14.67 and p < 0.01, and Student-Newman-Keuls post hoc analysis.
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Figure 32. Plot of the main effect Age for the dependent measure Velocity (mean) where F(2,24)
= 21.11 and p £ 0.01, and Student-Newman-Keuls post hoc analysis.
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Figure 33. Plot of the main effect Age for the dependent measure Accelerator Pedal Position
(mean) where F(2,24) = 4.20 and p < 0.02, and Student-Newman-Keuls post hoc analysis.
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Figure 34. Plot of the main effect Age for the dependent measure Brake Application (frequency)
where F(2,24) = 96.03 and p < 0.01, and Student-Newman-Keuls post hoc analysis.

5.1.3.2 Gender.

Two levels of participant gender were examined: male and female. The main effect of
participant gender was not statistically significant (p < 0.05) for any of the following dependent
measures: range, range rate, accelerator pedal position, or brake application.

5.1.3.3 Conventional Cruise Control Usage (Experience).

Two levels of participant experience were examined: persons who never, or very rarely, use
conventional cruise control and those who use conventional cruise control frequently, or whenever
possible. The main effect of participant experience was statistically significant (p < 0.05) for the
following dependent measures: range rate, velocity, and accelerator pedal position. (See figures
35, 36 and 37.)
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Figure 35. Plot of the main effect Experience for the dependent measure Range Rate (mean) where
F(1,24) =7.68 and p < 0.01.
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Figure 36. Plot of the main effect Experience for the dependent measure Velocity (mean) where
F(1,24) = 17.92 and p < 0.01.

71



Cell Means of Cac(mean)
o

'2 1 1
NeverUse FrequentUse

Experience

Figure 37. Plot of the main effect Experience for the dependent measure Accelerator Pedal
Position (mean) where F(1,24) = 10.28 and p < 0.01.

5.1.3.4  Interactions between Age, Gender and Experience.

Statistically significant (p < 0.05) two-way interactions were only observed between the main
effects of age*gender for the dependent measure Velocity (F(2,24) = 3.22 and p £0.05), and
between the main effects of age*experience for the dependent measure Brake Application (F(1,24)
= 5.09 and p < 0.01). These two-way interactions are shown graphically in figures 38 and 39,
respectively.

The only three-way interaction observed was between the main effects of
age*experience*gender, but this interaction was found to be statistically significant for each of the
dependent measures examined. Three-way interactions of this nature are difficult to interpret,
particularly due to the fact that no consistent, apparent, relationships exist for this interaction of
main effects across the dependent measures. The age*experience*gender significant main effect
warrants additional examination.
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Figure 38. Plot of the interaction Age*Gender for the dependent measure Velocity (mean) where
F(2,24) = 3.22 and p < 0.05.
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(frequency) for F(1,24) = 5.09 and p < 0.01.



5.2 Findings from Subjective Data

5.2.1 Comfort

Participants generally felt very comfortable using the ACC system under the conditions
examined. Individuals who were not experienced in the use of conventional cruise control were
perhaps initially more reluctant, but none the less quickly adapted to the use of ACC. Participants
did not have difficultiesin understanding the concept of ACC, or the limitations of the ACC system
examined (i.e., they understood that there could be missed targets and faketargets). Several of the
participants, particularly older individuals, stated that an ACC system would make long trips
physically more comfortable for them by allowing greater freedom of movement for their legs.
However, approximately one-third of the participants stated that the system made them fedl too
comfortable at times, as if someone else had taken control of the vehicle.

5.2.2 Acceptance

While participants generally reported feeling very comfortable with the ACC system, several
voiced concerns over the use of ACC in traffic conditions other than those tested (i.e., how it
might behave in rush hour traffic). Severa participants stated that they would be reluctant to use
ACC in many, if not most, traffic settings they encounter due to the density of traffic. When
asked, for example, how much they would be willing to spend to purchase an ACC system, al but
two stated they would not spend as much money asthey believed the manufacturerswould be
charging. The median amount participants would be willing to spend, above the cost of
conventiona cruise control, was $200, where as the median value participants believed that
manufacturers would charge was $350 above the cost of conventional cruise control. The value
participants assigned to an ACC system appears to be, in part, influenced by the amount of use
they would receive out of such a system, based on the types of traffic settings they normally
encounter.
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6. CONCLUSIONS, RECOMMENDATIONS, AND CONCLUDING
REMARKS

6.1 Conclusions

- The basdine ACC system performs well for a first generation system
operating on U.S. roads.

The U.S. highway system is characterized by limited-access roads with curved sections seldom
exceeding 3 degrees of curvature. Frequently, in many placesthe traffic is such that driversfind it
convenient to use conventional cruise-control systems. Under these conditions, a fixed-beam,
advanced, cruise-control system provides drivers with an added measure of convenience through
its headway control functionality.

The results from this study show that drivers using the ACC do not follow as closely or with
as high closing rates as they do in manual driving or with conventional cruise control. The
comments and reactions from drivers indicate that the operation of an advanced cruise-control
system with limited control authority and limited beam width is easy to understand and supervise.
Drivers are aware of the systems capabilities, and the geometric and physical limitations of the
system arein keeping with the drivers' perception of the headway-control situation. Given the
transparent nature of the functional capability of the baseline system, the system can provide
convenience, comfort, and safety benefitsto prudent drivers.

- A pertinent ACC, CC, & M operational database now exists.

Perhaps the major contribution of thisfirst year’ swork isthe database of driving behavior that
has been assembled. The data contain time histories of driving for a balanced set of 36 typical
drivers. Each of these subjects drove the vehicle for approximately 55 minutesin each of the three
control states: manual driving (M), conventional cruise control driving (CC), and advanced cruise
control driving (ACC). The data containsinformation on the driving situation (range, range-rate,
velocity, yaw rate, and longitudinal acceleration), the driver's control actions (accelerator pedal
position, brake lights on or not, and steering-wheel angle), and the control system and derived
variables (commanded speed, available reaction time, set speed, time to impact, etc.).
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The database provides the information needed to make within-subject and across subject
comparisons between the ACC, CC, and M modes of longitudinal control of vehicle speed and
headway.

- Data from test drives are needed to classify drivers.

The data show that drivers do differ but that driver tendenciesto be aggressive or passive do not
follow patterns based upon gender, age, or driving experience with cruise control. The
characteristics of each experienced driver need to be examined in driving tests to determine their
driving tendencies.

- ACC, CC, & M are quite different modes of driving control.

Figures 25,27, and 29 show the frequency densities for range and range-rate for the different
control modes (ACC, CC, and M). Examination of these data show that drivers have very different
driving tasks depending upon the control mode they are using. With manual control the driver is
modulating the accelerator pedal continuously. The driver commits a considerable amount of physical
and neurological effort to modulating the accelerator pedal. In conventional cruise control, the driver
supervises the situation and decides when to apply the brakes depending upon the driver’ sjudgement
of whether the headway is acceptable. Driving in advanced cruise control is characterized by the
system slowing autonomously to provide headway. The driver feels even modest decel erations and
isaware of when the system decidesto slow at or near itslevel of control authority. The driver
supervises the operation and decides to brake when the deceleration applied by the system is not
acceptable.

- ACC provides more orderly control of range and range-rate without small
values of range.

As shown by figure 25, the ACC system controls range and range-rate per its control agorithm.
Thismeansthat the headway timeis usually close to the design value of 1.4 seconds with the range
rate at approximately zero ft/sec. Comparisons with figures 27 and 29 show that manual-and cruise-
control driving are nowhere near as orderly as ACC driving. In manual driving, there are-may
instances of shorter headway times than those encountered with ACC driving. Also there are many
instances where people do not close up the gap in manual driving. With conventional cruise control,
drivers not only come closer to the preceding vehicle but they often close at a substantial level of
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range-rate. To the extent that small values of available reaction time (range divided by velocity) and
range-rate are unsafe, ACC driving occurs with agreater safety margin than driving in the manual or
conventional cruise control modes of speed and headway control.

Available reaction time has interpretations that make for an attractive
performance measure.

The data have been examined using a number of quantities which might serve as performance
measures. Based on the worked performed so far, available reaction time (range divided by velocity)
appears to be a performance measure that has physical significance aswell as power for
discriminating between different types of longitudina control. Physically, available reaction time
represents the length of time that the driver of the following vehicle has to do the same decelerating
maneuver as that done by the preceding vehicle. If the driver applies the same level of braking as the
preceding vehicle within the available reaction time there will not be a crash. The field data show that
manual and conventiona cruise-control driving are characterized by a considerable amount of driving
with available reaction times that are well below the ability of typical drivers to react quickly. In these
cases, collisions are prevented because drivers do not slow down rapidly when thereisavehicle
close behind them. Nevertheless available reaction time is a performance measure that indicates the
safety margin availablefor usein preventing collisions.

6.2 Recommendations

The recommendations are aimed at (1) further enhancing the state of knowledge concerning
headway control and (2) exploring new concepts to automatically control headway, as they emerge
from findings of this study.

*  Study methods for selecting headway times.

Headway time is a matter of concern to drivers as well as safety advocates. When traffic is fairly
open and cut-ins and merges are not afrequent event, 1.4 seconds may be acceptable to many
people, even though others may find it tolerable but too long for their styles of driving. However, in
dense, high-speed traffic many people would like shorter headway times. In extremely densetraffic,
experienced drivers of ACC systems say that they would like 1.0 or even 0.8 seconds for headway
time.
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Several approaches need to be considered for allowing drivers to try different headways. These
include man-machine interfaces that provide a button for selecting the desired headway or digital
choices for about three or four different headway settings. Research needs to be done to provide a
rationale for the minimurn headway to be used. Since people aready drive at headways that are
beyond their capabilities to react, there is a problem knowing the appropriate tradeoff between risk
of a crash and the desire to follow closely with maximum density of traffic flow.

Study warnings and modest braking.

A prototype model that incorporates braking should be developed and studied During the first
year it was evident that under certain circumstances, the coastdown deceleration capability of the
test vehicle limits the performance of the ACC system. Added deceleration is needed to ensure that
the performance boundaries of the prototype will better meet the driver’s expectations, and will
also be an advancement towards becoming a crash-avoidance system.

However, there is a limit to the control authority that the driver can readily supervise. Once the
system becomes too capable, the driver will no longer be able to decide to intervene in time. There
Is a possibility for the system to become unsafe relative to manual driving, when the deceleration
authority is too large. Research is needed to aid in deciding the appropriate level of deceleration
authority to be compatible with the driver's level of supervision capability.

It appears that something on the order of 0.1 g would be adramatic warning to driversin a
freeway setting. Experiencein thisyear’ swork indicates that drivers are very sengitive to 0.04 g of
deceleration and that 0.1 g of deceleration happens very infrequently on freeways. There might be
some danger that 0.1 g of deceleration would be a surprise to drivers of trailing vehicles operating
with manual control. In any event, adeceleration in the range from 0.05 g to 0.1 g would be plenty
to warn the driver that the system perceives a situation requiring the driver’s attention. The form of
thiswarning and braking needs to be investigated.

- Study systems with swept or multiple beams for curved roads.

A headwaycontrol system that employs a sensor with directional information should be
studied. Lack of information regarding the lateral position of the target relative to the orientation of
the ACC-equipped vehicle impedes system’s performance on curved roads. The monobeam
sensor can pick up false targets on adjacent lanes, or miss valid targets around the curve ahead.
Possible sensing technology or sensor design that will provide such azimuth information might
include (1) multi-beam sensors; (2) mechanically rotating (swept) beam sensors; or (3) an
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electronically sweeping beam sensor. Using directional sensing will enhance sensing confidence
as a step towards being a crash-avoidance system.

- Examine possibilities for analytical, simulation, and proving grounds tests
for prototype systems.

Although on-road testing represents deploying the systemin areal environment, thereisaneed
to have techniques for studying these systems asthey develop. The FOCAS project started witha
deployable system Now that the results and findings from deploying the baseline system are being
evaluated, there is a need to have analytical, simulation (or simulator) and proving grounds
techniques for examining system performance in a controlled environment. Evaluations of
advanced systems with adjustable or selectable headways or with warnings and braking capabilities
or with swept-beam sensors would benefit from evidence obtained from analyses, simulations, or
proving grounds tests. The next deployment in the field would be more likely to be successful if
the new features have received clinical examination under controlled conditions.

. Deploy systems (such as the baseline system) allowing people to operate
them unescorted and for longer periods of time.

The baseline system performed very well in the hands of experienced driverswhen the drivers
were accompanied by an experimenter. The next step in deployment would be to have responsible
drivers operate these systems without an experimenter present. There is a need to confirm that
people will use these systems much as they currently use conventional cruise-control systems.
There is a need to obtain driver reactions and opinions to assess the viability of ACC as a consumer
product aswell asitsinfluence on the safety margins used by the driving public.

6.3 Concluding Remarks

The data gathered during this year have received considerable attention. Nevertheless, the
database needs to be penetrated further: The data certainly contain many findings that have not been
uncovered yet. There is a wealth of information concerning the driving process to be obtained from
the database. Some of the activities that need to be pursued in the near future are as follows:

« Normalize the data using speed so that timing is evident. For example, use the equation
TLC(Rdot/V)+(Ta-Th)=0
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. Work with streams (time continuous values) to study driving situations such as cruising,
closing-in, following, suddenly too close, chasing, etc.

. Relate subjective and statistical results to physical understanding.

. Contribute to a theory of driving as it applies to the intelligent control of vehicle dynamics.

80



REFERENCES

Fancher, P., Bareket, Z. and Johnson, G., “Predictive Analyses of the Performance of a
Headway Control System for Heavy Commercia Vehicles.” Intentional Association for
Vehicle System Dynamics, Proceedings to the 13th IAVSD Symposium. Chengdu, China,
Swets & Zeitlinger, 1993.

Fancher, P., Bareket, Z. and Johnson, G., “ Investigation of the performance of a headway
control system for commercial vehicles.* Michigan University, Ann Arbor, Transportation
Research Institute, GLCTRR-27/91, UMTRI-93-2, IVHS Technica Report-93-01, 1993.

Fancher, P.S., Ervin, R.D., Bareket, Z., Johnson, G.E., Trefat, M., Tiedecke, J. and
Hagleitner, W., "Intelligent Cruise Control: Performance Studies Based Upon an operating
Prototype.” IVHS America Annual Meeting, IVHSAmericaAnnua Meeting. Atlanta,
Georgia, 1994.

Fancher, P.S. and Bareket, Z., “ Evauating Headway Control Using Range Versus Range-
Rate Relationships.” Vehicle System Dynamics, International Journal of Vehicle Mechanics
and Mohbility, vol. 23, no. 8, Nov. 1994, pp. 575-596.

Fancher, P.S. and Ervin, R.D., ‘Implications of Intelligent Cruise Control (ICC) Systems
for the Driver's Supervisory Role,” ITS World Congress, Paris, December 1994.

Fancher, P.S. and Bareket, Z.,, “ Controlling Headway Between Successive Vehicles’,
Association for Unmanned Vehicle Systems, Symposium Proceedings Manual, May 1994,
pp. 149-157.

Slotine, JJ.E., and Li, W.: Applied Nonlinear Control. Prentice Hall, Englewood Cliffs,
New Jersey, 1991.

Hoffman, E.R., “Perception of Relative Velocity,” Studies of Automobik and Truck Rear
Lighting and Signaling Systems, Report No. UM-HSRJ-HF-74-25, University of
Michigan, Highway Safety Research Institute, Ann Arbor, MI, Nov. 1974.

Michigan Department of Transportation (1994). Michigan 1993 annual average 24-hour
traffic volumes, Lansing, MI.

81



APPENDIX A

N
!

IR o
BRIt R
LT N
o

A
L B




XN IS oj)) woyj pejduies-a1 g peuuiq-e1 ‘8jed SYO04 OVAVIH
008 - oW

000% 000E 0002 000} 0

e

sd} - X0q B2j8"] ‘UOjjRIe|EO0E PIEMIO

X"N” IS oylj woy) pajdwies-e1 g peuu|q-ed ‘BjeQ SYO04 OVAVIH
208 - 8w}

000v 000t 0002 000} 0

.

6 - 1818W-008 ‘UojjRIB|EIOR PIBMIOS

X"NTIS ey woy pajduses-a1  pauuiq-e) ‘eieg SY004 OVAVIH
205 - ew}

000t 000e 0002 0001 0
— - - 00i-

oS-
§d} - ejes eBuey

X'N” IS ejy wioy) pejdwies-81 'g peuujg-el ‘w18 SYO04 OvavaH
208 - o)

i ;..,ﬂ &5,.__.?_

000

(=]

002

ooy

|
[}
i
]
m
1 o0os

009
¥ - eBusy



X"N" 1S el wouj pejdwes-a1 g pauuiq-01 ‘Bleg SYO04 OVAVIH
008 - 8wy

000t 0002 0002 0001 0

J 0

o

<

}
passeud jeped exeig

X"N"LS el woyj pejdwies-a1 g peuu|q-e1 ‘eleq SYO04 OVAVIH
008 - oWl |

000 000€ 0002 000} 0

4 00l

0S1
sdj - Ayoojep

X"NT1S e}l woy) pejdwes-e1 @ peuu|q-es ‘eleq SYI0d4 OVAVIH
208 - 8W)|

000y 000€ 0002 000} 0

8 8 &

001
jusased - sujbue uo uopsod eposy]

X"NTIS ojlj woyy pajdwes-e1 § peuuig-es ‘Bjeg SYD04 OVAYIH
208 - o))

000 000t 0002 0001 0

8 ¥ 8

8

4 00}
ueased - uoyysod (jeped) apoiyy

A-2



X"NTIS o] woyj pojdiwes-o1 g peuuiq-al ‘eleQ SYO04 OvaAVIH

2as - swyy

000t 000€ 000c 000} 0
™ b ONV
ol-
0

1
1 01
4 02

oes/fep - eje1 me

X"NTLS ojfj wiosy pejdwes-es ¢ peuujq-es ‘ejeg SYO0d OvAVIH
20S - eulj}

000p 000 0002 000} 0
o s 00}-

0s-

00t
bep - ejbue bupesig

A-3



18p™NT IS 8|} WoJ) 8jeuUBYD paAuep ‘Bjleq SYD04 OVAVIH
208 - 8w |,

000Y 0002 000¢ 0001 0

.
6 - "jeooe |Bie}E) B1BIS-ApPRSIS

18PN LS eji} woy) sjeuByo peAusp ‘eleq SYO0d OVAVIH

208 - awy)
000t 000€ 0002 000t 0
' 0
0s
001
0s1
002

Y - eoue)sip Aempeay aousiojey

J8pTNTLS ejlj Woy sjeulByD peuep ‘eleq SYO0d OVaVIH

000t

000€

28s - ew|).

0002

0001

0
0s

001

0si

sd; - ejojyen Bujpedseid jo peeds

18PN LS O]} Wwoyj sjeuueyd peAuep ‘Bleq SYO04 OVAVIH
208 - ewi)

000t

oooe

0002

000}

0
0

I
M0jjo} 0} pjjeA yebie)

A4



19PN 1S ©j)) W0y sjeuueYyd peAusp ‘ejeq SYO004 OvaV3IH
008 - euij]

ooo0v 000t 000¢ 0001 0

2.01X§

SV

z
B - yse1o pjoAe 0} uopesejedeq

18p"N"LS ejj} wol s|euuBYyd peapep ‘ered SYO0d OVAV3H

088 - Bulj |
000y 0008 0002 0001 0
; °
0c
ov
09
08
4 8—,

268 - joeduly 0y oW}

19p"NTLS |l woy sipuusyd peayep ‘Bleg SO0 OVAV3H
9es - ouij}

000 000E 0003 0001 o

0

0l

St
208 - 8w} UOJOBEI BjqE|IBAY

19p™NT1S Sjj Wosj S|eUUBYO peAusp ‘Bleq SVIO04 OVaVIH

008 - Wl
000 000€ 0002 0001 0
- ¢ ¢ u.o—.
¢ OX6"
0
501G
- N..° F

.5 - amnjeAnd yied eyeis-Apes)s

A-5



JOPTNTILS 6l WoJ) sjeuueyd pauep ‘ejeQ SYI04 OvavIH
288 - ewy)

000¥ oooe 0002 0001 0
g 0

19A0] BouRIpUlH

18p7N" 1S Ol woyj sjeuuBYD peAuep ‘Bleg SYD0L4 OVAVIH
008 - Bl

000V 0ooe 000c

T

sdj - puswwod peads eousiejey

o

——————— O
(=]
w

8

Jep™N”LS 8ljj WO SjeuBYD Peep ‘BlBg SYOO0 OVAVAH

205 - o)
000y 000€ 0002 000} co
Uil
14
)
8
ol

Aempeay paz|jeuuopN

18p™N" IS @jj woy sjeuusyd peayep ‘eleq SYO0L OVaVIH

%68 - ow||

000 000€ 0002 0004 0
| TRURI _, oy -

_ /| | 0
| _ _ ool
002
| 3 ooe
| ooy
008

)} - eousiayip AempeeH

A-6



48p"NTS ejlj wosy Sjeuueyo paayiep “ejeq Sv04 ovavay
203 - Wy

000r 0ooe 0002 0001 0

001-

0s-

1 os
sdj - ejvs abuey peyuep

1897N"LS el wioy sjuueyd peaep ‘ejeq SYn0 OvavaH
99S - ewy

TR

|
| |
. N _“OON

000y 0

0

001

ooe

_cov

005

009
¥ - ebues payuep

A7



X"0071S ol)) woy) pejdwes-a1 ' pauuiq-ei ‘Bjeq SYO04 DVAVIH
288 - 8w

000Y 0ooe 0002 0001 0

e

8d} - x0q B9{0"] ‘UOIRIS|8II8 PreMIO

X"007tS ejy woyj pejduses-e1 g peuuig-e ‘ejeg SYI0L OVAVIH
0es - ew)|

000% 000 0002 0001

o

e

6 - Je10w-008 ‘uopesejedoe premioy

X"007|S 6|} wosj pejduies-ai g peuuq-e1 ‘Bjeq SYO04 OVAVIH
208 - oWy}

000V oooe 0002 000l 0
001-

05
sd} - eje1 ebusy

X"0071§ eyl wosy pejdures-a1 § pauuiq-es ‘ejeq SYO04 OvVaVaIH

288 - ew|)
000¢ 000¢ 0002 0001 0
0
| “_ | __z.

| 001

| e

00e

00y

00S

4 009
y - ebuey

P
<



X"007 LS eyl wosy pejdures-a) g pauulg-es ‘ejeq SYO04 OVAVIH
203 - oW}

000y 0ooe 0002 000} 0

rrammm——— R (]

i
possaud jeped eyaig

X"DD7LS ejij wosj pejdures-a1 g peuuig-es ‘ejleq SYO0d OVAVIH
20S - sWij}

000Y 000€E 0002 0001 0 0

0s

00l

1 os1
sdj - Ayoojea

X071 ey woyj pajdwes-e1 @ pauuiq-e4 ‘Bled SYO04 OVAVIH

des-ew|L
000y 000¢ 0002 0004 Y 0
4
ob
09
08
4 004

jueaied - sujbus uo uojsod aoy i

X"007 1S ey woyy pejdures-e1 g peuujq-e: ‘gjeg SYO04 OVAVIH
298 - B}

000v 000e 000c - 000} 0

09

08

1 00}
juedsed - uopsod (jepad) epoiy ),

rd
<



X"007 1S o}l wios) pejdwes-a4 3 pauuig-s) “ejeq SYO0d4 OVAVIH

00S - 8|
000V 000€ 0002 0001 1]
. —r ¢ 0C-
oi-
0
ol
oe

oes/Bep - eje1 me,

X"007 1S ejlj woyy pejduses-e) g pauuiq-e) ‘eje@ SYO0d4 OVAVIH
208 - Wy}

000y o000t 0002 0001 0
- 8 P -

0s-

0S

00}
Bep - 8jbue Bupes)s

A-10



10p™0D71S 6|l Woyj sjeuuBYd PaANEp ‘Bleq SYOO0 OVAVIH
208 - aw||

000V 000¢e 0002 000} 0

v
B - "|aaow Jese)g| ele)s-Apesig

1ep™00" IS 8|lj WO} SjeuUBYD peauep ‘Bleq SYO04 OVAVIH

208 - owj|
000¥ 000e 0002 (111]8 0
0
0s
4 00l
0S|
4 002

Y - eouejsip Aempesy esueiajer

10p™0071S eIl WIOY) S[BUUBYD PeAUSp ‘BlEq SVO04 OVAVIH
2es - ew)|

000t 000€ 0002 0001 0

o
1 05
4 001

4 051
sdj - ejopyea Guipesesd jo peadg

18p 00 1S 8jj) woly sjuUBLD peAuep ‘eleq SYO0d OVaVaH
00s - oWy}

000y 000€ 0002 0

0001
0
z
¥
o
g
3

MO}jo} O} pjea jebiey

A-11



18p™0071S 6jij WoJ) SjeuuByd peAusp ‘Bleq SYOOd4 OVAV3IH
008 - 8w |

000 000¢€ 0002 0

0001
——_ o

1 .ouxs
4+ 1

18

z
6 - yseid pjoae 0} uojesejeveq

18p™007 1S ©llj WoJ) SjeuUBYO PeAep ‘eleq SYDO04 OVAVIH
0088 - oW}

000 000e 0002 0001 0
_ _
i

|

,_
09

08

4 001
09s - Joedwy 0) aw |

16p”0Q7 IS Oyl woy) sjauuBYd PeAuep ‘Bleg SYO04 OVAVIH

208 - oW
0001 0
.— _ °

000 000€ 000¢
1 Ot

Si
99 - BLf) UOOBS B|qB|[BAY

16p”0071S ejjj woy sisuueyd pauep ‘ej8Q SYI04 OVAv3H

%es - ewj}
000¥ 000€ 0002 0001 0
. ' 20}
601G
0
£ 01%g
201

W, -emneand yied ejejs-Apeals

A-12



16970071 S )|} Woy) sjeuUBYD paAuep ‘eled SYO04 OVAVIH
208 - o]

000t 000e 0002 000} 0

0
1
1 ¥
19
19
Tt

[9AB)] 8oURIPUIH

18p™007 IS 8|l Woy sjeuuBYyd peuep ‘eleq SYO04 OVaVIH

%8s - ew)|
0
0
0s
4 001

000V 000€ 0002 0001
0si

sdj - puewuwios peeds esusiojoy

16p™DQ 1S e|)) woy) sjeuuBYD paausp ‘BB SYO04 OVAVIH
20s - e}

ol
Aempeay pezjjeuuopN

18p” 007 1S 6| woyj sjeuueyd peAuep ‘ejeq SYO0d4 Ovav3H

208 - oW
0
001~
0
4+ 001
4 002
41 00€

000V oooe 0002 000}
00r

1 co5
1 - edueseyp AempeaH

000t 000t 0002 0001 0
=-E 0
b .

A-13



10p™0Q7LS 8|l Woyj SjeuUBYD PeALGP ‘Bleq SYDO0S OVAVIH

008 - ow)|
0oop oooe 0002 0004 0

. - 00}-
4 06-
1

]

4
1 0S5

sdj - ejes efiuel payueA

18p™007 IS 8|l WwoJj sjeuuByd peauep ‘Bled SYO0d OvavaH
008 - W)

000y 000t 0002 000} 0

00l

ooy

FPRPErePe 1

00§

4 009
Y - ebuel payuep

A-14



X"00VLS Al woy pajdwes-es @ peuuig-es ‘8jeq SYO04 DVAQVIH
088 - ew}]

- 000 cooe 000¢ 000} 0

edj - X0q B9j6] ‘LI0}JB16}8208 PIEMIO

X"O0V™1S eJ)) woy) pejdures-e1 ¥} pauujg-es ‘ejeq SYO0-4 OVAVIH
008 - oWy

000P 000c 0002 0001 0

.

b - Jejoui-008 'uolRIOIBIE pIEMIO,

X"00V™ IS el woy pajdwes-a1 g pauuiq-e ‘eled SYOO04 OVAVIH
%es - ewy)

000¥ oooe 0002 0004 0
o 8 —.|

L

0s-

0s
sdj - ejes ebuey

XTO0V IS ey woy paidwes-a4 '3 peuuiq-as ‘ejleq SYO04 OvavaH
208 - oWy,

g

00

o

00¢

00e

005

1 009
) - ebuey

A-15



X"00V™ 1S 8l wosj pejdwes-6. % pauuig-e) ‘BleQ SYO04 OVAVIH
008 - oW}

000 000€ 0002 0001 0

. ﬂ . 0

- I
pesseud |epad exyeig

X"00V™ 1S el wos) pojdwes-a1 @ peuuig-e: ‘ejeg SYD04 DVAVIH
0es - e}

000t 000e 0002 000t 0
¢ ‘ . 0

0S

1 051
sdj - Qyojep

X"00V IS ellj woyj pejduses-es % peuuiq-al ‘eleq $VO0d OVAVIH

208 - oWy}
000v 000 000e 0001 0 o
(114
ov
09
08
4 00}

jusased - eujbue uo uopysod epjoiy

X"O0V™ IS ey} wouj pejdures-ai B peuuiq-e! ‘ejleq SYO04 OVAVIH

008 - 8w}
000% 000€ oo.o« 000} 0 0
_ 02
1 O
4 09
08
A 001

juedied - uopysod (jeped) ejnoiy)

A-16



X"OOV LS ej)) woy) pajduies-e1 g peuuiq-e: ‘ejleq SYO04 OVAVIH

208 - Oy}
000p 000t 0002¢ 000} 0
» QNO
0l-
0
ot
(17

oos/bop - ojes mep

X"O0V™ LS e|y wouj pejdwes-e1 g peuuiq-e1 ‘ejeq SYI04 OVAV3IH
208 - ey}

000y 000€ 0002 000!

o

001-

001
6ap - ejfue Bupes)g

A-17



16pT00V IS OJij Woy) sjeuUBYD PeALEP ‘Bjeq SYO0 OVAVIH 1epTO0V 1S Ol Woyj sjeuusyd peuep ‘sleq SYO04 OVAYIH

oas - ewj) 008 - 8wy |
000 000€ 0002 0001 0 000 000€ 0002 000} 0
¢ » ’ ¢ ¥ ’ 0

c-
0s

0
(1]}

z

v 4 051

B - jeooe jeie}B] B)B}S-ApRA}S sd} - ejojyea Bujpesesd jo peedg
18P0V IS Oji) Woyj sjeuueyd peayep ‘ejed SYO0d OVAVIH 18p~O0V™ IS 8] Woyj sjleuueyd peauep ‘Bleg SYO04 OVavaH
088 - ew)| 068 - aw|j
000% 000€ 0002 0001 0 000¥ 000€E 0002 000t 0

0 - 0

0s ¢
v

001
9o

0s1 g

002 - L

\ - eoue]sip Aempesy 93ue13)oY MO||0} O} pijea JeBie ]

A-18



18P0V 1S 8jj) wioy} sjeuueyd peapep ‘ejeq SYD04 DVAVIH
088 - BWj|

000Y 000€E 0002 © 0001 0

2018

1 st

4 2
6 - yseuo pjoae 0} tojleseledaq

18pTO0V™ LS O})} Woi) Sjeuusyd peAuep ‘eleq SYO0: OVavaH
208 - e

000t 000€ 0002 000} 0

i

o

20s - joeduw) 0) ew))

18p™00V" IS e}l woy sjeuueyd peapsp ‘eled SVO04 OVAVIH
208 - )

000¥ ooce 0002 0001

(=]

ol

St
008 - BWJ} OOV BjqR|IBAY

16pT0QV" LS 8|lj Wy sjeuusyd peayep ‘Bleg SYO0d4 OVaVIH

208 - oW}
000¥ 000€ 0002 000} 0
ey - 201
¢ 01XG-
0
£01%G
20}

E_ - enjBAInd yied eels-Apeels

A-19



18p™00V" 1S 6jlj WOy SjauuByd PeAPep ‘Bleq SYO0L DVAVIH

008 - QLl|]
000 000€ 0002 .

0001

{9A6] 8ouBIPUIH

18p™O0V LS 8|} Woyj SjeuuBLO PaAyiep ‘eleq SVYI04 OVAYIH

208 - 8w
0ooYy 0ooe oooz

l

0001 0

0s

001

osi

sdj - puewwod paads eduaiejey

1ep~O0V LS 8|l Woyy sjeuueyd peAsp ‘eleq SYO0d OVAVIH
208 - oWy

000t 000€ 0002 0001 0

4 04
Aemprey pezjjeuloN

18p™O0V" IS ejy wouj sjeuuByd PeALep ‘eleq SYO04 OvavaH

208 - ewy)
ooov 000€ 000¢ 0001 0
0014-
E ;
001
+ 002
4 008
3§ ooy
4 00S

I - eoueielip AempesH

A-20



16p~00V 1S ejlj WwoJ) sjsuueyd paruep ‘eleqd SYO04 OVAVIH
o8s -a)

00,074 000E 0002 0001 0
* 0o}~

0S
sdj - ejes ebues peyuep

1ep™DOV LS 8ij) woyj sjeuuByd peauep ‘ejleq SYDO4 OVavIH
208 - swip|

000y 000¢ 0002 0001 0

|

_ 001
002
00€

0ov

00S

1 009
) - eBuei pajjuep

A-21



APPENDIX B



STATISTICAL DATA FOR HISTOGRAMS, NORMAL DRIVING

Var Subj Mean 8tdDev Variance MLV Total
v 1 107.75 7.37 54.25 110.30 11782
v 2 101.43 8.26 68.30 105.81 12204
\' 3 101.81 5.65 31.97 104.01 12524
v 4 87.28 5.85 35.40 97.73 12018
v 5 104.47 8.56 91.41 113.89 11775
v 8 99.44 4.88 23.86 101.32 12827
v 7 93.91 3.57 12.73 94.14 13301
\' 8 98.13 5.85 34.19 101.32 12818
v -] 81.05 4.51 20.30 21.44 13343
A\ 10 87.29 6.74 45.44 98.63 12045
v 11 107.28 10.12 102.51 105.81 11714
\' 12 107.38 8.71 75.89 100.40 11857
v 13 86.46 3.29 10.84 84.26 11149
v 14 96.00 5.7¢ 33.22 99.52 13198
" 15 95.39 5.56 30.91 90.54 13184
\' 16 101.09 8.17 66.76 102.22 12583
v 17 87.50 5.19 26.95 88.52 12653
v 18 98.76 7.41 54.88 101.32 12281
v 19 98.37 B.19 87.09 103.12 12411
\ 20 96.49 5.37 28.83 100.42 12949
v 21 93.60 6.86 47.06 03.24 12428
v 22 81.72 4.08 16.86 03.24 13549
v 23 83.71 4.48 19.91 95.83 13444
\'J 24 101.08 6.37 40.82 102.22 12287
v 25 99.66 6.83 46.66 §9.52 12524
v 26 89.46 4,88 23.85 B86.05 12641
v 27 90.61 4.83 23.29 87.85 12405
v 28 83.41 5.07 25.66 92.34 13282
v 29 91.82 4.70 22.08 90.54 12983
v 30 94,97 6.18 38.17 95.03 13066
v 31 99.39 6.28 39.54 103.12 1271¢
v az 983.73 5.62 31.82 94.14 12557
v 33 93.67 5.58 31.14 95.03 12702
\' 34 96.99 6.61 43.75 100.42 12851
\' 35 95.60 5.82 35.09 85.03 13008
v 36 102.51 6.06 36.75 105.81 12081
Rnew_d 1 160.58 115.48 13334.51 76.49 7352
Rnew_d 2 138.00 109.23 11932.13 58.37 10211
Rnew_d 3 190.81 121.07 14857.49 88.57 6364
Rnew_d 4 194.28 107.80 11620.44 82.53 10032
Rnew_d 5 144.54 98.51 9704.24 £8.37 po12
Rnew_d (] 221.45 130.60 17055.86 100.85 70853
Rnew_d 7 226.57 126.26 15941.88 94.61 7714
Rnew_d 8 180.40 124.57 15518.02 52.33 7300
Rnew_d 9 230.41 118.52 14047.54 124.82 7581
Rnew_d 10 222.28 87.60 9525.90 148.98 7985
Rnew_d 11 119.44 84.54 7146.67 76.49 10180
Rnew_d 12 220.60 120.26 14482.62 100.65 7447
Rnew_d 13 234.58 108.37 11743.60 161.06 4795
Rnew_d 14 192.687 85.53 9125.74 130.86 10211
Rnew_d 15 221.35 127.88 16353.38 82.53 7803
Rnew_d 16 197.87 108.86 11851.00 136.90 8545
Rnew_d 17 210.63 129.85 18859.88 94.61 4729
RAnew_d 18 177.96 106.96 11440.33 112.73 8187
Rnew_d 19 252.71 123.56 15267.28 330.20 8794
Rnew_d 20 263.87 114.1% 13020.52 306.04 7037
Rnew_d 21 227.77 118.15 13959.04 167.10 7688
Rnew_d 22 229.20 114.11 13020.58 124.82 85386
Rnew_d 23 230.63 116.77 13634.68 94.61 8777
Rnew_d 24 201.99 124.53 15508.89 88.57 8176
Rnew_d 25 240.09 117.38 13777.23 130.886 8653
Rnew_d 26 281.71 122.83 15088.01 112.73 6838
Rnew_d 27 207.84 106.60 11383.33 118.78 7156
Rnew_d 28 203.27 88.81 7851.83 187.10 8130
Rnew_d 29 275.78 121.37 14731.39 179.18 7473
Rnew_d 30 240.99 106.16 11269.47 130.86 8338
Rnew_d 31 235.65 120.95 14628.86 148.88 8569
Rnew_d 32 184.86 101.64 10329.84 8B.57 10838
Rnew_d 33 235.24 04.79 8985.53 173:14 8027
Rnew_d 34 203.22 113.08 12781.65 136.90 8680
Rnew_d 35 209.22 99.41 9882.22 233.55 8707
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12049
12428
13540
13444
12287
12524
12641
12405
13282
12993
13088
12716
12557
12702
12851
13009
12081
11782
12204
12524
12818
11775
12827
13301
12618
13343
12045
11714



AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth

Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
cth
Cth
Cth
Cth
cth
cth
Cth

0.00

CO0O0O0O00O0O0
000000 OO ¢
IsR=XoXoR=X=

[cNoNe)
[eNeoNs)

11857

11149
13198
13184

12583
12653

12281

12411

12949
12428
13549
13444
12287
12524
12641

12405
13262
12993
13066
12718
12557
12702
12851

13009
12081

11782
12204
12524
12916
11775
12627
13301
12618
13343
12045
11714
11657
11149
13198
13184
12563
12653
12281

12411
12949
12426
13549
13444
12287
12524
12641
12405
13262
12993
13066
12716
12557
12702
12851

13009
12081



freq

1.5}

0.5

x 10 V for S0, NI0.1.2)

1)
T
-
1
i
90 100
max & 95.03 fps
Tot = 4,5368+05

1 120
1 QnoanllssJB

std. = 7.856

bin
+80.
+81.
+82
+83.
+84.
+85.
+86.
+87.
+87.
+88.
+89.
+90.
+91.
+92.
+93.
+94,
+95,
+95,
+96.
+97.
+98.
+99.
+100. 4
+101. 3
+102. 2

o ~NOOORPNWRARUUIONOORPRNDWPRAROIOYN

TABLE of: V for S0, N[0,1,2]

freq

4903
5575
6165
7251
7847
8567
9956
11688
13230
14621
16223
17310
16143
19313
19753
19532
19786
19025
16862
17553
17983
17569
17395
16674
15471

bin frm
+103.1 14221
+104.0 12510
+104.9 10809
+105.8 8339
+106.7 7637
+107.6 6437
+108.5 5554
+109.4 4528
+110.3 3665
+111. 2 750
+112.1 3516
+113.0 3106
+113.9 2163
+114.6 1913
+115.7 1749
+116.6 1192
+117.5 1149
+118.4 1082
+119. 3 789
+120. 2 554
+121.1 329
+122.0 156
+122.9 178
+123. 8 87
+124. 7 62



«10°  Ax forS0,N[0,1.2]

freq
&H

22 -0.1
max €@ -0.01224
Tot = 4.5368+05

0.1 0.2

mean O -0.008348

std. = 0.02763

B-8

bin

-0.200
-0.192
-0.184
-0.176
-0.167
-0.159
-0.151
-0.143
-0.135
-0.127
-0.118
-0.110
-0.102
-0.094
-0.086
-0.07¢8
-0.069%
-0.061
~0.053
-0.045
-0.037
-0.029
-0.020
~-0.012
~0.004

TABLE of: Ax for S0, N[0,1,2]

246
306
416
548
683
1137
1692
2724
4244
6522
10822
15552
21613
30144
54923
72767
71799

bin

+0.004
+0.012
+0.020
+0.029
+0.037
+0.045
+0.053
+0.061
+0.069
+0.078
+0.086
+0.094
+0.102
+0.110
+0.118
+0.127
+0.135
+0.143
+0.151
+0.159
+0.167
+0.176
+0.184
+0.192
+0.200

freq

57722
35785
21166
14228
9908
8528
5686
2134
597
247
175
182
141
109
109
119
&3

76

42

30

16

17

11

26

18



freq

N A O

x1cﬂ Cﬁﬂ'fﬂfsn.Nﬂl1Jﬂ

12}
1o}

s

0 -10
max © -1.224
Tot = 4.5360+05

0

10
mean @ -0.8237

otd. = 3.852

20

bin
-20.00
-19.18
~-18.37
-17.55
-16.73
-15.92
-15.10
-14.29
~13.47
-12.65
-11.84
-11.02
-10.20
-9.39
-8.57
-7.76
-6.94
-6.12
-5.31
-4.49
~3.67
~-2.86
-2.04
-1.22
-0.41

TABLE of: Csw for S0, N[0,1,2)

freq

67

82
104
150
410
520
437
503
681
407
744
961
1727
2220
4458
4599
5021
10159
8997
9235
31272
33938
32424
113208
52227

bin
+0.41
+1.22
+2.04
+2.86
+3.67
+4.49
+5.31
+6.12
+6.5¢
+7.76
+8.57
+9.39
+10.20
+11.02
+11.84
+12.65
+13.47
+14.29
+15.10
+15.92
«16.73
+17.58%
+18.37
+19.18
+20.00

freq

27257
34265
24967
6963
14387
10777
3369
4078
3356
1284
1863
2043
1295
1244
896
411
255
128
85

3

51

12

28

9

3



freq

x10*  Cth for SO, N[0,1,2)

12f

10f | |t :
°

6.

41 4
2“ | :
0

0 20 80_ 100
max @ 10.2 mean © 9.527
Tot = 4.5360+05 std. = 4208

B-10

bin

+0.0

+2.0

+4.1

+6.1

+8.2
+10.2
+12.2
+14.3
+16.3
+18.4
+20.4
+22.4
+24.5
+26.5
+28.6
+30.6
+32.7
+34.7
+36.7
+38.8
+40.8
+42.9
+44.9
+46.9
+49.0

TABLE of: Cth for SO, N[0,1,2]

freq

12293
18544
25078
55628
81025
112086
93112
34392
11706
3863
1934
1029
678
396
262
242
181
133
122
98

81

65

30

41

29

bin

+51.0
+53.1
+55.1
+57.1
+59.2
+61.2
+63.3
+65.3
+67.3
+69.4
+71.4
+73.5
+75.5
+77.6
+78.6
+B81.6
+83.7
+B85.7
+87.8
+89.8
+91.8
+93.9
+95.9
+98.0
+100.0

freq

CO00O0O0DO0DO0O0O0O0QONFRNANMMATNOW



bin freq bin freq

3 9
10 +0.0 4841 +51.0 14
ol ‘ +2.0 6587 +53.1 7
+4.1 12726 +55.1 19
+6.1 17957 +57.1 11
g6 ! +8.2 30433 +59.2 4
E +10.2 58223 +61.2 6
4 ) +12.2 73755 «63.3 1
+14.3 103411 +65.3 2
| +16.3 76261 +67.3 3
2 1 +18.4 31008 «69.4 ()
Hi +20.4 13055 +71.4 4
0 | +22.4 3536 +73.5 3
Omnm'g-’g_z9 40 o 60 80,123'30 +24.5 1429 +75.5 0
mean +26.5 847 +77.6 0
Tot = 4.536+05 std. = 5353 +28.6 478 +78.6 0
+30.6 322 +81.6 0
+32.7 262 +83.7 ()
+34.7 145 +B85.7 0
+36.7 108 +87.8 0
+38.8 99 +89.8 0
. . +40.8 64 +91.8 0
+42.9 62 +93.9 0
+44.9 32 +95.9 0
+46.9 35 +98.0 0
+49.0 23 +100.0 0

B-11



freq

oM e > o e

«10' T forSo,N[D,1.2]

-2 0 2 4
max © -0.2449 deg/s mean © -0.1866

Tot = 4.5366+05 std. = 0.6533

B-12

bin

~-4.00
-3.84
~3.67
-3.51
-3.35
~3.18
-3.02
-2.86
-2.69
-2.53
-2.37
-2.20
~2.04
-1.88
-1.71
-1.55
-1.3%
-1.22
-1.06
-0.90
-0.73
-0.57
-0.41
-0.24
-0.08

TABLE of: r for S0, N[0,1,2]

freq

516
807
486
556
569
774
1151
1524
1970
2307
2949
3396
3969
4427
4728
5227
5415
€191
7456
11273
17768
31058
51114
71342
€5218

bin

+0.08
+0.24
+0.41
+0.57
+0.73
+0.90
+1.06
+1.22
+1.39
+1.55
+1.71
+1.88
+2.04
+2.20
+2.37
+2.53
+2.69
+2.86
+3.02
+3.18
+3.35
+3.51
+3.67
+3.84
+4.00

freq

42588
24505
14837
10152
9164
9137
8323
6819
5491
agod
2732
2179
1837
1751
1720
1633
1135
899
524
37
205
161
97

74

45



o

Rnew_d for S0, N[0,1,2]

T Wrnﬁ
|r "
i
max & 461 120 2 e © 2058
Yot = 2.8916+35 sid. = 117.7

B-13

TABLE of: Rnew_d for SO, N[0,1,2]

bin

+4.0
+10.0
+16.1
+22.1
+28.2
+34.2
+40.2
+46.3
+52.3
+58.4
+64.4
+70.4
+76.5
+82.5
+88.6
+94.6
+100.7
+106.7
«112.7
+118.8
+12¢4.8
+130.9
+136.9
+142.9
+149.0

freq

0
1
14
109
163
820
2087
3636
4954
5618
4050
7102
7429
8210
7999
8444
5055
8146
7605
7685
8177
7957
5049
7258
6886

bin

+155.0
+161.1
+167.1
+173.1
+178.2
+185.2
+191.3
+197.3
+203.3
+209.4
+215.4
+221.5
+227.5
+233.6
+239.6
+245.6
+251.7
+257.7
+263.8
+269.8
+275.8
+281.9
+287.9
+294.0
+300.0

freq

5898
6328
5832
6062
3919
5737
4847
4795
4594
4577
kB Y [
4455
4273
sl
3769
3764
2822
3409
3695
3439
3326
3245
303
2180
3147



x10* RdotNew_d for S0, N[0,1,2) TABLE of: RdotNew_d for S0, N[0,1,2]

3 ] bin freq bin freq

{ -15.00 1094 +0.31 11512

2.5} 1 -14.39 1291 +0.92 4541

-13.78 704 +1.53 1B476

2t : -13.16 1665 +2.14 14321

g -12.55 1671 +2.76 3989
U3

E15 -11.9¢ 778 +3.37 12314

-11.33 2436 +3.98 9587

1 1 -10.71 2530 +4.59 2674

-10.10 1395 +5.20 7627

0.5} 1 -9.49 3603 +5.82 5940

H]mmm -8.88 3611 +6.43 2177

q-s rra— o 5 10 -8.27 1705 +7.0¢ 5240

5 & %3067 o Mo & 0.1268 -';.ss 5025 +7.65 4401

Tot = 2.8918405 it =7.219 -7.04 5155 | +8.27 146

-6.43 2308 +8.88 4083

-5.82 6718 +9.49 3157

-5.20 7520 +10.10 1337

-4.59 2987 +10.71 3108

-3.98 10479 +11.33 2453

-3.37 11851 +11.94 894

-2.76 4358 +12.55 2254

-2.14 16060 +13.16 1803

-1.53 17598 +13.78 691

-0.92 5461 +14.39 1603

-0.31 29511 +15.00 1164



x10*  Te_d for S0, N[0,1,2] TABLE of: Ta_d for SO0, N[0,1.2)

4t 1 bin freg bin freq
+0.00 1586 +7.65 0

i ] +0.31 21779 +7.96 0
3 +0.61 34051 +8.27 0
+0.92 37946 +8.57 0

-4 +1.22 33338 +8.88 0
E2 1 +1.53 26888 +9.18 0
+1.8B4 23484 +9.49 0

+2.14 19728 +9.80 0

1 1 +2.45 17002 +10.10 0
+2.76 15031 +10.41 0

+3.06 12942 +10.72 0

0 i % 5 +3.37 10874 +11.02 0
enuco.mtn5 soc © 1847 +§.g7 9229 +11.33 0
Totw 2.8916+05 m"""_' 1.208 +3.98 8444 +11.63 0
+4.29 7063 +11.94 0

+4.59 4597 +12.24 0

+4.90 2958 +12.55 0

+5.20 1598 +12.86 0

+5.51 481 +13.16 0

+5.82 118 +13.47 0

+6.12 5 +13.78 0

+6.43 (] +14.08 0

+6.73 0 +14.39 0

+7.04 0 +14.69 0

+7.35 ()] +15.00 0

B-15



x10°  Ays_d for SO, N[0,1,2] TABLE of: Ays_d for SO, N[0,1.2]

6 1 bin fregq bin freq
5l | -0.400 77 +0.008 22785
-0.384 95 +0.024 20091

al , -0.367 223 +0.041 20305
-0.351 385 +0.057 14807

g4l J -0.335 529 +0.073 9158
£ -0.318 1217 +0.090 6020
-0.302 1648 +0.106 4842

2t 1 -0.286 1811 +0.122 3549
-0.269 1679 +0.139 2076

1} ] -0.253 1700 +0.155 1648
-0.237 2192 +0.171 1593

' dil 5 = = -0.220 2925 +0.188 877
Diax 0 0bma4r sec mean @ -0.05146 ’g'fg: ;:gg +0.204 517
Tot = 4.5360+05 std. = 0.0826 -0. +0.220 330
-0.171 8224 +0.237 297

. -0.155 11323 +0.253 186

-0.139 13493 +0.269 109

-0.122 15857 +0.286 96

-0.106 24657 +0.302 42

-0.090 43679 +0.318 21

-0.073 56265 +0.335 6

-0.057 51507 +0.351 3

-0.041 36999 +0.367 10

-0.024 28090 +0.384 13

-0.008 28039 +0.400 1

B-16



x10¢ SSPC_d for S0, N[0,1,2]

4}

4

1

Tot = 4.536e+05

0
max @ -0.0001837 8ec

0.5

1
ot <

B-17

TABLE of: SSPC_d for S0, N[0,1,2]

bin

~1.00e-03
~9.59e-04
~9.18e-04
~-B.78e-04
-8.37e-04
-~7.96e~-04
-7.55e-04
~7.142-04
-6.73e-04
-6.33e-04
-5.92e-04
«5.51e-04
-5.10e-04
-4.69e-04
-4.29e-04
-3.88e-04
«3.47e-04
-3.06e-04
-2.685e-04
-2.24e-04
-1.84e-04
~1.43e-04
-1.02e-04
-6.12e-05
-2.04e-05

freqg

997
1356
1695
1833
1925
1994
2087
2517
3978
6204
7007
7228
8454

10081
11075 —
13034
16409
24095
34459
3g952
40588
33256
23385
20573
21448

bin

+2.04e-05
+6.12e-05
+1.02e-04
+1.43e-04
+1.84e-04
+2.24e~04
+2.65e-04
+3.06e-04
+3.47e-04
+3.88e-04
+4.29e-0¢4
+4.69e-04
+5.10e-04
+5.51e-04
+5.92e-04
+6.33e-04
+6.73e-04
+7.14e-04
+7.55e-04
+7.96e-04
+8.37¢-04
+8.78e~-04
+9.18e-04
+9.5%9e-04
+1.00e-03

freq

17463
16046
14124
14722
14323
10977
6810
4568
3863
3272
2610
2014
1372
963
824
589
456
321
217



12000

vp_d for SO, N[0,1,2)

i : |
W -
il 1
1 .
! 1 H |
i |
I
i np I 1
]
90 100 110 120
max € 92.34 fps mean @ 87.31
Tot = 2.8918+05 std. = 8.988

B-18

bin
+80.7
+81.6
+82.5
+83.4
+84.3
+85.2
+86.1
+87.0
+B87.9
+88.7
+89.6
+90.5
+91.4
+82.3
+93.2
+94.1
+95.0
+95.9
+96.8
+97.7
+98.6
+99.5
+100.4
+101.3
+102.2

TABLE of: Vp_d for S0, N{0,1,2]

freq

1758
1344
3020
3gse
4646
5061
5591
6162
6789
7889
9156
10693
11269
11888
11047
9889
10150
10772
10010
9886
9804
9717
10022
9797
9871

bin
+103.1
+104.0
+104.9
+105.8
+106.7
+107.6
+108.5
+109.4
+110.3
+111.2
+112.1
+113.0
+113.9
+114.8
+115.7
+116.6
+117.5
+118.4
+1198.3
+120.2
+121.1
"122 . 0
+122.9
+123.8
+124.7

fregq

9608
8771
8492
8155
7489
6797
5830
4861
4083
172
2347
2360
2028
1902
1407
1133
987
728
689
521
307
202
197
206
110

«



STATISTICAL DATA FOR HISTOGRAMS, CRUISE CONTROL DRIVING

Var Subj Mean StdDev Varience MLV Total
v 1 103.96 6.26 39.50 104.01 12233
v 2 99.07 7.83 81.30 107.61 11927
v 3 98.36 4.10 16.79 101.32 12856
v 4 96.33 5.10 26.02 101.32 12749
v 5 100.68 5.77 33.28 102.22 12547
v 6 99.22 3.71 13.80 98.63 12330
" 7 94.63 4.52 20.39 95.93 13153
v 8 93.27 3.77 14.25 95.93 13450
\ 9 91.24 5.20 27.02 69.65 13213
v 10 98.55 5.72 32.69 104.01 12596
\' 11 109.33 9.26 85.66 109.40 11521
v 12 107.07 9.14 83.53 106.50 12052
v 13 66.27 5.17 26.77 61.56 13670
v 14 90.03 4.14 17.15 88.75 13273
v 15 94.62 6.18 36.15 89.65 13376
v 16 100.76 5.99 35.82 104.01 12681
\ 17 93.46 3.59 12.88 96.03 13196
v 18 91.70 3.81 14.49 92.34 13182
v 19 97.45 6.83 46.82 104.01 12630
v 20 69.93 6.65 44.19 95.93 13999
v 21 93.93 6.69 44.70 86.95 12888
\' 22 92.39 1.45 2.12 92.34 13374
v 23 90.27 2.31 5.33 89.65 13951
v 24 100.99 5.09 25.69 104.01 12622
v 25 95.65 4.41 19.47 98.83 11412
v 26 82.03 1.33 1.76 81.56 13495
v 27 89.36 3.21 10.28 89.65 13251
v 28 94.22 3.71 13.75 95.93 13070
\ 29 90.77 5.25 27.57 94.14 11084
\ 30 97.59 7.34 53.83 97.73 12562
' 31 96.92 4.65 21.56 98.63 13146
\' 32 92.25 4.89 23.66 95.93 13444
\Y 33 94.72 4.26 16.34 95.93 12924
v 34 95.55 5.37 28.62 95.93 12964
v 35 93.76 3.13 9.80 95.93 13410
v 36 100.12 4.74 22.51 101.32 12234
Rnew_d 1 186.41 125.50 15751.40 76.49 5545
Rnew_d 2 206.21 130.50 17029.49 64.41 6757
Rnew_d 3 213.93 127.67 16351.69 130.86 6333
Rnew_d 4 244 .88 113.10 12791.91 167.10 8127
Rnew_d 5 256.93 129.96 16894.49 52.33 6596
Rnew_d 6 256.16 124.07 15393.35 318.12 7975
Rnew_d 7 228.44 113.02 12773.14 88.57 6605
Rnew_d 8 246.46 118.08 13937.14 82.53 6761
Rnew_d 9 235.57 115.70 13386.35 167.10 7566
Rnew_d 10 261.35 115.15 13259.79 245.63 8433
Rnew_d 11 169.63 124.24 15435.76 58.37 7689
Rnew_d 12 165.35 98.54 9710.27 88.57 7432
Rnew_d 13 279.36 110.53 12215.88 275.64 5276
Rnew_d 14 266.17 124.63 15532.39 161.06 7050
Rnew_d 15 276.36 130.70 17083.67 251.67 8017
Rnew_d 16 224.74 106.25 11288.38 173.14 8506
Rnew_d 17 247.80 112.29 12606.22 197.31 6328
Rnew_d 16 236.34 112.59 12676.53 233.55 9551
Rnew_d 19 260.01 111.86 12512.79 203.35 6707
Rnew_d 20 284.94 123.92 15355.02 179.18 5656
Rnew_d 21 225.64 116.21 13504.79 155.02 6756
Rnew_d 22 251.46 123.49 15249.20 146.98 6868
Rnew_d 23 259.86 116.83 13650.12 275.84 8139
Rnew_d 24 248.32 129.20 16693.36 155.02 7168
Anew_d 25 201.15 96.06 9227.94 155.02 9290
Rnew_d 26 303.09 119.01 14163.28 203.35 8455
Rnew_d 27 264.38 106.66 11420.07 203.35 9214
Rnew_d 28 236.49 107.74 11607.43 167.10 9006
Rnew_d 29 267.06 124.14 15409.76 281.86 5820
Rnew_d 30 211.65 101.64 10330.67 146.98 9326
Rnew_d 31 240.00 119.58 14299.29 161.08 7650
Rnew_d 32 234.71 117.19 13733.65 136.90 8236
Rnew_d 33 289.49 126.13 15908.53 197.31 7433
RAnew_d 34 264.64 121.05 14653.32 136.90 8399
Rnew_d 35 280.19 119.66 14319.32 124.62 8806

B-19



RdotNew_d
RdotNew_d
RdotNew_d
RdotNew_d

Ays:d

ooo~NoubhwnNnPRFE o

263.23

-
N
N
o
iy
i
(2]
o
N
[
<))
o
©
~
o
[
~
o
w
w

6.65 44 .21 -0.31 5545
6.57 43.13 -0.31 6757
7.83 61.24 0.31 6333
6.49 42.18 -0.31 6127
6.46 41.79 -0.31 6596
7.35 54.06 -3.37 7975
7.36 54.17 -0.31 8605
7.66 57.13 -0.31 6761
7.70 69.26 -0.31 7566
6.83 46.65 -0.31 8433
6.61 77.64 0.31 7689
7.70 59.31 0.31 7432
8.83 74.45 11.33 5276
7.71 59.48 -0.31 7050
8.44 71.21 0.31 6017
7.58 57.40 -0.31 6506
8.81 77.60 0.31 6326
7.01 49.18 -0.31 9551
7.87 58.78 -0.31 6707
9.20 84.61 7.04 5656
7.09 S0.22 -0.31 8756
8.19 67.07 0.31 6686
6.20 67.18 -0.31 8139
7.51 56.44 -0.31 7168
5.90 34.76 -0.31 9290
9.12 83.26 15.00 6455
8.09 65.46 -0.31 9214
7.65 56.57 0.31 9006
9.74 94.67 -3.37 5820
7.43 55.26 -0.31 9326
7.22 52.09 -0.31 7650
6.91 47.80 -0.31 6236
6.92 47.85 -0.31 7433
6.99 48.91 -0.31 6399
6.83 46.66 -0.31 8806
7.34 53.93 -0.31 7033
1.14 1.31 0.92 5545
1.33 1.76 0.61 6757
1.29 1.67 0.92 6333
1.12 1.26 2.45 8127
1.28 1.65 2.45 6596
1.24 1.53 2.45 7975
1.17 1.37 1.84 8605
1.25 1.56 2.14 6761
1.27 1.61 1.53 7566
1.16 1.34 2.45 6433
1.07 1.15 0.61 7689
0.90 0.80 0.92 7432
1.27 1.62 3.06 5276
1.37 1.88 1.64 7050
1.42 2.00 2.45 8017
1.02 1.04 1.53 8506
1.19 1.42 2.14 6326
1.21 1.47 2.45 9551
1.10 1.20 2.45 6707
1.43 2.05 2.45 5666
1.26 1.59 1.84 8756
1.33 1.77 1.53 6866
1.31 1.71 1.84 6139
1.24 1.55 1.53 7168
0.99 0.98 1.22 9290
1.45 2.11 2.76 6455
1.19 1.42 2.14 9214
1.13 1.27 1.84 9008
1.39 1.94 1.64 5820
1.00 1.00 1.84 9326
1.24 1.54 1.53 7650
1.26 1.56 2.76 6236
1.29 1.66 2.14 7433
1.26 1.64 2.45 6399
1.26 1.58 1.53 6606
1.22 1.48 2.14 7033
0.06 0.00 -0.01 12233
0.05 0.00 -0.11 11927
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Ays_d
Ays_d

Ays_d
Ays_d

Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d

I

aa

113813

T

-0.03
-0.03

0.02
-0.02
-0.06
-0.09
-0.02
-0.07
-0.10

0.02
-0.06
-0.06
-0.05
-0.02
-0.10

0.04

0.03
-0.10
-0.07
-0.04
-0.08

0.01

0.08
-0.07

0.00
0.00
0.00
0.00
0.00
0.16
-0.24
-0.15
-0.11
0.08
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-0.04
-0.02

0.01
-0.02
-0.06
-0.09
-0.02
-0.07
-0.11

0.02
-0.06
-0.07
-0.04
-0.02
-0.11

0.04

0.02
-0.09
-0.07
-0.04
-0.07

0.01

0.06
-0.07
-0.04

-0.02
0.04
0.09

-0.02
0.01
0.02

-0.06
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.41

~0.41

-0.41

-0.41
1.22

12856
12749
12547
12330
13153
13450
13213
12598
11521
12052
13670
13273
1337¢
126881
13196
13182
12630
13999
12888
13374
13951
12522
11412
13495
13251
13070
11084
12562
13148
13444
12924
12964
13410
12234
12233
11927
12856
12749
12547
12330
13153
13450
13213
12588
11521
12052
13870
13273
13376
12681
13186
13182
12830
13699
12888
13374
13951
12522
11412
13495
13251
13070
11084
12582
13148
13444
12924
12964
13410
12234
12233
11927
12856
12749
12547
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aQ

[- 8

<<
'ov'vv
-9 - -}

Vp_d

<
b
(-3

Vp_d
vp_d

0.07
-0.22

-0.17
-0.03
-0.08

0.14
-0.27
-0.12

0.08
-0.07

0.03
-0.30

0.04
-0.55
-0.10
-0.21
-0.25
-0.0¢
-0.09
-2.81
-0.14
-0.25

0.02
-0.14
-0.11

-0.12
-0.11
0.07
-0.04
2.81
5.49
1.29
3.52
3.88
1.22

0.90
3.08
2.86

7.77
0.83
3.71
1.25
6.60
3.76
2.91
0.86
1.31

0.44
1.78
4.38
0.86
1.09
2.98
1.85
5.10
6.24
2.17
5.33
4.43
3.41
2.03
_2.75
100.79
87.13
987.91
99.07
100.38
99.15
98.07
95.41
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NOONOCDEDONWDNS RO LA DDDANN D O O -
PRI 2R2Y9IBRaISeY

DO dbD

PDONDPDL POLNDPDDNWODANNONENDBWNN N

OCWNODONWVWWORODOWOUMNELADNWNONMNOMANNANONR® O~

oNWONDOW
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0
8

13.77
15.30
13.18
10.05
13.1§
17.81
18.34

7.67
11.32
13.01
15.07

8.87

9.08
12.01

9.89
13.82
11.04
10.37
15.72
12.00

8.08

8.63
10.55

14.46
12.81
10.72
10.85
10.65
11.18
14.63
44.32
57.06
19.57
43.13
49.50
18.04
42.28
14.60
40.35
44.29
96.60
89.28
13.65
45.39
19.68
81.80
41.59
38.19
13.18
21.96
68.73

9.34
29.01
5§3.70
14.70
15.37
33.45
25.85
53.57
76.16
35.88
55.18
50.18
45.78
26.88
36.70
04.26
82.45
71.84
73.18
54.97
71.45
73.51
75.38

-0.41
-0.41
-1.22
-0.41
0.41
1.22
-0.41
0.41
0.41
0.41
-1.22
0.41
-1.22
-0.41
-0.41
0.41
-0.41
-0.41
-1.22
-1.22
-2.04
0.41
-1.22
0.41
-0.41
-1.22
-0.41
-0.41
-0.41
0.41
1.22
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
107.81
88.75
93.24
104.01
99.52
95.93
101.32
100.42

12330
13153
13450
13213
12598
11521
12052
13670
13273
13378
12681
13196
13182
12630
13999
12888
13374
139851
12522
11412
13485
13251
13070
11084
12562
13146
13444
12024
12964
13410
12234
12233
11027
12856
12749
12547
12330
13153
13450
13213
12598
11521
12052
13670
13273
13376
12681
13196
13182
12630
13998
12888
13374
13851
12522
114142
13495
13251
13070
11084
125862
13146
13444
12924
12964
13410
12234
5545
6757
8333
8127
6598
7075
8605
6761



Vp_d

Vp_d

Vp_d
Vp_d

e e B B A i e e B e B B B B T T B R B R T T T T T T T T g

Ax

A ODONDONRWN -

-h

84.79
99.21

103.67
. 103.84

94.38
86.07
$8.84

100.71

98.29
86.25
97.59
99.60
96.05
97.37
96.09
99.82
96.28
985.46
95.35
98.86
98.93
96.37

100.40

96.82
95.63
98.03
96.99

100.40

0.01
-0.05
-0.01
-0.05
-0.01
-0.04
-0.07

0.00
-0.05
-0.03

0.02

0.01
-0.03
-0.03

0.01
-0.02
-0.04
-0.05
-0.07
-0.21
-0.05

0.00
-0.03
-0.01

0.02
-0.66
-0.06
-0.04
-0.10

0.01

0.00
-0.01
-0.02
-0.07
-0.05
-0.03

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.29
8.59

10.83

8.70
8.33
8.37

8.63
8.42
7.53
9.45
9.80
7.39
8.34
8.23
8.17
6.59
8.85
8.54
8.69
8.66
8.38
7.42
8.03
8.82
7.63
7.33
8.61
1.05
0.90
0.87
0.84
1.138
0.95
0.92
0.92

0.93
1.10
1.06

0.83
0.95
1.01
0.84
0.78
0.90
0.88

0.91
0.93

. 0.99

0.92
0.80
0.81
0.89
0.85
0.95
1.10
0.88
0.91
0.95
0.91
0.98
0.03
0.03
0.02

0.02
0.02
0.02
0.02
0.02
0.03
0.04

53.14
73.82

117.23

94.07
60.46
70.13
74.56
74.41
88.80
56.70
89.32
86.03
54.63
89.55
67.67

0.97

0.00

85.16
103.12
104.01
107.61
87.73
88.63
101.32
95.03
97.73
92.34
95.93
103.12
88.63
82.34
93.24
97.73
92.34
92.34
97.73
103.12
100.42
84.14
102.22
85.93
95.93
85.93
95.93
95.83
0.08
-0.08
0.08
-0.08
-0.24
-0.08
-0.08
0.08
-0.24
-0.08
-0.24
0.08
-0.08
-0.08
.08
0.08
-0.08
-0.08
-0.08
-0.41
-0.08
0.08
0.08
0.08

0.08

-0.73

-0.08

-0.08

0.08

0.08

0.24

-0.08

-0.08

-0.24

-0.08

-0.08

0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7566
8433
7689
7432
5276
7050
8017
8508
6328
9551
8707
5656
8756
6888
8138
7168
9290
6455
9214
8008
5820
9328
7650
8236
7433
6399
8806
7033
12233
11927
12858
12749
12547
12330
131583
13450
13213
12598
11521
12052
13670
13273
13378
12681
13196
13182
12830
13999
12888
13374
139561
12522
11412
13495
13251
13070
11084
12582
13148
13444
12024
12964
13410
12234
12233
11927
12856
12749
12547
12330
13153
13450
13213
12588
11521



AX
AX
AX
AX

AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AX
AXx
Cth
Cth
Cth
Cth
Cth
cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
Cth
cth
Cth
cth
Cth
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©000000000000000000000
[eNoNoNoNoNoloNoloNoNoloNoNoNoNoNoNoNe)

[eNoNe)

[eNeolclolcNoloNcloNclolcloloNoNoloNoNoNeNoNe)

©000000000000000000000
[eNoNoNeoNoRoloNoNoNoNoNoleNoNoNoNoNoNeoloNoXe)

[ejeolololoNoNeNoNe)

o

[eNoNoNoloNoloNoloNoNoNe]

12052
13670
13273
13376
12681

13196
13162
12630
13999
12888
13374
13951
12522
11412
13495
13251
13070
11084
12562
13146
13444
12924
12964
13410
12234
12233
11927
12856
12749
12547
12330
13153
13450
13213
12596
11521
12052
13670
13273
13376
12661
13196
13182
12630
13999
12686
13374
13951
12522
11412
13495
13251
13070
11064
12562
13146
13444
12924
12964
13410
12234



c10°  V forso,cci0,.2) TABLEdf: V for SO,CC[0,1.2]

5 I . bin freq bi n freq
+80.7 20880 +103.1 18820
al I +81.6 10708 +104.0 7331
+82.5 4688 +104.9 1874
+83.4 7979 +105.8 2350
g3 +84.3 6971 +106.7 9316
& +85.2 6573 +107.6 5149
2 +86.1 10155 +108.5 3078
[ +87.0 7627 +109.4 3300
. +87.9 8209 +110.3 1381
1 +88.7 27797 #1112 217
+89.6 17396 H12.1 754
o . top e e +90.5 8629 +113.0 718
+91.4 42017 #113.9 800
ax '::25-“ fps .":_':;’5:“ +92.3 20302 +114.8 402
= 4.6240405 +93.2 10651 +115.7 1341
+94.1 11153 +116.6 440
+95.0 49221 #117.5 712
+95.9 20019 +118.4 979
+96.8 7196 +119.3 405
+97.7 28169 +120. 2 69
+98.6 15170 +121. | 54
+99.5 4442 +122.0 730
+100.4 33331 +122.9 378
+101.3 17438 +123.8 116
+102.2 4052 +124.7 19
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freq

x10°  Ax forS0,CCI0,1.2)

12 i 1
10 1
,, |
41 1
1

oo B | Aol

B-26

bi n
200
192
184
176
167
159
151
143
135
127

-0.118

110
102
. 094
086
078
069
061
053
045
037
029
020

-0.012
-0.004

....................
OO0 0000000000000R00CD

TABLE of: Ax for S0, CC[0,1,2]

frreg

25

34

29

17

9

14

30

77
103
166
309
471
639
998
1411
1964
2488
3258
4609
6771
14045
30442
52335
102463
125092

bin
+0. 004
+0. 012
+0. 020
+0. 029
+0. 037
+0. 045
+0. 053
+0. 061
+0. 069
+0. 078
+0. 086
+0. 094
+0. 102
+0 110
+O 118
+0. 127
+0. 135
+0. 143
+0. 151
+0. 159
+0. 167
+0. 176
+0. 184
+0. 192
+0. 200

freq

53302
21820
12415
6028
4780
6827
5139
1757
654
348
253
194
171
128
124
140
72
62
57
31
41
27
20
24
23



e
£

«10'  Caw for S0, CCI0,1.2]

10t
8
|
J
2 S
Tot = 4.624e+05

0 10 20
deg meaan O -0.9526
std. = 3.537

B-27

TABLE of: Csw for S0, CC[0,1,2)

2

bin

~20.00
-18.18
-18.37
-17.5%
-16.73
-15.92
-15.10
-14.29
=-13.47
-12.65
~11.84
-11.02
-10.20
-9.39
-8.57
-7.76
-6.94
-6.12
-5.31
-4.4%
-3.67
-2.86
-2.04
-1.22
~0.41

freq

31
101
102
114
si2
S54
403
703
547
366
749

1214
894
2927
4551
4141
6432
8905
11529
11841
26556
36899
41304
98447
55853

bin

+0.41
+1.22
+«2.04
+2.86
+3.67
+4.49
+5.31
+6.12
+6.94
+7.76
+8.57
+9.39
+10.20
+«11.02
+11.84
+12.65
+13.47
+14.29
+15.10
+15.92
+16.72
+17.58
+18.37
+19.18
+20.00

freg

35183
42653
15203
10775
14011
8589
3298
4541
2754
1011
1881
2207
818
1529
1085
286
368
207
60
100
s7

14

15

3

10



freq

x 10° Cth for S0, CC{0,1,2]

15 L rd o
10 9
5. | 4
00 20 80 100
max © B.163 mean @ 8.92
Tot = 4.6246405 std. = 3.485

B-28

bin

+0.0

+2.0

+4.1

+6.1

+8.2
+10.2
+12.2
+14.3
+16.3
+16.4
+20.4
+22.4
+24.5
+26.5
+2B.6
+30.6
+32.7
+34.7
+36.7
+38.8
+40.8
+42.9
+44.9
+46.9
+49.0

TABLE of: Cth for S0, CCj0,1,2)

freqg

10827
10060
15790
59589
151254
138334
49717
13834
5095
2188
1276
898
51
238
143
178
115
77

59

43

55

26

32

40

21

bin

+51.0
+53.1
+55.1
+57.1
+59.2
+61.2
+63.3
+65.3
+67.3
+69.4
+71.4
+73.5
+75.5
+77.6
+78.6
+Bl.6
+83.7
+85.7
+87.8
+89.8
+91.8
+93.9
+95.9
+98.0
+100.0

freq

27
19
2
1
B8

D000 OOOOOONWKHOKY



Rnew_d for SO, CC10,1,2] TABLE of: Rnew_d for S0, CC[0,1,2]

bin freq bin freq

. i +4.0 0 +155.0  S546

] ] +10.0 37 +161.1 5603

.*'1 1 +16.1 1 +167.1 5274

. 1 . 221 T +173.1 5461

1 [ «28.2 144 +179.2 3619

| 1 +34.2 604 +185.2 5031

_ +40.2 889 «191.3 4981

! 1 ﬁ It +46.3 1818 +197.3 4908

+52.3 2473 «203.3 4454

| +58.4 3034 +209.4 5225

+64.4 2369 +215.4 3703

L e 200 250 300 +70.4 3959 +221.5 4896

i 10 RO owa e
Tot = 2.7056+05 std. = 121 . .

+88.6 4786 +239.6 4484

+94.6 4764 +245.6 4824

+100.7 3800 +251.7 3464

+106.7 5019 +257.7 4232

+112.7 4846 +263.8 4114

+118.8 5227 +269.8 3824

+124.8 5458 +275.8 4037

+130.9 5473 +281.9 3494

+136.9 4069 +287.9 3545

+142.9 5583 +294.0 2955

+145.0 6275 +300.0 3757
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freq

x1o‘Fk*ﬂNUWLﬂ for 80, CCI0,1.2]

2t

1.5

0.5

0

- -10 -5
12un(0’413061
Tot = 2.7056405

0

5

10
mean © 2.383

sid. = B.318

B-32

TABLE of: RdotNew_d for S0, CC{0,1,2]

bin

-15.00
~14.38
-13.78
-13.16
-12.55
-11.94
-11.33
-10.71
-10.10
-9.49
~-8.88
-8.27
~7.65
-7.04
-6.43
-5.82
~5.20
-4.59
-3.98
-3.37
-2.76
-2.14
-1.53
-0.92
-0.31

freq

967
1242
430
1374
1521
§57
1824
2059
798
2643
2939
999
3461
4158
1452
5417
6160
1852
7742
9922
2574
10977
11764
2321
20077

bin

+0.31
+0.92
+1.53
+2.14
+2.76
+3.37
+3.98
+4.5%
+5.20
+5.82
+6.43
+7.04
+7.65
+B8.27
+8.88
+5.49
+10.10
+10.72
+11.33
+11.94
+12.55
+13.16
+13.78
+14.3%
+15.00

freq

7261
2495
13336
12280
3108
12027
10992
2813
9841
8261
2230
7904
7241
1950
6642
6006
1813
5335
5123
1632
4300
3874
1259
3417
3377



x10° Ta_d for S0, CC[0,1,2]

5
max © 1.224
Tot = 2.705e+05

B-33

TABLE of: Ta_d for S0, CC{0,1,2]

bin
+0.00

+0.31.

+0.61
+0.92
+1.22
+1.583
+1.84
+2.14
+2.45
+2.76
+3.06
+3.37
+3.67
+3.98
+4.29
+4.59
+4.90
+5.20
+5.51
+5.82
+6.12
+6.43
+6.73
+7.04
+7.35

freq

809
10520
21111
23368
26354
24489
22965
22499
19705
17304
15648
14254
12823
10409

9463
7818
5698
3231
1340
632
94

0

0
0
0

bin
+7.65
+7.96
«8.27
+8.57
+8.88
+9.18
«9.49
+9.80
+10.10
+10.41
+10.71
+11.02
+11.33
+11.63
+11.94
+12.24
+12.55
+12.86
+13.16
+13.47
+13.78
+14.08
+14.39
+14.69
+15.00
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x10° Ays_d for 80, CC[0,1,2]

5
4
=3[
4
2
1 L
R Ry
max © -0.07347
Tot = 4.624e+05

0
sec

0.2 0.4

mean @ -0.03801

std. = 0.07374
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TABLE of: Ays_d for S0, CC[0,1,2]

bin

-0.400
-0.384
-0.367
-0.351
-0.335
~-0.318
-0.302
-0.286
-0.269
-0.253
-0.237
-0.220
-0.204
-0.188
-0.171
-0.155
-0.139
-0.122
-0.106
-0.090
-0.073
-0.057
-0.041
-0.024
-0.008

freq

0

0

14

24

73
118
184
238
39
814
1398
1996
2412
k13:¥4
4518
5951
11133
24614
31002
38838
47517
45393
45974
32912
30271

bin
+0.008
+0.024
+0.041
+0.057
+0.073
+0.080
+0.106
+0.122
+0.139
+0.155
+0.171
+0.188
«0.204
+0.220
+0.237
+0.253
+0.269
+0.286
+0.302
+0.318
+0.3238
+0.351
+0.367
+0.384
+0.400

freqg

30652
27347
18275
12979
12309
11454
8784
3792
2295
2052
1376
637
347
281
180
87

38

11
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x10° SSPC_d for S0, CC{0,1,2)

4}

l

0 add
- 0.5 0
max © -0.0002245 g
Tot = 4.6248405

0.5
mean

std. = 04

1
0001121
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TABLE of: SSPC_d for S0, CC[0,1,2]

bin

~-1.00e-03
-9.5%e-04
~-9.18e~04
-8.78e-04
-8.37e-04
~7.96e-04
-7.55e-04
«7.14e-04
~6.73e-04
-6.33e-04
-5.92e-04
-5.51le-04
-5.10e-04
-4.69%e-04
-4.29e~-04
-3.88e-04
=3.47e-04
-3.06e-04
-2.65e-04
~2.24e-04
-1.84e-04
~1.43e-04
-1.02e-04
-6.12e-05
-2.04e-05

freq

354
415
814
498
757
976
1317
1599
1852
2487
3307
3980
4947
6853
9466
17239

23749

25082
29942
38106
34372
32873
28316
25058
23835

bin
+2.04e-05
+6.12e-05
+1.02e-04
+l.43e~04
+1.Bde-04
+2.24e-04
+2.65e-04
+3.06e-04
+3.47e-04
+3.88e-04
+4.29e-04
+4.69e-04
+5.10e-04
+5.51e-04
+5.92e-04
+6.33e-04
+6.73e-04
+7.14e-04
+7.55e-04
+7.96e-04
+8.37e~-04
+8.78e-04
+9.168e-04
+9.5%e-04
+1.00e-03

fregq

24500
22482
18492
18374
11223
10121
9612
7167
7034
5735
3470
2164
1637
1264
934
670
477
403
269



VP_d for SO, CC[0,1,2]

90
max € 95.93
Tot = 2.705e+05

100

fps

bi n
+80. 7
+81. 6
+62.5
+83. 4
+84. 3
+85. 2
+86. 1
+87.0
+87.9
+88. 7
+89. 6
+90.5
+91. 4

10 120
flttUIOBY. 87 +92.3

std. =8. 812 193 2

+94.1
+95.0
+95.9
+96. 8
+97.7
+98. 6
+99.5
+100. 4
+101. 3
+102. 2
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freq

1444
1216
2186
2865
3608
3990
4586
4966
5503
6063
6527
6633
8564
10091
10006
10038
11004
12789
11417
12317
11377
10289
10121
9831
9432

bi n
+103. 1
+104.0

+104.9
+105. 8

+106. 7

+107.6
+108.5
+109. 4
+110. 3
+111.2
+112.1
+113.0
+113.9
+114. 8
+115.7
+116. 6

+117.5
+118.4
+119. 3
+120. 2
+121.
+122.0
+122.9
+123.8
+124. 7

TABLE of: Vp_d for S0, CC{0,1,2)

freq

9222
8963
7621
6555
6052
6628
5410
4933
3900
3307
2702
2428
2055
1755
1300
1186
795
534
449
391
377
299
191
148
135



STATISTICAL DATA FOR HISTOGRAMS, ACC DRIVING

Var Subj Meoan StdDev Variance MLV Total
\ 1 100.73 : 6.22 38.89 107.61 12666
v 2 99.29 . 7.81 61.05 107.81 12153
v 3 95.15 68.71 45.01 101.32 13279
Vv 4 97.50 4.86 23.64 101.32 12892
v 5 101.75 7.79 80.66 104.01 * 12647
v 8 87.95 3.23 10.46 98.63 12912
Vv 7 96.80 5.08 25.64 85.93 12732
v 8 92.99 4.20 17.68 95.93 13397
v ] 92.21 5.681 31.49 85.93 13373
v 10 100.79 7.37 54.34 104.01 12132
v 11 108.52 9.37 87.78 118.59 11847
v 12 100.32 6.45 : 41.55 104.01 12500
v 13 88.54 4.70 22.05 92.34 11191
v 14 89.94 4.89 23.93 85.18 13742
v 15 94.59 6.45 41.60 89.65 13386
Vv 16 103.87 8.98 80.78 113.89 12002
v 17 93.93 3.26 10.85 85.03 12910
v 18 87.07 1.88 2.81 86.95 12987
v 19 96.01 5.47 20.893 96.83 12723
v 20 90.61 5.17 26.78 95.83 13669
v 21 89.24 5.23 27.39 85.93 14231
v 22 82.45 3.64 13.28 94.14 12635
v 23 89.53 1.42 2.02 ’ 80.65 139861
v 24 98.59 5.89 32.43 104.01 12691
v 25 96.46 6.03 36.38 98.63 12516
A 26 85.43 4.16 17.33 81.56 13065
v 27 89.54 4.81 23.10 95.93 13181
v 28 96.47 6.03 36.41 101.32 13124
v 29 91.34 4.12 16.85 85.03 13287
A 30 94.45 4.77 22.79 98.63 131866
v 31 98.06 5.92 35.06 98.63 12832
v 32 92.08 4.08 16.68 92.34 13335
v 33 91.69 4.65 21.66 91.44 13199
v 34 96.26 5.77 33.31 101.32 12747
\ 35 986.53 5.49 30.11 101.32 12791
v 36 96.51 5.18 26.85 98.63 12891
Rnew_d 1 178.04 81.88 6705.11 148.88 9645
Rnew_d 2 195.09 113.71 12931.03 136.90 8779
Rnew_d 3 223.21 110.05 12112.04 130.86 8151
Rnew_d 4 2198.11 99.15 9829.99 227.51 9924
Rnew_d 5 225.12 129.67 16813.96 148.98 6774
Rnew_d [ 243.69 112.43 12640.20 155.02 6530
Rnew_d 7 206.94 104.81 10988.05 148.98 8372
Rnew_d 8 247.19 108.08 11682.06 130.86 8305
Anew_d 9 240.15 113.78 12945.95 142.94 8555
Rnew_d 10 229.10 98.22 9647.11 142.94 8839
Rnew_d 11 180.75 103.01 10610.83 156.02 8821
Rnew_d 12 251.13 116.12 13482.98 130.86 7228
Rnew_d 13 261.02 115.73 13392.28 179.18 5532
Rnew_d 14 243.75 121.95 14871.41 130.86 8202
Rnew_d 15 256.50 104.01 10818.03 136.80 8232
Rnew_d 16 183.81 92.44 8545.74 161.086 8823
Rnew_d 17 272.32 123.34 15212.48 130.86 7177
Rnew_d 18 298.84 116.29 13523.09 3980.61 5392
Rnew_d 19 196.71 80.00 8100.21 136.90 9666
Rnew_d 20 251.24 126.486 15993.07 136.90 7510
Rnew_d 21 274.81 116.67 13611.58 251.67 7834
Rnew_d 22 231.26 119.92 14381.00 124.82 8453
Rnew_d 23 258.62 117.36 13773.37 130.86 8806
Rnew_d 24 257.57 113.02 12774.21 148.98 8073
Rnew_d 25 205.39 108.09 11684.05 148.98 pest
Rnew_d 26 254.84 118.13 13955.24 130.86 5961
Rnew_d 27 226.01 108.18 11702.11 124.82 . 8413
Rnew_d 28 156.64 48.36 2338.64 148.98 12026
Rnew_d 29 279.48 124.09 15398.59 136.90 7421
Rnew_d 30 226.69 105.40 11108.30 136.90 8738
Rnew_d 31 203.39 85.63 9145.04 136.90 9143
Rnew_d 32 199.96 101.40 102B1.53 136.80 10477
Rnew_d 33 234.34 116.89 13663.58 124.82 7060
Rnew_d 34 257.68 124.32 15456.19 148.98 7669
Rnew_d 35 213.82 110.19 12142.77 136.90 9837
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Rnew_d 36 270.21 120.79
RdotNew_d 1 -0.74 5.05
RdotNew_d 2 0.1 5.80
RdotNew_d 3 0.51 6.16
RdotNew_d 4 0.73 5.27
RdotNew_d 5 -0.74 7.50
RdotNew_d 6 1.66 7.18
RdotNew_d 7 1.44 5.81
RdotNew_d 8 1.76 8.77
RdotNew_d ] 4.83 .55
RdotNew_d 10 -1.78 6.71
RdotNew_d 11 -2.15 8.76
RdotNew_d 12 -1.57 €.99
RdotNew_d 13 5.60 7.94
RdotNew_d 14 2.35 8.80
RdotNew_d 15 2.67 8.56
RdotNew_d 16 -1.89 6.23
RdotNew_d 17 3.13 7.24
RdotNew_d 18 8.03 8.08
RdotNew_d 18 0.52 5.23
RdotNew_d 20 0.70 7.86
RdotNew_d 21 4.64 8.56
RdotNew_d 22 1.87 6.22
RdotNew_d 23 6.92 8.18
RdotNew_d 24 -0.32 6.48
RdotNew_d 25 -0.20 4.69
RdotNew_d 26 10.46 9.10
RdotNew_d 27 3.82 7.41
RdotNew_d 28 -0.20 3.83
RdotNew_d 29 5.07 8.08
RdotNew_d 30 1.34 5.82
RdotNew_d 31 0.28 5.84
RdotNew_d 32 2.72 6.27
RdotNew_d 33 2.20 6.76
RdotNew_d 34 1.20 7.70
RdotNew_d 35 -0.28 5.30
RdotNew_d 36 1.94 7.50
Ta_d 1 1.77 0.74
Ta_d 2 1.88 1.11
Ta_d 3 2.37 1.13
Ta_d 4 2.23 0.98
Ta_d 5 2.22 1.25
Ta_d 6 2.48 1.11
Ta_d 7 2.13 1.04
Ta_d 8 2.65 1.11
Ta_d 9 2.63 1.23
Ta_d 10 2.27 0.80
Ta_d 11 1.67 0.89
Ta d 12 2.49 1.08
Ta_d 13 2.94 1.31
Ta_d 14 2.71 1.33
Ta_d 15 2.75 1.15
Ta_d 16 1.78 0.83
Ta_d 17 2.88 1.27
Ta_d 18 3.43 1.33
Ta_d 19 2.06 0.88
Ta_d 20 2.74 1.37
Ta_d 21 3.1 1.30
Ta_d 22 2.49 1.24
Ta_d 23 2.89 1.30
Ta_d 24 2.62 1.14
Ta_d 25 2.14 1.06
Ta_d 26 3.00 1.43
Ta_d 27 2.53 1.18
Ta_d 28 1.83 0.45
Ta_d 29 3.05 1.33
Ta_d 30 2.39 1.10
Ta_d 31 2.08 0.93
Ta_d 32 2.18 1.07
Ta_d 33 2.55 1.20
Ta_d 34 2.85 1.23
Ta_d 35 2.20 1.06
Ta_d 36 2.83 1.26
Ays_d 1 0.02 0.05
Ays_d 2 -0.08 0.05

14581.00
25.54
33.60
37.80
27.717
56.18
51.55
34.89
45.82
91.15
44.99
45.72
48.82
63.06
77.43
73.26
38.83
51.82
82.37
27.39
61.70
73.20
38.69
66.64
42.01
22.00
82.76
54.91
11.12
65.25
33.87
34.06
39.28
45.71
58.22
28.10
§6.31

0.55
1.24
1.29
0.86
1.56
1.24
1.08
1.24
1.51
0.81
0.78
1.18
1.72
1.78
1.32
0.70
1.62
1.78
0.78
1.87
1.68
1.63
1.70

1.12
2.03
1.40
0.21
1.77
1.21

1.13
1.45
1.52
1.13
1.58
0.00
0.00



Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
Ays_d
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-0.05
-0.01
-0.04
-0.12
-0.03
-0.08
-0.08
-0.08

0.00
-0.12
-0.10
-0.04
-0.01

0.01
-0.06
-0.04

0.04
-0.05
-0.05
-0.02
-0.04

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
-0.22
0.06
-0.08
-0.24

«0.06
-0.01
-0.04
-0.12
-0.02
-0.07
-0.0¢
-0.06
-0.01
-0.12
-0.08
-0.04
-0.01
0.01
-0.06
-0.04
0.04
-0.08
-0.04
-0.02
-0.04
-0.09
0.08
-0.07
-0.09
0.17
0.04
0.01
0.17
0.01
-0.04
0.12
-0.01
-0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.41
-0.41
0.41
-0.41
-0.41

13279
12892
12647
12912
12732
13397
13373
12132
11847
12500
11191
13742
13306
12002
12810
12987
12723
13669
14231
12635
13961
12691
12516
13085
13181
13124
13287
13166
12832
13335
13199
12747
12701

12891
12666
12153
13279
12892
12647
12012
12732
13397
13373
12132
11847
12500
11191

13742
13386
12002
12910
12987
12723
13669
14231

12835
13961

12691

12516
13085
13181

13124
13287
13166
12832
13335
13199
12747
12781

12891

12666
12153
1327¢
12892
126847
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0.57
0.25
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2.15
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4.45
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14.18
14.23
13.41

8.93
15.65
18.19
14.25

9.95
12.88
13.55
17.00
10.74

8.73
12.34
10.64
11.32
11.75

8.91
13.81
12.32
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10.23
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8.07
11.88
13.57
10.34
10.41
10.41
11.48
10.96
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52.53
14.61
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62.09
10.44
21.82

4.03
16.97
17.04
81.85
43.96

6.66
13.57
12.40
73.68
20.€7
14.63
10.11
23.73

5.28

8.79
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27.44
13.43
23.08
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14.28

9.72
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52.15
t2.12
17.01
24.87
5§7.15
80.15
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12732
13397
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11847
12500
11191
13742
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12002
12910
12987
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12635
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12691
12516
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13287
13166
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13188
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12666
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9024
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8530
9372
8305
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98.17
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100.51

96.84
96.18
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92.94
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96.56
88.12
85.58
96.18
93.23
96.57
96.83
96.38
97.34
84.88
83.50
87.49
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80.18
0.99
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12810
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13961
12681
12516
13065
13181
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12832
13335
13199
12747
12701
12881
12666
12153
13279
12892
12647
12912
12732
13387
13373
12132
11847
12500
11191
13742
13396
12002
12910
12987
12723
13860
14231
12635
13861
12691
12516
13065
13181
13124
13287
13166
12832
13335
13199
12747
12791
12891



L]

x10° V for S0, ACC[0,1,2]
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bin
+80.7
+81.6
+82.5
+83.4
+B4.3
+85.2
+86.1
+87.0
+87.9
+88.7
+B89.6
+90.5
+91.4
+92.3
+93.2
+94.1
+95.0
+95.9
+96.8
+97.7
+98.6
+99.5
+100.4
+101.3
+102.2

TABLE of: V for S0, ACC[0,1,2]

freq

11880
6823
5384

10719

11570
9836

26957

15759
7998

23811

15612

12446

25601

14261

17963

21513

35087

19629

10726

32704

16101
8595

27671

10938
3860

bin
«103.1
+104.0
+104.9
+105.8
+106.7
+107.6
+108.5
+109.4
+110.3
+111.2
+112.1
+113.0
+113.9
+114.8
+115.7
+116.6
+117.5
+118B.4
+118.3
+120.2
+121.1
+122.0
+122.9
+123.8
+124.7

freq

1702%
7971
1999
1748
77172
3769
1182
3107
1705

256
765
2669
991
685
179S
758
265
579
370
154
88
124
64
41
27



x10°  Ax forS0, ACCI0,1.2]

12}

10

freq

8

I

)
(I
:

.2 0.1 0
max © -0.004082 g
Tot = 4.648e+05

0.1 0.2

mean © -0.008149

std. = 0.02381
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TABLE of: Ax for S0, ACC{0,1,2)

bin
-0.200
-0.192
-0.184
-0.176
-0.187
-0.159
-0.151
-0.143
-0.135
-0.127
-0.118
-0.110
-0.102
-0.094
-0.086
-0.078
-0.069
~0.061
-0.0523
-0.045
-0.037
-0.029
-0.020
-0.012

freq

a5
23
17
27
2
21
20
44

83
278
261
367
570
1156
1661
2430
3363
3767
4631
7190
15203
29812
55854
98574

-0.004 115486

bin

+0.004
+0.012
+0.020
+0.029
+0.037
+0.045
+0.053
+0.061
+0.069
+0.078
+0.086
+0.094
+0.102
+0.110
+0.118
+0.127
+0.135
+0.143
+0.151
+0.15$8
+0.167
+0.176
+0.184
+0.192

+0.200

freq

56533
24269
14961
T 1347
5849
6999
4220
1419
497
292
221
177
190
161
162
106
72
75

63



freq

x10° Csw for S0, ACC[0,1,2] TABLE of: Cew for S0, ACCI0,1,2]

12 | 1 bin freq bin freq
10 J -20.00 s +0.41 474877
-19.18 118 +1.22 33372

8 " ] -18.37 134 «2.04 17906
-17.55 145 +2.86 12012

_ ] -16.73 316 «3.67 12976
6 -15.92 588 +4.49 9364
-15.10 325 +5.31 4004

4 1 -14.29 416 +6.12 3471
-13.47 639 +6.94 2953

2} 1 -12.65 355 +7.76 1274
mJ -11.8¢ 531 +B.57 1659

020 = Yo m‘“-;to— 20 -11.02 1564 +9.39 2314
0 0 -1004 e o0 000 -12.20 1000 +10.20 927
Totw 46480405 etd. = 3.507 -5.39 1671 +11.02 1172
-8.57 6360 +11.84 1527

-7.76 3552 +12.65 271

-6.94 3803 +13.47 385

-6.12 11751 +14.29 201

-5.31 7721 +15.10 57

-4.49 9485 +15.92 43

-3.67 33898 «16.73 66

-2.86 22450 +17.55 11

-2.04 51061 +18.37 a8

-1.22 112583 +19.18 20

-0.41 40688 +20.00 4
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freq

x10° Cth for S0, ACCI0,1,2)

15 <
10t 1
st {ll ;
o0 20 80 100
max @ 8.163 o, mean @ 8.751
Tot = 4.648e+05 std. = 3.639
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TABLE of: Cth for S0, ACC[0,1,2]

bin

+0.0

+2.0

+4.1

+6.1

+8.2
+10.2
+12.2
+14.3
+16.3
+18.4
+20.4
+22.4
+24.5
+26.5
+28.6
+30.6
+32.7
«34.7
+36.7
+38.8
+40.8
+42.9
+44.9
+46.9
+49.0

freq

9227
8347
19800
67196
153482
127753
48707
12973
5398
2242
1408
869
426
245
139
144
94
107
54

33
50

31

16

16

18

bin

+51.0
+53.1
+55.1
+57.1
+59.2
+61.2
+63.3
+65.3
+67.3
+69.4
+71.4
+73.5
+75.5
+77.6
+79.6
+B8l.6
+83.7
+85.7
+87.8
+B9.8
+91.8
+93.9
+95.9
+98.0
+100.0

freq

15
15
a5
10
24

4

4
it
&
11
8

5
238

[
1

0000000000



10000

Cac for S0, ACC[0,1,2]
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bi

+0.
+2.
+4
+6.
+8.
+10.
+12.
+14.
+16.
+18.
+20.
+22.

+24

+26.
+28.
+30.
+32.
+34.
+36.

+38

+40.
+42.
+44

+46.
+49.

o@go«)oobo\l\l\lovmwm-bpbwwl\:wml—w—\oo >

TABLE of: Cac for S0, ACC{0,1,2]

freq

1631
1664
2061
2695
3420
6142
7289
9619
6593
3408
2132
927
550
372
217
169
134
88
BO
61
27
32
18
36
29

bin

freg

25
14
17
12
12

=
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<100 1 forS0, ACCI0,1.2) ' TABLE ot: r for S0, ACC[0,1,2)

4 . bin freq bin freq

-4.00 434 +0.08 46582

-3.84 45% +0.24 24626

-3.67 449 +0.41 14933

-3.5 492 +0.57 10225

-3.35 561 +0.73 9187

-3.18 722 +0.90 9342

-3.02 1007 +1.06 B199

-2.86 1473 +1.22 6254

-2.69 1888 +1.39 4988

-2,53 2272 +1.55 3362

=2.37 297 +1.71 2082

-4—--¢lﬂgnm 0 2 ) -2.20 3839 +1.88 1532

wochus o, remesde I GH na um
Tot = 4.648e+05 sid. = 0.8242 ) i

-1.71 4489 +2.37 1451

-1.55 4722 +2.53 1629

-1.39 4965 +2.69 1393

-1.22 5478 +2.86 876

-1.06 6552 +3.02 621

-0.90 8417 +3.18 330

-0.73 15418 +3.35 207

-0.57 28117 +3.51 77

~-0.41 53797 +3.67 73

-0.24 78220 +3.684 57

-0.08 75544 +4.00 3s
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freq

05

for S0, ACCI0,1,2]

50 100
max © 130.9

Tot = 2.956+05

50 300
180 200 250 %0

std. = 113.2
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TABLE of: Rnew_d for S0, ACCJ0,1.2)

bin
+4.0
+10.0
+16.1
+22.1
+28.2
+34.2
+40.2
+46.3
+52.3
+58.4
+64.4
+70.4
+76.5
+82.5
+88.6
+94.6
+100.7
+106.7
+112.7
+118.8
+124.8
+130.9
+136.9
+142.9
+149.0

freq

0

1

8

102
94
399
764
794
1160
1536
1412
1932
2263
2573
2918
3322
2774
4223
5153
10958
16183
20085
10664
15398
10852

bin

+155.0
+161.1
+167.1
«173.1
+179.2
+1685.2
+191.3
+197.3
+203.3
+209.4
+215.4
+221.5
+227.5
+233.6
+239.6
«245.6
+251.7
+257.7
+263.8
+269.8
+275.8
+2B81.9
+287.9
+254.0
+300.0

fregqg

8046
6281
5821
5763
3e4s
5432
s34
5250
4501
4787
3487
4276
4163
3888
3751
3708
2832
3350
3662
3616
3533
3456
3378
2481
3332



« 10" RdotNew_d for S0, ACCI[0,1.2)

5t
4}
g3
2L
1 L
-QIS -10 -5
max @ -0.3061
Tot = 2.95e+05

0
fps

10
mean © 1.578
std. = 7.346
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TABLE of: RdotNew_d for S0, ACC[0,1,2]

bin

-15.00
~14.38
-13.78
-13.16
-12.55
-11.94
-11.33
-10.71
-10.10
-9.49
~-8.88
-8.27
-7.65
-7.04
-6.43
-5.82
-5.20
-4.59
-3.98
-3.37
-2.76
-2.14
-1.53
-0.92
-0.31

freg

763
802
456
1106
1383
628
1620
1898
926
2035
2521
1098
3433
3992
le08
5263
5700
2305
7243
8229
3314
12079
16468
3277
52301

bin

+0.31
+0.92
+1.53
+2.14
+2.76
+3.37
+3.98
+4.59
+5.20
+5.82
+6.43
+7.04
+7.65
+8.27
+8.88
+9.49
+10.10
+10.71
+11.33
+11.94
+12.55
+13.16
+13.78
+14.39
+15.00

freg

13799
3735
18472
13860
3328
10841
8s11
2454
7581
6654
2052
6746
5921
1839
5019
4458
1636
3962
3376
1256
3362
2817
1019
2462
2497



x1¢* Ta_d for SO, ACCI0,1,2] TABLE o: Tad for O ACQO,1,2]

bin freq bi n freq
+0. 00 832 +7.65 0
+0.31 5196 +7.96 0
+0.61 11193 +8.27 0
+0.92 20045 +8.57 0
+1.22 82594 +8.88 0
4 +1.53 28300 +9. 18 0
+1.84 23321 +9. 49 0
+2.14 19430 +9. 80 0
; +2.45 16851 +10.10 0
+2.76 15609 +10. 41 0
+3.06 13314 +1Q71 0
5 s 0 5 +3.37 12550 +11. 02 0
mex© 1224 °  goc  mean 02068 3% 10316 e 0
Tot=2.95e+05 sid. = 1.19 ' '
+4.29 8117 +H1 .94 0
+4.59 7162 +12. 24 0
+4, 90 5040 +12.55 0
+5.20 2486 + 2. 86 0
+5.51 1120 +13.16 0
+5.82 353 +13. 47 0
+6.12 49 +13.78 0
+6. 43 0 +14.08 0
+6.73 0 +14. 39 0
+7. 04 0 +14. 69 0
+7.35 0 +15. 00 0
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x10° Ays_d for S0, ACCI0.1,2)

5 3
4
g{S
2 L
1 b
o‘
0.4 0.2
max © -0.05714
Tol = 4.6480+05

0.2 0.4

mean © -0.03663

std. = 0.08337
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TABLE of: Ays d for SO ACJ0,1,2]
bi n

bi n

-400
.384
.367

-0.351

.335
.318
.302
.286
.269
.253
.237
-220
.204
.188
.171
.155

-0.139

122
.106
090
.073
.057
.041
.024
.008

freq

4
6

21

31

82
118
335
452
601
946
1192
1823
2673
3808
5750
9421
14241
18862
31860
39962
49514
50053
40080
37530
37004

+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.

008
024
041
057
073
090
106
122
139
155
171
188
204
220
237
253
269
286
302
318
335
351
367
384
400

freq

26251
18858
10095
7779
8152
8248
7850
6472
6830
6846
4517
2337
1305
680
880
450
249
201
80

67

51

15

8

0

0



freq

x 10° SSPC_d for S0, ACC[0,1,2] TABLE of: SSPC_d for S0, ACC{0,1,2]

bin freq bin freg
{ )

3.5 -1.00e-03 392 +2.04e-05 21629
a} 1 -9.59e-04 386 +6.12e-05 15721
-9.18e-04 535 +1.02e-04 13408
25 m 1 -8.78e-04 743 +1.43e-04  B9S6
2} 1 | -8.37e-04 1003 +1.84e-04 6376
-7.96e-04 1306 +2.24e-04 5826
1.5} 4 -7.55e-04 1650 +2.65e-04 6138
| -7.14e-04 1915 +3.06e-04 6490
1t 1 -6.73e-04 2453 +3.47e-04 6635
o5t j -6.33e-04 2827 +3.88e-04 4796
. 15.92e-04 3636 +4.29e-04 3832
0 Y 5 05 ] -5.51e-04 4452 +4.69e-04 5281
[ S N R < e S e

Tot = 4.6486+05 std. = 0] 1 —a.5ve- -oles
-4.29e-04 17422 +5.92e-04 3119
-3.88e-04 21855 +6.33e-04 1763
-3.47e-04 26206 +6.73e-04 1228
-3.06e-04 26623 +7.14e-04 834
-2.65e-04 30434 +7.55e-04 791
-2.24e-04 35895 +7.96e-04 736
-1.84e-04 32413 +8.37e-04 494
-1.43e-04 28538 +8.76e-04 337
-1.02e-04 23665 +9.18e-04 210
-6.12e-05 28029 +9.59e-04 148
-2.04e-05 28487 +1.00e-03 172
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Vp_d for S0, ACCI0,1,2] TABLE ot: Vp_d for S0, ACCID,1,2)

14000} bi n freq bin freq
12000 ¥ +80.7 1682 +103.1 9063
+81.6 1736 +104.0 8955

10000 F( +82.5 3672 +104 .5 8066
+83.4 4074 £105.8 6353

g 8000 +84.3 4122 +106.7 5703
= e000 +85.2 4737 +107.6 5539
+86.1 5920 +CB.5 4763

4000 +87.0 7346 +109.4 3856
+87.9 7749 4103 3413

2000 +86.7 8238 +11.2 2557
. +89.6 9844 +12.1 2063
+90.5 9352 +113.0 1780

80 100 110 120 91,4 10282 +113.9 1759

Tax 0 ety e MemGUE +92.3 13286 +114.8 1166

+93.2 11343 +115.7 1161

+94.1 11461 £116.6 839

+95.0 12053 H17.5 647

+95.9 13186 +118.4 537

+96.8 12355 +119.3 308

+97.7 11970 +120.2 301

+98.6 11206 HM211 277

+99.5 10662 a2 .0 219

+100.4 11236 +122.9 153

+101.3 11285 +123.8 126

+102.2 10015 +124.7 115
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