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PROGRAM FLOW CHARTS
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‘ START }

DEFINE SCALE FACTORS FOR STATE VECTOR 1/0

INITIALIZE CONSTANTS

READ IN PROGRAM DATA (CALL DATAIO (1))

INITIALIZE SIMULATION PARAMETERS

INITIALIZE RANDOM NUMBER GENERATOR (CALL RAND)
DEFINE LABELS FOR CONTROLS, STATES, OUTPUT VARIABLES
INITIALIZE INDICES FOR INDEPENDENT VARIABLE LOOPS

SET NTMIN = 1, NVPRT = NX + NU + NVAR

IS NO. OF TRIALS EQUAL
TO ZERO?

TRAJECTORY DATA

STORAGE? ‘
NREC = 0
MDEC = MANDEC

START OF INDEPENDENT VARIABLE :
LOOP 1
B DO 910 L1 = 1, NO1
DEFINE INDEPENDENT VARIABLE GROUP 1
START OF INDEPENDENT VARIABLE LOOP 2
DO 920 L2 = 1, NO2 l

!

DEFINE INDEPENDENT VARIABLE GROUP 2

START OF INDEPENDENT VARIABLE LOOP 3 v

DO 930 L3 = 1, NO3

Y

DEFINE INDEPENDENT VARIABLE GROUP 3

/

INITIALIZE DRIVER DECISION MODEL (CALL DECISN (0) )

ZERO-OUT SUMMATIONS FOR MONTE CARLO LOOP STATISTICS CALCULATIONS

NO

IS STARTING TRIAL NO. GREATER NTMIN > 1
THAN ONE?

YES

RE-INITIALIZE SUMMATIONS TO CURRENT VALUES FROM DISC FILE 11 FOR RUN CONTINUATION

TRAJECTORY DATA RECALL? YES

\

NO READ SUBJECT VEHICLE TRAJECTORY DATA
‘FROM DISK FILE 10

START OF MONTE CARLO SIMULATION LOOP

DO 900 NT = NTMIN, NTMAX

TRAJECTORY DATA
STORAGE?

I ]

DRAW VALUES FOR RANDOM VARIABLES AND UPDATE R.V. STATISTICS (NRV > 0)

SETt = 0,COLLF = -1

ZERO- OUT CONTROLS, STATES, DERIVATIVES

SET SUBJECT VEHICLE STATES TO INITIAL VALUES; SCALE TO NATURAL UNITS

FIGURE A-1. MAIN PROGRAM FLOW CHART
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YES

YES

IS SCENARIO NO. EQUAL TO ZERO?

TRAJECTORY DATA STORAGE?

INITIALIZE SCENARIO MODEL {(CALL SCEN(0) )

IS EVENT DETECTION MODELS
TO BE SIMULATED?

YES

NO
t =t + 714
x = x +t u, 79
CALL SCEN(1)

PURE TIME DELAY; UPDATE SCENARIO

EVENT DETECTION MODEL (CALL DETECT)

-

t' =t

SIMULATE MANEUVER DECISION PROCESS;
CHECK FOR COLLISIONS

CALL DECISN (1}
x=x+uh(t-t‘)
CALL SCEN(1)

CALL CcOLL{0)

IS COLLISION STATUS KNOWN?

TRAJECTORY DATA RECALL?

1S VEHICLE TO BE SIMULATED?

IS THERE A MANEUVER
DECISION?

INITIALIZE DRIVER MODEL

CALL DRIVER(0)

\

INITIALIZE APPROPRIATE VEHICLE MODEL FOR GIVEN MANEUVER DECISION

(MINIMUM ORDER IS 1, 2, 3 FOR BRAKE, STEER, COMBINED RESPECTIVELY)

CALL VEH1(0), VEH2(0), VEH3(0), OR VEH6(0)

IEXIT =
NSAMP
XSTOR

INITIALIZE COUNTERS, TIMEKEEPERS

0

FIGURE A-1. MAIN PROGRAM FLOW CHART
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START OF DRIVER/VEHICLE SIMULATION LOOP

STORE

STORE SUBJECT VEHICLE STATES
FOR STORED TRAJECTORY

EVERY At
stor

TRAJECTORY DATA MODE?

RECALL l

RECALL SUBJECT VEHICLE STATES
FROM STORED TRAJECTORY
EVERY At ...~ SECONDS

NONE

Ve T upcosy — v siny
vy " up ¥ v + vy cos v

COMPUTE VEHICLE VELOCITY IN INERTIAL COORDINATES

SCENARIO ZERO?

TRAJECTORY DATA STORAGE?

UPDATE SCENARIO
CHECK FOR COLLISIONS

{CALL SCEN(1) }
{CALL cOLL{1} }

TRAJECTORY DATA RECALL?VES
MSTOR =

2

IS VEHICLE TO BE SIMULATED?

IS THERE A MANEUVER DECISION?

r UPDATE DRIVER MODEL (CALL DRIVER (1) ) J

UPDATE APPROPRIATE VEHICLE MODEL

(CALL VEH1{1}, VEH2(1), VEH3(1), OR VEHS6(1) }

160
YES
SET EXIT FLAG IF COLLISION COLLF # -1
STATUS IS KNOWN OR t > ..
NO
YES
IEXIT = 1
t > ‘mlx
NO
YES
DATA PRINTOUT MODE < 27
YES

IS NO. VEHICLE VARIABLES ZERO?

SET NSAMP = NSAMP + 1

SAMPLE VEHICLE CONTROLS, STATES, AND INTERMEDIATE VARIABLES

FOR TIME-HISTORY PRINTOUT EVERY '“Pﬂ

SECONDS

IS SAMPLE BUFFER FULL?

IS EXIT FLAG SET?

PRINT TIME-HISTORY
DATA ON DiSK FILE 9
SET NSAMP = ¢

IS EXIT FLAG SET?

TRAJECTORY DATA RECALL?

| INTEGRATE VEHICLE STATES AND UPDATE DERIVATIVES ]

!

t = t + At

UPDATE TIME FOR SIMULATED VEHICLE MODES

[

TRt Aty

UPDATE TIME FOR RECALLED VEHICLE TRAJECTORY MODE

END OF DRIVER/VEHICLE SIMULATION LOOP

FIGURE A-1. MAIN PROGRAM FLOW CHART
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YES

MSTOR = 1

UPDATE MONTE CARLO LOOP STATISTICS FOR COLLISION AND MANEUVER
DECISION COUNTERS, CLOSURE VELOCITY OF SV WRT OV (DELV)

PRINT
.
.

INDIVIDUAL RUN SUMMARY ON DISK FILE 8:
TRIAL NO.
TIME (TIME OF COLLISION, OR TIME FOR WHICH COLLISION DANGER (S PAST)
SELECTED STATES FOR SV, OV, LV, NV
MANEUVER DECISION (MDEC)
COLLISION STATUS FLAG (COLLF)
IMPACT VELOCITY (DELV)

900 CONTINUE
END OF MONTE CARLO SIMULATION LCOP
YES
TRAJECTORY DATA STORAGE? MSTOR = 1 WRITE SUBJECT VEHICLE TRAJECTORY
ON DISK FILE 10
NO

WRITE MONTE CARLO LOOP STATISTICS ON DISK FILE 12 FOR
POSSIBLE RUN CONTINUATION

YES

MPRT < 1

NO

COMPUTE MEANS AND STANDARD DEVIATIONS FOR RANDOM VARIABLES

PRINT RESULTS ON DISK FILE 8 (NRV > 0)

VARIABLES:

e NO.

COMPUTE/PRINT MONTE CARLO LOOP STATISTICS SUMMARY AS A FUNCTION OF INDEPENDENT

® MANEUVER DECISION PROBABILITIES

e IMPACT VELOCITY (MEAN, SIGMA}

e TOTAL COLLISION PROBABILITY
e  95% CONFIDENCE LIMITS

OF COLLISIONS WITH OBJECT (VEHICLE), ADJACENT VEHICLE

®=

END OF INDEPENDENT VARIABLE LOOP 3

930 CONTINUE

920 CONTINUE

©

END OF INDEPENDENT VARIABLE LOOP 2

910 CONTINUE

O

END OF INDEPENDENT VARIABLE LOOP

TRAJECTORY DATA STORAGE?

TRAJECTORY DATA RECALL? REWIND DiSK
FILE 10
NO
|
COPY DISK FILE 12 TO FILE 11
REWIND FILES
SET NTMIN = NTMAX + 1
CHECK FOR RUN CONTINUATION (CALL DATAIO(2) )

IS RUN TO BE CONTINUED?

STOP 77

FIGURE A-1. MAIN PROGRAM FLOW CHART
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ARGUMENT: MODE

MODE = 0

INITIALIZATION?

NO

OV AND SV:
Uy, = =—322 dm,g gy
. 88
Hov; 60 “ovo Ugy;
1S _uovi/ Ugy sov

COMPUTE ACCELERATION, VELOCITY, STOPPING TIME FOR

-32.2 dg,

9
88
60 "o

gy figy

!

SET INITIAL POSITION OF SV AND DISTANCE TO NV

x = 0 MSCEN < 6
x = —dsn MSCEN > 6
- B
doy = s Y hy Yoy, T ﬁ)& Unvg
WHERE
hnv = RANDOM NUMBER DRAW FROM NEG. EXP.
DIST. WITH MINIMUM h"v . AND
min
AVERAGE by,
n = RANDOM NUMBER DRAW FROM UNIFORM

DIST.ON | 0, 1]

SCENARIO NO?

SCENARIO

RETURN

A

900
RETURN

UPDATE VELOCITY AND POSITION OF LV:

’——————‘
=6 =7 =8 OTHERWISE
DEFINE o = =
OBJECT cos Yy = ,LI; cos Yo, = 0 cos Yoy [} cos ‘l‘ov 1
VEHICLE
ORIENTATION}sin ¥, = % sin u’ov = -1 sinyo, = 1 sin Yoy 0
A
DEFINE INITIAL VELOCITY AND
POSITION OF OV
a = tan (- psgn {sin Yo.) }
c = allacos ¢, —sin Vol }
roi =c uh
%oy, = €%
3
90
SCENARIO NO.? MSCEN
=134 =1
=9, 10
=25 =678
P —— A e
1 200 600 1100
| 200 |
UPDATE VELOCITY AND UPDATE VELOCITY AND POSITION OF OV: UPDATE VELOCITY AND UPDATE VELOCITY AND POSITION
POSITION OF OV: POSITION OF OV: OF NV:
FORt < rovd:
ty = min {t, tsov) A ug, = uovi up, u’“’i
- . ov ov; _ i
Yoy T Yoy, * Yovtm _ I+ *ov o, * Yoy, t Xy = dny Uyt
Xoy = fgy ¥ ugy. t
Xoy = hgy v FOR x., < x:
y FORt > . "
M (“ovi +hug thtn Tovy L L™
=t — Tovd Xy = dnv —unvit
Uoy = Yov, + ﬁov 1y RETURN WHERE
i
YES .
Xoo = ho. +ut + %u t.2 h,., = RANDOM NUMBER DRAW
NO. 42 ’ AR ool ™ FROM SHIFTED NEG.
EXP. DIST. WITH MINIMUM
hae . AND AVERAGE
min
NO h""ave

A

t, = minit Ks“)
Uy T Y gty
Xey = gy + hgy

+ fug, F Bug, )ty
i

YES

SCENARIO NO. 57

FIGURE A-2.

NO

RETURN

RETURN

SUBROUTINE SCEN FLOW CHART
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< START >

INITIALIZE INDICES FOR TABLE LOOK UP
SET LATERAL POSITIONS OF VEHICLES

Yov = O
Yov =.0
Yoy = —LW

LCOMPUTE CONSTAMTS

SCENARIO NO.?

=9,10,11 ¥

PROB. OF LOS TO OBJECT, PROB.
OF DETECTING CHANGE IN

HEADWAY
Poos = 1
Pho =
YES
1 DAYTIME NO

=1,3,4 =25 =6,7,8

PROB. OF LOS TO OBJECT PROBABILITY OF DETECTING
CHANGE IN HEADWAY
Poos = 1
P =0
hO
A YES
E=0
OBJECT LUMINANCE li MNIT
=TI
Lokalld! g\ Ten NIGHTTIME NO
VO HO
OBJECT, BACKGROUND LUMINANCE
L, =0 .
0
NO YES -
DAYTIME ) ¥ NIGHTTIME
BACKGROUND LUMINANCE BACKGROUND LUMINANCE [ %
= _TI
Ly = TRy (Egky * Esun cosﬁsunb) b= _b"
VO HO

\

SAVE INITIAL OBJECT DISTANCE

X. . = X_, COS Y
°|nlt ov ov

- yovsin ‘pov -X

OBJECT, BACKGROUND LUMINANCE lﬂ.

Lo = TRy (Egey * Equn cosasuno)

L, = TRy (Esky M Esun"mﬁsunb)

obj = Heye)

TLgy (H

INITIALIZE ADAPTATION AND VEILING

LUMINANCE
La =T LSUI’

L, =0

y

INITIALIZE DETECTION FLAG, t', 7, 'rf'

DTCTF = 0
t'=t
T Teli = 0

FIGURE A-3.

SUBROUTINE DETECT FLOW CHART
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©)

i

DETERMINE FIXATION CATEGORY

DRAW R.N. FROM UNIFORM DIST. ON [0, 1]
i-3 i
DETERMINE i SUCH THAT % Pi < R.N. < |2 Pj
j=1 i=1

FORi=1,2,...,N

[

IS FIXATION CATEGORY A BLINK?

SETi=Ng+1
DRAW R.N. r, FROM GAMMA DISTRIBUTION WITH MEAN 7,
AND SIGMA o,
b

UPDATE TIME AND POSITION FOR ALL VEHICLES
t=t+7,
x=x+u (t-t)
CALL SCEN(1)
t'=t

T =Tg

CHECK FOR COLLISIONS {CALL COLL{0O))

HAS COLLISION OCCURED?

PRINT CURRENT TIME OF BLINK ON

FILE9
DRAW R.N.'S:
0; FROM NORMAL DIST. WITH MEAN K AND SIGMA o4
i i
¥ FROM NORMAL DIST. WITH MEAN y; AND SIGMA o,
i i
¢  FROM GAMMA DIST. WITH MEAN 'r', AND SIGMA o,
i i
UPDATE TIME AND POSITIONS OF ALL VEHICLES
t=t+'/&(rf+'r;)
x=x+uh(t-t’)
CALL SCEN(1)
t'=1t
T; =Tt
CHECK FOR COLLISIONS (CALL COLL{0))
HAS COLLISION OCCURED? YES o

NO

COMPUTE OBJECT LOCATION
Xo = Xy cosupov — Yoy SiN¥gy —X
Yo = Xgy SiN¥gy ¥ Yoy COSVGy — Y
%= Hobj —Haye

04= tan’! (2o/%g)

Vo= tan? lyg/xg)

%y = tan’? [[tanz(oo —0g+ tanz(\ho - lﬁf)]%}
NO

GLARE +
ARE THERE GLARE SOURCES?

YES

COMPUTE FIXED GLARE SOURCE LOCATIONS
agi = max[un"([mnz (0g, =09 + mnz(wgi -y 1A, ami“]

i=1,2,..., NGLARE

130
COMPUTE OBJECT SIZE

A =4 tan’! (V".,A/xc‘2 + yoz) tan’1 (l‘i!,/\/xo2 + yoz)

FIGURE A-3. SUBROUTINE DETECT FLOW CHART




SCENARIO NO.?

=9,10, 11

—()

NO
NIGHTTIME

NIGHTTIME

COMPUTE OBJECT LUMINANCE
= tan-1 —H.
Mo L ((Hobi HInte)/xo)

Iy = (INTERPOLATED FROM TABLE F.13
© CALL FLOOK1WITH Vo= Ty )
o

COMPUTE BACKGROUND LUMINANCE

FOR9, = O
Ly T I-sky
FORO, < 0:

Xy = Xo/11 = Hopil o)

< : }—-b L
Vinst

DAYTIME ]

COMPUTE ONCOMING VEHICLE HEADLAMP LOCATION

X =X -X

nv
Yo=Ynv Y

H

2 =Hijee eye

0n= tan”! (2/%)
¥n= tan”1 (/)
o, = max [tan'1([tan2 6,-0,+ tanz(dzn - \l/f)]%).ami,}

UPDATE VEILING LUMINANCE

= tan!
Ty, = 10 (= Hijee/xp)

Iy, = (INTERPOLATED FROM TABLE F.13
B CALL FLOOK1WITHy, =7, )

L=TR, (v, + E

2
Xp

81-V/LI-V

YES

NO

YES

MSCEN = 11

NO

COMPUTE VEILING LUMINANCE DUE TO
ONCOMING VEHICLE

Inv =(INTERPOLATED FROM TABLE F.14
CALL FLOOK2WITH v, = -0, T = ‘I’n)

, , NGLARE
L = + X E
v inst I"’inst i=1 9i/a9 i
l 230
= 1107TL,
Vinst T Minst
ves |INITIALIZE L,
L =
v Vinst
NO

* I
=y
L"inst

2 2y 4 2
xS+ yp oy

UPDATE SMOOTHED VEILING LUMINANCE

K IFL <
v1 v Lvinst

Ky IFL,> Lvi

SET Kg =
nst

-L

- _K
L= I-"inst iy "inst) gt

240
COMPUTE OBJECT CONTRASTS
e APPARENT
cappo =Ly —Lyl/iL+L)
® FOVEAL AND PERIPHERAL THRESHOLD
10810 Crov, [INTERPOLATED TABLE F.15, CALL FLOOK2
WITH COORDINATES (logyg 3, logg (L, + Ly)]
l0g10 Cper [INTERPOLATED FROM TABLE F16. CALL
= FLOOK2 WITH COORDINATES (logqq 3y, &)1
e TOTAL THRESHOLD
e +
cthrsho = 1oflegqg cfovo logqg cpero)
e RELATIVE
Crelo i Cappol Cthrsho
FIGURE A-3. SUBROUTINE DETECT FLOW CHART
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SCENARIO NO?

i

250

COMPUTE LEAD VEHICLE BRAKELAMP LOCATION

Xy =Koy =X

Yo=Y~V

2 = Hopj — Heye

6g= tan™! {(zg/xg)

v =tan" {y o/xy)

o = tan’llL[tan2 (GQ — Bf) + tan? (l[IQ - \,l/f)]'/z]
COMPUTE LEAD VEHICLE BRAKELAMP SIZE

Ag=4tan’! (VO/W tan”1 (H_/Vx 2 +y 2

COMPUTE LEAD VEHICLE BRAKELAMP CONTRASTS

WITH COORDINATES (0gqq ag. 20g1q (L, * L))
®10 Cper, =[INTERPOLATED FROM TABLE F16. CALL FLOOK zil

20519 Ctov, =ENTERPOLATED FROM TABLE F15. CALL FLOOK 2]

WITH COORDINATES (f0gsq ag, )
=10 (€ C + Qo C )
cthrshQ =10 2910 “fovp * “°910 “per

[ C

appg - 2 Canp,,

Crelg = Cz:pr’(:thrsh;z

DETERMINE PROB. OF LOSS TO 270
OBJECT VEHICLE

i=int [(y, +90)/5] +1

Poos = Prmerg, (FROM TABLE F12)

ol

280
COMPUTE DETECTION PROB. DUE TO OBJECT/BACKGROUND
CONTRAST

Cc_ -1 Y%
|
0.5+ 0.5 [I — exp[—a(—°-—re )Zﬁ
L
e ¢ 50 (Cygp — 1)1 Cpgy <2
1 if crelo > 2

260

COMPUTE PROB. OF DETECTING CHANGE IN HEADWAY

FIGURE A-3. SUBROUTINE DETECT FLOW CHART
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SCENARIO NO.?

=25

COMPUTE LEAD VEHICLE BRAKELAMP
DETECTION PROBABILITY DUE TO
OBJECT/ BACKGROUND CONTRAST

0.5+0.5 {1-exp|-:-(c'°'g‘1) zi( #
O¢

- 5gn (Cpgp 1) if Crgy, <2

T Gy Z2

(300 |

TOTAL DETECTION PROBABILITY

P, = P +P_ —P_P
d co hg G by

Pag = PlitePqy

Pa = Py *Pay—Pu_ P,

Q |
N /
S~ — /
=1,3,4,9 10,11 =678
3 3
TOTAL DETECTION PROBABILITY 10 TOTAL DETECTION PROBABILITY[—ZO—
P, =P, +P, +P_ P P,=P, . P
d dy hy " Teg hg d~ "fos ¢,
330
DETERMINE IF OBJECT DETECTION OCCURS
DRAW R.N. FROM UNIFORM DIST. ON INTERVAL [0, 1]

DID DETECTION OCCUR?

HAS COLLISION OCCURED?

FIGURE A-3.

YES

YES

PRINT CRITICAL EVENT DETECTION SIMULATION VARIABLES

ON DISK FILE 9

NO

RETURN

1

DRAW 7,4 FROM GAMMA DISTRIBUTION WITH MEAN 7 AND

SIGMA ¢
Trd

t=t+ Td
x=x+uh(t-t')
CALL SCEN(1)
DTCTF =1

UPDATE TIME AND POSITIONS OF ALL VEHICLES

NO

PRINT CRITICAL EVENT DETECTION SIMULATION VARIABLES

ON DISK FILE 9

/

RETURN

RETURN

SUBROUTINE DETECT FLOW CHART



ye-v/ee-v

INITIALIZATION?

COMPUTE ADJACENT VEHICLE PROBABILITIES FOR
SAFE-MANEUVERING REGIONS {TABLE 9-3)

SCENARIO NO?

\ /
N 7/
~ 7
~— .
=12 =6,9 OTHERWISE
COMPUTE CONDITIONAL PROB. COMPUTE CONDITIONAL PROB. ~OMPUTE ABSOLUTE PROB.
FOR B, S, C, COLL, LOOK FOR B, S, C, COLL, LOOK FORB,S,C
(TABLE 9-4) {TABLE 9.5} p = P
b bo

‘smm = 0 tsmin 2un/g Ps = ° S0

Pe = Po

‘ RETURN >

IN THE LOOP

DRAW TWO RANDOM NUMBERS FROM UNIFORM
DISTRIBUTIONON [0, 1 |:

RN1, RN2
SCENARIO NO.?
\ /’
N s
\\_ —//
=1,2,6,9
OTHERWISE
NO ADJACENT LANE
ADJACENT LANE (ONCOMING) TRAFFIC?
TRAFFIC?
PUTE AVAILABLE TIME lﬂ COMPUTE GAP IN ONCOMING TRAFFIC
com BLE TIME FOR DECISION | |seT APOSTERIOR MANEUVER PROB. GAP 1= xmm RO |
EQUAL TO APRIORI MANEUVER nv v Uy
trgact = Koy — XMy — t‘mm PROB.
Py Pho
- IS GAP BIG
P P, =
s ‘0 ENOUGH TO MDEC = 1
P. = p PASS OV?
[ Co
IS THERE TIME TO LOOK?
I RETURN
= P,
o
<PlS/V) >1 — PIOV) THERWISE
STEER BRAKE, COMBINED
COMBINED I Moec=ﬂ | MDEC = 1 l I MDEC=3I

STEER

MDEC - 3

OTHERWISE

MDEC = 2
( RETURN >

- -

AN2 < PILOOK | C: v) > NO 2z RV

LOOK TO STEER COMBINED
VERIE YES MDEC = 3
MDEC = 2 =
LOOK TO =
VERIFY? ¢ YES Tt Yook
COLLISION?

=+ Yook

RN2 = P(COLL/S NO

N2 < P{COLLL V)

NO

RN2 = P(LOOK|B V)

LOOK TO
VEPIFY?

RETURN

t= 1t Yook

RETURN

FIGURE A-4. SUBROUTINE DECISN FLOW CHART
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START

NO

ARGUMENT: MODE

INITIALIZATION YES

TIME-INVARIANT CALCULATIONS

RETURN

IN THE LOOP ‘

100

COMPUTE STEERING, BRAKING, AND DRIVE FORCES

COMPUTE DISPLACEMENTS, VELOCITIES, TIRE SIDE SLIP, AND TIRE FORCES AT EACH
WHEEL

COMPUTE TOTAL FORCES AND MOMENTS IN HORIZONTAL BODY FRAME

YES
ARE VELOCITIES ABOVE NO
THRESHOLD?
YES
IVhl > Vth
NO

UPDATE STATE DERIVATIVES FOR VELOCITIES BELOW THRESHOLD J

y

150

UPDATE ANGULAR RATE AND ATTITUDE DERIVATIVES IN BODY FRAME

UPDATE VELOCITY DERIVATIVES IN HORIZONTAL BODY FRAME

UPDATE POSITION DERIVATIVES IN INERTIAL FRAME

RETURN

FIGURE A-5. SUBROUTINE VEH6 FLOW CHART (SEE APPENDIX D
FOR EQUATIONS)
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ARGUMENT: MODE

INITIALIZATION

TIME — INVARIANT CALCULATIONS

‘ RETURN ’

IN THE LOOP {
100
COMPUTE STEERING, BRAKING, AND DRIVE FORCES
COMPUTE HORIZONTAL PLANE, VELOCITIES, TIRE SIDE SLIP, AND TIRE FORCES
AT EACH WHEEL

COMPUTE TOTAL FORCES AND MOMENTS IN HORIZONTAL PLANE

YES

ARE VELOCITIES ABOVE THRESHOLD?
YES -
UPDATE STATE DERIVATIVES FOR VELOCITIES BELOW THRESHOLD
150

UPDATE YAW RATE AND ATTITUDE DERIVATIVES IN BODY FRAME

UPDATE LINEAR VELOCITY DERIVATIVES IN HORIZONTAL PLANE

COMPUTE POSITION DERIVATIVES IN INERTIAL FRAME

RETURN

FIGURE A-6. SUBROUTINE VEH3 FLOW CHART (SEE APPENDIX D
FOR EQUATIONS)
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ARGUMENT: MODE

NO

INITIALIZATION

TIME-INVARIANT CALCULATIONS

RETURN

IN THE LOOP F

100

COMPUTE FRONT-WHEEL STEER ANGLE

IS VELOCITY ABOVE THRESHOLD? L up > ug, YES
NO

COMPUTE STEADY-STATE LATERAL VELOCITY AND YAW RATE

r

150

UPDATE LATERAL VELOCITY AND YAW RATE DERIVATIVES

200

UPDATE LONGITUDINAL AND LATERAL POSITION AND YAW
ATTITUDE DERIVATIVES

RETURN

FIGURE A-7. SUBROUTINE VEH2 FLOW CHART (SEE APPENDIX D
FOR EQUATIONS)
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ARGUMENT: MODE

INITIALIZATION YES

TIME-INVARIANT CALCULATIONS

RETURN

IN THE LOOP {

100

COMPUTE LONGITUDINAL FORCE DUE TO BRAKING

UPDATE LONGITUDINAL VELOCITY AND POSITION
DERIVATIVES

RETURN

FIGURE A-8. SUBROUTINE VEH1 FLOW CHART (SEE APPENDIX D
FOR EQUATIONS)
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ARGUMENT: MODE

INITIALIZATION

YES

PERFORM TIME-INVARIANT CALCULATIONS.ZERO OUT
TIME-DELAY LINES FOR :

Var Yo AND ¢
INITIALIZE TIMES CONTROLS

RETURN

IN THE LOOP

MANEUVER DECISION?

COMBINED BRAKE
AND STEER 1

BRAKE STEER
SET MANEUVER COMMANDS SET MAN
Ve = O
Yo = 0
A = A
bst bsty,

=2
EUVER COMMANDS
Yx¢ T Vx
Ye = Yemd
Aw = A

SET MANEUVER COMMANDS

Vye = 0
Ye = Yemd
Apst = Abstc

Aw = Aswc

il

<
"

UPDATE TIME-DELAYED QUANTITIES
USING DELAY LINES:

e (-7 —v ft-1)
Ye (t-7,) —ylt- 7r)

vit-1) + Tow, (t-7,)

IS FORWARD VELOCITY LESS
THAN THRESHOLD?

IS LATERAL POSITION
LESS THAN THRESHOLD?

YES

MANEUVER DECISION
IS STEER?

NO

DEFINE OPEN-LOOP RAMP-STEP
BRAKE INPUT (SEE FIGURE 11-3)

MANEUVER DECISION
IS BRAKE?

40\
YES

DEC =1

NO

DEFINE OPEN-LCOP SINUSOIDAL STEERING
WHEEL INPUT

INPUTS:

Sow = kylky v

(SEE SECTION

COMPUTE CLOSED-LOOP STEERING AND BRAKING

e ™ \,'IQ) (57.3)

&, =8 min[lu 1, 1]
b b hu,
hth

1)

LIMIT RATE AND AMPLITUDE OF &,

|300

RETURN

FIGURE A-9. SUBROUTINE DRIVER FLOW CHART
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ARGUMENT: MODE

NO

INITIALIZATION

COLLF: COLLISION STATUS FLAG

COLLISION HAS NOT OCCURRED YET
=0 NOCOLLISION POSSIBLE

=1 COLLISION HAS OCCURRED WITH OV
= 2 COLLISION HAS OCCURRED WITH AV

n
-

(SEE SUBROUTINE DECISN)

EXIT IF COLLISION OCCURS BEFORE EVASIVE

FOR ALL SCENARIOS}

B = Ut S
Yoo = O
Xmin = % T ou/2
YES
MSCEN > 6,
NO
YES
X+ Qg & Koy — Sov 2
NO
RETURN
10
YES

NO

ov

ov

NO

Y

IS SV VELOCITY BELOW
THRESHOLD?

N THE LOQP. A

IS SV FRONT BUMPER AHEAD OF OV REAR BUMPER?
(SCEN. 1-5)

HAVE SV AND OV PASSED IMMINENT COLLISION POINT?
(SCEN. 6-8)

COLLF = 1 | RETURN

IS SV FRONT BUMPER AHEAD OF OBJECT (SCEN. 9-11}?

ES

COLLF =1 RETURN

DEFINE SV CG RELATIVE TO OV CENTER:

Ax cos Y, Sin Voul | % Xov

Avgy sin Yo, €05 oyl 1Y Yov

100

IS SV AHEAD OF OV?

NO COLLISION POSSIBLE

COLLF =0 RETURN

NO COLLISION POSSIBLE

COLLF =0 RETURN

DEFINE ROTATION MATRIX:
cos { - ‘pov) sin (Y - ‘l"ov)

Sin(\ll-\llov) cos (\b-\bov)

O

FIGURE A-10. SUBROUTINE COLL FLOW CHART

MANEUVER BEGINS (SV IS ON A COLLISION COURSE
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EXIT IF ANY CORNER OF SV LIES

WITHIN OV (COLLISION)

X

COMPUTE POSITION OF SV RF CORNER

Axg,

SVrf

svf

+ R
Ysv ¢ AYgy Wey 2

V‘ NO

RETURN

COMPUTE POSITION OF SV LF CORNER:

xSng Ast Qsvf
= + R
Ysvgs Avgy Wey/2
NO
| xs"ﬂf | < Qovfz
YES
YES
ySVEf I < WOVI2

1N0

COLLF = 1

COMPUTE POSITION OF SV RR CORNER:

X Ax, -2
SVep sV svr

Ayg, w2

NO

YES
| Yoy

rrl < Woy/2

NO
1

RETURN

COLLF = 1

RETURN

COMPUTE POSITION OF SV LR CORNER:

xSVg r AXSV 2 svr

stQ, “Wev/ 2

NO

COLLF =1

RETURN

FIGURE A-10. SUBROUTINE COLL FLOW CHART




0¥-V/68-V

EXIT IF ANY CORNER OF OV LIES

WITHIN SV (COLLISION}

DEFINE OV CENTER RELATIVE TO 8V CENTER

FIGURE A-10.

i RETURN

RETURN

RETURN

\

Axgy cos Yo, Sin Y, Xov x o+ % (R ovr!
Aygy sin \l’ov cos ‘l’ov Yov Y
\
COMPUTE POSITION OF OV RF CORNER
Xov ¢ Axgy Lov/ 2
= + RV
Yov,4 Aoy Wov/2
NO
| x°"rf | < stlz
YES
YES
Yo | < Wy COLLF = 1
NO
COMPUTE POSITION OF OV LF CORNER
Xovgg Axgy Lov/2
= + RT
Yovgs AYqy “Woy/2
NO
COLLF =1
COMPUTE POSITION OF OV RR CORNER
Xov,, Axgy Lov/ 2
= + RV
Yov,, Aygy Wov/2
NO -
| Xov,, | o2
YES
YES
o, | < Weu2 COLLF = 1
NO

COMPUTE POSITION OF OV LR CORNER
Xavg, I—Axov Lo/ 2

= + RT
Yovg, |fyov “Woy/ 2

RETURN

\

RETURN

SUBROUTINE COLL FLOW CHART
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SUBROUTINE DATAIO FLOW CHART

‘ START ’

SET ISTOP = 0

ARGUMENT: MODE

RUN CONTINUATION

NORMAL INPUT MODE

READ LABELS FOR CONTROLS, STATES, OUTPUTS, SCENARIOS FROM DISK FILE 1

|
READ NOMINAL PROGRAM CONTROL PARAMETER DATA FROM DISK FILE 2:

e TERMINAL INPUT FLAGS

® MODE CONTROL FLAGS

® OUTPUT CONTROL FLAGS

® MONTE CARLO CONTROL PARAMETERS
® TIME CONTROL PARAMETERS

VERIFY THAT ABOVE PARAMETERS ARE WITHIN BOUNDS (CALL IERRCK, RERRCK}

IF NOT, SET ISTOP = 1

Lsso

PRINT CURRENT PROGRAM CONTROL PARAMETERS

IS INPUT FROM TERMINAL DESIRED?

[ 500 |

PRINT ‘DO YOU WISH TO MODIFY RUN CONDITIONS?*

READ USER’'S RESPONSE FROM TERMINAL:
READ ‘CHAR’ (FORMAT A1)

OTHERWISE

INFORM USER OF GENERAL RESPONSE FORMAT FOR PROGRAM CONTROL PARAMETER MODIFICATIONS
FROM TERMINAL

REQUEST MODIFICATIONS FOR EACH PROGRAM CONTROL PARAMETER IN THE ORDER LISTED IN
TABLE 6.1-1 ().E., USER IS ASKED A QUESTION FOR EACH PARAMETER)

ALL RESPONSES SHOULD BE NUMERIC AND GREATER THAN OR EQUAL TO ZERO WITH FREE FORMAT.
EXCEPTIONS ARE:

/ = NO CHANGE FROM NOMINAL

-1 = NEED MORE INFORMATION (USER IS THEN INFORMED OF APPROPRIATE LESPONSES FOR
PARAMETER IN QUESTION SO THAT HE MAY TRY AGAIN)

-2 = NO FURTHER RUN CONDITION CHANGES DESIRED (PROGRAM LEAVES CURRENT
PARAMETER UNCHANGED AND BYPASSES REQUESTS FOR FURTHER CHANGES)

NOTE: RESPONSES OUTSIDE OF ACCEPTABLE RANGE ARE INTERPRETED AS A “-1° RESPONSE
(I.LE., USER IS INFORMED OF APPROPRIATE RESPONSE AND GIVEN ANOTHER CHANCE TO
CORRECT HIS RESPONSE AND CONTINUE)

l

i

560

READ NOMINAL SIMULATION PARAMETER VALUES FROM DISK FILE 2 (NAMELIST ‘PARAML’)
READ PARAMETER LABELS AND DESCRIPTIONS ON DISK FILE 1
PRINT LABELS, VALUES, AND DESCRIPTIONS ON DISK FILE 9
IF NUMBER OF LABELS > NUMBER OF PARAMETERS, ISSUE DIAGNOSTIC AND SET ISTOP = 1
VERIFY THAT SELECTED PARAMETERS ARE WITHIN BOUNDS (CALL RERRCK):

0. < SNR, ABSTB, ABSTC, PBO, PS0, PA, RO, RB, TRANS, HRTH < 1.

0. < MANDEC = 3.

IF NOT, SET ISTOP = 1

FIGURE A-11. SUBROUTINE DATAIO FLOW CHART
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|62

READ TABLE DATA FOR CRITICAL EVENT DETECTION MODEL FROM DISK FILE 2, AND PRINT
ON DISK FILE 9:

e VISUAL FIXATION CATEGORY DATA

® GLARE SOURCE DATA

® LOSPROBABILITY TO INTERSECTING OR MERGING VEHICLE
e  LUMINOUS INTENSITY OF SUBJECT VEHICLE HEADLIGHTS

®  LUMINOUS INTENSITY OF ONCOMING VEHICLE HEADLIGHTS
® FOVEAL THRESHOLD CONTRAST DATA

® PERIPHERAL THRESHOLD CONTRAST DATA

VERIFY THAT TABLE DIMENSIONS READ IN ARE CONSISTENT WITH ARRAY DIMENSIONS IN PROGRAM
(CALL IERRCK)

IF NOT, ISSUE DIAGNOSTIC(S} AND SET ISTOP = 1

475
READ INDEPENDENT VARIABLE DATA FROM DISK FILE 2, AND PRINT ON DISK FILE 6:

® NUMBER OF INDEPENDENT VARIABLE GROUPS

® NUMBER OF |.V. GROUPS FOR WHICH VEHICLE TRAJECTORY IS TO BE STORED

e NUMBER OF INDEPENDENT VARIABLES/GROUP

® NUMBER OF VALUES FOR EACH INDEPENDENT VARIABLE GROUP REPEAT
FOR EACH

® MNEMONICS FOR EACH INDEPENDENT VARIABLE AND CORRESPONDING VALUES FOR EACH INDEPENDENT
VARIABLE
GROUP

VERIFY THAT FIRST FOUR ITEMS ABOVE ARE CONSISTENT WITH ARRAY DIMENSIONS IN PROGRAM
VERIFY THAT CHOICE OF INDEPENDENT VARIABLES IS CONSISTENT WITH VEHICLE TRAJECTORY STORAGE MODE (MSTOR)
IF NOT, ISSUE A DIAGNOSTIC AND SET ISTOP = 1

6
READ RANDOM VARIABLE DATA FROM DISK FILE 2, AND PRINT ON DISK FILE 6: '——

@ NO. OF RANDOM VARIABLES

®  MNEMONICS FOR EACH RANDOM VARIABLE ALONG WITH DISTRIBUTION TYPE AND STATISTICS
(POSSIBLE DISTRIBUTIONS INCLUDE: UNIFORM, NEGATIVE EXPONENTIAL, GAUSSIAN (NORMAL),
GAMMA, AND USER-SPECIFIED)

® [F USER-SPECIFIED DISTRIBUTION, READ CUMULATIVE DISTRIBUTION FUNCTION DATA:

— NO. OF POINTS
— POINTS AT WHICH PROBABILITY IS EVALUATED
— PROBABILITIES ASSOCIATED WITH THESE POINTS

VERIFY THAT NUMBER OF RANDOM VARIABLES, DISTRIBUTION TYPE, AND NUMBER OF POINTS FOR
USER-SPECIFIED DISTRIBUTION (IF PRESENT} ARE ACCEPTABLE

VERIFY THAT CHOICE OF RANDOM VARIABLES IS CONSISTENT WITH VEHICLE TRAJECTORY STORAGE MODE (MSTOR)

IF NOT, ISSUE DIAGNOSTIC(S} AND SET ISTOP = 1

STOP 11

ISTOP = 1
ARE THERE ERRORS IN INPUT DATA?

IS INPUT FROM TERMINAL DESIRED?
200 = ‘N’
IOFLAG RETURN

210
PRINT ‘DO YOU WISH TO INCREASE NUMBER OF MONTE CARLO TRIALS?’

READ USER'S RESPONSE FROM TERMINAL:

READ CHAR (FORMAT A1}

OTHERWISE RETURN

PRINT ‘TYPE IN TOTAL NUMBER OF MONTE CARLO TRIALS DESIRED’
READ USER’S RESPONSE FROM TERMINAL:
READ NUM {FREE FORMAT, INTEGER)

YES

NUM < NTRIAL IS RESPONSE LESS THAN OR EQUAL
TO CURRENT NO. OF TRIALS?

NO

SET NTRIAL = NUM

RETURN

FIGURE A-11. SUBROUTINE DATAIO FLOW CHART
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QOO0O0O00O0O00O000

PROGRAM MAIN

FILE!l = LABEL INPUT DATA

FILE2 = PARAMETER INPUT DATA

FILES = TERMINAL INPUT DATA

FILE6 = OVERALL RUN SUMMARY (NORMAL TERMINAL OUTPUT)
FILE7 = OVERALL RUN SUMMARY (COPY OF TERMINAL OUTPUT)
FILE8 = INDIVIDUAL MONTE CARLN RUN SUMMARIES

FILE9 = INDIVIDUAL MNNTE CARLO RUN TIME HISTORIES
FIL=10= SUBJECT VEHICLE TRAJECTORY DATA

FILEV!= MONTE CARLN RUN STATISTICS (INPUT)

FTLEI2= MONTE CARLO RUN STATISTICS (OUTPUT)

REAL IXX,I1YY,I12Z,KF,KR,MUXF,MUXR,MUYF,MUYR,KS¥,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL IN0,IB,LSKY,LSUR,KL,KVI,KV2

REAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER CNLLF,DTCTF

REAL MASS

REAL*8 LAB,LABI,LAB2,LAB3,LABH,LABB(3),l.ABEL(80)

REAL*8 LABX, LABU, LABY, LABP, BUFF, SCLAB

DIMENSINN XX(18),DX(18),U(2),DX1(18),TDATA(IN),DATA(80,10)
DIMENSINN STNR(15,100)

DIMENSION PAR(118),VAR(56),CMD(3),PMD(3)

DIMENSION VAL(3)

COMMON /INPUT/
NIVG,NSTOR,MRV,L(3),NIV(3),NO(3), INDEX(50),NPT(50),
IRV(50) , IRVT(50) ,RV(50),RVMIN(50),RVMAX(50),
RVS1(50),RVS2(50),PS(11,50),X5(11,50),PLIST(50,10),
RVM(50),RVS(50),LABX(18),LARU(2),LABY(56),LARP(118),
SCLAB(10,12),BUFF(10)

* A % % F

COMMON /SCALES/ SFX(18)

COMMON /STATES/
1 UH,VH,WH,X,Y,Z,
2 WX,WY,NZ,PHI,THE,PSI,
3 uov,Xav,ULv, XLv,UNV, XNV

COMMON /DERIVS/

]
2
3

UHD, VHD,WHD, XD, YD, ZD,
WXD,WYD,WZD,PHID,THED,PSID,
uovb, Xxnvb,ULVD, XLVD,UNVD, XNVD

COMMON /CONT/ DELSW,DELB

COMMDN /PARAM/

VO ~NON S W —

UHO,VHO,WHO,X0,Y0,Z0,
WX0,WYn,WzZ0,PHIO,THEO,PSIO,

WEIGHT, IXX,I1YY,1Z2Z,
DF,DR,TF,TR,ZF,ZR,HF,HR,

KF,KR,CF,CR,

MUXF, MUXR,MUYF,MUYR,BETASF,BETASR,SNR,
KSW,KBF ,KBR,

KSC,UCMD, TNDMAX,

MANDEC, TAUR,TAUP ,WC,VETH,YETH,

FIGURE B-1. MAIN PROGRAM LISTING

B-3



C

ABR,ABSTB, ABSTC, ASWNS, ASWC, TSW,SWMAX,SWRMAX,
HNV,Unvo,DOVG ,HLV ULVO,DLV3,HNVMIN ,HNVAVE ,UNVO,DISTSN,DISTNS,
PSIB,LW, TAUD, TAUNVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA, TTHRSH,DTHRSH, TLOOK,
ESKY,ESUN,RN,EN, I0,BSUNG, RB,EB, IB,RSUNB,LSKY,LSUR,
TRANS ,KL,VO,HO,PLITE,HRTH,4PER,SIGC,KV 1 ,KV2,ALPHMYN,
HEYE,HLITE,HNRJ,TAUBM,TAURS, TAUURDM, TAURDS,
LSVF,LSVR,WSV,L0OV,WOV,UHTH,VHTH

ZOTmMmOUO I

COMMON
MSCEN ,MNITE ,4DET ,MADJ , MVEH {MSTOR ,MPRT,
NU,NX,NVAR,NTRIAL, ISEED,DT,DTPRT,NTSTNR, TMAX,
DEGRAD,MPHFPS,G, TIME MDEC,COLLF,DTCTF,CHNOV,SHDAV,CPSI,SPST,
FHX,FHY,FHZ,THX,THY, THZ,BETA,HEAD,VTNT,VX,VY,ATOT, AX,AY,
UH!,VHI (WHI ,Z1 ,FX!1,FYIl,FNI,BET!,FCI,FSI,
UH2,VH2,WH2,Z2,FX2,FY2,FN2,BET2,FC2,FS2,
UH3,VH3,WH3,Z3,FX3,FY3,FN3,3ET3,FC3,F53,
UH4,VH4 ,WH4,24 ,FX4,FY4,FN4 BET4,FC4,FS4

DW= * o *

EQUIVALENCE (UHO,PARC1)),(FHX,VAR(I))

EQUIVALENCE (UH,XX(1)),(UHD,DX(1)),(DELSW,U(1))

EQUIVALENCE (L1,L(1)),(L2,L(2)),(L3,L(3))

EQUIVALENCE (LAB!,LABB(1)),(LAB2,LABB(2)),(LAB3,LABB(3))
EQUIVALENCE (VALUE!,VAL(1)),(VALUE2,VAL(2)),(VALUE3,VAL(3))

REAL*8 BLANK /IiH /
REAL*8 TEXT(2) / SHTRIAL, 4HMDEC /
INTEGER MINORD(3) 7/ 1, 2, 3 /

1030 FORMAT(///1%,234HOVERALL RUN SUMMARY FOR,I6,8H TRIALS)
1040 FORMAT(// 33X9HNUMBER OF ,6X6HIMPACT,6X | IHPROBABILITY/
TX22HMANEUVER PROBABILITIES,
4X10HCOLLISINNS ,4X8HVELOCITY,9X2HOF , 10X10H95 PERCENT/
8X2 1 HBRAKE STEER COMB. ,4X10HFWD. LAT.,
3X12HMEAN ST DEV,3X9HCOLLISION,3X17HCONFIDENCE LIMITS//)
1041 FORMAT(//3X11HINDEPENDENT, I9X9HNUMBER OF , 6X6HIMPACT,
6X 1 1HPROBABILITY/5X8HVARIABLE,6X22HMANEJVER PROBABILITIES,
4X10HCOLLISIONS ,4X8HVELOCITY,9X2HOF, 10X10H95 PERCENT/
TXA6,5X21HBRAKE STEER COMB. ,4X104FWD. LAT.,
3X12HMEAN ST DEV,3X9HCOLLISION,3X I 7HCONFIDENCE LIMITS 7/)
1042 FORMAT(//53XOHNUMBER 0NF , 6X6HIMPACT,S8X 1 1HPROBABILITY/
3X21HINDEPENDENT VARIABLES, 3X22HMANEUVER PROBABILITIES,
4X10HCOLLISINNS ,4X8HVELOCITY,9X2HOF, 1 0X10H95 PERCENT/
3X,2(4X,A6),5X21HBRAKE STEER COMB. ,4X104HFAD. LAT.,
3X12HMEAN ST DEV,3X9HCOLLISION,3XI7HCONFIDENCE LIMITS//)
1043 FORMAT(//63X9HNUMBER OF , 6X6HIMPACT, 6X11HPRIBABILITY/
10X21HINDEPENDENT VARIABLES,6X22HMANEUVER PROBABILITIES,
4X10HCOLLISIONS ,4XSHVELOCITY,9X2HOF , 1 DX10H9S PERCENT/
3X,3(4X,A6),5X2 1 HBRAKE STEER  CUMB.,4X10OHFWD. LAT.,
3X12HMEAN ST DEV,3X9HCOLLISION,3X17HCONFIDENCE LIMITS//)
1070 FORMAT(/3(4X,A6,3H = ,F10.4))
1110 FNRMAT(/4XA6,34H = ,16,3(4X,A6,3H = ,F10.4))
1090 FORMAT(/3X,5HTRIAL,

* 2X4HTIME, 6X2HUH , 6X2HVH, 7X IHX, 7X 1HY ,5X3HPST,5X3HUOV,5X34X0V,

* ¥ o * * % F * * ¥ % *

* % * *

* 5X3HULV,5X3HXLV,5X34UNV,5X3HXNV,2X4HMDEC, | XSHCILLF , 2X4HDELV/)

1010 FORMAT(/1X,4HTIME,5X,10F11.3)

1015 FORMAT(1X)

1020 FORMAT(1X,A8,1X,10F11.3)

1100 FORMAT(I6,12F8.2,215,F8.2)

1080 FORMAT(/1X,4X2'12V,6X4HMEAN,,5X5HSIGMA)

FIGURE B-1. (continued)
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1085 FORMAT(1X,A6,2F10.4)
1060 FORMAT(5X,3F8.4,1X,216,2F8.2,F10.4,6X,
* IH(,F6.,4,2H, F6.4,1H))
1061 FORMAT(3X,F10.4,2X,3F8.4,1X,216,2F8.2,F10.4,6X,
* IH(,F6.4,24, F6.4,1H))
1062 FORMAT(3X,2F10,4,2X,3FB.4,1X,216,2F8.2,F10.4,6X,
* IH(,F6.,4,2H, ,F6.4,1H))
1063 FORMAT(3X,3F10.4,2X,3F8.4,1X,216,2F8.2,F10.4,6X,
* 1H(,F6,4,2H, F6.4,1H))
1150 FORMAT(/1X,119CIH*))
c
C INITIALIZE CONSTANTS
c
MSAMP = 10
DEGRAD ATAN(1.0)/45.0
MPHF P35 88,0/60.0
G = 32.2
CALL ERRSET(208,0,-1,0,0,0)

c
C DEFINE SCALE FACTORS FOR STATE VECTNR I/2
c
DR 15 1 = 1,3
15 SFX(I1) = MPHFPS
DD 16 I = 4,6
16 SFX(I) = 1.0
DO201 =7, 12
20 SFX(I) = DEGRAD

SFX(13) = MPHFPS
SFX(14) = 1.0
SFX(15) = MPHF®3
SFX(16) = 1.0
SFX(17) = MPHFPS
SEX(18) = 1.0

C
C READ IN PROGRAM DATA
c

CALL DATAIOCD)
WRITE(9, 1150)
c
C INITIALIZE DT2, MASS, RANDOM NUMBER GENERATOR
c
DT2 = DT/2.0
MASS = WEIGHT/G
SEED = RAND(-ISEED,0.0,0.0,0,0.0,0.0)
c
C DEFINE LABELS FOR CONTROLS, STATES, VEHICLE VARIABLES
C
NXU = NX + NU
IF(MPRT .LT. 2) GO TO 55
IF(NU .EQ. O ) GO TO 55
DO 25 1 =1, NU
25 LABEL(I) = LABU(I)
IF(NX .EQ. O ) GN TJ 55
DO 30T =1, NX
30 LABEL(NU+I) = LABX(I)
IF(NVAR .EQ. 0 ) GO TO 55
DO 40 I = 1, NVAR
40 LABEL(NXU+I) = LABY(I)
55 CONTINUE

FIGURE B-1. (continued)
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C INITIALIZE INDICES FOR INDEPENDENT VARIABLE LNAIPS

c
NIVI
NIv2
NIV3
NOI
NO2
NO3

NIV(l)

NIV(2)

NIV(3)
NaC1)
NI(2)
NO(3)

LABI BLANK
LAB2 BLANK
LAB3 BLANK
VALUEI = 0.0
VALUE2 0.0

VALUE3 0.0

NTMIN = |
NVPRT = NXU + NVAR
IF(NTRIAL .EQ. 0) GO TO 77

1 IF(MSTOR .EQ. 1) GO TO 2
NREC = 0
MDEC = MANDEC
NTMAX = NTRIAL
NIVGP = NIVG
LABH = TEXT(})
GO TO 3
2 NTMAX = 3
NIVGP = NSTOR
LABH = TEXT(2)
Cc
Cx*%+*START OF INDEPENDENT VARIABLE LOOP |
c

3 D0 910 LI =1, NOI
IF(NO! .LE. 1) GO TO 912
K1 =1
LABI = LABP(INDEX(KI1))
VALUE! = PLIST(KI,L1)
DO 91t K = 1, NIVI

Kl = K
911 PARCINDEX(K!)) = PLIST(KI,LI)
912 CONTINUE

C
C*x*xxxSTART OF INDEPENDENT VARIABLE LNOP 2
c
DO 920 L2 = 1, NO2
IF(ND2 .LE. 1) GO TO 922
K2 = NIViI + |
LAB2 = LABP(INDEX(K2))
VALUE2 = PLIST(K2,L2)
DO 921 K = |, NIV2
K2 = NIVl + K
921 PAR(INDEX(K2)) = PLIST(K2,L2)
922 CONTINUE
c
Cxx%%*START OF INDEPENDENT VARIABLE LOOP 3
c
DO 930 L3 = 1, NO3
IF(NO3 .LE. 1) GN TD 932
K3 = NIVl + NIV2 + |

FIGURE B-1. (continued)
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OO0

QOO0

e12Xe]

[eXoXe]

OO0

[eXeNe]

LAB3 = LABP(INDEX(K3))

VALUE3 = PLIST(K3,L3)

DO 931 K = 1, NIV3

K3 = NIVl + NIV2 + K
931 PAR(INDEX(K3)) = PLIST(K3,L3)
932 CONTINUE

INITIALIZE MANEUVER DECISION MODEL (MSTOR = O OR 2)

IF(MSTOR .EQ. 1) GO TO 35
CALL DECISN(O0)

PRINT HEADINGS FOR OVERALL RUN SUMMARIES (MSTOR = O OR 2)

IF(L1#L2%L3 .NE. 1) GO TO 32
WRITE(6,1030) NTRIAL
WRITE(7,1030) NTRIAL
IF(NIVG .GT. 0) GO TO 80
WRITE(6,1040)
WRITE(7,1040)
G0 TO 32

80 GO TO (81, B2, #3), NIVG

81 WRITE(6,1041) LABI
WRITE(7,1041) LABI
GO TO 32

82 WRITE(6,1042) LABI, LAB2
WRITE(7,1042) LABI, LAB2
GO TO 32

83 WRITE(6,1043) LAB!, LAB2, LAB3
WRITE(7,1043) LAB!, LAB2, LAB3

PRINT HEADINGS FOR INDIVDUAL RUN SUMMARIES (MPRT >= 1)

32 IF(MPRT .LT. 1) GO TO 35
IF(NIVG .EQ. Q) GO TO 35
WRITE(8,1070) (LABB(I),VAL(I),I=1,NIVG)
WRITE(8,1090)

ZERO-OUT SUMMATIONS FOR MONTE CARLO LOOP STATISTICS CALCULATIONS
35 NCOLL! = O
NCOLL2 = O
DELVSY! = 0
DELVS2 = 0

po171=1,3
17 CMD(I) = O
IF(NRV .EQ. 0) GO TO 14

RVSI(I) =
13 RVS2(1) =
14 CONTINUE

RE-INITIALIZE SUMMATIONS TO CURRENT VALUES FROM DISK FILE 1! FOR RUN

CONTINUATION (NTMIN > 1)

IF(NTMIN .GT. 1) READ (11) NCOLL!,NCOLL2,DELVS!,DELVSZ2,
| CMD,RSV1,RSV2

READ SUBJECT VEHICLE TRAJECTORY DATA FROM DISK FILE 10 (MSTOR = 2)

FIGURE B-1. (continued)
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IF(MSTOR .NE. 2) GN TO 38
LL = 1
IF(NSTOR .EQ. NIVG) GO TO 37
NSTOR! = NSTOR + 1|
DO 36 I = NSTOR!, NIVG
36 LL = LLxL(I)
37 IF(LL .EQ. 1) READ (10) STOR
C
C***x+*START OF MONTE CARLDO SIMULATION LOOP
C

38 DO 900 NT = NTMIN, NTMAX
IF(MSTOR .NE. 1) GO TO 33
MDEC = NT
GO TO 12

DRAW VALUES FOR RANDOM VARIABLES AND UPDATE STATISTICS (NRV > 0)

OO0

33 IF(NRV .EQ. 0) GO TO 12
DO Il T =1, NRV
RV(I) = RANDCIRVT(I),RVMINCI),RVMAX(I),NPT(I),PS(1,1),XS(1,1))
RVSI(I) = RVSI(I) + RV(I)
RVS2(I) = RVS2(I) + RV(I)#**2
IP = IRV(I)
11 PARCIP) = RV(I)
c
C ZERD-NUT CONTROLS, STATES, DERIVATIVES
C
12 TIME = 0.0
COLLF = -1

C
C SET SUBJECT VEHICLE STATES TO INITIAL VALUESs SCALE TO NATURAL UNITS
UHO*SFX (1)
VHO*SFX(2)
WHO*SFX( 3)
XO*SFX(4)
YO*SFX(5)
ZO*SFX(6)
WX = WXO*SFX(T)
WY = WYO*SFX(8)
WZ = WZOxSFX(9)
PHI PHIO*SFX(10)
THE = THEO*SFX(11)
PSI PSTO*SFX(12)
C

C PRINT HEADINGS FOR INDIVIDUAL MONTE CARLO RUNS (MPRT = 2)
C

<
ju o}
wouun

<
nun

IF(MPRT .LT. 2) GO TO 92
IF(NIVGP .GT. 0) GO TO 91
WRITE(9,1110) LABH, NT
GO TO 92
91 WRITE(9,1110) LABH, NT, (LABB(I),VAL(I),I=1,NIVGP)
c
C INITIALIZE SCENARIT (MSCEN > O, MSTOR = 0 OR 2)
C
92 IF(MSCEN .EQ. 0) GO TO 60

FIGURE B-1. (continued)
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X = 0.0 .
IF(MSTOR .EQ. !) GN TO 60
CALL SCEN(O)
SIMULATE DRIVER EVENT DETECTION PROCESS

IF(MDET .NE. 0) GO TO 71

OO0 o000

PURE TIME DELAY MODEL
TIME = TIME + TAUD

X = X + UH*TAUD

CALL SCEN(I)

GO TO 73

EVENT DETECTION MODEL
71 CALL DETECT

SIMULATE MANEUVER DECISION PROCESS: CHECK FOR COLLISIONS

OO0 OO0

73 TIMEP = TIME
CALL DECISN(1)
X = X + UH*(TIME-TIMEP)
CALL SCEN(I)
CALL COLL(OQ)

BYPASS SIMULATION LOOP IF COLLISION STATUS IS KNOWN

[eXoX®)

IF(COLLF ,NE. -1) 50 TO 350
IF(MSTOR .EQ. 2) GN TO 50

INITIALIZE DRIVER MODEL AND APPROPRIATE VEHICLE MODEL (MVEH > 0)

OO0

60 IF(MVEH .EQ. 0) GN TD 50
IF(MDEC .NE, 0) CALL DRIVER(O)
MVEHP = MAXO(MVEH,MINORD(MDEC))
IF(MDEC .EQ. 1 .AND. MVEH .EQ. 2) MVEHP = 3

GO TO (41, 42, 43, 46, 46, 46), MVEHP
41 CALL VEH1(0)
GO TO 50
42 CALL VEH2(0)
G0 TO 50
43 CALL VEH3(0Q)
GO TO 50
46 CALL VEH6(0)

INITIALIZE COUNTERS, TIMEKEEPERS

eleXe]

0

0

0

TIME

TIME

TIME

TIME + DT2
X

50 IEXIT
NSAMP
ISAMP
TIMEO
TPRT
TSTOR
TIMEP
XSTOR

C
Ca***x*START OF THE DRIVER/VEHICLE SIMULATION LOOP
C
100 CONTINUE
C

FIGURE B-1. (continued)
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QOO0

000

OO0

a0O00n

STORE/RECALL SUBJECT VEHICLE TRAJECTORY (MSTOR = 1/2)

IF(MSTOR .EQ. 0) GN TO 121
IF(TIMEP .LT. TSTDR) GO TO 121
ISAMP = ISAMP + |

IF(ISAMP .GT. 100) GO TO 121
II = 5%#(MDEC - 1)

GO TO (125, 126),.  MSTOR

125 STOR(II+!,ISAMP) = UH
STOR(II+2,ISAMP) = VH
STOR(II+3,ISAMP) = X
STOR(II+4,ISAMP) = Y
STOR(II+5,ISAMP) = PSI

GO TO 127
126 UH = STOR(CII+1,ISAMP)

H = STOR(CII+2, [SAMP)
STOR(II+3,ISAMP) + XSTOR
STOR(II+4,ISAMP)

PSI = STAOR(II+5, ISAMP)
127 TSTOR = TSTOR + DTSTOR
121 CONTINUE

<x <
nu

COMPUTE VEHICLE VELOCITY IN INERTIAL COORDINATES

CPsSI Cas(PSI)
SPSI SIN(PSI)
VX = UH#*CPSI - VH*SPSI]
vy UH*SPSI + VH*CPSI

UPDATE SCENARIOs CHECK FOR COLLISIONS$ UPDATE DRIVER, VEHICLE MODELS

L]

[

IF(MSCEN .EQ. 0) GO TO 130
IF(MSTOR .EQ. 1) GO TO 130
CALL SCEN(1)
CALL COLL(1)
IF(MSTOR .EQ. 2) GO TO 160

130 IF(MVEH .EQ. 0) G0 TO 160
IF(MDEC .NE. 0) CALL DRIVER(I)
Gn TO (151, 152, 153, 156, 156, 156), MVEHP
151 CALL VEHI(1)
GO TO 160
152 CALL VEH2(1)
G3 TO 160
153 CALL VEH3(1)
GO TO 160
156 CALL VEH6(1)
160 CONTINUE

SET EXIT FLAG IF COLLISION STATUS IS KNOWN OR TIME >= TMAX

IF(COLLF (NE. -1) IEXIT = |
IF(TIMEP .GE. TMAX) IEXIT = |

SAMPLE VEHICLE TIME HISTORY FOR PRINTOUT (MPRT = 2, NVPRT > 0)
IF(MPRT .LT. 2) GO TO 320
IF(NVPRT .EQ. 0) GN TO 320

IF(TIMEP .LT. TPRT) GO TO 150
NSAMP = NSAMP + |

FIGURE B-1. (continued)
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TDATA(NSAMP) = TIME
IF(NU .EQ., 0) GO TO 112
DO 109 I = 1, NU
109 DATA(I,NSAMP) = U(D)
112 IF(NX .EQ. 0) GO TO 114
DO 110 I = 1,NX
110 DATA(NU+I,NSAMP) = XX(I)/SFX(I)
4 IF(NVAR .EQ. 0) GO TO 140
AX = (CPSI*FHX - SPSI*FHY)/MASS
AY = (SPSI*FHX + CPSI*FHY)/MASS
BETA = ATAN(VH/AMAX! (ABS(UH),0.001))/DEGRAD
HEAD = PSI/DEGRAD + BETA
VTOT = SQRT(VX*VX + VY*VY)
ATOT = SQRT(AX*AX + AY*AY)
DO 120 I = 1,NVAR
120 DATA(NXU+I,NSAM4P) = VAR(CI)
140 TPRT = TPRT + DTPRT

PRINT RESULTS ON FILE 9 WHEN SAMPLE BUFFER IS FULL OR EXIT FLAG IS SET

o000

150 IF(NSAMP .EQ. MSAMP) GO TO 300
IF(IEXIT .EQ. 1) GO TO 300
GO TO 320

300 WRITE(9,1010) (TDATA(N),N=1,NSAMP)
WRITE(9,1015)
DO 310 I = 1, NVPRT

310 WRITE(9,1020) LABEL(I),(DATA(I,N),N=1,NSAMP)
WRITE(9,1015)
NSAMP = 0

EXIT DRIVER/VEHICLE SIMULATION LOOP IF EXIT FLAG IS SET
320 IF(IEXIT .EQ. 1) GO TO 350
INTEGRATE STATES AND UPDATE DERIVATIVES

OO0 000

IF(MSTOR .EQ. 2) GO TO 210

IF(TIME .NE. TIMEO) GO TO 195

DO 190 I =1, 12
190 DX1(I) = DX(I)
195 DO 200 I = 1, 12

XX(I) = XX(I) + DT2*(3.0%DX(I) - DX1(I))
200 DXI(I) = DX(I)

UPDATE TIME FOR SIMULATED VEHICLE MODES (MSTOR = 0 OR 1)

(eleXe]

TIME = TIME + DT
TIMEP = TIME + DT2
GO TO 100

UPDATE TIME FOR RECALLED VEHICLE TRAJECTORY MODE (MSTOR =

eleXe]

210 TIME = TIME + DTSTOR
TIMEP = TIME + DT2
GO TO 100
c
Cx*%**END OF DRIVER/VEHICLE SIMULATION LNOOQP
Cc
C UPDATE MONTE CARLO LOOP STATISTICS FOR COLLISIONS, MANEUVERS,
C AND IMPACT VELOCITY (MSTOR = 0 OR 2)

FIGURE B-1. (continued)
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C
350 IF(MPRT .EQ. 2) WRITE(9,1150)

IF(MSTOR .EQ. 1) GO TO 900
IF(COLLF .EQ. 1) NCOLLI = NCOLL! + |
IF(COLLF .EQ. 2) NCOLL2 = NCOLL2 + 2
IF(MDEC .NE. 0) CMD(MDEC) = CMD(MDEC) + |
UHM = UH/MPHFPS
VHM = VH/MPHFPS

UNvM = UOV/MPHFPS
ULVM = ULV/MPHFPS
UNVM = UNV/MPHFPS
PSID = PSI/DEGRAD
DELV = 0O

IF(COLLF .NE. 1) GO TO 352

DELVX = VX*CHDNIV + VY*SHDOV - UQV

DELVY =-VX*SHDJV + VY*CHDOV

DELV = SQRT(DELVX#*2 + DELVY*%2)/MPHFPS

DELVS! = DELVSI + DELV

DELVS2 = DELVS2 + DELV#**2
C
C PRINT INDIVIDUAL RUN SUMMARY ON DISK FILE 8 (MPRT >= |,MSTOR = O OR 2)
Cc

352 IF(MPRT .LT. 1) GD TO 900
WRITE(8,1100) NT,
2 TIME, UHM, VHM, X, Y, PSID, UOVM, XOV, ULVM, XLV, UNVM, XNV,
3 MDEC, COLLF, DELV
c
900 CONTINUE
C
Cx***x*END OF MONTE CARLD SIMULATION LNOP
Cc
C WRITE SUBJECT VEHICLE TRAJECTORY DATA ON DISK FILE 10 (MSTOR = 1)
Cc
IF(MSTOR .NE. 1) GO TO 905
WRITE(10) STOR
GO TO 906

WRITE MONTE CARLO LOOP STAT. ON FILE 12 FOR POSSIBLE RUN CONTINUATION

OO0

905 NREC = NREC + |
WRITE(12) NCOLL1,NCOLL2,DELVS!,DELVS2,CMD,RSV1,RSV2

COMPUTE MEANS AND STANDARD DEVIATIONS FOR RANDIM VARIABLES AND
PRINT RESULTS ON DISK FILE 8 (MPRT »= 1, NRV > 0)

OO0

IF(MPRT .LT. 1) GO TO 895
WRITE(8,1015)
IF(NRV .EQ. 0) GO TO 894
NTM! = MAXO(NTRIAL-1,1)
WRITE(8,1080)
DO 890 I = 1, NRV
RVM(I) RVSI (T)/NTRIAL
RVS(I) = SORT(ABS({RVS2(I) — NTRIAL*RVM(I)#*x2)/NTMI))
LAB = LABP(IRV(L))
890 WRITE(8,1085) LAB, RVM(I), RVS(I)
894 WRITE(8,1150)
895 CONTINUE
Cc
C COMPUTE/PRINT MONTE CARLO LOOP STATISTICS SUMMARY
(6

FIGURE B-1. (continued)
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NCOLL = NCOLL! + NCOLL2
NCMI = MAXO(NCOLLI-1,41)

DELVM = DELVS!1/AMAXO(NCOLL1,1)

DELVS = SQRT(ABS(DELVS2 - NCOLLI|*DELVM#*2)/NCMI)
PCOLL = FLOAT(NCOLL)/NTRIAL

CONL = 1.96

Tl = CONL**2/NTRIAL
T2 = 1.0/(1.0+T1)
RAD = SQRT(1.0 + 4,0%PCOLL*(!,0-PCOLL)/T!)
CONL1 = T2*(PCAOLL + 0.5*TI1*(1.0-RAD))
CONL2 = T2*(PCOLL + O.5*TI*(1.0+RAD))
DO 880 I =1, 3

880 PMD(I) = CMD(I)/NTRIAL

c
IF(NIVG .GT. 0) GO TO 870
WRITE(6,1060) PMD,NCOLL!,NCOLL2,DELVM,DELVS,
* PCOLL,CONL1!,CONL2
WRITE(7,1060) PMD,NCOLL!,NCOLL2,DELVM,DELVS,
* PCOLL,CONLI,CONL2
GO TD 906
870 GO TO (871, 872, 873), NIVG
871 WRITE(6,1061) VALUEI ,PMD,NCOLLI ,NCOLL2,DELVM,DELVS,
* PCOLL,CONL] , CONL2
WRITE(7,1061) VALUE!,PMD,NCOLL1,NCOLL2,DELVM,DELVS,
* PCOLL,CONL1,CONL2
GO TO 906
872 WRITE(6,1062) VALUEI ,VALUE2,PMD,NCOLLI ,NCOLL2,DELVM,DELVS,
* PCOLL,CONL1,CONL2
WRITE(7,1062) VALUE! ,VALUE2,PMD,NCOLL! ,NCOLL2,DELVM,DELVS,
* PCOLL,CONL] ,CONL2
GO TO 906
873 WRITE(6,1063) VALUE!,VALUE2,VALUE3,PMD,NCOLLI ,NCOLL2,DELVM,DELVS,
* PCOLL,CONL1, CONL2
WRITE(7,1063) VALUE!,VALUE2,VALUE3,PMD,NCOLL!,NCOLL2,DELVM,DELVS,
* PCOLL,CONL1 ,CONL2
c
906 CONTINUE
c
IF(NIVG .LT. 3) GO TO 930
WRITE(6,1015)
WRITE(7,1015)
930 CONTINUE
c
C***x+END OF INDEPENDENT VARIABLE LNOP 3
c
IF(NIVG .LT. 2) GO TO 920
WRITE(6,1015)
WRITE(7,1015)
920 CONTINUE
c
Cx*++*END OF INDEPENDENT VARIABLE LADP 2
c
IF(NIVG .LT. 1) GO T 910
WRITE(6,1015)
WRITE(7,10i5)
910 CONTINUE
c
Cax+4+*END OF INDEPENDENT VARIABLE L0OOQP 1
c

C COPY DISK FILE 12 TO DISK FILE .11y CHECK FOR RUN CONTINUATION

FIGURE B-1l. (continued)
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IF(MSTOR .EQ. }) GO TO .77

IF(MSTOR .EQ. 2) REWIND 10

REWIND 11

REWIND 12

DO 400 I = 1, NREC

READ (12) NCOLL1,NCOLL2,DELVS!,DELVS2,CMD,RSV1,RSV2
WRITEC11) NCOLLI,NCOLL2,DELVS! ,DELVS2,CMD,RSV1,RSV2
REWIND 11

REWIND 12

NTMIN = NTMAX + 1

CALL DATAIO(2)

IF(NTRIAL .GT. NTMAX) GO TO |

STOP .77
END

FIGURE B-1. (concluded)
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[oXoX®]

(@]

O0OOOOOGO0

SUBR
SCEN

REAL
REAL
REAL
REAL
REAL
INTE

OUTINE SCEN(MODE)
ARIN DEFINITION MODEL

IXX, 1YY, 12Z,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF ,KBR,KSC
LW

LSVF,LSVR,L0OV

10,IB,LSKY,LSUR,KL,KVI,KV2

MPHF PS,MANDEC,LAV,LF,LR
GER COLLF,DTCTF

COMMON /STATES/

COMM
|
2
3

COMM

COMM

LAOMMIOI»O0OD~NIT DWW —

COMM

FENEWINCE I 2R I

SCENARIN
SCENARID
SCENARIN
SCENARIN
SCENARIO
SCENARIO
SCENARIO

SCENARIN

UH,VH WH X Y,Z,
WX WY ,NZ,PHI,THE,PSI,
unv, Xov,ULv,XLV,UNY, XNV

ON /DERIVS/

UHD, VHD,, WHD, XD, YD, ZD,
wxXn,wyn,wzn,pPHIn,THED,PSID,
unvp,XovD,ULVD, XLVD,UNVD, XNVD

NN /CONT/ DELSW,DELB

ON /PARAM/

UHO, VHO,WHO,X0,Y0,Z20,
wWXo,wWyo,wzo,PHI10,THEO,PSIO,
WEIGHT, IXX, 1YY, 1ZZ,
DF,DR,TF,TR,ZF,ZR,HF,HR,

KF,KR,CF,CR,

MUXF ,MUXR,MUYF ,MUYR,BETASF,BETASR,SNR,
KSW,KBF,KBR,

KSC,UCMD, TDMAX,

MANDEC, TAUR,TAUP \WC,VETH,YETH,

ABR, ABSTB,ABSTC, ASWS ,ASWC,TSW,SWMAX,SWRMAX,
HOV,UOVO,DOVG (HLV,ULVO,DLVG,HNVMIN,HNVAVE ,UNVO,DISTSO,DISTNS,
PSIB,LW, TAUD,TAUQVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PS0O,PA, TTHRSH,DTHRSH,TLOOK,
ESKY, ESUN,RO,EO, I0,BSUNO,RB,EB, I1B,BSUNB,LSKY,LSUR,
TRANS,KL,VN,HO,PLITE,HRTH,HPER,SIGC,KVI ,KV2,ALPHMN,
HEYE,HLITE,HOBJ,TAUBM,TAUBS, TAURDM, TAURDS,
LSVF,LSVR,WSV,LOV,WAV,UHTH, VHTH

ON

MSCEN,MNITS,MDET,MADJ,MVEH,MSTOR ,MPRT,
NU,NX,NVAR,NTRIAL,ISEED,NT,DTPRT,DTSTOR, TMAX,
NDEGRAD,MPHFPS,G, TIME, MDEC,COLLF,DTCTF, CHDOV,SHDIV,CPSI,SPSI,
F4X,FHY,FHZ, THX, THY,THZ,BETA ,HEAD, VTOT, VX, VY, ATOT, AX, AY,
UH1,VHI ,WHI ,Z21,FX1,FYI1,FNI,BETI,FCI,FSI,

UH2,VH2,WH2,22 ,FX2,FY2,FN2,BET2,FC2,FS52,
U43,YH3,WH3,Z23,FX3,FY3,FN3,BET3,FC3,FS3,

JH4,VH4 ,WH4 ,Z4 ,FX4,FY4 ,FN4,BET4,FC4,FS4

1t FAOLLAWINGS FREEWAY

2: FOLLOWINGs FREEWAY$s INTERVENING VEHICLE

3t FNLLOWING: FREENAY ENTRANCE RAMP

4: FJLLOWINGs URBAN STREET

5: FALLONING: URBAN STREET® INTERVENING VEHICLE

6t LATERALLY MOVING VEHICLE$ FREEWAY ENTRANCE RAMP

7: LATERALLY MOVING VEHICLEs INTERSECTION$ VEHICLE APPROACH
FROM RIGHT

8t LATERALLY MOVING VEHICLEs INTERSECTION$ VEHICLE APPROACH

FIGURE B-2. SUBROUTINE SCEN PROGRAM LISTING
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C FROM LEFT
C SCENARIO 93 DBJECT ON ROADWAYs$ PEDESTRIAN MOVES FROM CONCEALED
C P POSITION
C SCENARIO 10: STATINNARY NBJECT NN ROADWAY
C SCENARIN 118 STATIONARY OBJECT ON ROADWAY3 ONCIMING VEHICLE
c
IF(MODE .NZ. 0) 0 TO 90
C
Chxkxk INITITALTZATION dkkesk
C
unvn = -DAVG*G
uavi = UOVO*MPHFPS
TSnv = -UugviszuavD
ULVD = -DLVG*G
ULVI = ULVO*MPHFPS
TSLV = =ULVI/ZULVD
X =20
[F(MSCEN .GE. 6) X = -DISTSO
UNVI = UNVO*MPHFPS

DIST = X + DISTNS

1 + RANDC(1,0.0,1.0,0,0.0,0.0)*RAND(2 ,HNVMIN,HNVAVE,0,0.0,0.0)

uav = 0
XAV = 0
c
CHDAV = 1.0
SHDAQV = 0.0

TPSIB = 1.0E6

IF(TABS(MSCEN-/) .GT. 1) GO TO 90
ITEMP = MSCEN - 5

Gn TO (60, 70, 80), ITEMP

60 HDOVR = -30.0*DEGRAD
CHNNV = COS(HDAVR)
SHDOV = SIN(HDOVR)
G TN 85

70 CHADOV = 0.0
SHDIV =-1.0
GO TO B85

80 CHDAV = 0.0
SHDAOV = 1.0

85 IF(PSIB .NE. 90.0) TPSIB = TAN(SIGN(PSIB*DEGRAD,~-SHDOV))

COEFF = TPSIB/(TPSIB*CHDOV - SHDOV)
Uovl = CDEFF*UH
XCVI = COEFF*X

C

Chrkik I[N THE LOOP **ktk

C

C UPDATE VELQCITY AND POSITION OF DOBJECT, LEAD, AND ONCOMING VEHICLES

C

c

SCENARIQOs 1 2 3 4 5 6 7 8 9 10 It

9% Gn TO (100,200,100,100,200,600,600,600,900,900,1100),MSCEN

SCENARINS 1, 3, 4
100 TIMEM = AMINI(TSQV,TIME)
yov = Uavl + UOVD*TIMEM
X0V = HOV + (UQVI + O.5*%UQVD*TIMEM)*TIMEM
IF(MSCEN .EQ. 4) GO TO 1100
RETURN

c SCENARIOS 2, 5
200 TIMEl = TIME - TAUOVD
IF(TIME! .GT. 0.9) GO TO 240

FIGURE B-2. (continued)
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RO

[oNe]

o0

uov uavI

Xov HJV + UOVI*TIME

GO TO 250
240 TIMEl = AMINI(TSOV,TIMEl)

yov = UQVI + UOVD*TIME]

XQV = HOV + UOVI*TAUQVD + (UDVI + O,.5%UQVD#TIME!)*TIMEI
257 TIME2 = AMINI(TSLV,TIME)

ULV = ULVI + ULVD*TIME2

XLV = HOV + HLV + (ULVI + O,5%ULVD*TIME2)*TIME2

IF(MSCEN .EQ. 5) GO TO 1100

RETURN

SCENARIOS 6,

600 U0V = UovI
X0V = XOVI + UOVI*TIME
RETURN

SCENARIOS 9, 10
900 RETURN

SCENARIO 11 (AND 4, 5)
1100 UNV = UNVI
XNV = DIST - UNVI*TIME
IF(XNV - X .GT. 0.0) RETURN
DIST = DIST + RAND(2,HNVMIN,HNVAVE,0,0.0,0.0)
XNV = DIST - UNVI*TIME
RETURN
END

FIGURE B-2. (concluded)
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SUBRDUTINE DETECT
CRITICAL EVENT D=TECTION MODEL

REAL IXX,I1YY,I1ZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL 10,I1B,LSKY,LSUR,KL,KV!,KV2

REAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER COLLF,DTCTF

REAL LO,LB,LA,LV,ISVO,ISVB,INV,LVI,LAPLV,M2DPI

DIMENSION PCATC(10),AG(10)

COYWMON /STATES/
] UH,VH,WH,X,Y,Z,
2 WX,WY,NZ,PHI,THE,PSI,
3 unv, Xov,ULv, XLV, UNV, XNV

COMMDN /DERIVS/
1 UHD, VHD, WHD, XD, YD, ZD,
2 WXND,WYN,WzZD,PHID,THED,PSID,
3 uavn, Xovb,ULVD, XLVD,UNVD, XNVD

COYMOM /CONT/ DELSW,DELB

COMMON /PARAM/
UHO, VHO, WHO, X0,Y0,Z0,
WX0,WYo,Wz0,PHIO,THEO,PSIO,
WEIGHT, IXX,I1YY,1Z2Z,
DF,DR,TF,TR,ZF,ZR,HF ,HR,
KF,KR,CF,CR,
MUXF,MUXR,MUYF, MUYR,BETASF,BETASR,SNR,
KSW,KBF,KBR,
KSC,UCMD, TDMAX,
MANDEC, TAUR, TAUP,WC,VETH,YETH,
ABR,ABSTB,ABSTC,ASWS,ASWC, TSW,SWMAX , SWRMAX,
HOvV, Uovo,DNVG,HLV,ULVO,DLVG,HNVMIN,HNVAVE ,UNVO,DISTSO,DISTNS,
PsSIB,LW,TAUD,TAUOVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PS50,PA,TTHRSH,DTHRSH, TLOOK,
ESKY, ESUN,RO,EN, 10,BSUNO, RB,EB, IB,BSUNB,LSKY,LSUR,
TRANS,KL,V0,HO,PLITE,HRTH,HPER,SIGC,KV1,KV2,ALPHMN,
HEYE,HLITE,HOBJ, TAUBM, TAUBS, TAURDM,TAURDS,
LSVF,LSVR,WSV,LOV,NOV,UHTH, VHTH

TATMINOT L IA~NIIHLWN—

COMMNN
MSCEN,MNITE ,MDET,MADJ,MVEH,MSTOR,MPRT,
NU,NX,NVAR,NTRIAL, ISEED,DT,DTPRT,DTSTOR, TMAX,
DEGRAD,MPHFPS,G, TIME,,MDEC, COLLF ,DTCTF,CHDOV , SHDOV,CPSI,SPSI,
FHX, FHY ,FHZ ,THX , THY,THZ ,BETA,HEAD, VTOT,VX,VY,ATOT,AX,AY,
UHl,VHI,WH!1,21,FX!l ,FY 1 ,FNI ,BET! ,FC!,FS1,
u42,VH2,4H2,22,FX2,FY2,FN2,BET2,FC2,FS2,
UH3,VH3,WH3,Z23,FX3,FY3,FN3,BFT3,FC3,FS3,
UH4,VH4 ,WH4,74 ,FX4,FY4,FN4,BET4,FC4,FS4

PWN -k % X *

CnMMON /TABLE/
NCAT,NGLARE ,NMERG,MPTD ,NPTXE ,NPTYE ,NPTXF,NPTYF,NPTXG,NPTYG,
PCAT(10),THFM(19),THFS(10),PSFM(10),PSFS(10),TAUFM(10),
TAUFS(10),EG(10),THG(10),PSG(10) ,PMERG(36),YID(20),FYD(20),
XIE(20),YIE(10),FXYE(20,10),XIF(10),YIF(10),FXYF(10,10),
XI5(10),YIG(30),FXYG(10,30)

UHhwin—

FIGURE B-3. SUBROUTINE DETECT PROGRAM LISTING
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c

1000 FORMAT(/2XSHTIME ,F5.27/
* 2X2HIC, 19, 2X5HDTCTF 1642X2HX ,F9.2,2X3HTHF,F8.2,2X3HPSF,F8.2,
* 2X5HTAUF .Fé 24 2X4HPLDS F7.2, 13X, 2X2HLA F9.3/
* 2X2HX0,F9.2, 2X2HYO F9.2,2X2HZ0,F9.2, 2X3HTHD F8.2,2X3HPS0O,F8.2,
* 2XS5HALPHO, F6 2,2X3HGvAa, F8 2, 2X4HISVO F7.0, 2X2HLO F9.3/
* 2X2HXL,F9.2, 2X24YL Fo. 2X2HZL F9.2, 2X3HTHL FB8.2,2X3HPSL,F8.2,
* 2X5HALPHL, F6 2,2X3HGVB, F8 2,2X4HISVB,F7.0, 2X2HLB F9.3/
* 2X2HXN,F9.2, 2X2HYN Fo. 2X2HZN F9.2, 2X3HTHN F8.2,2X3HPSN,F8.2,
* 2X5HALPHN, F6 2, 13X, 2X4HINV +F7.0, 2X2HLV F9.3/
* 2X5HAREAO,F6.3,2X5HCAPPO,F6.2,2X5HCFOVO, F6 2,2X5HCPERO,F6.2,
* 2X5HCTHO ,F6.2,2X5HCRELO,F6.2,2X3HPDO,F8.2, 2X3HPCO F8.2,
* 2X34PHQO, F8 2/
* 2X54AREAL,F6.3,2X5HCAPPL,F6.2,2X5HCFOVL ,F6.2,2X5HCPERL ,F6.2,
* 2X5HCTHL ,F6.2,2X5HCRELL,F6.2,2X3HPDL, F8 24 2X3HPCL F8.2,
* 2X3HPD F8 2)
1019 FQRMAT(/ZX.5HTIME +F5.2,9H (BLINK))
C
C SCENARIN 1: FNLLOWING: FREEWAY
C SCENARIO. 2: FOLLOWINGs FREEWAY$ INTERVENING VEHICLE
C SCENARIO 3t FNLLOWINGs FREEWAY ENTRANCE RAMP
C SCENARIO 43 FOLLOWINGs URBAN STREET
C SCENARIJ 5t FOLLONING: URBAN STREETs INTERVENING VEHICLE
C SCENARIO 6% LATERALLY MOVING VEHICLEs FREEWAY ENTRANCE RAMP
C SCENARIT 731 LATERALLY MOVING VEHICLE: INTERSECTION§ VEHICLE APPROACH
C FROM RIGHT
C SCENARID 83 LATERALLY MOVING VEHICLEs INTERSECTION$ VEHICLE APPROACH
C FROM LEFT
C SCENARIO 93 OBJECT NN ROADWAY3 PEDESTRIAN MOVES FROM CONCEALED
C POSITION
C SCENARIO 10t STATIONARY NBJECT ON ROADWAY
C SCENARIO 11t STATIONARY OBJECT ON ROADWAY$ NNCOMING VEHICLE
C
C INITIALIZE AND PERFORM OUT-0OF-THE-LOOP CALCULATIONS
c
INDX! = |
INDX2 = |
INDX3 = |
INDX4 = |
INDX5 = |
INDX6 = |
INDX7 = |
INDX8 = 1
INDX9 =1
INDX10 = |
INDX11 = |
YOV =0
YLV = 0
YNV = -LW
PI = 4,0xATAN(1.0)
DEGRAD = PI/180.
RADEG = 1.0/DEGRAD
COEFLV = 10.0%PI*TRANS
RADGS4 = 4,0%RADEG*RADEG

42
SuU
DN
Su

DPI = -2.0/PI
M=20

5 IC = 1, MCAT

M = SUM + PCAT(IC)

5 PCATC(IC) = SUM

c
C SCENARIO

g 1 2 3 4 5 6 7 8 9 10.1

FIGURE B-3. (continued)

B-19



C
c
C
C
C

[eXeX ] o0 o000 o0 [oX PN Q] o0 00 (oNe!

cOCcoO

Cc
C

50 TOCIO,20,10,10,20,50,50,50,60,60,60) , MSCEN

SCENARIOS 1, 3, AND 4 -~ PROBABILITY OF LINE OF SIGHT, OBJECT AND
BACKGROUND LUMINANCE
10 PLOS = I|,0
SCENARIOS 2 AND 5 - PROBABILITY NF LINE OF SIGHT, OBJECT AND
BACKGROUND LUMINANCE
20 L0 = TRANS*IO*PI/AMAX! (VO*HO,0.001)
IF(MNITE .EQ. |) GO TO 40
DAYTIME
CBSUNB = AMAXI1 (COS(BSUNB*DEGRAD),0.0)
LB = TRANS*RB*(ESKY + ESUN*CBSUNB)
GN TO 45
NIGHTTIME
40 LB = TRANS*IB*PI/AMAX! (V0*HO,0.001)
SAVE INITIAL XO
45 XNI = XOV*CHDQV - YOV*SHDQV - X
GO TO 80
SCENARIOS 6, 7, AND 8 - PROBABILITY OF DETECTING CHANGE IN
HEADWAY, OBJECT AND BACKGROUND LUMINANCE
50 PHO = 0.0
IF(MNITE .EQ. 0) GO TO 70
NIGHTTIME
L0 = 0.0
LB = 0.0
60 TO 80
J8*J1nnKbb9Ek IDBABILITY OF LINE-OF-SIGHT, DETECTING
CHANGE IN HEADWAY, DAYTIME OBJECT AND
BACKGROUND LUMINANCE

60 PLOS = 1.0
PHO = 0.0
IF(MNITE .EQ. 1) GO TO 80
DAYTIME
70 CBSUND = AMAX! (COS(BSUND*DEGRAD),0.0)
LN = TRANS#*RO*(ESKY + ESUN*CBSUNO)
CBSUNB = AMAX! (COS(BSUNB*DEGRAD),0.0)
LB = TRANS*RB*(ESKY + ESUN*CBSUNB)
IF(HOBJ .GE. HEYE) LB = TRANS*LSKY
ALL SCENARIOS - ADAPTATION LUMINANCE, INITIALIZE VEILING LUMINANCE
80 LA = TRANS*LSUR
Lv = 0.0
*%k% IN-THE-LOOP CALCULATIONS *%i*

DTCTF = O
TIMEP = TIME
TAUF = 0.0
TAUFP = 0.0

DETERMINE FIXATION CATEGORY
FIGURE B-3. (continued)
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oXole

o000

OO0

90 T1 = RAND(1,0.0,1.0,0,0.0,0.0)
DO 100 IC = | ,NCAT
IF(TI LE. PCATC(IC)) GO TO 110
100 CONTINUE

FIXATION CATEGORY IS A BLINK - UPDATE TIME, SCENARIO$ CHECK FOR COLL.

IC = NCAT + |

TAUB = RAND(4,TAUBM,TAUBS,0,0.0,0.0)
TIME = TIME + TAUB

X = X + UH*(TIME-TIMEP)
CALL SCEN(1)

CALL COLL(O)

TIMEP = TIME

TAUFP = TAUF

IF(COLLF .EQ. 1) GO TO 335
IF(MPRT .LT. 2) GO TOQ 90
WRITE(9,1010) TIME

GO TO 90

FIXATION CATEGORY IS NOT A BLINK - COMPUTE FIXATION ANGLE AND DURATION

110 THF = RAND(3,THFM(IC),THFS(IC),0,0.0,0.0)
PSF = RAND(3,PSFM(IC),PSFS(1C),0,0.0,0.0)
TAUF = RAND(4,TAUFM(IC),TAUFS(IC),0,0.0,0.0)
TIME = TIME 4+ 0.5%(TAUF+TAUFP)

X = X + UH*(TIME-TIMEP)
CALL SCEN(1)

CALL COLL(O)

TIMEP = TIME

TAUFP = TAUF

IF(COLLF .EQ. }) GO TO 335

OBJECT LOCATION
X0 = XOV+*CHDOV - YOV*SHDOV - X
YO = XOV+SHDOV + YOQV*CHDDV - Y
Z0 = HOBJ - HEYE
THO = ATAN2(Z0,X0)*RADEG
PSO = ATAN2(Y0D,XO)*RADEG
Al = (THO - THF)*DEGRAD
A2 = (PSO - PSF)*DEGRAD
T1 = TANCALD)
T2 = TAN(A2)
AOD = ATAN(SQRT(TI1*Tl + T2%T2))*RADEG

IF(ABS(A1).GE.90.0 .OR. ABS(A2).GE.90.0) AD = 1.0E20
FIXED GLARE SOURCE LOCATIONS

IF(NGLARE .LE. 0) GO TO 130
DO 120 T = 1,NGLARE

(THG(I) - THF)*DEGRAD

(PSG(1) - PSF)*DEGRAD

TAN(AL)

TAN(A2)
AG(1) = AMAX! (ATAN(SQRT(TI*T] + T2%T2))*RADEG,ALPHMN)
IF(ABS(A1).GE.90.0 .0OR. ABS(A2).GE.90.0) AG(I) = 1,0E20

120 CONTINUE

>
)S]
R

FIGURE B-3. (continued)
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(X o]

OO0 OO0 o000

OO0 OO0

OO0 o000

OBJECT SIZE

130 T1 = 2.0%¥SQRT(XN*XN + YO*xYO)
AREAD = ATAN2(VO,T!)*ATAN2(HO, I!)*RADGS4

IN-THE-LOOP LUYINANCE CALCULATIONS
SCENARIO: 1 2 3 4 5 6 7 8 9 10 11
G0 TO(200,200,200,170,170,190,190,190,140,140,140) ,MSCEN

SCENARIOS 9, 10, AND 11
140 IF(MNITE .EQ. 0) GO TO 200

NIGHTTIME
GV0O = ATAN2(HOBJ-HLITE,XO)*RADEG
ISvQ = FLOOK! (GVOD,YID, INDX!,FYD,NPTID)
L3 = TRANS*RO*(ISVO/AMAXI| (XO%*X0,0.001) + EO)
IF(THO .GE. 0.0) GO TO 150
XB = X0/(1.0 - HOBJ/HEYE)
GVB = ATAN2(-HLITE, XB)*RADEG
ISVB = FLNOKI(GVB,YIN, INDX2,FYD,NPTD)
LB = TRANS*RB*(ISVB/AMAX1 (XB*XB,0.001) + EB)

G0 TO 160

150 LB = TRANS+*LSKY

160 IF(MSCEN .EQ. 11) G2 TN 170
G7 TO 200

SCENARIOS 4 AND 5 (AND .11)

ONCOMING VEHICLE LOCATION
170 IF(MNITE .EQ. 0) GO TO 200

NIGHTTIME

XN = XNV - X

YN = YNV - Y

ZN = HLITE - HEYE

THN = ATAN2(ZN,XN)*RADEG
PSN = ATAN2{(YN,XN)*RADEG
Al = (THN - THF)*DEGRAD
A2 = (PSN - PSF)*DEGRAD
Tl1 = TAN(Al)

T2 = TAN(A2)

AN = AMAX1 (ATAN(SQRT(TI*T1 + T2*T2))*RADEG, ALPHMYN)

IF(ABS(A1).GE.90.0 .0OR. ABS(A2).GE.90.0) AN = 1.0E20
IF(XN .LE. 0.0) GO TO 200
DN = SORT(XN*XN + YN*xYN)

INV = FLOOK2(PSN,-THN,XIE, INDX3,YIE,INDX4,FXYE,NPTXE,NPTYE,
1 20)

LVI = INV/(DN*DN*AN*AN)

Gn TO 210

SCENARIOS 6, 7, AND 8
190 IF(MNITE .EQ. 1) GO TOQ 240

UPDATE VEILING LUMINANCE
ALL SCENARIOS EXCEPT 6, 7, 3 (NIGHT)

200 LVI = 0.0
210 IF(NGLARE .LE. O0) GO TO 230
DO 220 I = 1,NGLARE

FIGURE B-3. (continued)
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OO0

a0

OO0

QOO0 OO0

a0

LVI = LVI + EG(I)/(AG(I)*AG(L.))

220 CONTINUE
230 LVI = COEFLV*LVI

IF(LV .EQ. 0.0) LV = LVI

Tl = KVi

T2 = LV - LVI

IF(T2 .GE. 0.0) TI = KV2

LV = LVI + T2*%EXP(-TI*TAUF)

ALL SCENARINS =~ APPARENT CONTRAST

240  LAPLV

LA + LV
CAPPD = A

BS(LO - LB)/AMAXI1(LAPLV,0,001)

ALL SCENARIOS - FOVEAL AND PERIPHERAL THRESHOLD CONTRAST

ALAPLV ALOGIO(LAPLV)

AAREAQ = ALOG10(AREAN)

CFovo = FLODKZ(AAREAO.ALAPLV.XIF.INDXS.YIF.INDX6.FXYF.
| NPTXF ,NPTYF,10)

CPERD = FLDOKZ(AAREAO.AO.XIG,INDXB.YIG,INDXQ.FXYG.
| IPTXG,NPTYG,10)

ALL SCENARIOS - THRESHOLD AND RELATIVE CONTRAST

CTHO = 10.0%*(CFOVO+CPERD)
CRELD = CAPPO/AMAX1(CTHO,0.001)

LEAD VEHICLE CALCULATIONS AND EVENT DETECTION PARAMETERS
SCENARIO: | 2 3 4 5 6 7 8 9 10 I
GO TO(260.250.260.260.250.270.270.270.280.280.280).MSCEN

SCENARIOS 2 AND 5

LEAD VEHICLE LOCATION
250 XL XLV - X

YL YLV - ¥

ZL HOBJ - HEYE

THL = ATAN2(ZL,XL)*RADEG

PSL = ATAN2(YL,XL)*RADEG

Al (THL - THF)*DEGRAD

A2 (PSL - PSF)*DEGRAD

Tl TAN(A)

T2 TAN(A2)

AL = ATAN(SQRT(TI*TI + T2*T2))*RADEG

TF (ABS(A1).GE.90.0 .OR. ABS(A2).GE.90.0) AL = 1.0E20

LEAD VEHICLE SIZE
Tl = 2,04SORT(XL*XL + YL*YL)
AREAL = ATAN2(VO,T!)*ATAN2(HO,T!)*RADGS4

LEAD VEHICLE FOVEAL AND PERIPHERAL THRESHOLD CONTRAST
AAREAL = ALOB10(AREAL)
CFOVL = FLODKZ(AAREAL.ALAPLV.XIF.INDX7,YIF.INDX6.FXYF.
! NPTXF ,NPTYF,10)
CPERL = FLDOKZ(AAREAL.AL.XIG,INDXIO.YIG.INDXII.FXYG.
] NPTXG,NPTYG,10)

LEAD VEHICLE THRESHOLD, APPARENT, AND RELATIVE CONTRAST

FIGURE B-3. (continued)
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aoon

QOO0O00 000

OO0

GO0 000

[eXoXe]

CTHL = 10.0%*(CFOVL+CPERL)

CAPPL = KL*CAPPO
CRELL = CAPPL/AMAX!(CTHL,0.001)
SCENARINS 1, 3, AND 4 - PROBABILITY OF DETECTING CHANGE IN HEADWAY

260 PHN = 0.0
IF (({XDI-X0) .GT. HRTH#X0I) .AND. (A0 .LE. HPER)) PHO = 1.0
GO TO 280

SCENARIOS 6, 7, AND 8 - PROBABILITY NOF LINE-JOF-SIGHT TO LEAD VEHICLE

270 I = (PSO + 90.,0)/5.0 + 1
IF(I .LT. 1) I =1
IF(I .GT. 36) I = 36
PLOS = PMERG(I)

DETECTION PROBABILITY DUE TO OBJECT BACKGROUND CONTRAST

280 Tl = (CRELO - 1.0)/S1GC
T2 = 0.5
IF(CRELD .LT. 2.0) T2 = 0.5%SQRT(1.0 — EXP(M2DPI*TI*T1))
PCO = 0.5 + SIGN(T2,TI)
IF(AD .GE. 90.0) PCO = 0.0

DETECTION PROBABILITY
SCENARIO: | 2 3 4 5 6 7 8 9 10 11
50 TO(310,300, 310,310,300, 320,320,320,310,310,310),MSCEN

SCENARIOS 2 AND 5

LEAD VEHICLE DETECTION PROBABILITY DUE TO BACKGROUND CONTRAST
300 TI = (CRELL - 1,0)/SIGC

T2 = 0.5

IF(CRELL .LT. 2.0) T2 = 0.5*%SQRT(1,0 - EXP(M2DPI*T1%T1))

PCL = 0.5 + SIGN(T2,TI)

IF(AL .GE. 90.0) PCL = 0.0

OBJECT DETECTION PROBABILITY

PDO = PCO + PHMO - PCN*PH"N

PDL = PLITE#PCL

PD = PDN + PDL - PDO*PDL

6 TO 330
SCENARIOS 1, 3, 4, 9, 10, AND Il =~ OBJECT DETECTION PROBABILITY
319 PD = PCO + PHO - PCO*PHO

GO TO 330
SCENARIOS 6, 7, AND 8 - OBJECT DETECTION PROBABILITY

320 PD = PLOS*PCD
DETERMINE IF OBJECT DETECTION NCCURS

330 TI = RAND(1,0.0,1,0,0,C.0,0.0)
IF(TI JLE. PD) 60 TO 3<0

OBJECT DETECTION DID NOT OCCUR
335 IF(MPRT .LT. 2) GO TO 337

FIGURE B-3. (continued)
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WRITE(9,1000) TIME,
1C,DTCTF, X, THF , PSF, TAUF,PLOS, LA,

!
2 Xo,Yo,z0,THGO,PSa, A0,GVN, ISVO,LND,
3 XL,YL,ZL,THL,PSL,AL,GVB, ISVB,LB,
4 XN,YN,ZN,THN,PSN, AN, INV LV,
5 AREAO, CAPPN, CFOVO, CPERQ, CTHO,CRELO, PDO, PCO, PHO,
5 AREAL,CAPPL,CFLVL,CPERL,CTHL,CRELL,PDL,PCL,PD
c
C RETURN IF CNLLISION HAS OCCURED
C
337 IF(COLLF .EQ. 1) RETURN
G0 TO 90
c
C OBJECT DETECTION DID QOCCUR
c

340 TIME = TIME + RAND(4,TAURDM,TAURDS,0,0.0,0.0)
X = X + UHXx(TIME-TIMEP)
CALL SCEN(1)
DTCTF = |
IF(MPRT .LT. 2) RETURN
WRITE(9,1000) TIME,
1C,DTCTF,X,THF,PSF,TAUF,PLOS, LA,
Xa, Yo, zn,THN,PSN, AN,GV0O, ISVO,LO,
XL,YL,ZL,THL,PSL,AL,GVB,ISVB,LB,
XN, YN, ZN,THN,PSN, AN, INV ,LV,
ARE A1}, CAPPO, CFOVD,CPERO,CTHO,CRELO, PDN, PCO, PHO,
AREAL,CAPPL,CFLVL,CPERL,CTHL,CRELL,PDL, PCL,PD
RETURN
END

AN HE W —

FIGURE B-3. (concluded)
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QOOOO00OCcOn

SUBR
DRIV

REAL
REAL
REAL
REAL
REAL
INTE

CNMM

1
2
3

COMM
1
2
3

CNMM

COMM

ZOTMMOTOTPr OO0~ LW —

COMM

BN — % F % F

SCEVARIO
SCENARID
SCENARIO
SCENARIO
SCENARIO
SCEVARIN
SCENARIO

NUTINE DECISN(MODE)
ER MANEUVER DECISION MODEL FOR 11 SCENARIOS

IXX,1YY,1ZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
LW
LSVF,LSVR,LOV
10,IB,LSKY,LSURKL,KVI,KV2
MPHFPS ,MANDEC,LAV,LF,LR
GER COLLF,DTCTF

ON /STATES/

UH VHWH, X Y2,
WX,WY,NZ,PHI,THE,PST,
uav, Xov,ULv, XLV,UNV, XNV

ON /DERIVS/

UHD, VHD,WHD,XD,YD,ZD,
WXD,WYD,WZD,PHID, THED,PSID,
uovD, XovD,ULVD, XLVD,UNVD,XNVD

ON /CONT/ NDELSW,DELB

ON /PARAM/

UHO, VHO, WHO, X0,Y0, Z0,

WX0,Wyn,wzo,PH10,THEO,PSIO,

WEIGHT, IXX,I1YY,1ZZ,

DF,DR,TF,TR,ZF,ZR,HF ,HR,

KF,KR,CF,CR,

MUXF ,MUXR,MUYF ,MUYR,BETASF,BETASR,SNR,

KSW,KBF,KBR,

KSC,UCMD, TDMAX,

MANDEC,TAUR, TAUP,WC,VETH,YETH,

ABR, ABSTB,ABSTC, ASWS,ASWC, TSW,SWMAX, SWRMAX,
Hnv,Unvo,novs,HLV,ULVO,DLVG,HNVM IN ,HNVAVE ,UNVO,DISTSO,DISTNS,
PS1B,LW, TAUD, TAUOVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA, TTHRSH,DTHRSH,TLIOK,
ESKY,ESUN,R0D,EO, I0,BSUNO,RB,EB, IB,BSUNB,LSKY,LSUR,
TRANS,XL,VO,H0,PLITE ,HRTH,HPER,SIGC,KV! KV2,ALPHMN,
HEYS,HLITE,HOBJ, TAUBM,TAUBS, TAURDM, TAURDS,
LSVF,LSVR,WSV,LNV,WOV,UHTH,VHTH

ON

MSCEN,MNITE,MDET,MADJ , MVEH,MSTOR ,MPRT,

NU,NX NVAR,NTRIAL, ISEED,DT,DTPRT,DTSTOR, TMAX,
DEGRAD,PHFPS,5, TIME,MDEC,COLLF,DTCTF,CHDOV,SHDOV,CPSI,SPST,
FHX,FHY,FHZ, THX, THY, THZ ,BETA,HEAD, VTOT,VX,VY,ATOT ,AX,AY,
U41,VH1 ,WHI,Z1 ,FX1 ,FY1,FNI,BET!,FCI,FSI,
UH2,VH2,AH2,Z2,FX2,FY2,FN2,BET2,FC2,FS52,
U43,VH3,WH3,Z3,FX3,FY3,FN3,BET3,FC3,FS3,

UH4,VH4 ,WH4,Z4 ,FX4,FY4,FN4,BET4,FC4,FS4

1t FOLLOWING3s FREEWAY

23 FOLLOWING: FREEWAYs INTERVENING VEHICLE

3: FNLLOWING: FRECWAY ENTRANCE RAMP

4t FOLLOWINGs URBAN STREET

5t FOLLOWINGs URBAN STREET: INTERVENING VEHICLE

6t LATERALLY MOVING VEHICLEs FREEWAY ENTRANCE RAMP

7t LATERALLY MNVING VEHICLEs INTERSECTIONs VEHICLE APPROACH
FROM RIGHT

FIGURE B-4. SUBROUTINE DECISN PROGRAM LISTING
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C SCENARIN 8t LATERALLY MOVING VEHICLEs INTERSECTION$ VEHICLE APPROACH
z FROM LEFT
C SCFNARIO 93 OBJECT ON ROADWAY$ PEDESTRIAN MOVES FROM CONCEALED
C POSITION
C SCENARIO 10s STATIONARY OBJECT NN T ADWAY
C SCENARIN 11s STATINNARY OBJECT ON ROADWAY:s ONCOMING VEHICLE
C DETERMINE IF MODE IS INITIALIZATION (<=0) OR EVALUATION (> 0)
C
IF(MODE ,GT. 0) 60 TO 2000
C
Cxkxxk INITIALIZATION %
C
C CNYMPUTE ADJACENT VEHICLE PROBABILITIES FOR SAFE-MANEUVERING REGIONS
©
HDIFF = HAVAVE - HAVMIN
HAVAVE = AMAXI1 (HAVAVE,0.001)
HRATIN = HDIFF/HAVAVE
HDIFF = AMAXI1(HDIFF,0.001)
C
C FRONT
TMP = LAV + LF
PF = TMP/HAVAVE
IF(TMP .GT. HAVMIN) PF = 1.0 - HRATIO*EXP ((HAVMIN-TMP)/HDIFF)
C
C REAR
TMP = LAV + LR
PR = TVP/HAVAVE
IF(TMP .GT. HAVMIN) PR = 1,0 - HRATIO*EXP ((HAVMIN-TMP)/HDIFF)
C
C FRONT OR REAR
TMP = LAV + LF + LR
PFOR = TMP/HAVAVE
IF(TMP .GT. HAVMIN) PFOR = 1.0 - HRATIOXEXP ((HAVMIN-TMP)/HDIFF)
C
PNFR = PFOR - PF
PCO = 1.0 - PSO - PBO
PSCO = PSO + PCO
PNA = 1.0 -~ PA
C
C INITIALIZE FOR APPROPRIATE SCENARIO
C SCENARIN: ] 2 3 4 5 6 7 8 9 n 11
50 TO (100,100,300,300,300,600,300,300,600,300,300),MSCEN
C
C COMPUTE CONDITIONAL PROBABILITIES FOR MANEUVER CHANGE: COLLISION$ LNOK
C
C SCENARINS 1, 2
100 PXGV = PFOR*PFOR
PXGNV = PA%*PXGV + PNA*PF*PF
PNX53V = 1.0 - PXGY
PNXGNV = 1,0 - DXGNV
C
PSGV = PSO*PNXGV
PCGV = PCO*PNXGV
PBGV = 1,0 - PSGV - PCGV
PNCGV = 1,0 - PC3V
C
PSGNV = PSO%xPNXGNV
PCGNV = PCO*PNXGNV

PNCGNV = 1.0 - PCGNV

FIGURE B-4. (continued)
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PCLGS = PNA*(1.0 + PF)*PNFR/AMAXI1 (PNXGNV,0.001)
PCL5C = PCLGS
C
PLKGS = PNA
PLKGC = PNA
PLKGB = PSCO*PNA*PNFR*(PFOR + PF)/AMAX1(PB5V,0.001)
C
TSMIN = O
RETURN
c
C SCENARIOS 3, 4, 5, 7, 8, 10, Il
300 PS = PSO
PC = PCO
PNC = 1.0 - PC
RETURN
C
c SCENARIOS 6, 9
600 PXGV = PFOR
PXGNV = PA*PFOR + PNA%PF
PNXGV = 1.0 - PXGV
PNXGNV = 1.0 - PXGNV
c
PSGV = PSO*PNXGV
PCGV = PCO*PNXGV
PBGYV = 1,0 - PSGV - PCGV
PNCGV = 1.0 - PCGV
C
PSGNY = PSO*PNXGNV
PCGNV = PCO*PNXGNV
PNCGNV = 1.0 - PCGNV
C
PCLGS = PNA*PNFR/AMAX1(PNXGNV,0.001)
PCLGC = PCLGS
c
PLKGS = PNA
PLKGC = PNA
PLKGB = PSCO*PNA*PNFR/AMAXI (PBGV,0.001)
c
TSMIN = 2.0*%UH/G
RETURN
C
C

Cxk*4%xIN THE LNOP (EVALUATION ) %4k

c

C DETERMINE MANEUVER DECISIONs COLLISION WITH ADJACENT VEHICLESS
C AND LOOK FOR ADJACENT VEHICLES

C

2000 RN! = RAND(1,0.0,1.0,0,0.0,0.0)
RN2 = RAND(!,0.0,1.0,0,0.0,0.0)

c

C SCENARIN: | 2 3 4 5 6 1 8 9 10 h
G0 TO (2100,2100,3050,2400,2400,2100,3050,3050,2100,3050,2400),
1 MSCEN

c

c SCENARIOS: t, 2, 6, 9

2107 IF(MADJ .EQ. 0) GO TO 3000
TREACT = (X0OV - X)/AMAX1(UH,0.001) - TSMIN
IF ((TREACT-TTHRSH) .LT. 0.0) GO TO 2160

FIGURE B-4. (continued)
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C DETERMINE MANEUVER DECISION GIVEN TIME TO REACT AND
C UPDATE TIME TO ACCOUNT FOR DRIVER CHECKING FOR ANDJACENT TRAFFIC
C

IF(RNI .LE. PSGV) GO TO 2120
IF(RN1 .GT. PNCGV) G0 TO 2130
MDEC = 1
IF(RN2 .LE. PLKGB) TIME
RETURN
2120 MDEC = 2
IF(RN2 .LE. PLKGS) TIME
RETURN
2130 MDEC = 3
IF(RN2 .LE. PLKGC) TIME
RETURN

TIME + TLOOK

TIME + TLNOK

TIME + TLOOK

C
C COMPUTE MANEUVER DECISION GIVEN NO TIME TO REACT AND
C DETERMINE COLLISIONS WITH ADJACENT VEHICLES
C
2160 IF(RNI .LE. PSGNV) GNn TQ 2170
IF(RN! .GT. PNCGNV) GO TO 2180
MDEC = |
RETURN
2170 MDEC = 2
IF(RN2 .LE. PCLGS) COLLF
RETURN
2180 MDEC = 3
IF(RN2 .LE. PCLGC) COLLF
RETURN

1]
[}8]

1]
no

COMPUTE MANEUVER DECISINN CONDITIONED ON GAP SIZE IN ONCOMING TRAFFIC

[e12Xe Xe!

SCENARINS: 4, 5, .11
2400 IF(MADJ .EQ. 0) GO TO 3050
GAP = XNV = X - TMP

MDEC = |
IF(GAP .LT. DTHRSH) RETURN
GO TO 3050
C
3000 PS = PSO
PC = PCO
PNC = |,0 - PC
3050 MDEC = 1|

IF(RNI .LE. PS) MDEC = 2
IF(RNI .GT. PNC) MDEC = 3
RETURN

END

FIGURE B-4. (concluded)
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C

C 6 DO

c

C
|
2
3

C
|
2
3

C

(65
|
2
3
4
5
6
7
8
9Q
A
B
C
D
E

= F
H

C
*
*
*
*
1
2
3
4

C

C

C 4k kkk

C

SUBROUTINE VEH6(MODE)
F VEHICLE MODEL

REAL IXX,1YY,IZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL 10,IB,LSKY,LSUR,KL,KVI,KV2

REAL MPHFPS ,MANDEC,LAV,LF,LR

INTEGER COLLF,DTCTF

REAL KSTAB

REAL MASS,KBHF,KRHR,KBHCF,KBHCR,KBHCG,MUXHCF , MUXHCR

COMMDN /STATES/
UH,VHW¥H,X,Y,Z,
WX,WNY ,WZ,PHI,THE,PSI,
uov, Xav, ULV, XLV, UNV, XNV

COMMON /DERIVS/
UHD, VHD ,WHD , XD, YD, ZD,
WXD,WYD,WZD,PHI1D,THED,PSID,
unvD, XNVD,ULVD, XLVD,UNVD,XNVD

COMMON /CONT/ DELSW,DELB

COMMON /PARAM/
UHO, VHO,, WHO,X0,Y0,Z20,
WX0,WYD,WZ0,PHIO, THEO,PSIO,
WEIGHT, IXX,1YY,I1Z2Z,
DF,NDR,TF,TR,ZF,ZR,HF (HR,
KF,KR,CF,CR,
MUXF,MUXR,MUYF ,MUYR,BETASF,BETASR,SNR,
KSW,KBF ,KBR,
KSC,UCMD, TDMAX,
MANDEC, TAUR, TAUP ,WC,VETH, YETH,
ABR,ABSTB,ABSTC, ASWS, ASWC, TSW,SAMAX , SWRMAX,

HNV, UOVO,DOVG,HLV,,ULVO,DLVG ,HNVMIN,HNVAVE ,UNVO,DISTSO,DISTNS,

psiBs,Lw,TAUD,TAUOVD,
LAV,HAVMIN,HAVAVE,LF,LR,PB),PSO,PA, TTHRSH,DTHRSH, TLINK,
ESKY,ESUN,RN,EN, I0,BSUND,RB,EB, 1B,BSUNB,LSKY,LSJR,
TRANS ,KL,v0,H0,PLITE ,HRTH,HPER,SIGC,KV1 ,KV2,ALPHMN,

G HEYE ,HL ITE ,HOBJ , TAUBM, TAUBS ,, TAURDM, TAURDS,
LSVF,LSVR,WSV,LOV,WOV,UHTH,VHTH

COMMON
MSCEN,MNITE,MDET,MADJ,MVEH,MSTOR,MPRT,
NU,NX,NVAR,NTRIAL,ISEED,DT,DTPRT,DTSTOR, TMAX,

DEGRAD , MPHFPS, 5, TIME ,MDEC, COLLF,DTCTF,CHDOV,SHDAV,CPST,SPSI,

FHX, FHY,FHZ ,THX, THY,THZ ,BETA ,HEAD,VTOT, VX, VY ,ATOT ,AX,AY,
UH! ,VHI (WH1,21,FX1,FY!I,FN1,BETI,FCl,FSI,
UH2,VH2,WH2¢72,FX2,FY2,FN2,BET2,FC2,FS2,
UH3,VH3,WH3,Z3,FX3,FY3,FN3,BET3,FC3,FS3,
UH4,VH4 ,WH4,Z4 ,FX4,FY4,FN4,BET4,FC4,F54

TAN(X) = SIN(X)/COS(X)

IF(MODE .NE, 0) GO TO 100

INITIALTIZATION *¥k ik

FIGURE B-5. SUBROUTINE VEH6 PROGRAM LISTING
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MASS = WEIGHT/G

WB = DF + DR

Tt = 0.5%WEIGHT/WB
WF = TI1*DR

WR = TI*DF

ZHF ZF + HF

HCG (ZHF*DF + ZHR*DR)/WB
c
BETSF = BETASF*DEGRAD
BETSR = BETASR*DEGRAD
SMUXF = SNR*MUXF
SMUXR = SNR*MUXR
SMUYF = SNR*MUYF
SMUYR = SNR*MUYR
ROFSQ = (SMUYF/SMUXF)#k2
RORSQ = (SMUYR/SMUXR)*%2
CSF = 1.5%SMUYF/BETSF
CSR = 1.5*SMUYR/BETSR
KSTAB = (1.0/CSF - 1.0/CSR)/(G*WB)
GCSR = G*CSR
UTH = 2.0*%GCSR*DT
VTH = 2.0%G*DT*(SMUYF*DR + SMUYR*DF)/WB
HR2 = 2.0%HR
c
WDF = O0.S*WEIGHT*DF
WDR = 0.5*WEIGHT*DR
KBHF = KBF/HF
KBHR = KBR/HR
KBHCF = KBHF*HCG
KBHCR = KBHR*HCG
5 KBHCG = KBHCF + KBHCR
MUXHCF = SMUXF*HCG
MUXHCR = SMUXR*HCG
DENOM = WB - MUXHCF + MUXHCR
TEMP = 0O.5%#WEIGHT/DENOM
FBFMX = SMUXF*TEWP*(DR + MUXHCR)
FBRMX = SMUXR*TEMP*(DF - MUXHCF)
FBMAX = 2,0%(FBFMX + FBRMX)
DBPMAX = AMAXI!(FBFMX/KBHF ,F3RMX/KBHR)
c
RETURN
c
Chdekdi IN THE LODP dkidk
C
C COMPUTE STEERING, BRAKING, AND DRIVE FORCES
C
100 DELW = KSWADEGRAD*DELSW
DELBP = DELB*DBPMAX
FT =0
IF(DELB .EQ. 0.0) FT = AMIN! (-KSC*(UH-UCMD), TDMAX)/HR2
FBF = KBHF*DELBP
FBR = KBHR*DELBP
CDELW = COS(DELW)
SDELW = SIN(DELW)
c
C COMPUTE DISPLACEMENTS, VELOCITIFS, AND FORCES AT EACH WHEEL
C
c VERTICAL DISPLACEMENTS

FIGURE B-5. (continued)
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T1 = TF*PHI

T2 = DF*THE

T3 = TR*PHI

T4 = DR+*THE

Zl = Z + Tl - T2

22 =7Z~-T! -T2

Z3 =7+ T3 + T4

Z4 = 7Z - T3 + T4
WHEEL VELOCITIES IN BODY FRAME
Tl = WZ*TF

T2 = WY*ZF

T3 = WZ*TR

T4 = WY*ZR

Ul = =TI + T2

U2 = + Tl + T2

U3 = - T3 + T4

Us = + T3 + T4

VI = WZ*DF - WX*HCG
V2 = Vi

V3 =-WZ*DR - WX*HCG
V4 = V3

Tl = WX*TF

T2 = WY*DF

T3 = WX*TR

T4 = WY*DR

Wl =+ T - T2

W2 = - T1 - T2

W3 =+ T3 + T4

W4 = - T3 + T4

WHEEL VELOCITIES IN HORIZONTAL BODY FRAME

UHI = UH + Ul + THE*WI
UH2 = UH + U2 + THE*W2
UH3 = UH + U3 + THE*W3
UH4 = UH + U4 + THE#W4
VHI = VH + VI - PHI#*WI
VH2 = VH + V2 - PHI#W2
VH3 = VH + V3 - PHI*W3
VH4 = VH + V4 -~ PHI*W4
WHI = WH + Wl - THE*U! + PHI*V|
WH2 = WH + W2 - THE*U2 + PHI*V2
WH3 = WH + W3 - THE#U3 + PHI*V3
WH4 = WH + W4 - THExU4 + PHI*V4

TIRE SIDESLIP

BETI = ATAN(VHI/AMAX1(ABS(UH1),0,001)) - DELW*SIGN(1.0,UH!)
BET2 = ATAN(VH2/AMAX1(ABS(UH2),0.001)) - DELW*SIGN(1.0,UH2)
BET3 = ATAN(VH3/AMAXI (ABS(UH3),0,001))

BET4 = ATAN(VH4/AMAX](ABS(UH4),0.001))

BETN! = SIGN(AMINI (ABS(BETI/BETSF),1.0),BETI)

BETN2 = SIGN(AMINI! (A3S(BET2/BETSF),!.0),BET2)

BETN3 = SIGN(AMINI (ABS(BET3/BETSR),1.0),BET3)

BETN4 = SIGN(AMINI (ABS(BET4/BETSR),!.0),BET4)

TBET! = TAN(BET!)

FIGURE B-5. (continued)
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TBET2 = TAN(BET2)
TBET3 = TAN(BET3)
TBET4 = TAN(BET4)

NORMAL TIRE FORCES
FNI = WF 4 KF*Zi + CF*WHI

FN2 = WF + KF#*Z2 + CF*WH2

FN3 = WR # KR*Z3 + CR*WH3

FN4 = WR + KR¥*Z4 + CR*WH4

FMY1 = SMUYF*FENI

FMY2 = SMUYF*FN2

FMY3 = SMUYR*FN3

FMY4 = SMUYR*FN4

FCMI = FMY!/SQRT(ROFSQ + TBET! **2)
FCM2 = FMY2/SQRT(ROFSQ + TBET2#%*2)
FCM3 = FMY3/SQRT(RORSQ + TBET3#%2)
FCM4 = FMY4/SQRT(RORSQ + TBET4+%2)

CIRCUMFERENTIAL TIRE FORCES

FCi = =SIGN(AMINI(FBF,FCMI1),UHI)

FC2 = =-SIGN(AMIN1(FBF,FCM2),UH2)

FC3 = ~SIGN(AMINI(FBR,FCM3),UH3) + AMINI(FT,SMUXR*FN3)
FC4 = -SIGN(AMINI(FBR,FCM4),UH4) + AMINI (FT,SMUXR*FN4)
FSM1 = SQRT(ABS(FMY|#*2 — ROFSQ*FCl*%*2))

FS42 = SORT(ABS(FMY2*%2 - ROFSQ*FC2+%2))

FSM3 = SQRT(ABS(FMY3#+*x2 - RORSQ*FC3+*2))

FSM4 = SORT(ABS(FMY4+k2 - RORSQ*FC4**2))

SIDE TIRE FORCES

FS1 = O,5%BETNI*(3,0 - BETNI*%2)%FMY| + FBF*TBET!
FS2 = 0.5%BETN2*(3.D0 ~ BETN2**2)*FMY2 + FBF*TBET2
FS3 = 0.,5%BETN3* (3.0 - BETN3#%x2)*FMY3 + FBR#TBET3
FS4 = O.,5%BETN4* (3.0 -~ BETN4**2)*FMY4 + FBR*TBET4
FS! = =SIGN(AMINI (ABS(FS1),FSM1),BET1)
FS2 = -SIGN(AMIN] (ABS(FS2),FSM2),BET2)
FS3 = -SIGN(AMINI (ABS(FS3),FSM3),BET3)
FS4 = -SIGN(AMINI (ABS(FS4),FSM4),BET4)

LONGITUDINAL TIRE FORCES

FX! ='FCI*CDELW - FSI|*SDELW
FX2 = FC2*CDELW - FS2*SDELW
FX3 = FC3
FX4 = FC4

LATERAL TIRE FORCES

FY! = FCI*SDELW # FSI1*CDELW
FY2 = FC2#SDELW + FS2*CDELW
FY3 = FS3
FY4 = FS4

COMPUTE TOTAL FORCES AND MOMENTS IN HORIZONTAL BODY FRAME

FHX = FX! + FX2 + FX3 + FX4
FHY = FY! + FY2 + FY3 + FY4
FHZ =-FNI - FN2 - FN3 - FN4 + WEIGHT

FIGURE B-5. (continued)
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OO0 O

OO0

OO0

oleXe]

THX = TF*(FN2-FN!) + TR*(FN4-FN3) - HCG*FHY
THY = DF*(FN1+FN2) — DR*(FN3+FN4) + HCG*FHX
THZ = TF*(FX2-FX1) + TR*(FX4-FX3) + DF*(FYI1+FY2) — DR*x(FY3+FY4)

IF(ABS(UH) .GT. UTH .0OR. ABS(VH) .GT. VTH) GN TO 150
UPDATE STATE DERIVATIVES FOR VELOCITIES BELOW THRESHOLD

WZ = UH*DELW/(WB*(1.0 + KSTAB*UH#**2))
WX = -WZ*THE

WXD = 0

WYD = ((IZZ-TXX)*WZ*WX + THY)/I1YY
Wz = 0

PHI = O

PHID = O

THED = WY

PSID = WZ

VH = (1.0 - UH/GCSR)*DR*WZ

UHD = PSID*VH + FHX/MASS

VHD = 0

WHD = FHZ/MASS

GN TO 200

UPDATE ANGULAR RATE AND ATTITUDE DERIVATIVES IN BODY FRAME

150 WXD = ((IYY-1ZZ)*WY*NZ + THX - THE*THZ)/IXX
WYD = ((IZZ-IXX)*WZxNX + THY + PHI*THZ)/IYY
WZD = ((IXX~-IYY)*WX+*WY + THZ + THE*THX - PHI*THY)/IZZ
PHID = WX + WZ*THE
THED = WY - WZ*PHI
PSID = WZ + WY*PHI

UPDATE VELOCITY DERIVATIVES IN HORIZONTAL BODY FRAME

UHD = PSID*VH + FHX/MASS
VHD =-PSID*UH + FHY/MASS
WHD = FHZ/MASS

UPDATE POSITION DERIVATIVES IN INERTIAL FRAME

200 XD = CPST*UH - SPSI*VH
YD = SPSI#UH + CPSI*VH
ZD = WH
RETURN
END

FIGURE B-5. (concluded)
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c

SUBRDUTINE VEH3(MODE)

C 3 DNF VEHICLE MODEL

c

Cc
c
C

|
2
3

|
2
3

ZTOTMUOW> o0~ swN—

W — % % F

REAL IXX,1YY,I1ZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,XBR,KSC
REAL LW

REAL LSVF,LSVR,LNV

REAL 10,IB,LSKY,LSUR,KL,KVI,KV2

REAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER COLLF,DTCTF

REAL KSTAB

REAL MASS,KBHF,KBHR,KBHCF,KBHCR,KBHCG,MUXHCF , MUXHCR

COMMON /STATES/
UH,VH,WH,X,Y,Z,
WX ,WY,NZ,PHI, THE,PSI,
uov, Xov, ULV, XLV, UNV, XNV

COMMON /DERIVS/
UHD, VHD , WHD,XD,YD,ZD,
WXD,WYD,WZD,PHID,THED,PSID,
uovDd, XovD,ULVD, XLVD,UNVD, XNVD

COMMON /CONT/ DELSW,DELB

COMMON /PARAM/
UHO, VHO, WHO,X0,Y0,Z0,
Wxo, WYyo,Wzo,PHIQ,THEO,PSIO,
WEISHT, IXX,IYY,17Z,
DF,DR,TF,TR,ZF,ZR,HF ,HR,
KF,KR,CF,CR,
MUXF ,MUXR,MUYF ,MUYR,BETASF ,BETASR,SNR.
KSW,KBF ,KBR,
KSC,UCMD, TDMAX,
MANDEC, TAUR,TAUP,WC,VETH, YETH,
ABR, ABSTB, ABSTC, ASWS, ASWC, TSW, SWMAX, SWRMAX,

HOv,U0vo,DOVSG HLV,ULVO,DLVG ,HNVMIN (HNVAVE ,UNVO,DISTSO,DISTNS,

PSIB,LW, TAUD, TAUOVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA, TTHRSH,DTHRSH, TLJOK,
ESKY,ESUN, RO, EQ, I0Q,BSUNG, RB,EB, IB,BSUNB,LSKY,LSUR,
TRANS ,KL,VvN,HO,PLITE,HRTH,HPER,SIRC,KVI KV2,ALPHMN,
HEYE,HLITE,HOBJ, TAUBM,TAUBS, TAURDM, TAURDS,
LSVF,LSVR,WSV,LOV,NOV,UHTH, VHTH

COMMON
MSCEN,MNITE,MDET , MADJ ,MVEH,MSTOR ,MPRT,
NU,NX,NVAR,NTRIAL, ISEED,DT,NTPRT ,DTSTOR, TMAX,

DEGRAD, MPHFPS, 5, TIME, MDEC,COLLF,DTCTF, C4DIV,SHNIV,CPST, SPST,

FHX,FHY,FHZ, THX, THY, THZ ,BETA ,HEAD, VTOT,VX,VY,ATOT, AX, AY,
UHI,VHI (WH1,Z1 ,FX1,FY1,FNI,BETI,FC1,FSt,
UH2,VH2,WH2,Z22,FX2,FY2,FN2,BET2,FC2,FS2,
UH3,VH3,WH3,23,FX3,FY3,FN3,BET3,FC3,FS3,
UH4,VH4 ,WH4,Z24 ,FX4,FY4,FN4 BET4,FC4,FS4

TAN(X) = SIN(X)/COS(X)
IF(MONE .NE. 0) GO TO 100

Cohkdedek INTTTALIZAT ION ks

c

FIGURE B-6. SUBROUTINE VEH3 PROGRAM LISTING
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MASS = WEIGHT/G

WB = DF + DR
Tl = 0.5*WEIGHT/WB
WF = TI1*DR
WR = TI*DF
ZHF = ZF + HF
ZHR = ZR + HR
HCG = (ZHF*DF + ZHR+*DR)/WB
c
BETSF = BETASF*DEGRAD
BETSR = BETASR*DEGRAD
SMUXF = SNR*MUXF
SMUXR = SNR*MUXR
SMUYF = SNR*MUYF
SMUYR = SNR*MUYR
ROFSQ = (SMUYF/SMUXF)#**2
RORSQ = (SMUYR/SMUXR ) **2
CSF = 1.5*%SMUYF/BETSF
CSR = 1.5*SMUYR/BETSR
KSTAB = (1.0/CSF - | .0/CSR)/(G*NB)
GCSR = G*CSR
UTH = 2.0%GCSR*DT
VIH = 2.0*G*DT*(SMUYF#*DR + SMUYR*DF)/nB
HR2 = 2.0%HR
C
WDF = O.5*WEIGHT*DF
WDR = O0.5*WEIGHT*DR
KBHF = KBF/HF
KBHR = KBR/HR
KBHCF = KBHF*HCG
KBHCR = KBHR*HCG
KBHCG = KBHCF + KBHCR
c
MUXHCF = SMUXF*HCG
MUXHCR = SMUXR*HCG
DENOM = WB - MUXHCF + MUXHCR
TEMP = 0.5*%WEIGHT/DENNM
FBFMX = SMUXF*TEMP*(DR + MUXHCR)
FBRMX = SMUXR*TEMP*(DF - MUXHCF)
FBMAX = 2.0+#(FBFMX + FBRMX)
DBPYMAX = AMAXI(FBFMX/KBHF ,FBRMX/KBHR)
c
RETURN
c
Cxhkik IN THE LOOP *4k ik
C
C COMPUTE STEERING, BRAKING, AND DRIVE FORCES
C
100 DELW = KSW*DEGRAD*DELSW
DELBP = DELB*DBPMAX
FT = 0O
IF(DELB .EQ. 0.0) FT = AMINI (=KSC*x(UH-UCMD),TDMAX)/HR2
FBF = KBHF*DELBP
FBR = KBHR*DELBP
CDELW = COS(DELW)
SDELW = SIN(DELW)
c
C COMPUTE VELOCITIES AWD FNRCES AT EACH WHFEEL
€
c LONSITUDINAL WHEEL VELOCITIES IM HORIZONTAL BODY FRAME

FIGURE B-6. (continued)
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UF = WZ*TF

UR = WZxTR

UH!I = UH - UF

UH2 = UH + UF

UH3 = UH - UR

UH4 = UH + UR

LATERAL WHEEL VELOCITIES IN HNRIZONTAL BODY FRAME
VF = WZ*DF

VR = WZ*DR

VHI = V4 + VF

VH2 = VHI

VH3 = VH - VR

VH4 = VH3

TIRE SIDESLIP

BET! = ATAN(VH!/AMAX1(ABS(UH1),0.001)) = DELW*SIGN(1.0,UH!1)
BET2 = ATAN(VH2/AMAX1(ABS(UH2),0.001)) —~ DELW*SIGN(1.0,UH2)
BET3 = ATAN(VH3/AMAX1.(ABS(U43),0,001))

BET4 = ATAN(VH4/AMAX! (ABS(UH4),0.001))

BETN! = SIGN(AMIN! (ABS(BET1/BETSF),1.0),BETI)
BETN2 = SIGN(AMINI (ABS(BET2/BETSF),!1.0),BET2)
BETN3 = SIGN(AMIN! (ABS(BET3/BETSR),|.0),BET3)
BETN4 = SISN(AMINI(ABS(BET4/BETSR),!.0),BET4)
TBET! = TAN(BETI)

TBET2 = TAN(BET2)

TBET3 = TAN(BET3)

TBET4 = TAN(BET4)

FNX = 0.5*FHX*HCG/WB

TEMP = 0,5*FHY*HCG/ (KF+KR)

FNYF = KF¥TEMP/TF

FNYR = KR*TEMP/TR

NORMAL TIRE FNRCES

FN1 = WF - FNX - FNYF

FN2 = WF - FNX + FNYF

FN3 = WR + FNX - FNYR

FN4 = WR + FNX + FNYR

FMY!l = SMUYF*FNI

FMY2 = SMUYF#*FN2

FMY3 = SMUYR*FN3

FMY4 = SMUYR*FN4

FCM!I = FMYI/SORT(RDOFSQ + TBETI**2)

FCM2 = FMY2/SQRT(ROFSQ + TBET2#%*2)

FCM3 = FMY3/SQRT(RORSQ + TBET3#*2)

FCM4 = FMY4/SQRT(RORSQ + TBET4#x2)
CIRCUVMFERENTIAL TIRE FDRCES

FCl = ~SIGN(AMINI(FBF,FCMI1},UHI1)

FC2 = -SIGN(AMINI(FRF,FCM2),UH2)

FC3 = =SIGN(AMINI(FBR,FCM3),UH3) + AMINI(FT,SMUXR*FN3)
FC4 = ~SIGN(AMINI (FBR,FCM4),UH4) + AMINI (FT,SMUXR*FN4)
FSMI = SQRT(ABS(FMY1#**2 — ROFSQ*FCl*%2))

FSM2 = SQRT(ABS(FMY2+%2 — ROFSQ*FC2%x%2))

FSM3 = SQRT(ABS(FMY3#%%x2 - RIRSQ*FC3**2))

FIGURE B-6. (continued)
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FSM4 = SQRT(ABS(FMY4*%x2 - RORSQA+FC4%%2))

c
Cc SIDE TIRE FORCES
FS! = O0.5#BETNI#(3.0 - BETNI| #42)*FMY! + FRF*TBETI
FS2 = 0,5*%BETN2*(3.0 - BETN2#%2)*FMY2 + FBF#*TBET?
FS3 = 0.5#BETN3%(3.0 -~ BETN3%*2)*FMY3 + FBR+T3:T3
FS4 = 9.5%BETN4%(3.0 - BETN4+**2)kFMY4 + FRR+«TRET4
c
FS1 = ~-SIGN(AMIN1 (ABS(FS1),FSM1),BET1)
FS2 = -SIGN(AMIN! (AB3(FS2),FS42),BET2)
FS3 = -SIGN(AMIN1(ABS(FS3),FSM3),BET3)
FS4 = -SIGN(AMIN! (ABS(FS4),FS44),BET4)
c
c LONGITUDINAL TIRE FORCES
FX! = FCI*CDELW - FSI*SDELW
FX2 = FC2%CDELW - FS2#SDELW
FX3 = FC3
FX4 = FC4
Cc
C LATERAL TIRE FORCES
FY! = FCI*SDELW + FS1*CDELW
FY2 = FC2*SDELW + FS2#CDELW
FY3 = FS3
FYa = FS4
C
C COMPUTE TOTAL FORCES AND MOMENTS IN HORIZONTAL PLANE
c
FHX = FX1 + FX2 + FX3 + Fx4
FHY = FYl + FY2 + FY3 + FY4
c
THZ = TF*(FX2-FX1) + TR*(FX4-FX3) + DF*(FYI+FY2) - DR*(FY3+FY4)
c
IF(ABS(UH) .GT. UTH .OR. ABS(VH) .GT. VTH) G0 TO 150
c
C UPDATE STATE DERIVATIVES FOR VELOCITIES BELOW THRESHOLD
c
WZ = UH*DELW/(WB* (1.0 + KSTAB*UH#**2))
WZD = 0
PSID = WZ
Cc
VH = (1,0 - UH/GCSR)*DR*PSID
UHD = PSID*VH + FHX/MASS
VHD = 0
GO TO 200
Cc

C UPDATE YAW RATE AND ATTITUDE DERIVATIVES IN BODY FRAME
c
150 WZD = THZ/1ZZ
PSID = WZ
c

C UPDATE VELOCITY DERIVATIVES IN HORIZONTAL PLANE
c

UHD = PSID*VH + FHX/MASS
VHN =-PSID*UH + FHY/MASS
Cc
C UPDATE POSITION DERIVATIVES IN INERTIAL FRAME
c
200 XD CPSI*UH - SPSI+VH
YD SPSI*UH + CPSI*VH
RETURN
END

FIGURE B-6. (concluded)
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SUBROUTINE VEH2(MODE)
2 DNF LATERAL-AXIS VEHICLE MODEL

OO0

REAL TXX,IYY,IZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL I0,IB,LSKY,LSIUR,KL,KVI,KV2

REAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER COLLF,DTCTF

REAL NV,NR,NDW,KSTAB

COMMON /STATES/
! UH,VH,WNH,X,Y,Z,
2 WX ,WY,NZ,PHI,THE,PSI,
3 uov, X0V, ULV, XLV, UNV, XNV

COMMON /DERIVS/

! UHD, VHD , WHD, XD, YD, 2N,

2 WXD,WYD,WZD,PHID,THED,PSID,

3 unvb, Xovb,ULVD, XLVD,UNVD, XNVD

COMMON /CDNT/ DELSW,DELB

COMMON /PARAM/
UHO, VHO, WHO, X0,YO0,20,
WX0,WYD,WZ0,PHIO, THEO,PSIO,
WEIGHT, IXX,I1YY,1ZZ,
DF,DR,TF,TR, 2F,ZR,HF ,HR,
KF,XR,CF,CR,
MUXF,MUXR,MUYF ,MUYR,BETASF ,BETASR,SNR,
KSW,KBF ,KBR,
KSC,UCMD, TDMAX,
MANDEC, TAUR, TAUP ,WC,VETH, YZTH,
ABR,ABSTB,ABSTC, ASWS, ASWC, TSW,SWMAX ,SWRMAX ,
HOV, U9v0,DIVG,HLV,ULVO,DLVS, HNVYIN ,HNVAVE ,UNVN,DT1STSN,DISTNS,
PS1B,LW,TAUD,TAUGVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBN,PSO,PA, TTHRSH,DTHRSH, TL.NNK,
ESKY, ESUN,RD,EN, I0,BSUNN,RB,ER, I8,RSUNR,LSKY,LSUR,
TRANS,KL,VO,HO,PLITE,HRTH ,HPER,SIGC,¥VI ,KV2 ,ALP"IMN,
HEYE ,HLITE,HIBJ, TAUBM,TAURS, TAURDM, TAURDS,
LSVF,LSVR,WSV,LOV,WOV,U4TH,VHTH

IZTOTMTOOID> 0O~ H WN —

CNMMON
MSCEN,MNITE,MDET ,MADJ (MVEH , MSTOR , MPRT,
NU,NX,NVAR,NTRIAL, ISEED,DT,DTPRT,DTSTNR, TMAX,
DEGRAD, MPHFPS,G, TIMF,MDEC, COLLF,DTCTF,CHDOV, SHDNV,CPSI,SPST,
FHX, FHY,FHZ, THX, THY, THZ,BETA,HEAD,VTAT,VX,VY ,ATOT ,AX,AY,
UH1, VHI (WHI ,Z1 ,FXt,FYI,FN1,BETI,FCI1,FSI,
UH42,VH2 ,WH2,Z2,FX2,FY2,FN2,BET2,FC2,FS2,
UH3,VH3,WH3,Z3,FX3,FY3,FN3,BFT3,FC3,FS3,
UH4,VH4 ,WH4,Z4 ,FX4,FY4,FN4 ,BET4,FC4,FS54

W= %+ *+ %

C
IF(MODE .NE. 0) GO TN 1n0
C
CHhiakk INITIALTZATION®* %k
c
WB = DF + DR
DFDR = DF*DR/WB
WIZZ = WEIGHT/1ZZ
(U0 = G/UHD

FIGURE B-7. SUBROUTINE VEH2 PROGRAM LISTING
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WIZZUO = WIZZ/UHO

BETSF = BETASF*DEGRAD
BETSR = BETASR*DEGRAD
SMUYF = SNR*MUYF
SMUYR = SNR*MUYR
CSF = 1.5%SMUYF/BETSF
CSR = 1.5%*SMUYR/BETSR
c
YV = -GJO*DFDRx(CSF/DF + CSR/DR)
YR = -GUO*DFDR*(CSF - CSR)
YDW = G*DR*CSF/WB
NV = -WIZZUO*DFDR*(CSF - CSR)
NR = -WIZZUO*DFDR* (DF*CSF + DR*CSR)
NDW = WIZZ*DFDR*CSF
YRMUO = YR - UH"
c
GCSR = G*CSR
KSTAB = (1.0/CSF - 1.0/CSR)/(G*W3)
GRDW = UHO/(WB* (1.0 + KSTAB*UHO#**2))
GVDW = (1.0 - UHO/SCSR)*DR*GRDA
UTH = 2.0*GCSR*DT
C
UHD = O
C
RETURN
c
Chxddk IN THE LOOP**4+k
c

100 DELW = KSW+DEGRAD*DELSW
IFCABS(UH) .GT. UTH) GJ TO 150

C
C COMPUTE STEADY-STATE LATERAL VELOCITY AND YAW RATE IN BODY FRAME
c

VHD = 0
WZD = O
VH = GVDW*DELW
WZ = GRDW*DELW
GO TO 200
c
C UPDATE LATERAL VELICITY AND YAW RATE DERIVATIVES
c
150 VHD = YV&VH + YRMUO*WZ + YDW*DELW
WZD = NV%VH + NR *WZ + NDW#DELW
(C
C UPDATE LONGITUDINAL, LATERAL POSITION AND YAW ATTITUDE DERIVATIVES
C

200 XD = CPSI*UH - SPSI*VH
YD = SPSI*UH + CPSI*VH
PSIN = WZ

RETURN
END

FIGURE B-7. (concluded)
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SUBRNUTINE VEH! (MODE)
F LONGITUDINAL-AXIS VEHICLE MODEL

REAL IXX,1YY,IZZ,KF,KR,MUXF,MUXKk,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL 10,1B,LSKY,LSUR,KL,KVI,KV2

REZAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER COLLF,,DTCTF

REAL MASS,KBHF,KBHR,KBHCF ,KBHCR,KBHCG, MUXHCF , MUXHCR

COMMON /STATES/
UH,VH,NH,X,Y,Z,
WX,WY,NZ,PHI,THE,PSI,
unv, Xov,ULv, XLV,UNV, XNV

COMMON /DERIVS/
UHD, VHD, WHD, XD,YD,ZD,
WXD,WYD,WZD,PHID,THED,PSID,
uavn, Xovb,ULvVD, XLVD,UNVD, XNVD

COoMMON /CONT/ DELSW,DELB

COMMON /PARAM/
UHO, VHO,WHO, X0,Y0,Z0,
WX0,WNYO,WZO,PHIO,THEO,PSIO,
WEIGHT, IXX,1YY,I12ZZ,
DF,DR,TF,TR,ZF,ZR,HF ,HR,
KF,KR,CF,CR,
MUXF ,MUXR,MUYF ,MUYR,BETASF,BETASR,SNR,
KSW, KBF,KBR,
KSC,UCMD, TDMAX,
MANDEC, TAUR, TAUP,WC,VETH,YETH,
ABR, ABSTB,ABSTC,ASWS,ASWC,TSW,SWMAX , SWRMAX,
HOov, yovo,DoveG,HLV,ULVO,DLVG,HNVMIN ,HNVAVE,,UNVO,DISTSO,DISTNS,
PSIB,LW,TAUD,TAUQVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA,TTHRSH,DTHRSH, TLDOK,
ESKY, ESUN, RO, EOQ, 10,BSUNO,RB,EB,IB,BSUNB,LSKY,LSUR,
TRANS,KL,VN,HO,PLITE HRTH,HPER,SIGC,KV!,KV2, ALPHMN,
HEYE,HLITE,HOBJ, TAUBM, TAUBS,, TAURDM,TAURDS,
LSVF,LSVR,WSV,L0OV,WOV,UHTH, VHTH

COMMNN
MSCEN,MNITE, MDET ,MADJ ,MVEH,MSTOR,MPRT,
NU,NX,NVAR,NTRIAL, ISEED,DT,DTPRT,NDTSTOR, TMAX,
DEGRAD, MPHFPS,5, TIME,MDEC, COLLF,,DTCTF , CHDOV,SHDOQV,CPSI,SPST,
FHX,FHY,FHZ, THX,THY,THZ ,BETA ,HEAD,VTOT,VX,VY,ATOT,AX, AY,
UH1,VHI ,WH1,Z1,FX1,FY1,FNI,BETI,FCI,FSI,
UH2,VH2,WH2,Z2,FX2,FY2,FN2,BET2,FC2,FS2,
UH3,VH3,WH3,23,FX3,FY3,FN3,BET3,FC3,FS3,
UH4,VH4 ,WH4,74 ,FX4,FY4 ,FN4 ,BET4,FC4,FS4

IF(MODE .NE. 0) 10 TO 100

Cohkxdde INTTITALTZATINN sk ek

C

MASS = WEIGHT/G

WB = DF + DR

WDF 0.5*KEIGHT*DF
WDR 0.5*WEIGHT*DR

FIGURE B-8. SUBROUTINE VEH1 PROGRAM LISTING
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ZHF = ZF + HF
ZHR = ZR + HR
HCG = (ZHF*DF + ZHR*DR)/WB
KBHF = KBF/HF
KBHR = KBR/HR
KBHCF = KBHF*HCG
KBHCR = KBHR*HCG
KBHCG = KBHCF + KBHCR
C
SMUXF = SNR*MUXF
SMUXR = SNR*MUXR
MUXHCF = SMUXF*HCG
MUXHCR = SMUXR*HCG
DENOMF = WB - MUXHCF
DENJMR = WB + MUXHCR
DENOM = WB - MUXHCF + MUXHCR
TEMP = 0,5*WEIGHT/DENOM
FBFMX = SMUXc*TEMPX*(DR + MUXHCR)
FBRMX = SMUXR#«TEMP*(DF - MUXHCF)
FBMAX = 2.0%(FBeMX + FBRMX)
C
DBFTH = WDR/(KBHF*WB/SMUXF - KBHCG)
NBRTH = WDF/(KBHR*WB/SMUXR + KBHCG)
DBPMIN = AMINI(DBFTH,DBRTH)
DBPMAX = AY%AX1(FBFMX/KBHF,FBRMX/KBHR)
c
RETURN
C
Chkx+xIN THE LOOP ** %k
c

C COMPUTE LONGITUDINAL FORCE DUE TO BRAKING
C
100 DELBP = DELB*DBPMAX
FBF = KBHF*DELBP
FBR = KBHR*DELBP
IF(DELBP .GT. DBPMIN) GO TO 110

c
C NJ WHEELS LOCKED
FHX = -SIGN(2.0*%(FBF+FBR),UH)
GO TO 150
C
110 IF(DELBP .GE. DBPMAX) GO TO 140
IF(DBFTH - DBRTH) 120, 130, 130
C
c FRONT WHEELS LOCKED
120 FHX = =SIGN(2.0%x(WDR*SMUXF + FBR*WB)/DENOMF,UH)
GN TO 150
c
c REAR WHEELS LOCKED
130 FHX = =SIGN(2.0*% (WDF*SMUXR + FBF*WB)/DENOMR,UH)
GO TN 150
Cc
C ALL WHEELS LOCKED
140 FHX = -SIGN(FBMAX,UH)
150 CONTINUE
C

C UPDATE LONGITUDINAL VELNCITY AND POSITION DERIVATIVES
C

UHD = FHX/MASS

XD = UH

RETURN
END
FIGURE B-8. (concluded)
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SUBROUTINE DRIVER(MODE)
DRIVER CONTROL MODEL

REAL IXX,IYY,I1ZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL I0,1B,LSKY,LSUR,KL,KV!,KV2

REAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER COLLF,DTCTF

REAL KPSI,KY

DIMENSINN VES(100),YES(100),PSILS(1.00)

COMMON /STATES/

UH,VH,WH,,X,Y,Z,
WX,NY,WNZ,PHT,THE,PSI,
uav, Xov, ULV, XLV, UNV, XNV

COMMON /DERIVS/

UHD, VHD,WHD,XD,YD,ZD,
WXo,wyn,wzb,PHID,THED,PSID,
uovnD, XovD,ULVD, XLVD,UNVD,XNVD

COMMON /CONT/ DELSW,DELB
COMMON /PARAM/

UHO, VHN, WHO,X0,Y0,Z0,

WXo,WYo,WzZ0,PHIO,THEO,PSIO,

WEIGHT, IXX,1YY,12Z,

DF,DR,TF,TR,ZF,ZR,HF ,HR,

KF,KR,CF,CR,

MUXF , MUXR,MUYF,MUYR,BETASF ,BETASR,SNR,

KSW,KRF,KBR,

KSC,UCMD, TDMAX,

MANDEC, TAUR, TAUP,WC,VETH,YETH,

ABR,ABSTB,ABSTC,ASWS ,ASWC,TSW,SAMAX,SWRMAX,
HOvV,U0v0,DIVG,HLYV,ULVO,DLVG,HNVMIN ,HNVAVE,UNVO,DISTSO,DISTNS,
PSIB, LW, TAUD, TAUOVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA, TTHRSH,DTHRSH, TLOJK,
ESKY, ESUN, RO, EOQ, I10,BSUND,RB,EB, IB,BSUNB,LSKY,LSUR,
TRANS ,KL,V13,HO,PLITE,HRTH,HPER,SIGC,KVI KV2,ALPHMN,
HEYE,HLITE,HOBJ, TAUBM, TAUBS, TAURDM, TAURDS,
LSYF,LSYR,WSV,LNOV,WOV,UHTH,VHTH

COMMNN

MSCEN,MNITE, MDET ,MADJ , MVEH,MSTNR ,MPRT,

NJ NX,NVAR,NTRTAL, ISEED,DT,DTPRT,DTSTOR,TMAX,

DEGRAD, MPHFPS,5, TIME,MDEC, COLLF ,DTCTF ,CHDOV, SHDQV,CPSI,SPSI,
FHX,FHY,FHZ, T4X,THY,THZ,BFTA ,HEAD,VTOT, VX,VY, ATOT,AX, AY,
UH1,VHI,WHI ,Z1,FX1,FYI,FNI,BET!,FCI1,FSI,
UH2,VH2,WH2,72,FX2,FY2,FN2,BET2,FC2,FS2,
Ud3,v43,wWH3,23,FX3,FY3,FN3,BET3,FC3,FS3,

UH4,VH4 ,WH4 ,74 ,FX4,FY4,FN4 ,BET4,FC4,FS4

[F(MIDE NE. 0) GO TO 100

Caexkkkke INT TTALTZATINDN *k ket
~

~

c

4. 0%xATAN(1.0)

FIGURE B-9. SUBROUTINE DRIVER PROGRAM LISTING
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XNEL = TAUR/AMAX! (DT,0.001) + 0.5
IF(KDEL .EQ. 0) 50 TO 15

KDEL = MINO(KDEL,110)
o0 10 K = 1, KDEL
VES(K) = 0

YES(K) = O

PSILS(K) = 0

K =20

YCUD = -LW

I[F(SHDQV .EQ. -1.0) YCMD = LW
ALFP=1.0/TAUP

GPSI = WC*(DF+DR)/KSW
GCSR = | .5*%G*SNR*MUYR/(BETASR*DEGRAD)
TLTH = 2.0%DT

WSW = 2.0%PI/TSHW
SWDMAX = SWRMAX*DT

TIMEB
TIMES
NELSW
DELSWP = O

DELB = 0O

UHI = AMAXI(UH,0.001)
RETURN

W
[eNeoRe)

*%%xxk [N THE LOOP %%k

PERCEPTINN/DECISINON MDDEs: SET MANEUVER COMMANDS

109

160

170

1892

GO TO (160,170,180), MDEC
BRAKING MANEUVER (MDEC = 1)

VXC = 0

YC =0

ABST = ABSIB

GO TO 200

STEERING MANEUVER (MDEC = 2)
VXC = VX

YC = YCMD

ASN = ASWS

GO TO 200

BRAKING AND STEERING MANEUVER (MDEC = 3)

VXC =0

YC = YCMD
ABST = ABSTC
ASW = ASWC

TIME DELAY PHASE
200 CONTINUE

TL = UH/GCSR

IF(TL .LT. TLTH) TL = O
IF(KDEL .EQ. 0) GN TO 210
K = MOD(K,KDEL) + 1

VE VES (K)

YE YES(K)

PSIL = PSILS(K)

FIGURE B-9. (continued)
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VES(K) = VXC - VX
YES(K) = YC - Y
PSILS(K) = PSI + TL*WZ
GO TO 220

210 VE = VXC - VX
YE = YC~-Y
PSIL = PSI + TL#NWZ

220 IF(ABS(VE) ,LT. VETH .AND. ABS(YE) «.LT. YETH) GO TO 300

RAPID RESPONSE PHASE (OPEN-LOOP)

BRAKING INPUT

230 IF(MDEC .EQ. 2) GO TN 240
DELB = AMINI! (ABR*TIMEB,ABST)
IF(ABR .EQ. 0.0) DELB = ABST

TIMEB

TIMEB + DT

STEERING INPUT
240 IF(MDEC .E?. 1) GO TO 300
IF(TIMES .GT. TSW) GO TO 300
DELSWN = SIGN(ASW,YC)*SIN(WSW*TIMES)

TIMES
RETURMN

TIMES + DT*UH/UHI

ERRNR REDUCTION PHASE (CLOSED-LOOP)

300 UHL =
KPSI =

A

MAX1 (UH,UHTH)
PSI/UHL

KY = ALFP/UHL
PSIC = KY*YE

DELSW
DELSW

KPSI*(PSIC - PSIL)/DEGRAD
SIGN(AMIN! (ABS(DELSW) , SWMAX) ,DELSHW)

DELSWD = DELSW - DELSWP

IF(ABS(DELSWD) .GT. SWDMAX) DELSW = DELSWP + SIGN(SWDMAX,DELSWD)
DELSWP = DELSW

DELB = DELB*AMINI(ABS(UH/UHTH),1.0)

RETURN
END

FIGURE B-9. (concluded)
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SUBROUTINE COLL (MODE)
COLLISION DETERMINATION ALGORITHM

REAL IXX,1YY,IZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL I0,IB,LSKY,LSUR,KL,KVI,KV2

REAL MP4FPS MANDEC,LAV,LF,LR

INTEGER CULLF DTCTF

REAL LSVH,LOVH,LSVFC,LSVRC,LSVFS,LSVRS

COMMON /STATES/

1 UH,VHWH XY, Z,

2 WX, WNY,NZ,PHI, THE,PSI,

3 unv, XOv,ULV,XLV,UNV, XNV

COMMNN /DERIVS/

[ UHD, VHD, WHD, XD,YD,ZD,

2 WXD,WYD,WZD,PHID, THED,PSID,

3 uovp, XOVD,UILVD, XLVD,UNVD, XNVD

COMMNON /CONT/ DELSA,DELB

COMMON /PARAM/
UHO, VHO,WHO,X0,Y0,Z20,
WX0,WY0O,WZ0,PHIO,THEO,PSIO,
WEIGHT, IXX,1YY,12Z,
DF,DR,TF,TR,ZF,ZR,HF ,HR,
KF4KR,CF,C?,
MUXF ,MUXR,MUYF ,MUYR,BETASF,BETASR,SNR,
sz' KBF' KBR'
KSC,UCMD, TDMAX,
MANDEC, TAUR,TAUP ,WC,VETH,YETH,
ABR,ABSTB,ABSTC,ASWS,ASWC,TSW,SWMAX,SWRMAX,
HOvV,U0OvVO,DOVG,HLV,ULVO,DLVG,HNVMIN ,HNVAVE,UNVO,DISTSO,DISTNS,
pPsiB,LW,TAUD,TAUQVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA,TTHRSH,DTHRSH,TLOOK,
ESKY, ESUN,RO, EQ, I0,RSUND,RB,EB, IB,BSUNB,LSKY,LSUR,
TRANS,XL,V0,HO,PLITE,HRTH,HPER,SIGC,KV1,KV2,ALPHMN,
HEYE,HLITE,HOBJ,TAUBM, TAUBS,TAURDM, TAURDS,
LSVF,LSVR,WSV,LOV,WOV,UHTH, VHTH

TOTIMOOWV 00~V & W —

CNMMON
MSCENMNITE,MDET ,MADJ,4VEH ,MSTOR ,MPRT,
NU,NX,NVAR,NTRIAL,ISEED,DT,DTPRT,DTSTOR, TMAX,
NEGRAD, MPHFPS,5, TIME, MDEC COLLF, DTCTF CHDOV ,SHDNV,CPSI,SPST,
FHX,FHWY ,FHZ, THX, THY,THZ, BETA HEAD VTOT VX, VY ATOT, AX, AY.
UHI.VHI,WHI.ZI.FXI.FYI.FNI.BETI.FC!.FSI.
UH2,VH2,WH2,22,FX2,FY2,FN2,BET2,FC2,FS2,
y43,YH3,WH3,23,FX3,FY3,FN3,BET3,FC3,FS3,
(IH4 ,VH4 ,WH4 ,Z4 ,FX4 ,FY4 ,FN4,BET4,FC4,FS54

AN — % F % %

IF(MODE NE. 0) G0 TO 100

Chhxike INITIAL TZAT ION ek sk

C

LAVH = 0.5%xL0OV
WOVH = 0.5%W0OV
LSVH = 0.5%(LSVF+LSVR)
WSVH = 0.5%WSV

FIGURE B-10. SUBROUTINE COLL PROGRAM LISTING
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YOV = 0O
XMIN = LSVR + LOVH
c
C EXIT IF CNLLISION OCCURS BEFORE EVASIVE MANEUVER BEGINS
C
IF(MSCEN .GE. 6) GO TO 10
IF(X+LSVF .GE. XNv-LOVH) GO TO 160
RETURN
10 IF(MSCEN .GE. 9) GO TO 20
IF(X+LSVF .GE. 0.0 .AND. XOV+LOVH .GE. 0.0) GN TO 160

RETURN
20 LNOVH = 0.5*HO
WOVH = LOVH
IF(X+LSVF .GE. -LOVH) GN TO 160
RETURN
c
Chihtk IN THE LOOP kdkik
c
100 CONTINUE
C
C EXIT IF SV SPEED IS LESS THAN THRESHOLD OR SV AHEAD OF 2V (NO COLL.)
C
DELXSV = X*CHDOV + Y*SHDOV - X0V
DELYSV ==X*SHDOQV + Y*CHDOV - YQV
IF(ABS(UH) .LT. UHTH .AND. ABS(VH) .LT. VHTH) GO TO 170
IF(DELXSV .GT. XMIN) GO TO 170
c
C EXIT IF A CORNER OF SV LIES WITHIN OV (COLLISION)
C
CPSIR = CPSI*CHDOV + SPSI*SHDOV
SPSIR ==CPSI*SHDOV + SPSI*CHDOV
LSVFC = LSVF*CPSIR
LSVFS = LSVF*SPSIR
LSVRC = LSVR*CPSIR
LSVRS = LSVR*SPSIR
WSVHC = WSVH*CPSIR
WSVHS = WSVH*SPSIR
c
c RIGHT FRONT
XSVRF = DELXSV + LSVFC - WSVHS
YSVRF = DELYSV + LSVFS + WSVHC
IF(ABS(XSVRF) .LE. LOVH .AND. ABS(YSVRF) .LE. WOVH) GO TO 160
C
c LEFT FRONT
XSVLF = DELXSV + LSVFC + WSVHS
YSVLF = DELYSV + LSVFS - WSVHC
IF(ABS(XSVLF) .LE. LOVH .AND. ABS(YSVLF) .LE. WOVH) GO TO 160
c
C RIGHT REAR
XSVRR = DELXSV - LSVRC - WSVHS
YSVRR = DELYSV - LSVRS + WSVHC
IF(ABS(XSVRR) .LE. LOVH .AND. ABS(YSVRR) .LE. WOVH) GO TO 160
c
c LEFT REAR
XSVLR = DELXSV - LSVRC + WSVHS
YSVLR = DELYSV -~ LSVRS - WSVHC
IF(ABS(XSVLR) .LE. LOVH .AND. ABS(YSVLR) .LE. WOVH) GO TO 160
C
C EXIT IF A CORNER OF OV LIES WITHIN Sv (COLLISION)
c

JELXOV = XOV*CHDOV -~ YOV*SHDOV - X - 0.5%(LSVF-LSVR)

FIGURE B-10. (continued)
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DELYOV = XOV*SHDOV + YOV*CHDOV - Y

LOVHC = LOVH*CPSIR
LOVHS =-LOVH*SPSIR
WOVYC = WOVH*CPSIR
WOVHS =-WOVH*SPSIR

RIGHT FRONT

XOVRF = DELXQOV + LOVHC - WOVHS

YOVRF = DELYQV + LOVHS + WOVHC

IF(ABS(XOVRF) .LE. LSVH .AND. ABS(YOVRF) .LE. WSVH) GO T0 160

LEFT FRONT

XOVLF = DELXDV + LOVHC + WOVHS

YOVLF = DELYDOV + LOVHS - WOVHC

[F(ABS(XOVLF) .LE. LSVH .AND. ABS(YQOVLF) .LE. WSVH) GO TO 160

RIGHT REAR

XOVRR = DELXOV - LOVHC - WOVHS

YOVRR = DELYQOV - LOVHS + WOVHC

IF(ABS(XOVRR) .LE. LSVH .AND. ABS(YDVRR) .LE. WSVH) GO TO 160

LEFT REAR

XOVLR = DELX0OV - LOVHC + WOVHS

YOVLR = DELYOV - LOVHS - WOVHC

IF(ABS(XNVLR) .LE. LSVH .AND. ABS(YOVLR) .LE. WSVH) GO TO 160
RETURN

SET COLLISION FLAG

COLLISION HAS OCCURED
160 COLLF = |

RETURN

NN COLLISINN PNSSIBLE
170 COLLF = O

RETURN
END

FIGURE B-10. (concluded)
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SUBRAOQUTINE DATAIDO(MODE)
DATA INPUT ROUTINE

REAL IXX,IYY,IZZ,KF,KR,MUXF,MUXR,MUYF,MUYR,KSW,KBF,KBR,KSC
REAL LW

REAL LSVF,LSVR,LOV

REAL 10,IB,LSKY,LSUR,KL,KVI,KV2

REAL MPHFPS,MANDEC,LAV,LF,LR

INTEGER COLLF,DTCTF

REAL*4 IOFLAG

REAL*8 LAB

REAL+8 LABX, LABU, LABY, LABP, BUFF, SCLAB

DIMENSION PAR(118)

COMMON /INPUT/
NIVG,NSTOR,NRV,L(3) ,NIV(3),NO(3),INDEX(50),NPT(50),
IRV(50), IRVT(52) ,RV(50), RVMIN(50) ,RVMAX(50),
RVS1(50),RVS2(50),PS(11,50),X5(11,50),PLIST(50,10),
RVM(50),RVS5(50),LABX(18),LABU(2),LABY(56),LABP(118),
SCLAB(10,12),BUFF(10)

* ok * F *

COMMDN /STATES/
1 UH,VHWH,X,Y,Z,
2 WX, WY, NZ,PHI,THE,PSI,
3 uov, X0v,ULV, XLV, UNV, XNV

COMMON /DERIVS/
l UHD, VHD, WH?, XD,YD, ZD,
2 WXD,WYD,WZD,PHID,THED,PSID,
3 uovb, XovD,ULVD, XLVD,UNVD,XNVD

COMMON /CONT/ NDELSW,DELB

COMMDN /PARAM/
UHO, VHO, WHO, X0,Y0,Z0,
WX0,wWYO,WZ0,PHIO, THEO,PSIO,
WEIGHT, IXX,1YY,1ZZ,
DF,DR,TF,TR,ZF,ZR,HF ,HR,
KF,KR,CF,CR,
MUXF,MUXR,MUYF ,MUYR,BETASF,BETASR,SNR,
KSW,KBF ,KBR,
KSC,UCMD, TDMAX ,
MANDEC, TAUR, TAUP (WC,VETH, YETH,
ABR,ABSTB,ABSTC,ASWS, ASWC, TSW,SAMAX, SWRMAX,
HNV,U0V0,DNVG,HLV,ULVO,DLVG,HNVMIN ,HNVAVE ,UNVO,DISTSO,DISTNS,
PSIB,LW,TAUD,TAUOVD,
LAV HAVMIN,4AVAVE,LF,LR,PBO,PSO,PA,TTHRSH,DTHRSH, TLIIK,
ESKY,ESUN,RN,EN, I0,BSUND, RB,EB, IB,BSUNB, LSKY,LSUR,
TRANS,KL,VO,HO,PLITE,HRTH,HPER,SIGC,KVI,KV2,ALPHMN,
HEYE,HLITE,HNBJ, TAUBM, TAURS, TAURDM,TAURDS,
LSVF,LSVR,WSV,LOV,WOV,UHTH, VHTH

ITOTmMmMOO@> 000~ s wh—

COMMON
MSCEN,MNITE ,MDET ,MADJ MVEH,MSTOR, MPRT,
NU,NX,NVAR,NTRIAL, ISEED,DT,DTPRT,DTSTOR, TMAX,
DEGRAD,MPHFPS,G, TIME ,MDEC, COLLF,DTCTF,CHDOV ,SHDAV,CPST,SPSI,
FHX,FHY,FHZ,THX, THY,THZ,BETA,HEAD, VIOT,VX,VY,ATIT,AX,AY,
UH1,VHI (WH},Z1 ,FX1,FY1 ,FN1,BET!,FCI1,FSi,

— % % % %

FIGURE B-11. SUBROUTINE DATAIO PROGRAM LISTING
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2 UH2,VH2,WH2,Z22,FX2,FY2,FN2,BET2,FC2,FS2,
3 UH3,VH3,WH3,Z3,FX3,FY3,FN3,BET3,FC3,FS3,
4 UH4,VH4 ,WH4 ,Z4 ,FX4,FY4,FN4,BET4,FC4,FS4

COMMON /TABLE/
NCAT,NGLARE,NMERG,NPTD ,NPTXE ,NPTYE ,NPTXF ,NPTYF ,NPTXG,NPTYG,
PCAT(10) ,THFM(10),THFS(10),PSFM(10),PSFS(10),TAUFM(10),
TAUFS(10),EG(10),TH5(10),PSG(10) ,PMERG(36),YID(20),FYD(20),
XI1E(20),YIE(10),FXYE(20,10),XIF(10),YIF(10),FXYF(10,10),
XIG(10),YIG(3N),FXYG(10,30)

UVHwhN —

NAMELIST /PARAML/
UHO, VHO,WHO,X0,Y0,Z0,
WX0,WYO,WZO,PHIO,THEO,PSIO,
WEIGHT, IXX,1YY,122Z,
DF,DR,TF,TR,ZF,ZR,HF,HR,
KF ,KR,CF,CR,
MUXF ,MUXR,MUYF,MUYR,BETASF,BETASR,SNR,
KSwW,KBF,KBR,
KSC,UCMD, TDMAX,
MANDEC, TAUR, TAUP ,WC,VETH,YETH,
ABR,ABSTB,ABSTC,ASWS,ASWC,TSN,SW4YAX,SWRMAX,
HOvV,U0vO,DNVG,HLV,ULVO,DLVG,HNVMIN ,HNVAVE ,UNVO,DISTSO,DISTNS,
PSIB,LW,TAUD,TAUOVD,
LAV,HAVMIN,HAVAVE,LF,LR,PBO,PSO,PA,TTHRSH,DTHRSH, TLNOK,
ESKY, ESUN,RO,EO, IO,BSUND,RB,EB, IB,BSUNB,LSKY,LSUR,
TRANS,KL,V0,HO,PLITE,HRTH,HPER,SIGC,KV1,KV2,ALPHMN,
HEYE,HLITE,HOBJ, TAUBM, TAUBS, TAURDM,TAURDS,
LSVF,LSYR,WSV,LOV,WOV,UHTH, VHTH

ZTATMOO D> OOV A WN —

REAL*4 YES / IHY /, NOH / IHN /

INTEGER NUMBER(12) » O, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1l /
REAL*8 DASH /6H-==-—/, STAR /G6H*k*k¥k/

REAL*8 DNLAB(2) / 5H DAY , SHNIGHT /

REAL*8 VMLAB(7) / 4HNONE, 5H1 DOF, 5H2 DOF, 5H3 DAF, 3*5H6 DNF /
COMPLEX*16 DMLAB(2) / IS5HPURE TIME DELAY, 16HEVENT DET. MODEL /
COMPLEX*16 ADJLAB(2) / 4HNONE, 14HNORMAL TRAFFIC /

COMPLEX*16 STOLAB(3) /10OHNOQ STORAGE, |OHSTORE DATA, | lHRECALL DATA/
COMPLEX*16 PRTLAB(3) / I5HOVERALL SUMMARY, I6HIND. RUN SUMMARY,
* ISHIND. TIME HIST. /

EQUIVALENCE (UHO,PAR(1))

1179 FORMAT(//1X,26HPROGRAM CONTROL PARAMETERS)
1180 FORMAT(/3X, 9HSCENARIN ,I12,3H : ,10A8)
1181 FORMAT(/3X, 1 7HDAY/NIGHT MODE t ,I1,2H (,A5,1H))
1182 FORMAT(/3X,23HEVENT DETECTITIN MODE s ,I1,2H (,2A8,1H))
1183 FORMAT(/3X,29HADJACENT LANE TRAFFIC MNDE s ,11,2H (,2A8,))
1184 FNRMAT(/3X,22HVEHICLE MODEL ORDER s ,I1,2H (,A5,1H))
1185 FORMAT(/3X,31HTRAJECTORY DATA STORAGE MODE : ,I1,2H (,2A3,1H))
1186 FORMAT(/3X,29HDATA PRINTOUT CONTROL MODE t ,I1,2H (,2A8,1H),
* 5X,5H(NU =,13,6H, NX =,13,84, NVAR =,13,1H))
1187 FORMAT(/3X,3!HNUMBER OF MONTE CARLO TRIALS : ,I5)
1188 FORMAT (/3X, 31HRANDOM NUMBER GENERATOR SEED : ,13)
1189 FORMAT(/3X,36HTIME PARAMETERS ¢ INTEGRATINN STEP =,F6.3,
* 144, PRINT STEP =,F6.3,16H, STORAGE STEP =,F6.3,
* 20H, MAXIMUM RUN TIME =,F7.3)
1190 FORMAT(//1X,49HDN YOU WISH TO MODIFY PROGRAM CONTROL PARAMETERS?)
1210 FORMAT(//
* 1X,59HTYPE IN APPROPRIATE RESPONSE TO EAC!{ OF THE FOLLOWING QUEST
*+ S5HIONS./

FIGURE B-11. (continued)
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+53HALL RESPONSES SHOULD BE NUMERIC WITH THE EXCEPTIONS :/
X,27H / = NO CHANGE FROM NOMINAL /
X,26H-1 = NEED MORE INFORMATION /
11X,57H-2 = NO FURTHER PROGRAM CNONTROL PARAMETER CHANGES DESIRED)
1211 FORMAT(3X,16HSCENARIO NUMBER?)
1212 FORMAT(3X,15HDAY/NIGHT MODE?)
1213 FORMAT(3X,2IHEVENT DETECTION MODE?)
1214 FORMAT(3X,27HADJACENT LANE TRAFFIC MODE?)
1215 FORMAT(3X,20HVEHICLE MODEL ORDER?)
1216 FORMAT(3X,37HVEHICLE TRAJECTORY DATA STJORAGE MODE?)
1217 FORMAT(3X,27HDATA PRINTOUT CONTROL MODE?)
1218 FORMAT(3X,48HNUMBER OF CONTRAL INPUTS FOR TIME HISTORY (0-2)72)
1219 FORMAT(3X,50HNUMBER OF STATE VARIABLES FOR TIME HISTORY (0-18)?2)
1220 FORMAT(3X,50HNUMBER OF INTERMEDIATE VARIABLES FOR TIME HISTNRY ,
l TH(0-54)7?)
1221 FORMAT(3X,35HNUMBER OF MONTE CARLO TRIALS (>=0)?)
1222 FORMAT (3X,356HRANDOM NUMBER GENERATODR SEED (0-13)?)
1223 FORMAT(3X,52HINTEGRATION TIME STEP FOR DRIVER/VEHICLE SIMULATION ,
) TH(>0.0)?)
1224 FORMAT(3X,36HTIME STEP FOR TIME HISTORY PRINTOUT ,
1 31H(MULTIPLE JF INTEGRATION STEP)?)
1225 FORMAT(3X,48HSAMPLE TIME STEP FOR VEHICLE TRAJECTORY STORASGE ,
| 31H(MULTIPLE OF INTEGRATION STEP)?)
1226 FORMAT(3X,48HMAXIMUM RUN TIME FOR EACH MONTE CARLO ITERATIJN?)
1230 FORMAT(5X,23HCORRECT RESPONSES ARE s /(7X,I2,3H = ,A8))
1231 FORMAT(5X,23HCNRRECT RESPONSES ARE t /(7X,12,3H = ,2A3))
1232 FORMAT(5X,23HCORRECT RESPONSES ARE ¢t /(7X,12,3H = ,10A38))
1250 FORMAT(//1X,46i1D7 YNU WISH TO INCREASE NUMBER OF MONTE CARLO ,
* THTRIALS?)
1255 FORMAT(/1X,50HTYPE IN TOTAL NUMBER OF MONTE CARLO TRIALS DESIRED)
1000 FORMAT(10A8)
1005 FORMAT(/(3X,10A8))
1006 FORMAT(/3X,9A8/)
1007 FORMAT(5X,A8,G12.4,4X,9A8)
1198 FORMAT(//1X,35HNIMINAL SIMULATION PARAMETER VALUES)
1201 FORMAT(//1X,29HVISUAL FIXATION CATEGORY DATA//

* TX3HCAT,9X4HPCAT, 6XTHTHETAFM,5X THTHETAFS, TXSHPSIFM,
* TX5HPSIFS, 7X5HTAUFM, 7X5HTAUFS/)

1202 FORMAT(//1X,1THGLARE SOURCE DATA//
* 8X3HNO, ,9X2HEG, BX6HTHETAG,8X4HPS51G/)

1203 FORMAT(//1X,4THLINE-OF-SIGHT PROBABILITIES TO INTERSECTING OR
* 22HMERGING VEHICLE, PMERG/)

1204 FORMAT(//1X,50HLUMINOUS INTENSITY OF SUBJECT VEHICLE HEADLIGHTS,
* 3HISV//4X6HGAMMAV ,8X3HISV/)

1205 FORMAT(//1X,51HLUMINOUS INTENSITY OF ONCOMING VEHICLE HEADLIGHTS,
* 3HINV//40X6HGAMMAH)

1206 FORMAT(3X6HGAMMAV)

1207 FORMAT(//1X,43HFOVEAL THRESHOLD CONTRAST DATA, LOGIO(CFOV)//
* 40X11HLOGI10(AREA))

1208 FORMAT (1X12HLOGIO(LA+LY))

1209 FORMAT(//1X,47THPERIPHERAL THRESHOLD CONTRAST DATA, LOGIO(CPER)//
* 40X 11HLDGIO(AREA))

1195 FORMAT(3X,5HALPHA)

1199 FORMAT(36H ***+x PARAMETER LIST TOO LONG *%+i)

1241 FORMAT(34H ***x+x INTEGRATION TIME STEP DT =,F10.6,

* 37H 1S LESS THAN OR EQUAL TO ZERO #*k*x%)

1242 FORMAT(47H #k%%xk TIME-HISTORY PRINTOUT TIME STEP DTPRT =,F10.6,
* 25H IS L=SS THAN ZERO %%k )

1243 FORMAT(39H *%*kx* DATA STORAGE TIME STEP DTSTOR =,F10.6,
* 25H IS LESS THAN ZERQ *%¥%*)

1244 FORMAT(31H *&%4+x MAXIMUM RUN TIME TMAX =,F10.6,

FIGURE B-11, (continued)
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* 25H IS LESS THAN ZERO #*#*&ikx)
1260 FORMAT(55H **+** TOTAL NUMBER INDEPENDENT VARIABLES GREATER THAN

* 8H50 *kkik)

1270 FORMAT(18H #*%*#k PARAMETER ,A6,24H CANNOT APPEAR IN THIS
* 57HINDEPENDENT VARIABLE GROUP FOR STORED VEHICLE TRAJECTORY
* TTHMODES #*%%4+% )

1280 FORMAT(18H #**+x PARAMETER ,L,A6,30H CANNOT BE A RANDOM VARIABLE
* 49HSINCE IT IS ALREADY AN INDEPENDENT VARIABLE #*&%#%)

1290 FORMAT(18H #*%%%x PARAMETER ,A6,30H CANNOT BE A RANDOM VARIABLE
* 41HFOR STORED VEHICLE TRAJECTORY MDDES *4%**)

150 FORMAT(AL)

1
1151 FORMAT(II0,2X,7F12.4)

1156 FORMAT(18F6.3)
1165 FORMAT(11X,12F9.2)
1170 FORMAT(F6.0,2X,12F6.,0/(8X,12F6.0))
1175 FORMAT(F9.2,2X,12F9.2/(11X,12F9.2))
1045 FORMAT(//1X,23HINDEPENDENT VARIABLES (,I12,3H GROUPS,,
* 12,194 LEVELS OF STORAGE))
1115 FORMAT(/3X,5HGROUP, 12,2H (,12,12H VARIABLES, ,I12,8H LEVELS),/)
1055 FORMAT(5X,A8,1X,10F10.5)
1046 FORMAT(//1X,16HRANDDOM VARIABLES)

1125 FORMAT(I1X,A8,15,1X,2F10.5)

c

OO0 OO0

[eXeXe]

1135 FORMAT(10X,.11F10.5)

NPAR = 118
GO TO (100, 200), MODE

READ LABELS FOR CONTROLS, STATES, OUTPUTS, SCENARIDS FRIM DISK FILE |

100 READ (1,1000) LABU
READ (1,1000) LABX
READ (1,1000) LABY
READ (1,1000) SCLAB

READ NOMINAL PROGRAM CINTROL PARAMETERS FROM DISK FILE 2

READ (2,1150) IOFLAG

READ (2, =* ) MSCEN, MNITE, MDET, MADJ, MVEH, MSTOR
READ (2, * ) MPRT, NU, NX, NVAR

READ (2, * ) NTRIAL, ISEED

READ (2, * ) DT, DTPRT, DTSTOR, TMAX

VERIFY THAT MODE FLAGS AND TIME CONTROL PARAMETERS ARE WITHIN BOUNDS

ISTOP = O

CALL IERRCK(MSCEN,5HMSCEN,O,.11,ISTOP)

CALL IERRCK(MNITE,S5HMNITE,O, 1,ISTOP)

CALL IERRCK(MDET ,5HMDET ,0, 1,ISTOP)

CALL TERRCK(MADJ ,5HMADJ ,0, 1,ISTOP)

CALL TERRCK(MVEH ,54YMVEH ,0, 6,ISTOP)

CALL IERRCK(MSTOR,5HMSTOR,O0, 2,ISTOP)

CALL IERRCK(MPRT ,5HMPRT ,0, 2,ISTOP)

CALL TERRCK(NU +DHNU +0, 2,ISTOP)

CALL TERRCK(NX +SHNX +0,18,1I5TAP)

CALL IERRCK(NVAR ,5HNVAR ,0,54,ISTOP)

CALL TERRCK(NTRIAL,6HNTRIAL,0,1000000, ISTOP)
CALL IERRCK(ISEED,5HISEED,O,13,ISTOP)

CALL RERRCK(DT JOHDT v0.41.0E5,ISTOP)
CALL RERRCK(DTPRT ,6HDTPRT ,0.,!1.0E6,ISTOP)
CALL RERRCK(DTSTOR,6HDTSTOR,0.,1.0E6,ISTAP)
CALL RERRCK(TMAX ,6HTMAX ,0.,1.0E6,ISTOP)
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PRINT PROGRAM CONTROL PARAMFETERS

OO0

550 WRITE(6,.1179)
WRITE(6,1180) MSCEN, (SCLAB(I,MSCEN+1),I1=1,10)
WRITE(6,1181) MNITE, DNLAB(MNITE+!)
WRITE(6, 1182) MDET, DMLAB(MDET+1)
WRITE(6,1183) MADJ, ADJLAB(MADJ+1)
WRITE(6,.1184) MVEH, VMLAB(MVEH+!)
WRITE(6,.1185) MSTOR, STNLAB(MSTOR+!)
WRITE(6, 1186) MPRT, PRTLAB(MPRT+1), NU, NX, NVAR
WRITE(6,.1187) NTRIAL
WRITE(6,.1138) ISEED
WRITE(6,1189) DT, DTPRT, DTSTOR, TMAX

C
WRITE(7,1179)
WRITE(7,1180) MSCEN, (SCLAB(I,MSCEN+1),I=1,10)
WRITE(7,1181) MNITE, DNLAB(MNITE+1)
WRITE(7,1182) MDET, DMLAB(MDET+I)
WRITE(7,.1183) MADJ, ADJLAB(MADJ+1)
WRITE(7,.1184) MVEH, VMLAB(MVEH+1)
WRITE(7,1185) MSTOR, STOLAB(MSTOR+1)
WRITE(7,1186) MPRT, PRTLAB(MPRT+!), NU, NX, NVAR
WRITE(7,.1187) NTRIAL
WRITE(7,1188) ISEED
WRITE(7,.1189) DT, DTPRT, DTSTOR, TMAX
IF(IOFLAG .EQ. NOH) GO TN 560

c

C TYPE IN PROGRAM CONTROL PARAMETER MODIFICATIONSS VERIFY THAT DATA IS
C WITHIN BOUNDS
C
500 WRITE(6,1190)
WRITE(7,1190)
READ (5,1150) CHAR
WRITE(7,1150) CHAR
IF(CHAR .EQ. NOH) 60 TO 560
IF(CHAR .NE. YES) GO TO 500
WRITE(6,1210)

c SCENARIO NUMBER

511 WRITE(6,1211)
NUM = MSCEN
READ (5, +* ) NUM
IF(NUM .EQ. =1) GD TN 611
IF(NUM .EQ. =-2) GD TO 550
IF(NUM .LT. 0 .0QR., NUM .GT. 11) GO TO 611
MSCEN = NUM
GO TO 512

611 WRITE(6,1232) (NUMBER(I), (SCLAB(J,1),J=1,10), I=1,12)
GO TO 511

C DAY/NIGHT MODE

512 WRITE(6,1212)
NUM = MNITE
READ (5, * ) NUM
IF(NUM .EQ. ~1) G0 TO 612
IF(NUM ..EQ. ~-2) GO TO 550
IF(NUM .LT. O /R, NUM .GT. 1) GO TO 612
MNITE = NUM
GO TO 513

612 WRITE(6,1230) (NUMBER(I), DNLAB(I), I=1,2)

FIGURE B-11. (continued)
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GO TO 512

EVENT DETECTION MODE
513 WRITE(6,1213)
NUM = MDET
READ (5, * ) NUM
IF(NUM .EQ. -1) GN IO 613
IF(NUM .EQ. -2) GO TO 550
IF(NUM .LT. O .DR. NUM .GT. 1) G0N TO 613
MDET = NUM
GO TO 514
613 WRITE(6,1231) (NUMBER(I), DMLAB(I), I=1,2)
GO TO 513

ADJACENT LANE TRAFFIC MNDE
514 WRITE(6,1214)
NUM = MADJ
READ (5, * ) NUM
IF(NUM .EQ. -1) 50 TO 614
IF(NUM .EQ. -2) GO TO 550
IF(NUM ,LT. 0O ,OR. NUM .GT. 1) GO TO 614
MADJ = NUM
GO TO 515
614 WRITE(6,1231) (NUMBER(I), ADJLAB(I), I=1,2)
GO TO 514

VEHICLE MODEL 7JsDER (SUBJECT VEHICLE)
515 WRITE(6,1215)
NUM = MVEH
READ (5, * ) NUM
IF(NUM .EQ. -1) GO TO 615
IF(NUM .EQ. -2) GO TO 550
IF(NUM .LT. O .OR. NUM .GT. 6) GN TO 615
MVEH = NUM
GO TO 516
615 WRITE(6,1230) (NUMBER(I), VMLAB(I), I=1,7)
GO TO 515

SUBJECT VEHICLE TRAJECTORY DATA STORAGE MQODE
516 WRITE(6,1216)
NUM = MSTOR
READ (5, +* ) NUM
IF(NUM .EQ. -1) GO TO 616
IF(NUM .EQ. -2) GN TO 550
IF(NUM .LT. O .OR. NUM .5T. 2) GO TO 616
MSTOR = NUM
GO TO 517
616 WRITE(6,1231) (NUMBER(I), STOLAB(I), I=1,3)
GN TO 516

DATA. PRINTDOUT CONTRAOL MODE
517 WRITE(6,1217)
NUM = MPRT
READ (5, * ) NUM
IF(NUM .EQ. -1) GO TO 617
IF(NUM .EQ. -2) GO TO 550
IF(NUM .LT. O 4'R. NUM .GT. 2) GO TO 617
MPRT = NUM
IF(MPRT .LT. 2) GO TO 521
GN TO 518
617 WRITE(6,1231) (NUMBER(I), PRTLAB(I), I=1,3)

FIGURE B-11. (continued)
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Qo

518

519

520

521

522

523

623

524

GN TO 517

NUMBER OF VEHICLE CONTROL INPUTS FOR TIME HISTORY PRINTOUT (0-2)
WRITE(6,1218)

NUM = NU

READ (5, % ) NUM

IF(NUM (EQ. =2) GO TO 550

IF(NUM .LT. O .OR. NUM .GT. 2) GN TN 518

NU = NUM

NUMBER OF VEHICLE STATE VARIABLES FOR TIME HISTORY PRINTOUT (0-13)
WRITE(6,1219)

NUM = NX

READ (5, +* ) NUM

IF(NUM .EQ. -2) GO TO 550

IF(NUM .LT. O .OR. NUM .GT. 18) GO TO 519

NX = NUM

NUMBER OF VEHICLE VARIABLES FOR TIME HISTORY PRINTOUT (0-54)
WRITE(6,1220)

NUM = NVAR

READ (5, * ) NUM

IF(NUM .EQ. -2) GO TO 550

IF(NUM .LT. O .OR. NUM .5T. 54) GO TO 520

NVAR = NUM

NUMBER OF MONTE CARLO TRAILS (>=0)
WRITE(6,1221)

NUM = NTRIAL

READ (5, * ) NUM

IF(NUM .EQ. -2) GO TO 550

IF(NUM .LT. 0) GO TO 521

NTRIAL = NUM

RANDOM NUMBER GENERATOR SEED INDEX (0-13)
WRITE(6,1222)

NUM = ISEED

READ (5, * ) NUM

IF(NUM .EQ. -2) GO TO 550

IF(NUM .LT. 1 .OR. NUM .GT. 13) GO TO 522
ISEED = NUM

INTEGRATION TIME STEP FOR DRIVER/VEHICLE SIMULATION
WRITE(6,1223)

DUM = DT

READ (5, +* ) DUM

IF(DUM .EQ. -2.0) GN TO 550

IF(DUM .LE. 0.0) GO TO 623

DT = DUM

GO TO 524

WRITE(6,1241) DUM

GO TO 523

TIME STEP FOR TIME HISTORY PRINTOUT
WRITE(6,1224)

DUM = DTPRT

READ (5, * ) DUM

IF(DUM .EQ. -2.0) GO TO 550

IF(DUM .LT. 0.9) GO TO 624

DTPRT = DUM

FIGURE B-11. (continued)
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GO TO 525
624 WRITE(6,1242) DUM
GN TO 524

c SAMPLE TIME STEP FOR VEHICLE TRAJECTORY STIRAGE (MSTOR = 1 OR 2)
525 WRITE(6,!1225)
DUM = DTSTOR
READ (5, * ) DUM
IF(DUM .EQ. -2.0) 50 TO 550
IF(DUM .LT. 0.0) GO TO 625
DTSTOR = DUM
GO TO 526
625 WRITE(6,1243) DUM
GO TO 525

C MAXTMUM RUN TIME FOR EACH MONTE CARLN ITERATION
526 WRITE(6,1226)
DUM = TMAX
READ (5, * ) DUM
IF(DUM .EQ. -2.0) G0 TO 550
IF(DUM .LT. 0.0) GN TN 626
TMAX = DUM
GO TO 550
626 WRITE(6,1244) NUM
GO TO 526

READ NOMINAL NAMELIST PARAMETER VALUES FROM DISK FILE 2
560 READ (2,PARAML)

READ SIMULATION PARAMETER LABELS, VALUES, DESCRIPTIONS FROM FILE 13
PRINT RESULTS ON DISK FILE 9

OO0 0000

IP =0
WRITE(9,1198)
61 READ (1,1000) BUFF
IF(BUFF(1) .EQ. DASH) GO TO 63
IF(BUFF(1) .EQ. STAR) GO TO 62
IP = IP + |
IF(IP .5T. NPAR) GO TO 64
LABP(IP) = BUFF(1)
WRITE(9,1007) LABP(IP), PAR(CIP), (BUFF(I),I=2,10)

GO TO 61

63 WRITE(9,1006) (BUFF(I),I=2,10)
GO Ta o1

64 WRITE(6,.1199)
ISTOP = |

62 CONTINUE

C

C VERTFY THAT SELECTED SIMULATION PARAMETERS ARE WITHIN BNUNDS

c
CALL RERRCK(SNR +« 6HSNR 0.y 1.,ISTOP)
CALL RERRCK (MAWNEC, SHMANDEC,0.,3.,ISTNP)
CALL RERRCK(ABSTB ,6HABSTB ,0.,1.,ISTOP)
CALL RERRCK(ABSTC ,6HABSTC ,0.,1.,ISTOP)
CALL RERRCK(PBO « 6HPBO v0.,1.,ISTOP)
CALL RERRCK(PSO + 6HPSO v0.,41.,ISTOP)
CALL RERRCK(PA +6HPA 104,414, ISTOP)
CALL RERRCK (RO +6HRO 00e414,ISTOP)

FIGURE B-11. (continued)
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C
C
C

OO0000

CALL RERRCK(RB » 6HRB 204y1.,1ISTOP)
CALL RERRCK(TRANS ,6HTRANS ,0.,1.,ISTNP)
CALL RERRCK(PLITE ,6HPLITE ,0.,!.,ISTOP)
CALL RERRCK(HRTH ,6HHRTH ,0.,!.,ISTOP)

MODIFY SELECTED PARAMETERS Tn AVOID POSSIBLE DIVISION BY ZERO

WEIGHT = AMAXI(WEIGHT,0.001)
IXX AMAX1(IXX,0.001)

1YY = AMAXI(IYY,0.001)

17Z AMAX1(12Z,0.001)

DF AMAX1(DF,0.001)

DR AMAX1(DR,0.001)

TF AMAX!1(TF,0.001)

TR AMAX1 (TR,0.001)

HF AMAX1(HF,0.001)

HR AMAX1 (HR,0.001)
AMAX1(KF,0.001)
AMAX1(KR,0.001)

AMAX1 (MUXF,0.001)
AMAX1 (MIJXR,0.001)
AMAX 1 (MUYF,0.001)
AMAX! (MUYR,0,001)
BETASF = AMAXI!(BETASF,0.001)
BETASR = AMAXI(BETASR,0.001)

=

c

<

Tl
o n

SNR = AMAXI(SNR,0.0N01)
KSW = AMAX! (KSW,0.001)
KBF = AMAXI!(KBF,0.001)
KBR = AMAX! (KBR,0.001)

TAUP = AMAXI(TAUP,0.001)
TSW = AMAXI(TSW,0.001)

READ TABLE DATA FOR CRITICAL EVENT DETECTION MODEL FROM DISK FILE 23
PRINT RESULTS ON DISK FILE 9

VISUAL FIXATION CATEGORY DATA
READ (2, * ) NCAT
CALL TERRCK(NCAT,4HNCAT,0,10,ISTOP)
IF(NCAT .EQ. 0) GO TO 415
WRITE(9,1201)
DO 410 I = 1, NCAT
READ (2, * ) PCAT(I),THFM(I),THFS(I),PSFM(I),PSFS(I),
| TAUFM(I), TAUFS(I)
410 WRITE(9,1151) I, PCAT(I),THFM(I),THFS(I),PSFM(I1),PSFS(I),
1 TAUFM(I), TAUFS(I)

GLARE SOURCE DATA

415 READ (2, * ) NGLARE
CALL IERRCK(NGLARE,6HNGLARE,O,!10,ISTOP)
IF(NGLARE .EQ. 0) G0 TO 425
WRITE(9,1202)
DO 420 I = 1, NGLARE
READ (2, * ) EG(I), THG(I), PSG(I)

420 WRITE(9,1151) I, EG(I), TH5(I1), PSG(I)

LOS PROBABILITY TO INTERSECTING OR MERGING VEHICLE
425 READ (2, * ) NMERG

CALL TERRCK(NMERG,54NMERG,0,36,ISTOP)

IF(NMERG .EQ. 0) GO TO 435

WRITE(9,1203)

FIGURE B-11. (continued)
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READ (2, * ) (PMERG(I),I=1,NMERG)
WRITE(9,1156) (PMERG(I),I=1,NMERS)

C LUMINOUS INTENSITY OF SUBJECT VEHICLE HEADLIGHTS
435 READ (2, * ) NPTD
CALL TERRCK(NPTD,4HNPTD,0,20,ISTOP)
IF(NPTD .EQ. O) GO TO 445
WRITE(9,1204)
DO 440 J = 1, NPTD
JP = NPTD - J + |
READ (2, * ) YID(JP),FYD(JP)
440 WRITE(9,1175) YID(JP),FYD(JP)

c LUMINQUS INTENSITY OF ONCOMING VEHICLE HEADLIGHTS
445 READ (2, * ) NPTXE,NPTYE
CALL TERRCK(NPTXE,SHNPTXE,0,20,ISTOP)
CALL IERRCK(NPTYE,SHNPTYE,O,10,ISTOP)
IF(NPTXE .EQ. O .NR. NPTYE .EQ. 0) GO TQ 455
WRITE(9,1205)
READ (2, * ) (XIE(I),I=1,NPTXE)
WRITE(9,1165) (XIE(I),I=1,NPTXE)
WRITE(9,1206)
DO 450 J = 1, NPTYE
JP = NPTYE - J + 1
READ (2, * ) (IE(JP),(FXYE(I,JP),I=1,NPTXE)
450 WRITE(9,1175) YIE(JP),(FXYE(I,JP),I=1,NPTXE)

c FOVEAL THRESHNLD CONTRAST DATA

455 READ (2, * ) NPTXF,NPTYF
CALL IERRCK(NPTXF,5HNPTXF,0,10,ISTOP)
CALL TERRCK(NPTYF,SHNPTYF,0,10,ISTOP)
IF(NPTXF .EQ. O .0OR. NPTYF .EQ. 0) GN TD 465
WRITE(9,1207)
READ (2, * ) (XIF(I),I
WRITE(9,1165) (XIF(I),I
WRITE(9,1208)
DO 460 J = 1, NPTYF
READ (2, * ) YIF(J),(FXYF(I,J),I=1,NPTXF)

460 WRITE(9,1175) YIF(J),(FXYF(I,J),I=1,NPTXF)

1 NPTXF)
1 NPTXF)

c PERIPHERAL THRESHOLD CONTRAST DATA
465 READ (2, * ) NPTXG,NPTYG
CALL TERRCK(NPTXG,5HNPTXG,0,10, ISTOP)
CALL TERRCK(NPTYf,5HNPTYG,0, 30, ISTOP)
IF(NPTXG .EQ. O .OR. NPTYG .EQ. 0) GN TO 475
WRITE(9,1209)
READ (2, * ) (XIG(I),I=1,NPTX})
WRITE(9,1165) (XIG(I),I=1,NPTX%3)
WRITE(9,.1195)
DO 470 J = |, NPTYG
READ (2, * ) YIG(J),(FXYG(I,J),I=1,NPTXG)
470 WRITE(9,1175) YIG(J),(FXYG(I,J),I=1,NPTXG)
475 CONTINUE
c
C READ/PRINT INDEPENOFNT VARIABLE DATA (NIVG >= 0)
C
IP =0
IMIN = O
IMAX = 0O
ITEMP = O
po71=1,3
NOCI) = |
INDEX(I) = O
DO 7 J =1, 10
7 PLIST(I,J) =0
CALL FIND(6HUHO +LABP,NPAR, IMIN, ISTOP)

FIGURE B-11. (continued)
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CALL FIND(6HSWRMAX,LABP,NPAR,IMAX,ISTOP)

C
READ (2, * ) NIVG, NSTOR
IF(NIVG .EQ. 0) GO TO 6
WRITE(6,1045) NIVG, NSTOR
WRITE(7,1045) NIVG, NSTOR
CALL IERRCK(NIVG ,54NIVG ,0, 3,ISTOP)
CALL TERRCK(NSTOR,5HNSTOR,0, 3,ISTOP)
c
DN 51 =1, NIVG
READ (2, * ) NIV(I), NOCI)
NRITE(6,1.115) I, NIV(I), NOCI)
WRITE(7,1115) I, NIV{(I), NO(CI)
NIVI = NIV(I)
NOI = NO(I)
CALL TERRCK(NIVI,6HNIV(I),!1,50,ISTOP)
CALL IERRCK(NOI ,64NO(I) ,1,10,ISTOP)
IF(MSTOR .EQ. | .AND. I ,GT. NSTOR) NO(I) = |
C
P05 K =1, NIVI
IP = IP + |
IF(IP .5T. 50) GN TD 575
READ (2, * ) LAB, (PLIST(IP,J),J=1,NOI)
WRITE(6,1055) LAB, (PLIST(IP,J),J=1,NOI)
WRITE(7,1055) LAB, (PLIST(IP,J),J=1,N0I)
CALL FIND(LAB,LABP,NPAR, ITEMP,ISTOP)
IF(ND(I) .NE. 1) 60 TO 5
IFCITEMP .LT. IMIN .NR. ITEMP .GT. IMAX) GO TO 5
ISTOP = |
WRITE(6,1270) LAB
WRITE(7,1270) LAB
5 INDEX(IP) = ITEMP
GO TO 6
575 ISTIP = |
IP = MINO(IP,50)
WRITE(6,1260)
WRITE(7,1260)
6 CONTINUR
C

C READ/PRINT RANDOM VARIABLE DATA (NRV >= 0)
C
READ (2, = ) NRV
IF(NRV .EQ. 0) GO TO 9
CALL TERRCK(NRV,3HNRV,0,50,1STOP)
ITEMP = O
WRITE(6,1046)
WRITE(7,1046)
D081 =1, NRV
READ (2, * ) LAB, IRVT(I), RVMIN(I), RVMAX(I)
ARITE(6,.1125) LAB, IRVT(I), RVMIN(I), RVMAX(I)
WRITE(7,.1125) LAB, IRVT(I), RVMIN(I), RVMAX(I)
NUM = IRVT(I)
CALL IERRCK(NUM, 7THIRVT(I),!,5,ISTOP)
IF(IRVT(I) .NE. 5) 50 TO 10
READ (2, +* ) NPT(I)
NPTI = NPT(I)
CALL TERRCK(NPTI,6HMNPT(I),l,!1,ISTOP)
READ (2, * ) (XS(J,I1),J=1,NPTD)
READ (2, * ) (PS(J,1),J=1,NPTI)
WRITE(6,1135) (XS(J,1),J=1,NPTI)
WRITE(6,1135) (PS(J,I),J=1,NPTI)
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OO0

WRITE(7,1135) (XS(J,1),J=1,NPTI)
ARITE(7,1135) (PS(J,1),J=1,NPTI)
19 CALL FIND(LAB,LABP,NPAR, ITEMP,ISTOP)
IF(IP .EQ. 0) GN TN 13
NI 11 K =1, IP
Il IFCITEMP .EQ. INDEX(K)) GO TO 12
GN TO 13
12 ISTOP = 1
WRITE(6, 1280) LAB
WRITE(7,1280) LAB
13 IF(MSTOR .EQ. 0) GO TO 8
IF(ITEMP .LT. IMIN .0OR. ITEMP .GT. IMAX) GO TO 8
ISTOP = |
WRITE(6,1290) LAB
WRITE(7,1290) LAB
8 TRV(I) = ITEMP
9 CONTINUE
IF(ISTOP .EQ. 1) STOP 11
RETURN

TYPE IN NUMBER DOF MNONTE CARLO TRIALS DESIRED FOR RUN CONTINUATION

200 IF(IOFLAG .EQ. NOH) RETURN
210 WRITE(6,1250)
WRITE(7,1250)
READ (5,1150) CHAR
WRITE(7,1150) CHAR
[F(CHAR .EQ. NOH) RETURN
IF(CHAR .NE. YES) G7 TO 210
WRITE(6,1255)
WRITE(7,1255)
NUM = NTRIAL
READ (5, * ) NUM
WRITE(7, * ) NUM
IF(NUM .LE. NTRIAL) GO TO 210
NTRIAL = NUM
RETURN
END

FIGURE B-11. (concluded)
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O O 00000000

FUNCTION RAND(MODE,Rt,R2,NPT,P,X)

THIS FUNCTION SUBPROGRAM GENERATES PSEUDO RANDOM NUMBERS

1) UNIFORM DISTRIBUTINN NN INTERVAL (RI,R2)

2) NEG. EXP. DISTRIBUTION WITH MIN = R! AND MEAN
3) GAUSSIAN DISTRIBUTION WITH MEAN = RI AND SIGMA
4) GAMMA DISTRIBUTION WITH MEAN = Rt AND SIGMA
5) USER-SPECIFIED DISTRIBUTION WITH CUMULATIVE DIST.

DIMENSION P(1), X(1)

DATA LAMBDA, SF, SFPI2 / 1220703125, 2.3283064E-10, 1.46291806E=9/

IF(MODE .GT. 0) GO TO 100
IX = 5%*(13+MODE)

RAND = O

RETURN

100 GO TO (110, 120, 130, 140, 150), MODE

110 IX = LAMBDA*IX
RAN = SFxIX + 0.5
RAND = RI + (R2-R1)*RAN
RETURN

120 IX = LAMBDA*IX
RAN = SF*IX + 0.5
RAND = R1 - (R2-RI)*ALDG(RAN)
RETURN

130 IX = LAMBDA*IX
RAN = SF*IX + 0.5
IX = LAMBDAXIX
PHASE = SFPI2*IX
RAND = Rl + R2*SQRT(-2.0%ALOG(RAN.))*COS(PHASE)
RETURN

140 IF(R2 .EQ. 0.0) GO TO 146
TLAM = RI/R2#%%2
IR = RI*TLAM + 0.5
T=1.0
DO 1451 =1, IR
IX = LAMBDA*IX
RAN = SF*IX + 0.5
145 T = T*RAN
RAND = —-ALOG(T)/TLAM
RETURN
146 RAND = RI
RETURN

150 K = NPT/2 + |
IX = LAMBDA*IX
RAN = SF*IX + 0.5
151 TF(RAN .LT. P(K); 50 TO 152
K=K + 1
IF(K .LE. NPT) 60 IO 151
K = NPT
152 KM = K - 1
IF(RAN .GE. P(KM)) GO TO 153
K = KM

FIGURE B-12. FUNCTION RAND PROGRAM LISTING
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C

100

200

*

IF(K .GE

. 2) GN TO 152

K =2
KM = K - 1
153 PO = P(KM)
Pl = P(K)
X0 = X(KM)
X1 = X(K)
RAND = ((X! - X0)/(Pl - PO))*(RAN - PO) + XO
RETURN
END

FIGURE B-12. (concluded)

SUBROUTINE FIND(LABEL,LIST,N,INDEX,ISTOP)
REAL*8 LABEL, LIST(1)

1000 FNORMAT(18H #%%+k PARAMETER ,A8,30H NOT FIUND IN PARAMETER LIST '
*

SHA% kA% )

DO 100K =1, N
KP = MOD(CINDEX+K-1,N) + |

IF(LABEL .EQ. LIST(KP)) 50 TOQ 200
CONTINUE

WRITE(6,1000) LABEL
INDEX = O
ISTOP = |
RETURN

INDEX = KP
RETURN

END

FIGURE B-13.

SUBROUTINE FIND PROGRAM LISTING

SUBROUTINE TERRCK(NUM,LABEL,MIN,MAX, IFLAG)
REAL*8 LABEL
IF(NUM .GE. MIN ,
WRITE(6,1000) LABEL, NUM, MIN, MAX

1000 FORMAT(18H ***xk PARAMETER ,A8,IH=,16,21H IS OUTSIDE OF RANGE,
16,4H TO,16,6H *xkxk)

*

NUM
NUM
IFLAG = |
RETURN

END

MINO(NUM,MA

FIGURE B-14,

AND. NUM .LE. MAX) RETURN

X)

MAXO(NUM,MIN)

SUBROUTINE IERRCK PROGRAM LISTING

SUBROUTINE RERRCK(NUM,LABEL,MIN,MAX, IFLAG)
REAL NUM,MIN,MAX
REAL#*8 LABEL ,
IF(NUM .GE. MIN .AND. NUM .LE. MAX) RETURN

WRITE(&,1000) LABEL, NUM, MIN, MAX

1000 FORMAT(18H %%k PARAMETER ,A8,1H=,G12.4,21H 1S OUTSIDE IF RANGE
WG12.4,4H T0O,G12.4,6H *kkak)

AMINT (NUM, MAX)

AMAXT (NUM,MIN)

IFLAG = |
RETURN

NUM
NUM

END

FIGURE B-15.

SUBROUTINE RERRCK PROGRAM LISTING
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FUNCTION FLOOK!(X,XI,IXU,FNPX)
C *%%k SUBPROGRAMS NEEDED - INDEX
C THIS FUNCTION INTERPOLATES A SINGLE VARIABLE FUNCTION TABLE
c
DIMENSION XI(1),F(1)
c
c
IF(NPX .EQ. 0) G0 TN 10
CALL INDEX(X,XI,NPX,IXL,IXU)
SX = 0.0
Tl = XICIXU) - XICIXL)
IF(T] .NE. 0.0) SX = (X - XI(IXL))/TI
FLMKI = F(IXL) + SX*(F(IXU) - F(IXL))
RETURN
10 FLNOK! = 0

RETURN
END

FIGURE B-16. FUNCTION FLOOK1 PROGRAM LISTING

FUNCTION FLOOK2(X,Y,XI,IXU,YI,IYU,F,NPX,NPY,NPXM)
C **%%x SUBPROGRAMS NEEDED - INDEX
C THIS FUNCTION INTERPOLATES A BI-VARIABLE FUNCTIJN TABLE
Cc
DIMENSION XIC1),YIC1),F(NPXM,!)
Cc
C
IF(NPX .EQ. O .NR. NPY .,EQ. 0) GO TO 10
CALL INDEX(X,XI,NPX,IXL,IXU)
CALL INDEX(Y,YI,NPY,IYL,IYU)

SX = 0.9
SY = 0.0
Tl = XICIXU) = XICIXL)
T2 = YI(IYU) - YI(IYL)

IF(TI JNE. 0.0) SX = (X - XICIXL))/TI
IF(T2 .NE. 0.0) SY = (Y - YI(IYL))/T2
Tl = F(IXL,IYL) + SX*(F(IXU,IYL) - FC(IXL,IYL))
T2 = FOIXL,IYU) # SX*(F(IXU,IYU) - F(IXL,IYU))
FLNOK2 = TI + SY*([2 - T1)
RETURN
10 FLNOK2 = 0O
RETURN
END

FIGURE B-17. FUNCTION FLOOK2 PROGRAM LISTING
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OO 00000000000

SUBRNUTINE INDEX(V,VI,N,IVL,IVU)
**%% SUBPROGRAMS NEEDED - (NONE)
THIS SUBROUTINE FINDS THE LOWER AND UPPER INDICES IVL AND IVU
FOR THE VECTOR VI SUCH THAT VI(CIVL) < V <= VI(IVU). IF
V <= VI(1), BOTH IVL AND IVU ARE RETURNED AS I. IF V »>= VI(N),
BOTH IVL AND IVU ARE RETURNED AS N. A SIMPLE SEQUENTIAL
SEARCH IS USED STARTING FROM
THE LAST UPPER INDEX FOR THE VECTOR IDENTIFIED BY NUMBER IVU.
THE VALUES IN THE VECTIR V ARE ASSUMED TD BE A RANGED IN
ASCENDING DRDER

DIMENSION VI(1)

1vu MAXOC(IVU, 1)
Ivuy MINOCIVU,N)
IF(v .LT. VI(IVU)) GO TO 40
10 IF(VI(IVU) .GE. V) GO TO 30
IF(IVU .EQ. N) 30 TN 20

IVU = TIVU + |
GO TO 10
20 IVL = IVU
GO TO 80
30 IVL = MAXOCIVU=1,1)
50 TO 80

40 IVL = MAXOC(IVU=1,1)
50 TF(VI(IVL) .LT. V) 60 TN 70
IFC(IVL .EQ. 1) GN TN 60
IVL = IVL -~ |
GO TO 50
60 IVU = IVL
G0 TO 80
70 IVU = MINOCIVL+1,N)
80 RETURN
END

FIGURE B-18. SUBROUTINE INDEX PROGRAM LISTING
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APPENDIX C

DRIVEM PROGRAM SAMPLE INPUT/OUTPUT

This appendix presents sample input and output for the DRIVEM simulation. Complete
input and output are shown for a simple example discussed in Sections 13 and 14 to
illustrate the various I/O options in the DRIVEM simulation. The example simulates
scenario 5 under nighttime conditions where subject, object, lead, and oncoming
vehicles are considered. It is representative of applications of the DRIVEM
simulation with the exception that the number of trials (NTRIAL) would normally be
much larger and the printout control flag (MPRT) would normally be zero for practical
applications. All input/output of interest to the potential user is shown here except
for the basic terminal input/output, which appears in Section 14, Figure 14-1. This
terminal 1/O, however, is essentially identical to that written on file 7 and

illustrated in Figure C-4.
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tyoe label data

NELSHW OELB

Y VH WH X Y YA WX WY NZ PHI
THETA PS1 uov Xav ULv XLV UNV XNV

FHX FHY FHZ THX THY THZ BETA HEADING VTNT VX

VY ATOT AX AY UHI VHI WH I Zl FX1 FY1
FNI RETAI FCI FSI UH2 VH2 WH2 22 FX2 FY2
FN2 8ETA2 FC2 Fs2 UH3 VH3 WH3 Z3 FX3 FY3
FN3 BETA3 FC3 FS3 UH4 VH4 WH4 Z4 FX4 FY4
FN4 BETA4 FCa FS4

NONE

FAOLLAWING, FREEWAY

FOLLOWIN7G, FREEWAY, INTERVENING VEHICLE

FOLLUOWINSG, FRCEWAY ENTRANCE RAMP

FOLLNANING, URBAN STREET

FOLLOWING, URBAN STREET, INTERVENING VEHICLE

LATERALLY MOVIMS VEHICLE, FREEWAY ENTRANCE RAMP

LATERALLY MQOVING VEHICLE, INTERSECTION, VEHICLE APPROACH FROM RIGHT
LATERALLY MOVING VEHICLE, INTERSECTINN, VEHICLE APPRDACH FROM LEFT
MJIECT N RNADWAY, PEDESTRIAN MOVES FROM CONCEALED PASITINN
STATTONARY 0OBJECT NN ROADWAY

STATIONARY NBJECT NN RNADWAY, ONCOMING VEHICLE

—————— INITIAL CONDITIONS (SUBJECT VEHICLE)

HHO INITIAL LONG. VELACITY OF CG IN HORIZONTAL BQONY AXES, MPH (+ FORWARD)
VH0 INITIAL LAT. VELNCITY OF CG IN HORIZNNTAL BODY AXES, MPH (+ RIGHT)
WH) [NITIAL VERT. VELACITY NOF CG IN HNRIZONTAL BODY AXES, MPH (+ D7IWN)

X0 INITIAL LONS, POSITION 0OF CG IN INERTIAL AXES, FT (+ FORWARD)

YO INITIAL LAT. POSITION OF CG IN INERTIAL AXES, FT (+ RIGHT)

70 INITIAL VERT. POSITION OF CG IN INERTIAL AXES, FT (+ DOWN)

WX INITIAL ANGULAR RATE ABNUT X BIDY AXIS, DEG/SEC (+ CLOCKWISE)

WYO INITIAL ANGULAR RATE ABOUT Y BODY AXIS, DEG/SEC (+ CLNCKWISE)

WZO INITIAL ANGULAR RATE ABNUT Z B3DY AXIS, NDEG/SEC (+ CLOCKWISE)

PHIN INITIAL ROLL ATTITUDE, DEG (+#CLNCKWISE)
THEO INITIAL PITCH ATTITUDE, DEG (+CLOCKWISE)
PSIO INITIAL YAW ATTITUDE, DEG (+CLOCKWISE)
------ VEHICLE MNDEL PARAMETERS (SUBJECT VEHICLE)
WETSYT  VEHICLE WEIGHT, LB

XX RILL  PRINCIPAL MOMENT OF INERTIA ABQOUT X BODY AXIS, FT-LB=SEC#**2

IYy PITCH PRINCIPAL MOMENT NF INERTIA ABOUT Y BODY AXIS, FT-LB-SEC#*%2

1724 YAW PRINCIPAL MOMENT OF INERTIA ABOUT Z BUDY AXIS, FT-LB-SFC**2

F DISTANCE FROM CG TO SPIN AXES NF FRONT WHEELS, FT

DR DISTANCE FROM CG TO SPIN AXES OF REAR WHFELS, FT

TF HALF TREAD WIDTH OF FRONT WHEELS (HALF OF DISTANCE BETWEEN WHFELS), FT
TR HALF TREAD WIDTH UF RZAR WHEELS (HALF OF DISTANCE BETWFEN WHEELS), FT
AR HEIGHT NF CG ABOVE FRAONT ANHEEL SPIN AXES, FT

ZR HEIGHT OF CG ABOVE REAR WHEEL SPIN AXES, FT

HE FRONT WHEEL RADIUS, FT

R REAR  WHEEL RADIUS, FT

KF SPRING LNAND-NEFLECTINN RATE AT EACH FRONT WHEEL, LB/FT

¥R SPRING LOAD-DEFLECTION RATE AT EACH REAR WHEEL, LB/FT

CF VISCWIS NAMPING COEFFIENT AT EACH FRONT WHEEL, LB/FT/SEC

o VISCOUS DAMPING COEFFIENT AT EACH REAR WHFEL, LB/FT/SEC

WIXF CTRCUMFERENTIAL COEFFIENT OF FRICTION FNR EACH FRONT TIRE, LB/LB

MIX1 CTRCUMFERENTTAL COEFFIENT OF FRICTION FOR EACH REAR TIRE, LB/LB

“UYF 4AXIMUM SIDE FORCE CORFFIENT OF FRICTION FOR EACH FRONT TIRE, LB/LB

MIYR MAXIMUM SIDE FORCE CNEFFIENT AF FRICTION FOR EACH REAR TIRE, LB/LB
SETASF  SIDESLIP ANGLE AT WHICH SIDE FORCE SATURATES FOR FACH FRONT TIRE, DE5G
BEFASR  SIDESLIP ANGLE AT WHICH SIDE FNRCE SATURATES FOR EACHY REAR TIRE, DEG
SNR RELATIVE TIRE-ROAD SKID NUMBER (O <= SNR <= 1)

FIGURE C-1. FILE 1 INPUT DATA (LABEL DATA)



K5
KB3F
KR
XSG
LMY

I LR R
MANNEC
TAUR
TAUP
WC
VETH
YETH
ABR
ARSTH
ABSTL
ASWS
ASNC
TSW
SWYAX
SANRUAX
IV
Hvo
nava
HLV
Vo
LV
HNVMTH
TINVAVE
OHVO
NIS1H7
ITSTHS
pPSIk
LW
TAUD
TAUQVD
LAV
JTAVM TN
HAVAVE
LLF

LR

PRN
Psn

DA
[THRS'
NTHRSY
[LLONK

88!
SUND
QR
kR
IB
BSIINS

FRONT-WHEEL-TN-STEERING-WHREL TURN RATIO, DEG/DEG
BRAKE-TNROUE-TO-P=DAL-FORCE GAIN FOR EACH FRNNT WHEEL, FT-LB/LS
JRAKE-TINQUE-TN-PEDAL-FNRCE GAIN FUOR EACH REAR WHEEL, FI-LB/LS
DRIVE-TORA'IE-TI-VELNCTTY-ERROR GAIN, FT-LB/FT/SEC (NOT NORMALLY USEM)
VIHAICLE COMMAND SPEED, FT/SEC (NOT NORMALLY USED)

MAXTMUM DRIVE TNRAUE, FT-LB (NOT MURMALLY USED)

ORIVER CONTROL MODEL PARAMETERS (OPEN AN CLOSED LUOP)

DRIVER MANEUVER DECISIOM MODE (0.=NONE, 1.=BRAKE, 2.=STFER, 3.=COMBIN
DRIVEDR REACTINN TIME, SEC

NRIVER L=ADN TIME-CONSTANT FOR LATERAL PNSITION CNONTROL, SEC

NESCRIB. FUNCTION MODRL CROSSOVER FREQ. FOR HEAD. ERROR CONTROL, RAD/
LONGITUDINAL VEL ERROR THRESHOLD FOR CLOSED-LOOP BRAKING CONTRNL, FT/
LATERAL P75. ERRIR TARESHOLD FJIR CLOSED-LOOP STEERING CONTROL, FT
NIRMALIZED BRAKE INPUT RATE LIMIT (BRAKING AND COMBINED MAN.), 1/SEC
NORMALTZED BRAKE INPUT STEP AMPLITUDE LIMIT (BRAKING  MANEUVER), %/1N
NIRMATLTZED BRAKE INPUT STEP AMPLITUDE LIMIT (CNOMBINED MANEUVER), %/10
SINUSTIIDAL STEERINSG WHEEL INPUT AMPLITUDE (STEERING MANEUVER), DEG
SINUSOIDAL STRFERING WHEEL INPUT AMPLITUDE (COMBINED MANEUVER), DES
SINUSIIIDAL STEERING WHEEL INPUT PERIOD (STEERING AND COMBINED MAN.),
STEERING WHFEL AMPLITUDE LIMIT FOR CLOSED-LOOP STEERING CONTRAL, DEG
STRERING WHEEL RATE LIMIT [FOR CLNSED-LNIP STEERINSG CJINTROL, DEG/SEC
SCEMARIO DEFINITION PARAMETEERS

IEADWAY BETANEEN SUBJECT AND OBJECT VEMICLES, FT

INITIAL VELOCITY OF OBJECT VEHICLE, MPH

DECELERATINN LEVEL 0OF NBJECT VEHICLE, G’S

AEADWAY SETWEEN OBJECT AND LEAD VEHICLES, FT

'ITTTAL VELOCITY NF LEAD VEHICLE, MPH

NECELERATINN LEVEL OF LEAD VEHICLE, G’S

MINIMIM HEANDWAY BETWEEN ONCOMING VEHICLES, FT

AVERAGE (MEAN) HEADWAY BETWEEN ONCOMING VEHICLES, FT

VELOCITY OF ONCOMING VEHICLES, MPH

IMITIAL DISTANCE FROM SUBJECT VEHICLE TN IMMINENT COLLISINN PNINT, FT
INITIAL DISTANCE FROM SURJECT VEHICLE TO ONCOMING VEHICLE, FT

INITIA'. BEARING FROM SUBJECT VEHICLE TO UBJECT VEHICLE, DEG

LANE AIDTH OF ROADWAY, FT

CRITICAL EVENT DETECTION TIME FOR SUBJECT VEHICLE, SEC (FOR MHET=0)
DRIVER RESPONSE DELAY TIME FNR NBJECT VEHICLE, SEC

NDRIVER MANEUVER NDECISTON MODEL PARAMETERS

LENGTH OF ADJACENT LANE VEHICLES, FT

MINIMIM HEADWAY BETWEEN ADJACENT LANE VEHICLES, FT

AVERASE (MEAN) HEADWAY BETWEEN ANDJACENT LANE VEHICLES, FT

LENGTH NF FRONT SAFE-MANEUVERING REGINN FNR SUBJECT VEHICLE, FT
LENGTH NF REAR SAFE-MANEUVERING REGION FOR SUBJECT VEHICLE, FT
APRIORT BRAKE MANEUVER PROBABILITY (0 <= PBO <= 1)

APRTNRI STEER MANEUVER PROBABILITY (0 <= PSO <= 1)

PROBABILITY THAT DRIVER IS ANARE OF ADJACENT TRAFFIC (0 <= PA <= 1)
YANEUVER DECISN TIME THRESH (MIN. ACCEPT. TIME T VERIFY ADJ. GAP),
MANEUVER DECISN DIST. THRESH (MIN. ACCEPT. DIST. TJ ONCOMING VEH.), F
TIME [N LOOK (CHECK) FOR ADJACENT VEHICLE, SEC

NRIVER EVENT DETECITINN MIDEL

SKY ILILUMINATION ON VERT. SURFACE (EXCL EFFECTS NF DIR. SUNLIGHT). FT
SUN TLLUMINATION (IN SURFACE NORMAL TO SUN’S RAYS, FT-CD

RZFLECTANCE NF INTERSECTING VEHICLE SURFACE, %/100

NBJECT ILLUMINANCE DUE TO FIXED RDOADWAY LIGHTING, FT-CD (NIGHT ONLY)
IBJECT LUMINDUSPINTENSITY IN DIRECTION OF SUBJECT VEHICLE DRIVER, CD
ANGLE NF INCIDENCE BETWFEN SUNZS RAYS AND NORMAL TN NBJECT SURFACE, N
REFLECTANCE NF LENS WITH STNP [LAMP OFF, %/100

BACKGRNUND TLLUMINP/CE DUE TJd FIXED ROADWAY LIGHTING, FT-CD (NIGHT ON
BACKGR™IND (LENS) LUM INTENSITY IN DIRECTION OF SUBJ. VEHICLE DRIVER,
ANGLE NF INCIDENCE BRETWEEN SUN’S RAYS AND NORMAL TN BACKGROUND, DEG

FIGURE C-1. (continued)



LSKY
LSIUR
TRANS
KI.

Vi)

Hn
PLIT=
HRT
HPER
S514¢C
KVi
KV2
ALLPHMUN
HEYFE
HLTT™
qi)lJ
TALIRM
TAUBS
TAURNHM
TAURDS

Chkkbk

LUM(NANCE 0OF HNRIZON/SKY, FT-L

STEFECTIVE LUMINANCE OF OBJECT SURRAUNDINGS (EXCL EFFECTS OF GLARE), FT-L
WINDSHIELD TRANSWMITTANCE, %/100

NINDSHTELD TRANSMITTANCE SCALE FACTOR FOR LOS TO LEAD VEMICLE

VERTICAL DIMENSION NF NBJECT AS VIEWED BY DRIVER, FT

HARIZIMTAL DIMENSION OF OBJECT AS VIEWEND HY DRIVER, FT

PRUBABILITY OF LINE-NF=SIGHT TO LEAD VEHICLE STOP LAMP (0 <= PLITE <= 1)
YELATIVE CHANGE IN HEADWAY DETECTABLE WITH NEAR CERTAINTY, %/100
ECCENTRICITY ANGLE AT WHICH HEADWAY CHANGE IS DETECTABLF, DEf

STANDARD DEVIATIIN OF DETECTION PROBABILITY DISTRIBUTION

TIME COYSTANT ENR TRANSIENT ADAPTATION TJ GLARE (LV FILT< LV INST), SEC
[IME CONSTANT FOR TRANSIENT ADAPTATINN T GLARE (LV FILTs=LV INST), SEC
MINIMIUM ANSLE LIMIT FOR AN AND AG IN VEILING LUMINANCE CALCULATIONS, DEG
HETGHT OF SURJECT VEHICLE DRIVER’S FYES ABOVE ROADWAY, FT

HEIGHT OF SUBJECT VEHICILE HEADLIGHTS ABOVE ROADWAY, FT

HEZISHT OF OBJECT ABOVE ROADWAY (STNP LAMP NR OTHER OBJECT), FT

MEAN DRTVER 3LINK DURATION, SEC

STANDARD DEVTATIIN NF DRIVER BLINK DURATION, SEC

MIZAN DRIVER RESPONSE DELAY, SEC

STANDARD DEVIATION NF DRIVER RESPANSE DELAY, SEC

CAOLLTSINN DETERMINATION ALGORITHM PARAMETERS

DISTANCE FROM CG TO FRINT NF SUBJECT VEHICLE, FT

DISTANCE FROM CG [N REAR OF SUBJECT VEHICLE, FT

NIOTH OF SUBJECT VEHICLE, FT

LENGTH nF NBJECT VEHICLE, FT

NIDTH  OF DBJECT VEHICLE, FT

LONGITUDINAL VELQICITY THRESHOLD USED FOR RUN TERMINATION, FT/SEC

LATERAL VELOCITY THRESHNLD USED FNR RUN TERMINATION, FT/SEC

W T=0,12/1.10 1523922

o>

FIGURE C-1. (concluded)



type s5n data
YES, READ RUN CONDITION MODIFICATIONS FROM TELETYPE

511160 / MSCEN, MNITE, MDET, MADJ, MVEH, MSTOR
2218 14 / MPRT, NU, NX, NVAR

22 / NTRIAL, ISEED

.N25 .5 .25 10, /7 DT, DTPRT, DTSTOR, TMAX

RPARAML

11110=40.,VHO=0, ,WHO=0, ,X0=0,,Y0=0,,Z0=0.,
WX0=9, ,WY0=0,,WZ0=0,,PHI0=0.,THEO=0.,PS10=0.,

WEIGHT=3771.,1%XX=313.,1YY=1917.,17Z2=2405.,
DF=4.11,NR=5,73,TF=2.49,TR=2.58,2F=.9,ZR=.9,4F=1.1,HR=1.1,
KF=1260.,KR=1440, ,CF=52,,CR=100.,

MUXF=.85,MUXR=.88 ,MUYF=,96,MIJYR=1.02,BETASF=20. ,BETASR=17.,SNR=1.0,
KSW=.07,KBF=0.60,KBR=0.40,

KsC=n.,JCMN=0.,TDMAX=0.,

MANDEC=0, ,TAUR=,2,TAUP=3. ,4C=3.5,VETH=2.,YETH=2.,
ABR=0,,ABSTB=0,75,ABSTC=0.60,ASWS=90.,ASNC=90.,TSW=1.5,SWMAX=T720.,SWRMAX=60

HV=100.,1I0V0=40, ,DOV6G=.5,
HLV=100.,ULV0=40.,NDLVG=.25,
HNVMIN=30.,HNVAVE=1056.,JNV0O=40.,
DISTS0=0.,DISTNS=0N.,PS18=0.,
Lw=12.,TAUDN=1.5,TAUOQVD=1.5,

LAV=20.,HAVMIN=", ,[{AVAVE=0.,
LF=15.,LR=15,,PR0=.4,P50=,08,PA=0.,
TTHRSH=0. ,DTHRSH=1076.,TL0K=0.,

ESKY=0,,ESUN=0.,R0=0.,EN=0.,1N=70.,BSUND=0.,

RB=N, ,EB=0.,1B=2, ,RSUNR=0,,LSKY=0.1,LSUR=0. 3,
TRANS=0.7,KL=0.5,Vv0=0, 33,HD=0, 33,PLITE=0.2,HRTH=0.12,HPER=10.0,
SI1GC=0.5,KVI=6.7,KV2=6.7,ALPHMN=0.5,
HEYE=4,5,HLITE=2,.5,H0BJ=2.5,TAUBM=0,15,TAUUBS=0.,TAURDM=1.0,TAURNS=0. 37,

LSVF=7.,LSVR=7.,WSV=5,5,L0V=14.,0d0V=5.5,
UHTH=2.,VHTH=2.,

FIGURE C-2. SAMPLE INPUT DATA (SCENARIO 5, NIGHT)



REND

5

[ ] 683
.N53
.022
.N44
.005

—_———{wOON
. .

—— o o (No

N—=O—=NVwas

[
»w

-5
-6

—O0O—=Nwbd

78

-2
-1

BN ~-=D

7/ NCAT
o7 2.12 -.26
5. 0. 40.
—|2u Oo -520
-18. 0. 0.
-45, 0. 45,
/ NGLARE
0. 0.
0. 0.
/ MMERG
le 1o 1o 1. 1. 1,
le 1o 1o 5 .25 .25
/ NPTD
1 000
1000
1 000
1300
3000
11000
12000
7900
4000
1800
1 000
/ NPTXE, NPTYE
=10 -9 -8 -7
1000 1000 1090 1000
1000 1000 1000 1000
1000 1000 1000 1000
1000 1000 1000 1000
1900 1900 1900 1900
3500 3500 3500 3500
/ NPTXF, NPTYF
=3.66 =-2.66 -1,46 ~0,66
2.98 2.00 1,27 0.81
2.09 1.12 0.37 0.01
1.37 0.42 -0.,29 -0.68
0.82 -0.14 -0.78 -1.08
0042 -0049 "0008 —1.22
0.1l =N0,73 -1.13 ~1.30
-0.03 -0.84 -1,20 ~1.35
-0.10 -0.90 -1,24 -1.38

2.92 1.36
0. .73
0. 1.08
0. .68
0. 1.44
le 1o 5 5 1,
25 5 1. 1. 1.
-6 -5 -4
1000 1000 1000
1000 1000 1000
1000 1000 1000
1000 1000 1000
1900 1900 1970
3800 3900 4050
0.34 1.34 2.34
0.62 0.46 0,37
-0.20 -0.33 -0.39
-0.87 -0.96 -1.,03
-1.25 -1.34 -1.37
-1.34 =1.41 -1.44
=179 =1.45 -1,47
-1.42 =1.47 -1.49
-1.44 -1.48 -1.59

Py
Not needed for this run., Could be replaced with

0 / NGLARE

0 | NMERG

0 [/ NPTD

00 | NPTXE, NPTYE

FIGURE C-2. (continued)

1.68
.33
.12
.27
.50

— —
s

1000
1000
1009
1 000
1900
4200

-——

—

1 000
1000
1000
1000
1900
5200

-1
1000
1000
1000
1 000
1900
6500

0
1 0N0
1000
1000
1300
3000
11000




1 27

ODQVO QW ~NIUTAWNY—D

N = —

25

20
8 2
2UH0O”
[4iinl"e2d
sULvo-
Z1JNVO 2
’YNVMINZ
’HNVAVE~
’NTHRSH”
TN
1 3
240y’
3
7 A8STRB”
ZABSTC”
/SNR’

4

0. .2

0, .1

R3s T=1.2%

C>

/ NPTXr, NPTY6

=3.66 =2.66 ~1.56

0.00 92.00 0.00
0.25 0.21 0,12
0.43 0,39 0.21
0.56 0.51 0.28
0.66 0.61 0.35
0.74 0.69 0.41
0.81 0.76 0.47
0.87 2.81 9,52
0.92 0,86 0.58
0.97 0.91 0.63
1.02 0,97 n0.68
1.25 1.20 0.91
1.49 1,44 .15
1.73 1.68 1,38
1.96 1,91 1.61
2.20 2.14 1.85
2.44 2,37 2,08
2.67 2.61 2,32
2.91 2.84 2,55
3.14 3,08 2.79
3.3 3.31 3.72
3.62 3.54 3,25
3.85 3.78 3.49
4.00 4.01 3,72
4.32 4,25 13,96
4.56 4.48 4,19
4.80 4.71 4,42
7/ NIVG, NSTOR

7/ NIV(Ul), NOC(1)

40, 55.
40, 55.
40, 55.
40. 55.
30. 40.
1056. 1056.
1076. 1392,
1.5 1.1

7 NIV(2), NN(2)

35, 10, 105,

/ NRV

N.25 0.75
0.25 0.60
n. 0.
.8 1.

.8 1,

/1.54 17317143

-0. 66
0.00
0.n8
0.13
0.19
0.24
0.29
0.34
0.39
0.44
0.48
0.52
0.74
0.97
1.19
1.42
1.63
1.85
2.07
2.30
2.52
2.72
2.96
3.18
3.41
3.63
3.385
4,07

0.34
7.00
0.N5
0.09
0.13
0.17
0.22
0.26
0.30
0.34
0.38
0.42
0.53
0.34
1.04
1.25
1.45
1.56
1.86
2.07
2.27
2.483
2.49
2.89
3.10
3.30
3ani

3.72

1.34
0.00
0.02
0.5
0.07
0.10
0.14
0.18
0.21
0.25
0.28
0. 32
0.51
0.70
N.89
1.08
1.27
1.46
1.65
1.84
2.03
2.22
2.41
2.60
2.79
2.98
3.17
3.36

0.74
0.91

1.09
1.26
1.44
.61

1.79
1.06
2.13
2.31

2.48
2.66
2.83
3.N0

FIGURE C-2. (concluded)
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SCENARIN NUMBER?

?
>=1
CORRE

QO NI LNV—D

11
SCENART
?
>/

CT

8]

RESPONSES ARE ¢
NONE
FOLLOWING, FRSEWNAY
FOLLNWING, FRFEWAY, INTERVENING VEHICLE
FOILLOWING, FRREWAY “NTRANCE RAMP
FOLLAWING, 'ITRRAN STRFET
FOLLOWING, 1JR3IAN STRERT, INTERVENING VEHICLF
LATERALLY MOVING VEIICLE, FREENAY ENTRANCE RAMP
LATERALLY MOVING VEHICLE, INTERSECTIM, VEHICLE APPROACH FRIOM RI
LATERALLY MOVING VEHICLE, INTERSECTIO, VEHICLE APPROACH FRIM I
NRJECT AN ROADWAY, PENESTRIAN MQVES FROM CNNCEALED PASITINN
STATINNARY IBJECT AN ROADNAY
STATIONARY NBJRCT (ON ROANDWAY, INCNMINS VEHICLE
NUMBER?

DAY/NIGHT MODE?

?

-

CORNECT RESPANSES ARE 3

0
|

NAY
NIGHT

NAY/NIGHT MIDE?

?
>/

EVENT NETECTION MODE?

?
>—1

CIRRECT RESPONSES ARE

0
|

PURE TIME DELAY
EVENT NDET. MADEL

EVENT DETECTTON ¥ONDE?

?
>/

ANJACENT LANE TRAFFIC MINE?

?
>=]
CORRE
N
|

CT RESPIINSES ARE @

NONE
NAIRMAL TRAFFIC

ADJACEIT LAYME TRAFFIC MODE?

?
>/

VFHICLE MANDEL ORDER?

?
>=
CIRRE

QDO 9N —-=D

CT RIESPONSES ARE 3

LI I { S N { BT I

QPR ON —

NONE

DNk
NOF
nNaF
NOF
nNE
NOF

YEHTCLE MNNEL IRDER?

?

FIGURE C-3. (continued)
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>/
VEHICLE TRAJECTNRY DATA STNRAGE MODE?

?
>=1
CIRRECT RESPNNSES ARE @
0 = NO STORAGE
I = STARE DATA
2 = RIEICALL DATA
VEHICL™ TRAJECTNRY NATA STORAGE MODE?
?
>/
NDATA PRINTQUT CONTRNL MAINE?
?
>=1
CORRECT RESPNONSES ARE @
0 = OVERALL SUMMARY
I = IN. RUN SUMMARY
2 = IND, TIME HIST.
DATA PRINTQIJT CONTROL MODE?
?
>/
NUMSER OF CONTROL INPUTS FNR TIME HISTORY (0-2)?
?
>=
NUMB=x OF CNONTROL INPUTS FNR TIME HISTORY (0-2)?
?
>/
NUMBER 1F STATE VARTIABLES FOR TIME HISTORY (0-18)7
?
>—
NUMBER AF STATE VARIABLES FOR TIME HISTORY (0-18)?
?
>/
NUMBER OF INTERMEDTATE VARIABLES FOR TIME HISTORY .0-54)?
?
>
NUMBER NF TINTERMENIATE VARIABLES FOR TIME HISTORY (0-54)7
?
>/
NUMBER OF MONTE CARLO TRIALS (>=0)?
?
>=|
NUMBRER OF MONTE CARQLO TRIALS (»>=0)?
?
>/
RANNOM NUMBSZR SENERATOR SEED (0-13)7?
?
>=1
RANNDOM NIMBER GENERATOR SEED (0-13)?
?
>/
INTEGRATINN TIME STEP FOR DRIVER/VEHICLE SIMULATION (>0.0)7?
?
>=|
*kkdk [INTEGRATINN TIME STEP DT = -1.000000 IS LESS THAN NR ENUAL TN ZERO *x%%*
TNTEGRATIAN TIME STEP FIR DRIVER/VEAICLE SIMULATINN (>0.0)?
?
>/

TIME STEP FNR TIME HISTORY PRINTOUT (MULTIPLE IF INTEGRATINN STEP)?
?

FIGURE C-3. (continued)
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77 YIU WISH T2 MODIFY PROGRAM CONTROL PARAMETERS?

>n

DO YOU WISH TO INCREASE NUMBER 0OF MONTE CARLO TRIALS?
>y

TYPE IN TOTAL NUMBER OF MNNTE CARLO TRIALS DESIRED
?
>1000

FIGURE C-3. (concluded)
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APPENDIX D

VEHICLE MODEL EQUATIONS

This appendix represents detailed equations for each of the four vehicle models
discussed in Section 6. Before presenting the model equations, we discuss one aspect

common to three of the models which requires special handling.
LATERAL-AXIS RESPONSE CHARACTERISTICS

The 2, 3, and 6 DOF models include the coupled yaw-rate/lateral-velocity modes
which describe lateral (or steering) response characteristics of the automobile. The
linearized 2 DOF model® (on which our 2 DOF model is based) points up a rather
peculiar characteristic of automobile lateral-axis models: yaw-rate response speed
is'inversely proportional to vehicle velocity.'r Thus as vehicle velocity approaches

zero, yaw-rate response becomes infinitely fast.
This presents a problem for simulation of such vehicles when forward velocity
approaches zero. For vehicles with neutral steering characteristics (see reference),

this yaw-rate response has a frequency (or inverse time constant) of

1Ty = gCSr/uhO (D-1)

where Uh, forward velocity, ft/sec

]

Csr cornering stiffness of rear tires, 1b/lb-rad

g gravity (32.2 ft/sec?)

*D.T. McRuer and R.H. Klein, "Automobile Controllability /Driver-Vehicle Response
for Steering Control: Volume I--Summary Report, " Report no. DOT-HS-801-407,
Systems Technology, Inc., Hawthorne, California, February 1975.

T Actually this same phenomenon occurs with aircraft models, but in this case forward
velocity never becomes very small (except for helicopters and STOL aircraft).



Ifor a lypical standard-size sedan with Cg,. = 5, traveling at 55 mph (~80 ft/sec), we

have

1/T, = (32)(5)/80 = 2 rad/sec

Ifor non-neutral steering, yaw-rate/lateral-velocily dynamics have a complex pair

ol eigenvalues with frequency as large as two or threce times this value (that is,

~ 5 rad/sec). Suspension system characteristics should contain frequencies no higher
than about 10 rad/sec. Thus, with a second order Adams-Bashford integration
algorithm, a siep size of At = 0.05 sec should be adequate at 55 mph. In fact, this
slep size may well be adequate for speeds as low as 11 mph (~ 16 fi/sec) since laleral-
axis response frequency approaches 1/ Ty as velocity goes to zero even for non-ncutral

sleering characteristics.

t'or the 3 and 6 DOF models under combined steering and braking maneuvers, the
problem is morc complicated. In order to simulate the vehicle as forward velocity
goes to zero, we must decrease step size as a function of this velocity. For example,
cach time velocily is halved, step size must also be halved. If one were to carry this
to the limit, an infinile number of iterations would be required to simulate a finite
amount of time no matter what the initial step size. Clearly, there reaches a point
where we must be willing to eliminate these high-frequency dynamics and use a steady-

stale approximation.

Assuming a constant integration step size and that the 2 DOF model linearized dynamic
are valid, we can compute a threshold forward velocity (u,) below which steady -state
dynamics must be substituled for actual dynamics. Using Equation (D-1) and solving

for the velocity, al which T, = 24t (to insure integration stability), gives

i = 28C At

I'or the typical vehicle described above and using an integration step size of 41 = 0.05

sce, we have

W = 2(32)(5)(0.05) = 16 ft/sec (~ 11 mph)

which is still a significant velocity. Cutting integration step size to 0.025 sec would

reduce this threshold to 8 ft/sec (~ 5 mph), which is a little more attracltive. Moreove



it provides a little more margin for stability of suspension system dynamics. In this
casce steady-state dynamics would be used below 5 mph, which should be adequate for

mostl applications.

I'or the 3 and 6 DOF models, a similar threshold is needed for lateral velocity
(vi},) since lateral tire forces for a slowly-moving (or nearly stopped) vehicle cause
lateral velocity to chatter. This is due to the way in which lateral tire forces are

modelled at very slow speeds; that is,
Vh ~ g SNR i sgn (vp)

where

b= (Hyfdr + “yrdf)/(df + dr)

is a weighted average lateral coefficient of friction for the vehicle and sgn (-) is the
signum function, with parameters defined in Section 11. For a fixed integration step
size, this produces a chatter (or bang-bang response) in lateral velocity with

magnitude
v = gSNR p At

For safety, we choose a lateral velocity threshold of twice this, or
Vth = 28t SNR (bygd, + pondp)/(dp + dy)

below which steady-state lateral velocity computations are used. Typical values for

this threshold when SNR =p . = B .~ 1 and4t = 0.025 sec are

yf y

Vip = 2(32) (0.025) (1) (1) = 1.6 ft/sec (~1 mph)
which again should be adequate for most applications.
VEHNICLE MODEL EQUATIONS

Model equations are presented for each of the four vehicle models discussed in

Section 11 in each of the next four subsections. A sketch of the vehicle indicating



coordinate systems used and critical vehicle parameters was presented in Section 11,
State descriptions with associated control inputs were also discussed at length, as were
input parameters and initial conditions. Flow charts and FORTRAN listings for each
of the models appear in Appendixes A and B, respectively. A description of inter-
mediate variables and constants common to all of the models appears in Table D-1.
Supplementary intermediate variable calculations performed outside of the vehicle
models are summarized in Table D-2. These calculations are not needed in the
vehicle models and are performed in the MAIN program primarily for the purpose of

detailed time-history output.

SIX-DEGREE-OF-FREEDOM (6 DOF) MODEL

Steering and Braking Control Inputs and (Optional) Speed Control Feedback

8w = Kgw 85w /57.3
Fpj = Kpy Spp /bt i=1,2
= Kpr 6bp Ihy i=3,4
F¢ = # min { - Kge (up - uemd), Tg max]/hr 6, = 0
= 0 % = 0
where

with
F = 3 WSNRp dr_* SNR bxr heg
bfmax = xf dg + dp + hog SNRbyyr - Hyp)
df - SNR hys heg
F = 3 W SNR £
bryax 2 Pxr df + dpr + heg SNRby . - nys)
[{]
bPmax max [bemax he/ Ky, Fbrmax hr‘/Kbr]



TABLE D-1. INTERMEDIATE VARIABLES AND CONSTANTS FOR

VEHICLE SIMULATION

Variable Description

th Totul upplied forces along x horizontal body axis (+ forward), lb

Fhy Totual applied forces along y horizontal body uxis (+ right), lb

l-‘hz Totul applied forces ulong # horizontal body axis (+ down), lb

’l'hx Totual upplied torques ubout x horizontal body uxis (+ clockwise), ft-1b

hy Totul upplied torques about y horizontul body axis (+ clockwise), ft-1b

Th'/. Totul applied torques ubout » horizontul body uxis (+ clockwisec), ft-lb

B Vehicle sideslip (+ clockwise), deg

vhcnd Vcehicle heading (direction of travel, + clockwisc), deg

vtot Totul velocity of vehicle CG, ft/sec

Vx Inertial x velocity of vehicle CG (+ forward), ft/sec

Vy Incrtial y velocity of vehicle CG (+ right;, ft/sec

ltot Totul ucceleration of vehicle CG, ft/sec

“x Inertial x acceleration of vehicle CG (+ forward), ft/sec2

“y [nertial y acceleration of vehicle CG (+ right), l't/sec2

M Total vehicle mass (= W/g), slugs

hcg Effective height of vehicle CG, ft

be Maximum braking force that cach front wheel can sustain, l'b

Fbrmux Maximum braking force that each rear wheel can sustain, 1b

Ft ki Drive force applied to each rear wheel for speed control, lb

bbf Brake pedal force needed to lock front wheels, lb

Ghrth Brake pedal force needed to lock rear wheels, lb

6hpth Applicd brake pedal force, b

6bp ) Bru.kc pedal force nfzedcd to lock cither front or rear wheels

min (whichever occurs first), 1b
6bp Maximum cffective brake pedal force (pedal force needed to lock
max all wheels), 1b

bw Front wheel steer angle, rad "

Fbi Available braking force magnitude ut i~ wheel, 1b

Fni Normal force at ith whecl (+up), lb "

chi Maximum Fircumferenfiu% force' magnitude that i~ wheel can sustain,
1b (determined from friction ellipse)

Fci Applied circumfcrcnt.ial force at ith wheel due to braking or drive
forces (opposcs braking force, + forward)

Fsmi Maximen side forcc. m'ugnituc.ie that ith wheel can sustain, 1b
(determined from friction ellipse)

Fsi Applied side force at ith wheel due to tire sideslip (+ right), 1b

in Applied force at ith wheel along x horizontal body axis (+ forward), lb

Fyi Applied forctchat ith wheel along y horizontal body axis (+ right), lb

u Velocity of i~ wheel contact point wrt CG along x body axis, ft/sec

vi Velocity of ilh wheel contact point wrt ('Ci along y body axis, ft/sec

w Velocity of ith wheel contact point wrt CG along z body axis, ft/sec

Ui Total velocity of :;h wheel contact point along x horizontal body axis, ft/sec

Vhi Total velocity o i~ wheel contact point tc:]long y horizontal body axis, ft/sec

whi Suspension system deflection ratci: at i wheel along » horizontal body axis, ft/secc

% Suspension system deflection at i wheel along z horizontal body axis, ft

Bi Sideslip angle for ith wheel (+t<;‘lockwisc), rad

B Normalized sideslip angle at i~ wheel, rad/rad




TABLI D-2. SUPPLEMENTARY VEHICLE CAL.CULATIONS PERFORMED IN
MAIN PROGRAM

Vchicle Velocities in Inertial Coordinates (ft/secc):

Vx=uhcosw-vhsm\u = x

Vy=uhs1nw+vhcos¢=y
R 2 21/2

Vtot B lVx +Vy]

Vchicle Acceleration in Inertial Coordinates (ft/secz):

a = (I cos ¢ - th sin y)/M
i = hd s i + I S
ly (Fr, siny + 1 hy %98 ¥)/ M
2 2.1/2
. = Je + ¢
‘tor T Iy Tyl

Vchicle Sideslip and IMeading (deg):

-1
= R7 92 ¢,
8 57.3 tan (vh/uh)

mr o 579 ¢, -1
Yhoug = P7-3 ¥ 4B [A57.3 tan (vylvx)]
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Wheel Contact Point Velocities in Ilorizontal Body Coordinates

uhl = up + u; + ewl i = 1,2,3,4
Vhi = Vhp t vi t Owy

where
up =Wy ty + Wy ozp

ug = Wptp + wyozg

uz =ty iy + 0y ozp
ug = w, tl‘ + U)y ZI‘
V2 = Vl = “’z df - wX th

Va = v3 =70z dp - Wy heg

Wy = Wy tp - o df

Jy
Wg T Wxtp - wydf
w3 = Wxtp + w0y dp
Wg = wytn + wydpe

with

heg = [(zg + hp) dp + (zp + hp)dpl/ (dp + dp)

Suspension System Deflection Rates and Positions in Horizontal Body Coordinates

Whi = wp + wj - Bu; + ¢vj i = 1,234
zy = z + @ty - Bdg
zg = z - @ty - Bdy
z3 = z + ¢t + Gdr

z4 = z ~ $tp, + 6dp



Tire and Suspension Forces in Wheel Coordinates

Fni = Wi + Kjzi + Cj wy, 1=1,2,3,4
Fo = - min { Fy;, Femi J sgn (up;) i=1,2
= -min { Fpj, Femi } sgn (upi) + min {Fy, py Fp; i=3,4
: 1 a. =2 .
Fgi = -mm{lﬁuyiﬂi(B ~-Bi) Fpi + FpjtanBi|, Fgmi J sgn (8;) i=1,2,3,
where

Byi Fni .
nl L= 1 = 1,2, 3,4
Femi Lhyi/uyi)? + tanZ B3] &

1
Fomi = [(“‘yi Fpi)2 - (“‘yi/“'xi)z Fqi2]2 i= 1,234
B; = tan~1 { vhi/lupild - 6y sgn (apj) i=1,2
= tan"! {vpi/ | up;]} i= 3,4
Bi = min {[B;[/Bgi, 1} sgn (8) i=1,23,4
with
d d
I r -4 r

W= bW Wi = B W g
Ki = K¢ K; = Kp
G- oo i=1,2 Ci = Cr i = 3,4
Byij = SNR Py Bxi = SNR @y,
Byi = SNR Hyf Byi = SNR Hyr
Bsi = Bgf/ 57.3 Bsi = Bgp/ 57.3

Total Applied Forces and Moments in Ilorizontal Coordinates

Fhx = Fy; + Fyg + Fygz + Fyy
Fhy = Fy1 + Fyp + Fygz + Fyq

Fhz = (Fpy + Fpg + Fpg + Fng) + W



where

dg(F1  + Fpa)

tf (sz - Fy1)

cos 6, -

Feog cos by -

sin 6y +

Foo sin by +

+ tI‘ (Fn4

- dp(Fp3

+ te(Fyq

Fsz

sin

sin

cos

cos

+

g

Fpg) - heg Fhy
Fn4) + heg F
b

Fx3) + df (Fyp + Fyg) - dp (Fyg3 + F

State Derivatives for Velocities Above Threshold (luhl > u4y,, Or IVhl > vip)

where

Linear Velocity in Horizontal Body Coordinates:

Uhp = ¥vp + Fpy/M

‘;h = —\]Iuh + th/M
Wh = Fp,/M
M = W/g

Linear Position in Inertial Coordinates:

"
|

“<.
1

P

u, cos ¥ - vy sin ¥

up sin ¥ + vh cos ¥

y4

)



® Angular Rates about Body Axes:

=D
]

x = Wlyy - Ipp) wgw, + Thy - 8 Thy )/ Ixy
d’y = [gz - Ixx) wywy + Thy + ¢ The 1/ lyy

by = [lxx - Iyy) ox Wy + Thy + 8 Thy - ¢Thy]/ 122

L] Attitude in Inertial Coordinates:

® = wy + w, 2]
6 = wy - w, ¢
vV o= w, + wy o)}

e-
1

[zz - Ixx) wpwy + Thy]/ lyy

w, = 0, wy = up by/(dy + dp)(1 + Kgiap uhz)

6 = wy
Vo= ow,
iy = ¥ vp + Fpy/M
{’h = 0, Vh = (1 - uh/gcsr) dr wZ
v.Vh = th/M
X = upcos ¥ - vy sin¥
y = upsin ¥ + vy cos ¥
z = Wwp
with

D-10



3
CSf = E (57.3) SNR “‘yf / BSf
3
Cor = 5 (57.3) SNRuyy [ Bgy
Kgtab = (1/Cgs - 1/Cgp) [ g (dp + dy)

Uy = 2g Cgr At

= A
vth = 2g SNRAt (u d + p.yrdf)/(df +d)
THREER-DEGREE-OF-FREEDOM (3 DOF) MODEL

Steering and Braking Control Inputs and (Optional) Speed Control Feedback

6w = Kgw 8w / 57.3
Fpi = Kbf ®pf / hf i=1,2
= Kpr Spp | hp i= 3,4
Fy = #min{ - Kgc (up - uemg), Tgmaxl/br 8% 7 0
= 0 6b
where
[ = 6y, &
bp b bpmax
with

) dr + SNR Hxp heg
xt dp + dp + hog SNR(bxp = byg)

- 1
bemax = 5 WSNR W

df - SNR 'Jle hcg
dr + hog SNRlgy - Hxp)

- 1
Formax = & WSNRExr 3

ébPmax max {bemax hy [ Kpg, Fbrmax hy / Kbr}

(w]
'

11



Wheel Contact Point Velocities in Horizontal Body Coordinates

Upp = Uy - @y tf
Uphe = up + W, iy
Upg = Uy T Wy tp
Uphg = up + @, tp
Vh2 = Vh1 = vp t @, df
Vha = Vh3 T Vh - @y dp

Tire and Suspension Forces in Wheel Coordinates

Fn1 = W1 - Kx Fhy - Kyj Fpy
Fhg = W - Ky Fpy + Kyo Fhy
Fng = W3 + Ky Fhx - Ky3 Fp,

Fl’l4 = W4 + KX th + Ky4 th

Fei = -min [Fp;, Fomil sgn (uy) i=1,2
= -min {Fp;, Fopnil sgn (upy) + min {Fy, ny Fy) i=3,4

Fgi = - min [I%‘ Pyi Ej_ (3 - §2) Fpi + Fpj tan Bi', Fsmi} sgn <Bl) i=1,2,3,

where
- yi Fni
1 . = L
cmi [(P-yi /pxi)z = tanz BIF 1 = 1: 2: 3’4
Fsmi = [y Fnid2 - (hyi /[ byi)2 Fo;2]3 i=1,234
-1 .

Bi = tan “{vp; / lupil} - 6y sgn (upy) i= 1,2
= tan " {vp; / Jup;!} i= 3,4

Bi = min {]8i] / Bgi, 1} sgn (8}) i=1,2,3,4

D-12



and

h(,g

Ky

dr df
1 =1 e § . - 1
Wdf+dr W _E—Wdf*'dr
1 llsg —Kf K P 1 E:g ___KI‘
4t Ky + Kp yi *t, Kp + K,
SNR Kt i= 1,2 Byi = SNR “XI’ i = 3.4
SNR byf Wyi = SNR Hyp
Bsf/ 573 SSI = Bsr / 57.3

[(zg + hp) dp + (zp + hp)d.]/ (df + dp)

hcg

2
dg + d,

Total Applied Forces and Moments in Horizontal Coordinates

th

th

Ty

Z

where

Fxl + Fx2 *® Fx3 + Fyq

Fyl + Fyz + Fy3 + Fy4

tt (Fxpg - Fy1) + tp (Fyy - Fyg) + dp(Fyy + F

Fop cos b6y - Fgy sin 6,
Feg cos &y - Fgg sin by
Fe3
Feq

Fe1 sin §; + Fgp cos &y

Feoo sin 8 + Fgo cos by

D-13
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) - dp(Fy3 - F

y4
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State Derivatives for Velocities Above Threshold (Iuh > ugp or lvhl > viy)

o Linear Velocity in Horizontal Body Coordinates:

ilh = ‘i’Vh + th/M
\‘lh ="'V up + th/M

where

M = W/g

e Linear Position in Inertial Coordinates:

X = uy cos ¥ - v siny

y = up sin ¥ + v, cos ¥

o Angular Rates about Body Axes:

(i)z = [(Ixx - Iyy) Wy (Dy + ThZ + B Thx - ¢ Thy] / Izz

o Attitude in Inertial Coordinates:

#:wz+wy¢

State Derivatives for Velocities Below Threshold (|up| < Uth, vl < Vih)

w, = 0, Wy = up by [{dg + d N1 + Kgyap uhz)
¥ = w,

;,h = 0, vpb = (1 - Up / ngr) dr @,

X = up cos¥ - v siny

5, = up sin¥ + vy cos ¢



wilh

! S (57.3) SNR py /By

Cap 257, SNR g B

Ngpah (W Cqr = 1 Cqp) [y 1dy)

Wh 24 Cyy O

vil, 2 ¢ SNR AL (pyp dp ) By dp) [y 1 odp)

TWO-DEGREE-OF-FREEDOM (2 DOR) LATERAT-AXIS MODIGE

State Derivatives for Veloeity Above Threshold (luhl > uy)

vip o Yyvp b Y mupgl e, b Y by
';’y, NV Vi | N[. w, | wa 6W
N up cos ¥ - vy Hin ¥
y up sin ¥ - vy cos ¥
¥ w,
where
U YUhg
5, Ny OSww /573
wilh
o 1.5 (57.3) SNR p ./ By
Cop 1.5 (57.3) SNR py,./ Byr
g drde : :
Yy ° = (Copldp 1 Cypldy)

i ((J[' | (J,.) U]\O
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g dp dp

Yo = - (dy 1 d) Upg (Cr - Cgp)

Ny = - (dfw|dfd(ir)‘ Uho 1oz (Cgp - Cyp)
Neo= - (drw'dfd(:'r)‘ Uhg Tz e Car + dr Cyr)
Yo, - ﬁ Cyt

State Derivatives for Velocily Below Threshold (,uhl < uyy,)

v, ¢ 0, v,y = (l-u.h/gCS )d
r r oz
Wr T 0wy oy By Mdp  dp) (1 Ky “}102)
X = up cos ¥ - vy siny
y = up sin¥ + v cos ¥
¥ w,
where
Unh YUhg
bw = Kgy By / 57.3
wilh
Rstab (H/Cyr = 1/Cq0) [ g dp 4 dp)
u”] 2 g (‘H[‘ At

D-16



ONE-DEGRLEE-OP-FREEDOM (1 DOY) LONGITUDINAL-AXIS MODET.

up = Fhy/M

A

where
® No Wheels Locked: $pp . ®bpmin
Kpf Kpr
“ = - + 6 3
® Lront Wheels Locked:  8pf,, S bpp = Sbryp,
Fpe = -2 ® W dr SNR et + Kpp (df + dp) bpp/hy sgn (up,)
X df + dr - SNR pyf heg
° Rear Wheels Locked: Gbrth < 6bp < ebfth
% W df SNR u + Kpp (dp + dp) 8pp/h
I = -9 Xr bf ‘df r! °bp/f
hx [: af T dI‘ F SNR [T hcg sgn (Uh)
® Al Wheels Locked: &y > 6bpmax
th = -2 (bemax + Fbrmax) sgn (uh)
where
ﬁbp' = % bbpmax
wilh
dr + SNR pp h
F = % W SNR = I _cg
bfmax 2 Hxf df + dp +hcg SNR (Bgr - Hyp)
- df - SNR ikf heg
Foroax - W SNR gy

df + dr +hcg SNR (p'xr - I""xf)



th

%Pmin

8 =
bPmax

2 W dp

Kb
bf ‘9f r u +

3 W df

l<bI‘ h
iy cg

Kbr (df + dp)/SNR i h,, +<

Kpr
a1

T

+

Kpyp

max [bemax hf/be, Fbrmax hr/Kbr}

d =
an hcg [(zf +hf) df + (zr + hr) dr] / (df + dr)
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APPENDIX E

DERIVATIONS OF MANEUVER DECISION MODEL PROBABILITIES

This appendix derives probability expressions from corresponding logical expressions
for the maneuver decision model described in Section 9. In addition, it derives
probabilities of adjacent vehicles occupying each of the safe-maneuvering regions

defined in Figure 9-1.

Consider first the probability that one or more adjacent vehicles (AV) occupy any one
of the regions identified in Figure 9-1. The general situation for a string of vehicles
all of length 4 is illustrated in Figure E-1. A vehicle is considered to occupy the
safe-maneuvering region Q, with length L, if any part of the vehicle lies within region
Q. Thus for a vehicle in the vicinity of region Q, the vehicle will remain in region Q
for a distance of L + 4 as region Q is shifted a distance of one headway (h}), provided
the headway is greater than L + 4. If the headway is less than L + 4, a new vehicle
enters the region before the old vehicle leaves. Thus, to avoid counting occupancies
more than once, the region is, in effect, occupied only for a distance of h as Q is
shifted through the same distance. The probability that region Q is occupied at any

time is given by (recall that ¢ = minimum headway and h = mean headway)

P = = .fmin {h, L+4} p(h)dh
q R o

We consider two cases:

Case 1: c < L+1

© 1 _

P, = L ﬂnin {h, L+4} =—— exp - {(h-¢c)/(h-c)}dh
q R o h - ¢

. Twibdl { -(h - c)/(h - c) }dh

= E— . K— N exp C C

s L ep(-m-ofi- ol
h L+ h-c¢

3N

E-1



"- hl—blﬂ-hz hs —b,d—hz; —.I
=2 e 2 > [ > nosacent vencLes
_’I t I‘— ->| I‘— SAFE-MANEUVERING REGION Q

FIGURE E-1. STRING OF ADJACENT LANE VEHICLES

L
REGION Q

L+2

= - Lt-h-cexp { -th-c)(h-o ) c

= ol

- Li& exp{—(h-c)/(f—l-c)} OIZ+L

h

1-Q1- %) exp { -(L+2-¢)/(h-c)}

Case2: ¢ > L+14¢

. - L
p. = LZ f plhidh = =%
: A

Assuming symmetry and independence between adjacent left and right lanes of traffic,
and letting £ = "av and L = £¢, £, and 45 + £, respectively, gives the first three
results summarized in Table 9-3. In addition, two other probability identities are

presented in Table 9-3 for later use.

For the remainder of this appendix, results are separated into two subsections: one
for scenarios 1 and 2, and one for scenarios 6 and 9, in accordance with the models

presented in Section 9.
SCENARIOS 1 AND 2
Referring to the logical expressions given in 'Luple 9-4, along with the probabilities

in Table 9-3, and observing the lack of correlation between terms, conditional

probabilities for X are given by



P(X|V) 2

PripPrir = Prip

P(X|V) = P PpipPpsp + (1 - P)Ps Pg

2 - 2
P,Pp 2 + (1 - P,)P;

and

P(X|V) 1 - P(X|V)

P(X|V) = 1 - P(X|V)

Hence, the conditional probabilities for B, S, and C in Table 9-4 follow directly.
Now, for the correlation expressions, we first rewrite Y as

v = [(L1- L2 - (R1 +R2) + (R1 - R2) - (L1 +L2) +LT - R1 - (L1 - L2)

+ RT-L1-(R1-R2)J] -A-V

where parentheses are used to group states which are correlated with each other.

Note further that the first two terms within brackets are correlated with each other,
while each is correlated with the third and fourth terms, which are themselves
uncorrelated. Thus, taking into account the correlations within and between terms, we

get the conditional probabilities™®

PX - Y|V = PY|V)
= [PRPrep + PirPpyp + (%(1 - PpPr + 31 - Pf)PFr>
-PR?2 - G PR2 + 3 PRY) - G PR2 + # PR2)

+ (& P2 + 3 PR2)] (1 - Py)

*#Since the third and fourth terms are uncorrelated with each other, we group these
terms to get an expression of the general form X = A + B + C, for which P(X) =
P(A + B + C) = P(A) + P(B) + P(C) - P(AB) - P(AC) - P(BC) + P(ABC).



(1 - P) Prr [2Pgy. + (1 - Pp) - 2P7y

(1-Py) [2Pf + 1 -Pp)] (Pgyp - Py

(1 - Py) (1+Pg (Ppyp - Py

P(X . z|V)

(PrrPrir + PirPpep - Pfx_'z) (1 - Py

(1 -P,) Pm (2Pg,. - PR

(1-Py) (Ppyp2 - Pg2)
P(X - Z|V) = (1-P,) (1-Pgp2)
Hence, the conditional probabilities for COLL and LOOK in Table 9-4 are given by™
P(COLL|B - V) = P(B - COLL|V)/P(B|V) = P(Bg - X +X) - (Sg + Cg) - YW)/P(B[V
= P(Sp + Cp) P(X - Y|W)/P®B|V) = 0

P(COLL|[S -V) = P(S - COLL[V)/P(S]V) = P(Sy - X - Y|W)/P(S, - X|V)

= P(X -Y|V)/P(X|V) = (1 - Pp)1+ Py)(Pgy,. - Pp)/P(X|V)

P(COLL|C - V) = P(C - COLL|V)/P(C|V) = P(Cq - X - Y[W/P(Cy - X|V)

= P(X - Y|V)/P(X|V) = (1 - P )1+ PlPsyp - Pp)/P(X|V)

and
P(LOOK|B - V) = P(B - LOOK|V)/P(B[V) = P(By - X+X) - (Sy + Cq) - Z|V)/P(E
= P(Sg + Cp) - X - Z|V)/P(B|V)
= (Pgq + Peg)(1 - Pa)(Ppy2 - Pr2)/P(B|V)

*Note that By - (Sg + Cg) = 0, Sg - (Sg + Cp) = Sg, Cp - (Sg + Cq) = Cg, and X - Y =0
and that Bg, Sg, and Cq are independent of X, Y, Z, and V.



P(LOOK|S - V) = P(S - LOOK|V)/P(S|[V) = P(Sy - X - z|V)/P(Sy - X[|V)

=P(X - zZ|V/PX|V) = 1-P,

P(LOOK|C - V) = P(C - LOOK|V)/P(C|V) = P(Cj - X - ZIV)/P(Cy - X|V)
=PX: z|V/PX[V) = 1-P,
SCENARIOS 6 and 9
Referring to the logical expressions in Table 9-5 together with the probabilities given
in Table 9-3, and observing the lack of correlation between terms, conditional

probabilities for X are given by:

P(X|V) = Pp.

P(X|V) = P,Pg. + (1-P,) P
and

PX|v) = 1 - P(X|V)

P(X|V) = 1 - P(X|V)

Hence the conditional probabilities for B, S, and C given in Table 9-5 follow directly.

Conditional probabilities for the correlation expressions in Table 9-5 are given by

P(X - Y|V) = P(Y|V) = PRl -Py) = (1-P )P, - Pp
P(X - Z|V) = Pf (1 - Py) = (1 - P )Pgy, - Py
P(X - Z|V) = (1 - P01 - Pgyy)

Thus, the conditional probabilities for COLL and LLOOK in Table 9-5 are given by

(following the development in the previous subsection):



P(COLL|B - V) = 0
P(COLL[S - V) = (1 - P)(Pgyp - Pp)/P(X|V)

P(COLL|C - V)

(1 - Po)(Py, . - Pp/P(X|V)

and

P(LOOK|B - V)

(Pgy + Pogi1 - Pa)(Pg, . - P/ P(B|V)

P(LOOK]S - V)

1-P,

P(LOOK|C - V) = 1 - P,



APPENDIX F

NOMINAL DATA

Nominal values for DRIVEM parameters and variables are contained in this appendix.

The basis for these data is discussed in Appendix G.

In the tables that follow, parameter values andtabular data are presented in the same
order as the samples output file list shown in Figure C-6. Nominal values for a
majority of the model parameters vary depending on user-selected options such as
scenario, vehicle-model degrees of freedom, and ambient-illumination conditions.
These variations are noted in each data table. Parameters not involved in model

computations under certain conditions are indicated as not applicable (N/A).



Table

F-1

F-2

¥-3

F-10

F-11

F-12

LIST OF TABLES

Nominal Parameter Values for Subject Vehicle Initial Conditions
Nominal Parameter Values for Subject-Vehicle Model

Nominal Parameter Values for Driver Open- and Closed-Loop
Control Models

Nominal Parameter Values for Scenario Definition
Nominal Parameter Values for Driver Maneuver-Decision Model

Nominal Parameter Values for Driver Event-Detection Model:
"Day 1" Condition

Nominal Parameter Values for Driver Event-Detection Model:
"Day 2" Condition

Nominal Parameter Values for Driver Event-Detection Model:
"Night' Condition

Nominal Parameter Values for Collision-Determination Algorithm

Nominal Tabular Data for Scan Pattern and Fixed Glare Source
Location in Driver Event-Detection Model: "Day 1'" and "Day 2"
Conditions

Nominal Tabular Data for Scan Pattern and Fixed Glare Source
Location in Driver Event-Detection Model: "Night'" Condition

Nominal Tabular Data for Intersecting Vehicle Line-of-Sight
Probability in Driver Event-Detection Model: "Day 1'" and
"Day 2" Conditions

Nominal Tabular Data for Subject-Vehicle Headlamps in Driver
Event-Detection Model: '"Night'" Condition

Nominal Tabular Data for Oncoming-Vehicle Headlamps in Driver
Event-Detection Model: 'Night' Condition

Nominal Tabular Data for Foveal Contrast Thresholds in Driver
Event-Detection Model

Nominal Tabular Data for Peripheral Contrast Thresholds in
Driver Event-Detection Model

F-10

F-12

F-14

F-21

F-22

F-23

F-24
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TABLE F-2. NOMINAL PARAMETER VALUES FOR
SUBJECT-VEHICLE MODEIL,
Model Degrees of Freedom
Mnemonic Parameter |6 DOF | 3 DOF | 2 DOF | 1 DOF
WEIGHT W 3771.0 =
IXX L. 313.0 N/A =
Yy Iyy 1917.0 N/A >
12.Z L., 2405, 0 » N/A
DF d; 4.11 o
DR d_ 5.73 -
TF te 2.49——m N/A }—p
TR t, 2.58—— N/A |——»
ZF Z 0.9 [— N/A 0.9
ZR z 0.9 b—»{ N/A 0.9
HF h, 1.1 ——» N/A .
HR h 1.1 —— N/A 1.1
KF K, 1260.0 ——» N/A }——>
KR K 1440.0 » N/A ——>
CF C, 52.0 N/A —
CR C. 100.0 N/A =
MUXF bos 0.85—— N/A 0. 85
MUXR by 0.88}——»f N/A 0.88
MUYF Mg 0.96 > N/A
MUYR . 1.02 — N/A
BETASF By 20.0 » N/A
BETASR B 17.0 = N/A
SNR SNR 1.0 »
KSW Koy 0.07 » N/A
KBF K ¢ 0.6 ] N/A 0.6
KBR K » 0.4 —»] N/A 0.4
KSC K . 0.0 |—— N/A |—
UCMD cmd 0.0 p—» N/A }——
TDMAX T4 0.0 —»| N/A —>
max
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TABLE F-12. NOMINAL TABULAR DATA FOR INTERSECTING VEHICLE
LINE-OF-SIGHT PROBABILITY IN DRIVER EVENT-DETECTION
MODEL: "DAY 1" AND "DAY 2" CONDITIONS

Mnemonic | Variable Scenarios 6, 7, and 8 only; day only
PMERG Pmerg
Pmer
-90 < LIRS -85 1.0
-85 -80 1.0
-80 -75 1.0
~75 -70 1.0
-70 -65 1.0
-65 -60 1.0
-60 -55 1.0
-55 ~50 1.0
~-50 -45 1.0
-45 -40 1.0
~-40 -35 0.5
-35 -30 0.5
-30 =25 1.0
-25 -20 1.0
-20 -15 1.0
=15 -10 1.0
-10 -5 1.0
-5 -0 1.0
0 5 1.0
5 10 1.0
10 15 1.0
15 20 1.0
20 25 1.0
25 30 0.5
30 35 0.25
35 40 0.25
40 45 0.25
45 50 0.5
50 55 1.0
55 60 1.0
60 65 1.0
65 70 1.0
70 75 0.5
75 80 1.0
80 85 1.0
85 90 1.0




TABLE F-13. NOMINAL TABULAR DATA FOR SUBJECT-VEHICLE HEADLAMPS
TN DRIVER EVENT-DETECTION MODEL: '"NIGHT' CONDITION

Mnemonic | Variable (Scenarios 9, 10, and 11 only; night only)
ISVO,ISVB | 1, I
SVo SV
Y, =0 b
_h
4 1000. 0=
3 1000.0
2 1000.0
1 1300.0
0 3000. 0
Yv -1 | 11000.0
-2 12000.0
-3 7900.0
-4 4000.0
-5 1800. 0
-6 1000.0

n} and I
3% SV

b interpolated from table values
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TABLE F-15., NOMINAL TABULAR DATA FOR FOVEAL CONTRAST THRESHOLDS
IN DRIVER EVENT-DETECTION MODEL

Mnemonic | Variable

(All scenarios)

CFOVO, CFOVL | c. ,C

fov
o

-3.00

-2.00

-1.00
0.0
1.00
2.00
3.00
4.00

1og10 (La * L‘v)

fov

y/
log10 2 s log10 a,

-3.66 -2.66 -1.66 -0.66 0.34 1.34 2.34
2.98% 2,00 1.27 0.81 0.62 0. 46 0.37
2.09 1,12 0.37 0.01 -0.20 -0.33 -0.39
1.37 0.42 -0.29 -0.68 -0.87 -0.96 -1.03
0.82 -0.14 -0.,78 -1.,08 -1.25 -1.34 -1.37
0.42 -0.49 -0.98 -1,22 -1.34 ~-1.41 -1,44
0.11 -0.73 -1,13 -1.30 -1.39 -1.,45 -1.47

-0.03 -0.84 -1.20 -1.35 -1.42 -1.,47 -1.49

-0.10 -0.9%0 -1.24 -1.38 -1.44 -1.48 -1.50

10g10 CfovO 1°g10 Cfovz

F-24
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TABLE F-16.

Mnemonic

NOMINAL TABULAR DATA FOR PERIPHERAL CONTRAST
THRESHOLDS IN DRIVER EVENT-DETECTION MODEL

| Variable

CPERO, CPERL Cp°r

o’

=

(o]

, C
per

)/

All Scenarios
log10 a, > log10 a

-3.66 | -2.66 | -1.66 | -0.66 r 0.34 1.34 2. 34

0.0 0.0% | 0.0 0.0 0.0 0.0 0.0 0.0
1.00 0.25 0.21 0.12 0.08 | o0.05 0.02 0.0
2.00 | o0.43 0.39 0.21 0.13 0.09 0.05 0.01
3.00 | 0.56 0.51 0.28 0.19 0.13 0.07 0.02
4,00 0. 66 0.61 0. 35 0.24 | o.17 0.10 0.03
5.00 0.74 | 0.69 0.41 0.29 0.22 0.14 0.06
6.00 0.81 0.76 0.47 0.34 | 0.26 0.18 0.09
7.00 | 0.87 0.81 0.52 0.39 0.30 | o0.21 0.12
8.00 0.92 0. 86 0.58 0.44 | 0.34 | o.25 0.15
9.00 0.97 0.91 0.63 0.48 | 0.38 0.28 0.18
10. 00 1.02 0. 97 0.68 0.52 0.42 0. 32 0. 22
15,00 1.25 1.20 | o0.91 0.74 | 0.63 0.51 0.39
20. 00 1.49 1.44 | 1.15 0.97 | 0.84 | o0.70 0.56
%1 25. 00 1.73 1.68 1.38 1.19 1.04 0. 89 0.74
30. 00 1.96 1.91 1.61 1.42 1.25 1.08 0.91
35.00 2. 20 2.14 | 1.85 1.63 1.45 1.27 1.09
40.00 2.44 | 2.37 2.08 1.85 1.66 1.46 1.26
45. 00 2.67 2. 61 2. 32 2.07 1.86 1.65 1.44
50. 00 2.91 2.84 | 2.55 2. 30 2.07 1.84 1.61
55. 00 3.14 3.08 2. 79 2,52 2.27 2.03 1.79
60. 00 3.38 3.31 3.02 2,72 2,48 2.22 1.96
65. 00 3. 62 3.54 | 3.25 2,96 2. 69 2,41 2.13
70. 00 3.85 3.78 | 3.49 3.18 2. 89 2. 60 2.31
75.00 | 4.09 4,01 3.172 3.41 3.10 2.179 2.48
80.00 | 4.32 4,25 3.96 3.63 3.30 2.98 2.66
85.00 | 4.56 4,48 | 4.19 3.85 3.51 3.17 2.83
90.00 | 4.80 4,71 4,42 4,07 3.172 3.36 3.00

:"loglo Cper, 1og10 Cperz interpolated from table values
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APPENDIX G

BASIS FOR NOMINAL DATA

The basis for the nominal data in Appendix F is presented below in the same order as the
sample output file list shown in Appendix C, Figure C-6. Identification of parameters
by their mnemonic notation facilitates cross-reference with Figure C-6 and the data
tables in Appendix F, Parameter values having no basis for estimate or considered to

be arbitrary values are indicated as such.
SUBJECT VEHICLE INITIAL CONDITION PARAMETERS

Initial SV longitudinal velocity (UHO) is assumed to be the same as other vehicles in
traffic, The traffic speed in scenarios most representative of freeway or open-road
driving conditions is arbitrarily set at 55 mph. In other scenarios more representative

of urban driving conditions, vehicle speeds are initialized at 40 mph,

The remaining initial conditions are all nominally zero for a vehicle traveling at constant
forward velocity on straight and smooth roadway. Longitudinal position (X0) is used only
for vehicle checkout (scenario 0). It is not used for any of scenarios 1-11 since SV
position is determined by scenario definition parameters as discussed in Section 7. The
rest of the parameters are useful primarily for vehicle checkout. However, they can be
made random variables if the user desires. Under normal driving situations these initial

conditions have little if any effect on collision probability.
SUBJECT VEHICLE MODEL PARAMETERS

Model parameters for the subject vehicle (a 1971 Dodge Coronet) are taken primarily
from Reference 1. This particular vehicle was selected because data were readily
available for it. Table G-1 shows sources of data for each vehicle parameter. The
first column gives the parameter; the second column gives an expression from which
data were derived in Reference 1 (except where otherwise noted). Column three shows
the scale factor used to convert these data to the proper units for the DRIVEM simulation
(that is, conversion from inches to feet). The last two columns give the nominal value

and units used in the DRIVEM simulation.



TABLE G-1. DATA BASIS FOR SUBJECT VEHICLE PARAMETERS

DRIVEM Variable Derived from Reference 1 Scale Factor Value Units —
WEIGHT W = (Mg + Myp + MuR) g x 12 3771.0 1b )
XX Ix +12 313.0 ft-lb-sec
IYy I 9 +12 1917.0 ft—lb—sec2

Y 2 Tp 2 2
1ZZ I,z =1,+Myp(a + -7 )+ Mg b +12 2405.0 ft-1b-sec
DF a + 12 4.11 | ft
DR b +12 5.73 ] ft
TF TF/Z +12 2.49 | ft
TR TRIZ + 12 2.58 | ft
ZF ZF +12 0.90 | ft
ZR ZR +12 0.90 | ft
HF RW +12 1.10 | ft
HR Rw +12 1.10 | ft
KF KF x 12 1260.0 Ib/ft
KR KR x 12 1440.0 1b/ft
CF CF x 12 52.0 1b/ft/sec
CR CR x 12 100.0 1b/ft/sec
MUXF bpF = PBFl + PBFZ Wf 0.85

T =
MUXR “PR PBRl . PBRZ Wr 0.88
9 Note 1
MUYF uyF = Blwf + B3 + B4Wf 0. 96
2
= + + .
MUYR uyR RB1Wr RB3 RB4Wr 1,02
BETASFEF Note 2 20.0 deg
BETASR 17.0 deg
SNR SNSO/SNT 1.0
KSW 1/NG 0.07
KBF Note 3 0.6
KBR 0.4
KSC 0.0 ft-1b/ft/se
UCMD Note 4 0.0 ft/sec
TDMAX 0.0 ft-1b
Notes:
1. Wf e 1098 1b, Wr > 77 h 788 1h

2. Taken from plot of Dodge Coronet tire characteristics (Reference 2, p. 9).
3. Typical brake torque distribution (Reference 3, p. 351).

4, Not used for normal DRIVEM applications.



Most of the items in Table G-1 were taken directly from Reference 1 after scaling to the
proper units, but some were computed from other quantities. Vehicle weight (WEIGHT)
was computed by multiplying gravity (g) by the sum of the sprung mass (Mg) and the two
unsprung masses (M,p, M g). Moment of inertia about the z body axis (I1ZZ) is taken to
be the sum of the inertia of the sprung mass (Iz) plus that due to the unsprung masses.
Longitudinal tire coefficients of friction (MUXF, MUXR) are defined as a constant term
plus a term linear in the normal force. Lateral tire coefficients of friction (MUYF,
MUYR) include constant, plus linear, plus quadratic terms in normal force as defined in
Reference 1. Tire sideslip saturation angles (BETASF, BETASR) represent measured
tire characteristics for the Dodge Coronet tire (Reference 2). Brake torque distribution
assumes typical values of 60 percent front and 40 percent rear (Reference 3). The last
three parameters (KSC, UCMD, TDMAX) are not used for normal DRIVEM applications

50 their nominal values are zero.
DRIVER CONTROL MODEL PARAMETERS

Driver conirol model parameters are separated into two groups, as was done in Section
11: open-loop control parameters and closed-loop control parameters. One parameter
(MANDEC) is not used for normal DRIVEM applications and is nominally set to zero.

It specifies the driver's evasive maneuver decision when the maneuver decision model
is bypassed (MSCEN = 0). Thresholds for longitudinal velocity error (VETH) and
lateral position error (YETH) of 2 ft/sec and 2 ft, respectively, define the conditions
above which open-loop control is initiated. Closed-loop control is resumed when errors
first fall below these thresholds.

Open-Loop Control Parameters

These parameters describe the driver's open-loop braking and steering characteristics.
The nominal rate limit for normalized brake inputs (ABR) is set to zero, which indicates
that pure step brake inputs are used. The nominal amplitude limits for driver-generated
normalized brake step inputs (ABSTB, ABSTC) are 0.75 and 0. 60, respectively. These
produce deceleration levels of ~ 0.75 g's and ~ 0.65 g's, respectively. Reference 4
suggests that 0.75 g's is about the maximum deceleration rate that an experienced
driver, who is familiar with his automobile, will generate in a braking maneuver. The
brake amplitude limit is reduced from 0. 75 to 0. 60 for the combined braking and
steering maneuver to avoid saturation of tire forces. The choice of the period for

sinusoidal steering wheel inputs (TSW) is based on automobile simulator experience

G-3



(Reference 5), which suggests a typical period of 1 sec for a rapid lane change maneuve
Values of 1.1 and 1.5 sec are chosen for scenarios at 55 and 40 mph, respectively, so
spatial duration of the maneuver is the same in each case. Peak steering amplitudes
(ASWS, ASWC) of 90 degrees are selected to give an (open-loop) lane change of approxi
12 ft (the assumed lane width).

Closed-Loop Control Parameters

These parameters describe the driver's closed-loop braking and steering characteristic
Describing function model parameters (TR, TAUP, WC) are set at 0.2 sec, 3.0 sec, ar
3.5 rad/sec based on typical results in References 5 through 10. Parameter values for
steering wheel amplitude and rate limits (SWMAX, SWRMAX) of 720 degrees and 600

deg/sec are assumed. These limit steering inputs for closed-loop steering control.

SCENARIO DEFINITION PARAMETERS

Initial Vehicle Headways

A value of 1.0 second was selected for initial time headway between SV and OV. This
value is representative of short headways in traffic (Reference 11) and was anticipated
to be within a range yielding accident probabilities [P(A)] of 0 < P(A) < 1 in the scenario
simulated. A 1 sec time headway corresponds to space (distance) headways of HOV = 5
feet and HOV = 81 feet for the nominal 40 mph and 55 mph traffic speeds assumed.
Headways between object and lead vehicles (HLV) in scenarios 2 and 5 are arbitrarily

set to the same values.

Initial OV, LV, and NV Velocities

Initial velocities of other vehicles (UOV0, ULVO, and UNVO0) are set the same as initial
SV velocity, UHO. Note that initial OV velocity in scenarios 6, 7, and 8 is not a
parameter. Velocity of OV in these scenarios is calculated such that the two vehicles

will collide unless SV takes evasive action.

OV and LV Deceleration Levels

The value of OV deceleration (DOVG = 0. 5g) is typical of deceleration levels generated

by drivers in a controlled braking maneuver (Reference 4). Lead-vehicle deceleration
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(DLVG) in scenarios 2 and 5 is arbitrarily set to half the above value to minimize the

chance of OV "colliding" with LV. This collision is not explicitly accounted for in the model.

Headways in Oncoming Traffic

A minimum time headway of 0.5 seconds is assumed. This corresponds to minimum
space or distance headways in oncoming traffic of HNVMIN = 29 feet at 40 mph and
HNVMIN = 40 feet at 55 mph. Mean distance headway in oncoming traffic, HNVAVE =
1056 feet, is based on a low-density traffic condition of five vehicles per mile. If
steering maneuvers are allowed in the decision model (PSO > 0 or PBO + PS0 < 1), the
likelihood that the simulated driver will actually initiate a steering maneuver is a
function of oncoming traffic density. Increasing oncoming traffic density (lower numeric
value of HNVAVE) would increase the probability of a brake-only response since the

driver is not allowed to steer into an oncoming vehicle (NV).

The above nominal values are used to generate a sequence of NVs with random headways
(see Section 7). In this case, the value of parameter DISTNS should equal zero (see
discussion below). If a single NV at specified distance DISTNS is needed, parameters
HNVMIN and HNVAVE should be set to zero.

Collision Point Distance and OV Bearing

Initial SV distance from the potential point of collision in scenarios 6, 7, and 8 (DISTSO =
500 ft) is equivalent to 6.2 and 8.5 seconds, respectively, at the nominal traffic

speeds of 40 and 55 mph. These time intervals were considered sufficient for detection
and evasive action if line of sight to OV is not obscured. Parameter PSIB, defining

initial OV bearing relative to SV in scenarios 6, 7, and 8, is assigned an arbitrary value
of 45 degrees. These scenarios are designed primarily to evaluate effects of line-of-sight
obstructions on detection of laterally moving vehicles. Appropriate values of PSIB would
vary depending on other variables being evaluated (for example, center-mirror or A-

pillar width or placement).

Initial Distance to Oncoming Vehicle

The nominal condition for oncoming traffic is a sequence of vehicles with random

headways determined by non-zero values of HNVMIN and HNVAVE (see above discussion

of these parameters). For this condition, parameter DISTNS should equal zero. By
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setting DISTNS to some specified distance and setting HNVMIN = HNVAVE = 0, a single
NV is generated at the distance specified. This option would be useful for evaluating
effects of oncoming headlamp glare under controlled conditions.

Lane Width

A lane width of 12 feet is typical of modern freeway design (Reference 11). Widths of fr

eight to 11 feet would be more appropriate to represent other types of roadway.

Detection and Response Delays

When the event detection model is not simulated (MDET = 0), TAUD substitutes a user-
definable time interval representing a lumped approximation of delays due to detection
and/or decision making. Parameter TAUOVD serves a similar function by determining
the OV driver's delay in response to L'V deceleration. Nominal values of 1.5 seconds
for both parameters approximate a combined detection and decision delay. This value
is near the average delay that would result from detection-model simulation, with event

detection occurring on the initial visual fixation.
MANEUVER DECISION MODEL PARAMETERS

Adjacent Vehicle Length

The projected-1985 vehicle mix based on proportion of miles traveled is approximately
75 percent passenger cars and 25 percent trucks (Reference 12). Assuming average car
and truck lengths of 15 feet and 35 feet, respectively, average vehicle length in adjacent

traffic (LLAV) is nominally 20 feet.

Headways in Adjacent Traffic

A minimum time headway of 0.5 seconds is assumed. This corresponds to a minimum
space (distance) headway of HAVMIN = 40 feet at 55 mph. Mean distance headway of
HAVAVE = 176 feet is based on a moderate traffic density (Reference 11) of 30 vehicles

per mile.



Safe Maneuvering Regions

The combined lengths of LF + LR = 30 feet effectively define a gap-acceptance threshold
for maneuvering into adjacent-lane unidirectional traffic. No basis was found for

estimating gap acceptance in emergency maneuvering situations similar to those simulated.

Maneuver Decision Probabilities

A priori maneuver-decision probabilities (PBO and PS0) are based on two data sources:

1) surprise intrusion tests involving 33 unalerted drivers (Reference 4), and 2) analyses

of evasive responses attempted by 157 accident-involved drivers in situations most similar
to DRIVEM scenarios (Reference 13). Proportions of maneuver responses obtained from
further reduction and analysis of data in these sources are summarized below.

Brake Steer Combined
Only Only  Brake-Steer

0.303 0.121 0.576 (derived from Reference 4)
0.497 0.038 0.065 (derived from Reference 13)
0. 400 0,080 0.520 (average)

The above average values are applied to define PB0 = 0,400 and PS0 = 0.080. Probability
of combined brake and steer is determined in the model by 1 - PB0 - PS0, which in this

case is 0.520,

Awareness of Adjacent Traffic

No basis was found for estimating the driver's a priori awareness (PA) of the presence
of vehicles in adjacent-lane regions L2 and R2 (see Section 9). This probability is
anticipated to be a function of mirror and vehicle structural design, as well as driver
tendencies to monitor traffic in these regions via mirror or direct glances. The value

of PA is arbitrarily set to 0. 5.

Maneuver Time and Distance Thresholds

No basis was found for estimating the threshold for time available (TTHRSH) above which
a driver is willing to verify presence of vehicles in adjacent unidirectional traffic lanes
prior to maneuvering. The value of this threshold is arbitrarily set to 1.0 second. The
values of distance threshold DTHRSH for lateral maneuvering in the presence of oncoming

traffic are estimated from a study by Crawford (Reference 14). An assumption required is
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that the threshold for a pass/no-pass decision from this referenced study is a reasonable
approximation of a similar threshold for lateral maneuvering in emergency situations.

Results obtained by Crawford are approximated by
DTHRSH = 7.2 (closing velocity) + 230. 4

with closing velocity in ft/sec. Closing velocities of SV and NV vary with nominal vehicle
speeds defined for each scenario. For vehicle speeds of 40 and 55 mph, closing velocitie
are 117.4 and 161. 4 ft/sec, respectively. With substitution of these velocities in the

above expression, corresponding values of DTHRSH are 1076 and 1392 feet,

Time to Look

Direct glances to adjacent~lane regions R2 or L2 (see Section 9) are assumed to require
between 40 and 60 degrees of head rotation. A study by Robinson, et al. (Reference 15)
indicates that a quick glance to one side would require about 0. 6 sec (including 0. 2 sec
dwell time). Allowing for the possible need to glance to both sides (approximately 1.2
sec total), the nominal value of TLLOOK is set at 1.0 sec.

EVENT DETECTION MODEL PARAMETERS

Mlumination from Sky and Sun

Published data in the IES Lighting Handbook (Reference 16) provided nominal values for

parameters ESKY and ESUN. A latitude of 38 degrees north is representative of the
continental United States. For arbitrarily selected periods of mid-March or September,
during mid-morning and afternoon, the sun at this latitude is about 45 degrees above the

horizon.

Two sets of nominal data are defined. Data for "day 1'" assumes a clear day with the sun
directly ahead of the SV at 45 degrees above the horizon. '"Day 2" is the same except
that the sun is located directly behind the SV,

ESKY is the illuminance produced by the sky on a vertical surface whose outward
normal vector is directed toward the SV driver. Nominal values of ESKY are from
Figure 7-13 in Reference 16. On day 1, since the sun is in front of the SV, the outward
normal vector toward SV is also directed away from the sun and thus is shadowed from

the brightest area of sky. The resulting illuminance from a clear summer sky is
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ESKY = 400 ft-cd. Day 2 has a higher value of illuminance (ESKY = 1480 ft-cd) since the
outward normal vector from a vertical surface toward the SV is also pointed toward a

brighter sky area surrounding the sun.

ESUN includes illuminance produced only by the sun on a surface whose outward normal
vector is directed at the sun (that is, a surface oriented normal to the sun's rays). During
the above calendar periods and with sun altitude of 45 degrees above the horizon, ESUN

is approximately 8000 ft-cd for both day 1 and day 2 conditions.

Sun Angles of Incidence

In general, the angle between an outward normal vector from any surface and a vector to

the sun (that is, either BSUNO or BSUNB) can be determined by

- -1 . : '
Baun ~ ©°5 [sin 8, sin g  cos (¢S + ¢n) + cos g  cos en]

where a positive x~axis is directed parallel to the SV and

; = unit normal vector from origin to the sun

fi = unit outward normal vector from the surface in question

oy = zenith angle between an upward vertical line and § (deg)

en = zenith angle between an upward vertical line and n (deg)

o = azimuth angle in a horizontal plane from the x-axis to s (deg)
¢n = azimuth angle in a horizontal plane from the x-axis to n (deg)

Figures G-1 and G-2 illustrate this geometry. The parameter BSUNO is the angle
between an outward normal vector from the relevant object surface (as viewed from the
SV) and a vector directed at the sun., All object surfaces for which BSUNO is applicable
(see Appendix F, Tables F-6 and F~7) are assumed to be vertically oriented. With the
exception of the detectable object in scenario 6 (side of merging OV), relevant surfaces
are facing away from the sun under day 1 conditions and facing toward the sun under

day 2 conditions. The ramp lane with approaching OV in scenario 6 is assumed to
merge with the SV's traffic lane at an angle of 30 degrees (see Section 7). In terms of
the above expression, the horizontal angle ¢n defined by the side of this merging vehicle

is ¢ = -120 deg.

BSUNB is the angle between the relevant object's background and a vector directed at

the sun, As described in Section 8, the daytime background in scenarios 1 through 5
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is assumed to be a (vertically oriented) tail/brakelamp lens with lamps not illuminated.

In all other scenarios, a horizontal ground plane is assumed for the relevant background.

Nominal values of BSUNO and BSUNB are calculated from the above general expression,
with the limitation that calculated values greater than 90 degrees are set equal to 90
degrees. In general, when B g,,, 2 90 deg, the illuminance on the surface due to direct
sunlight is zero. If data other than current nominal values of these parameters are
calculated, the preceding limit on calculated values is unnecessary since an equivalent
limit has been built into the program. For example, in Section 8, Equation (8-12), cos
BSUNO = 0 when BSUNO > 90 deg.

Sky and Surround Luminances

Figure 25 in Reference 17 provided nominal data for sky and surround luminance para-
meters LSKY and LSUR under daytime conditions similar to those of day 1 and day 2.
The following luminance measurements were made in the general area of Phoenix,

Arizona, during mid-afternoon with the sun at 54 degrees above the horizon.

° Azimuth toward the sun (day 1)
- sky above horizon = 2693 ft-L

- terrain below horizon = 2108 ft-1L.

e Azimuth away from the sun (day 2)
- sky above horizon = 1673 ft-L

- terrain below horizon = 1752 ft-L

Nominal values of LSKY are based on rounding the above horizon sky luminance measures

to 2700 and 1700 ft-L for day 1 and day 2, respectively. Assuming a mean visual fixation

point in the vicinity of the horizon, values of surround luminance LLSUR are (2693 + 2108)/
= 2400 ft-L for day 1 and (1673 + 1752)/2 = 1700 ft-IL for day 2.

The value of LSKY = 0.1 ft-L for the night condition assumes a horizon sky luminance
characteristic of deep twilight (Reference 16). Figure 9 in Reference 18 illustrates the
combined types of data (mean fixation point relative to headlamp isoluminance contours)
needed to approximate LSUR at night. The value of LSUR - 0.3 ft-L was estimated

from this source.
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Object Photometric Values

Parameters discussed here are object reflectances (RO), illuminances (EO), and lumino
intensities (I0). Reflectance can vary over a wide range approaching zero or unity
depending on factors such as surface texture, lightness, viewing angle, and the angle of
incident illumination (Reference 16). Object reflectance for scenarios 6, 7, and 8 (side
of laterally moving vehicle) and scenarios 10 and 11 (object on roadway) is assigned an
arbitrary nominal value of RO = 0.5. This value is typical of a medium grey or pastel
(low saturation) color. The value of RO = 0. 12 for scenario 9 is a representative

reflectance for summer clothing (Reference 19).

Object illuminance (EO) is used only in calculating visibility of objects on roadway
(scenarios 9, 10, and 11) at night; it refers to illumination produced by stationary
lighting sources. Nominal data assume that no light sources of this type are present.
Therefore, EO = 0 ft-cd.

The object luminous intensity parameter IO applies to the "on'" state of object and lead
vehicle brakelamps (stoplamps) in scenarios 1 through 5. The nominal value of IO = 70
cd is based on SAE Standard J586¢, minimum design candlepower requirements for
single-compartment stoplamps (Reference 20). Luminous intensity in the general
direction of the SV driver was approximated by an average value of the following six

test points.

Test Point Luminous Intensity (cd)
5U-5L 50
5U0-V 70
5U-5R 50
H-5L 80
H-V 80
H-5R 80 _

mean= 68.3 — 70 cd

It may be noted that SAE Recommended Practice J186 (Reference 20) provides
recommended luminous intensities for supplemental high mounted stoplamps. These

intensities are all 15 cd for the above six test points.

Background Photometric Values

Parameters of object backgrounds are reflectance (RB), illuminance (EB), and luminous

intensity (IB). As indicated in Section 8, brakelamps and taillamps are assumed to be
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colocated with a common lens. For scenarios 1 through 5, this lens is treated as the
background in calculations of brakelamp onset detectability. No basis was found for
estimating lens reflectance under daytime conditions when neither brakelamp or tail-
lamp are illuminated. Lens reflectance for this case is estimated at RB = 0.2. This
lens is treated as a background with luminous intensity (IB) of a taillamp under nighttime
conditions. The nominal value of IB is based on SAE Standard J5854d, minimum design
candlepower requirements for single-compartment taillamps (Reference 20). Luminous
intensities of the same testpoints identified above for stoplamps average 1.73 cd for

taillamps. This value was rounded to IB = 2. 0 cd.

All backgrounds in scenarios 6 through 11 are assumed to be a horizontal ground plane
characterized by reflectance RB. Grass adjacent to the roadway is arbitrarily assumed

as the object background in scenarios 6, 7, and 8. In scenarios 9, 10, and 11, background
for object line of sight below the horizon is taken to be a concrete road surface. Nominal
reflectances of grass and concrete for the day 1 and day 2 illumination conditions are from
Table 3.2 in Reference 21. Reflectances of these backgrounds at night at shallow angles
associated with headlight illumination were approximated from retro-reflectance data in

Reference 19,

Background illuminance (EB) is used only in calculating visibility of objects on roadway
(scenarios 9, 10, and 11) at night, and refers to background illumination produced by
stationary lighting sources. Nominal data assume that no light sources of this type

are present, Therefore, EB = 0 ft-cd.

Windshield Transmittance

Two parameters, T and KL, account for transmittance of glass surfaces between the

SV driver and objects or events to be detected. The nominal value of T = 0.7 is approxi-
mated from measurements by Dunn (Reference 22) which indicate a tinted-windshield
transmittance of 0.71 using a CIA Illuminant A source (blackbody at 2854 deg Kelvin) at

a 45-degree angle of incidence.

Parameter KL 1s a scale factor applied in scenarios 2 and 5 to account for reduction in
LV brakelamp and associated background luminance due to the two additional intervening
glass surfaces (OV front and rear windows). The nominal value of KI. = 0.5 assumes a

combined transmittance for these surfaces of 0. 5.
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It should be noted that the value of parameter (T) can be adjusted to account for trans-
mittance of sunglasses. Also, Reference 22 contains a variety of other transmittance
data for different types of automobile glass, sunglasses, angles of incidence (effectively,

glass tilt angle), and light source spectra.

Object Dimensions

A four-inch square brakelamp lens was assumed as the detectable object (event) in
scenarios 1 through 5. Vertical and horizontal object dimensions for these scenarios
are therefore VO = HO = 0, 33 feet. Detectable objects in scenarios 6, 7, and 8 are
nominally the side surfaces of laterally moving vehicles. These dimensions are
approximated by VO = 4 feet and HO = 14 feet. A vehicle length of 14 feet is typical

of current passenger cars in the 2500-3000 pound weight class (see subsection below on
Collision-Determination Algorithm parameters). Object dimensions in scenario 9
approximate the profile view of a human torso. Dimensions of objects on roadway in
scenarios 10 and 11 are purely arbitrary, and can assume any reasonable values.
Specific types of objects on roadway were not assumed in selecting neminal values for

object dimensions and reflectance.

Line of Sight to LV Brakelamps

No basis was found for estimating the probability of a clear line of sight through OV
windows to L.V brakelamps. The nominal value of PLITE = 0,2 is considered a reasonab!
estimate for the nominal SV-to-OV and OV-to-LV initial headways assumed. Actual
values could be expected to vary over a considerable range due to factors such as OV
structural design and passenger loading as well as SV driver eye height and L.V brake-

lamp location,

Detectable Headway Change

The parameters HRTH and HPER define a threshold for driver detection of a change in
headway when OV decelerates. This model provision accomodates the possibility that
for certain combinations of brakelamps luminous intensity and ambient illumination,

brakelamp onset may in fact not be detectable.

Parameter JRTH defines a threshold for detecting headway change. The value, HRTH =

0.12, is based on a study by Mortimer (Reference 23) who concluded that the ratio of
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detectable headway change (AH) to initial headway (H) is relatively constant over a range
of vehicle speeds and headways. The median value of this ratio (corresponding to
threshold level detection performance) was found to be AH/H = 0.12. Parameter HPER
is essentially an acuity threshold for peripherally detecting that a change in OV angular
subtense (decreased headway) has occurred. No basis was found to estimate the value

of this parameter for an unalerted driver.

""Frequency-of-Seeing'' Distribution

Parameter SIGC is the standard deviation of the normalized Gaussian distribution applied
to characterize change in detection probability due to variations in object/background
relative contrast. The value SIGC = 0.5 is based on laboratory results (Reference 24)
indicating ¢ = 0. 485 for a stimulus duration of one second (analogous to a fixation duration
in DRIVEM) and implications by Davies (Reference 25) that this distribution would have

greater variability under more real-world conditions.

Time Constants for Transient Adaptation

Analyses of experimental data reported by Spencer (Reference 26) indicate that short-
term effects of visual adaptation from one ambient luminance to another (that is, one
visual fixation to another in DRIVEM) can be approximated by an exponential function.
While these analyses suggest the possibility of a different time constant depending on

the direction of luminance change, Spencer recommended that a single average value

be applied pending further work. Parameters KV1 and KV2 are reciprocals of the
exponential time constants for increasing and decreasing luminence, respectively, and
are both assigned nominal values of 6.7 (secnl) based on Spencer's preliminary
recommendations. The two parameters are included in the model to cover the possibility

that further work may demonstrate the need for different time constants.

Glare Source Minimum Eccentricity Angle

Parameter ALPHMIN limits minimum glare-source eccentricity angle to a value greater
than zero to avoid a calculated value of infinite veiling luminance (see Equations 8-26
and 8-29 in Section 8). No basis was found for estimating the value of this parameter.
Since foveal vision subtends an angle of approximately 1.5 degrees, a nominal value of
ALPHMIN = 0.5 is assumed to allow glare sources to appear in foveal view but not

directly in the center thereof.



Eye, Light, and Object Heights Above Roadway

Nominal mid-point heights above roadway of driver eye position (HEYE), headlamps
(HLITE), and brakelamps (HOBJ) are based on measurements taken from a sample of
10 domestic and foreign automobiles, with seated eye height approximating that of a
fiftieth percentile male (Reference 27). In scenario 9, HOBJ = 3.5 feet corresponds
approximately to the elbow height of a standing fiftieth percentile male (Reference 27).
From the object vertical dimension (VO = 3.0 feet) given earlier for this scenario, the
detectable object in scenario 9 (human torso) is therefore assumed to extend from 2.0
to 5.0 feet above the roadway. Detectable objects in scenarios 10 and 11 are assumed
to be laying on the road surface. Values of HOBJ are therefore half the arbitrarily-

assigned object vertical dimensions (VO = 1.0 feet) in these scenarios.

Blink Duration

The nominal value for mean blink duration (TAUBM = 0. 16 seconds) is taken from

Reference 28. No variability is assumed in the duration of blinks (TAUBS = 0).

Response Delay

Model parameters TAURDM and TAURDS are mean and standard deviation of the
distribution defining driver response.delay following event detection. Nominal values
were calculated from data in Reference 29. These data represent drivers' brake
reaction time to an auditory stimulus, with a recommended (Reference 29) correction
factor applied to account for the increase in response delay of an unalerted driver.
Figure G-3 illustrates the approximation of the referenced experimental data by a gamma

distribution with TAURDM = 1.0 and TAURDS = 0. 37 seconds.

COLLISION-DETERMINATION ALGORITHM PARAMETERS

Vehicle Dimensions

A majority of the parameters in this algorithm provide vehicle dimensional data used to
determine occurrence of a collision. Although current nominal data for the SV dynamic
model represent a 1971 Dodge Coronet, dimensional data for collision determination
are based on vehicle sizes more representative of those anticipated in the 1985 time

frame.
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Published projections of 1985 passenger car mix in terms of proportion of miles driven

(Reference 12) can be closely approximated by the following three weight classes.

Weight Proportion of Miles
< 2500 1bs 0.42
2500 ~ 3500 lbs 0.38
> 3500 1lbs 0.20

Representative passenger car lengths and widths for each of the above wieght classes
were estimated from dimensions and weights of twenty 1977-model domestic and import
cars, Vehicle lengths and widths as a function of curb weight are plotted in Figures
G-4 and G-5. Midpoints of 2000, 3000, and 4000 pounds were assumed for the three
weight classes noted above. Nominal passenger car length and width for each weight
class determined from the regression equations in Figures G-4 and G-5 are shown in

Table G-2.

Nominal values of SV width (WSV) and OV length (LOV) and width (WOV) are weighted
means of dimensions from Table G-2. SV length is defined by the parameters LSVF
and LLSVR. Values of these parameters assume a CG location at vehicle center and an

overall length (LSVF + LSVR) equivalent to that of the OV.
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TABLE G-2. PASSENGER-CAR MIX CHARACTERISTICS
Defining Characteristics of Class
Weight Proportion of Total Vehicle | Vehicle | Vehicle
Class Miles Driven Weight Length | Width
(1b.) (in.) (in.)
< 2500 lbs 0.42 2000 157 63
2500 - 3500 Ibs 0.38 3000 187 70
> 3500 lbs 0.20 4000 218 78

Velocity Thresholds

Longitudinal and lateral velocity thresholds UHTH and VHTH define SV velocities at
which a simulation run is terminated. Nominal values are set to 2.0 feet per second
under the assumption that collision velocities below this level are of no practical

significance.



DETECTION MODEL TABULAR DATA

This subsection presents the basis for tabular data in Tables F-10 through F-16 of
Appendix F,

Fixation Categories

Five visual fixation categories are defined (NCAT = 5) based on driver visual scan data

currently available. These are:

1, Forward scene

2. Center rearview mirror
3. Left side rearview mirror
4, Speedometer

5. Other

Data were taken from several sources to estimate nominal values for probabilities of
fixation in the ith category, PCAT(I). Data in this form are generally not available,
although related data such as proportion of time or mean fixation duration in a category
are available for a limited number of driving conditions. Nominal values of PCAT(I)

were determined from available data in the following manner,
Let
N .. .th
di = mean fixation duration in i~ category
n, = number of fixations in ith category
1:i = time in ith category
T = total time of data collection interval = Zti

Pt = proportion of time in ith category = ti/ T
i

By definition,
PCAT(I) = ni/Zni

From the relationships

P =t /T=n4d/T
5 1 11
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ni/T = Pti/di
z(ni/T) = E(Pti/di)
ni/T _ Pti/di
o(n /T) =(P, /d,)
i ti i

fixation probability in the ith category can also be defined by
Py /4,
i

(P 7di)

t,
i

PCAT(I) =

The main source of data for determining nominal values of PCAT(I) was a study by
Rockwell, et al (Reference 30). Except where otherwise indicated, values of Pti and d;
in the following Tables G-3 and G-4 are from Tables 4.2 and 4.3 in Reference 30. Data
applied in all scenarios except scenario 3 (see Table G-3) were collected while driving
in a freeway traffic lane adjacent to an entrance ramp. Data applied in scenario 3 (see
Table G-4) were collected while driving on an entrance ramp. Data derived from other

sources (References 28, 31, 32) are indicated in these tables.

Although blinks do not represent a fixation category (see previous discussion of parameter
TAUBM), blink data are included in Tables G-3 and G-4 since they are involved in

calculating nominal values for PCAT(I).

TABLE G-3. BASIS FOR VALUES OF PCAT(I) IN ALL SCENARIOS
EXCEPT SCENARIO 3

Pt d Pt /4,

Category i i i ' | pcaTq)
(Blinks) 4.75 | 0.16" 29.69 | 0,193
I = 1 ke
(Forward) 79.851 0.76 105.07 0.683
1=2
(Center mirror)| 5.99| 0,733 8.17 0.053
I1=3
(Left mirror) 3.74 ] 1.08 3.45 0.022
I1=4
(Speedometer) 4,60} 0,684 6.73 0,044
I=5 +
(Other) 1.07| 1.44 0.74{ 0.005

“From Reference 28, p. 4
""From Reference 31, p. 49

*From Reference 32, Table K-2
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TABLE G-4. BASIS FOR VALUES OF PCAT(I) IN SCENARIO 3

P, d, P, /di

Category i ! i PCAT(I)
(Blinks) 6.29 | 0.16 39.3 0.251
[=1 a3k
(Forward) 72.6 0.76 95, 49 0.610
I1=2
(Center mirror)| 3.43 0,733 4.68 0.030
1=3
(Left mirror) [15,45 1,08 14. 25 0.091
I1=4
(Speedometer) | 1.65 | 0.684 2.41 0.015
I=5 +
(Other) 0.61 1.44 0.42 0.003

*From Reference 28, p. 4

""From Reference 31, p. 49
fFrom Reference 32, Table K-2
Fixation Distributions

Associated with each of the preceding fixation categories are mean and standard deviati
for fixation elevation angles THFM(I) and THFS(I), azimuth angles PSFM(I) and PSFS(I),
and durations TAUFM(I) and TAUFS().

No variability is assumed in the direction of glances for fixation categories 2 through 5.
Corresponding nominal values are THFS(I) = PSFS(I) = 0 for I = 2 through 5. Values of
mean fixation angles THFM(I) and PSFM(I) for I = 2 through 4 (mirrors and speedomete
are from Reference 33. The fifth fixation category ('"other") is a catch-all category
generally not explicitly defined in the literature. In the nominal data, this category

is assigned 45-degree fixation angles down and to the right to approximate glances in

the general direction of an ashtray, radio, or center console.

Several published studies have yielded data applicable to driver visual scanning of the
forward scene (I = 1). A field study by Whalen, et al (Reference 31) was selected as the
primary basis for nominal values of THFM(1), THFS(1), PSFM(1), and PSFS(1) under
day ambient conditions. Data for scenarios 1, 2, and 6 are from a '"freeway traffic
driving" condition. For scenarios 3, 4, and 5, Whalen's data for a "car-following with
short headway'' condition are applied. Scenarios 7, 8, and 9 are assigned data from a

condition representing ''open road driving at 50 mph' with some traffic present on
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multilane unidirectional roadway. Scenarios 10 and 11 are characterized by two-lane
bidirectional roadway with little or no oncoming traffic. Nominal data for these two

scenarios are from a ''daytime-straight' condition in Reference 18.

Nominal values of the above four parameters with I = 1 under night ambient conditions
were derived entirely from glance distribution data in Reference 18. Considerable
subjective judgment was necessary in assigning values because of the limited experimental
data available. In scenarios 1, 2, and 6 through 9, it is assumed that a driver would
exhibit a fairly dispersed glance distribution across the forward scene due to the relatively
large volume of traffic and roadway lighting of other vehicles. On the other hand, it is
reasonable to assume that the SV driver would actually have his high beams on in scenario
10 and thus have a more dispersed glance distribution typical of operation with high

beams (Reference 18). Therefore, angular distribution characteristics for a straight
road condition with existing U.S. high beams (Reference 18) were selected as nominal
values in'scenarios 1, 2, and 6 through 10. Data from a condition including straight

road driving with existing U.S. low beams was selected as a basis for these parameter

values in the remaining scenarios 3, 4, 5, and 11,

Nominal values for distribution parameters of fixation duration TAUFM(I) and TAUFS(I)
are also estimated from a variety of sources and experimental conditions. Values for
fixation categories 2, 3, and 4 for all scenarios except scenario 3 are from the main-
stream traffic condition in Reference 30. For scenario 3, values are from the entrance

ramp driving condition in this same source.

For fixation category 5 and all scenarios, Reference 32 was employed to provide
nominal values. In this case, means and standard deviations of fixation durations prior
to planned left and right lane change maneuvers were averaged to provide estimates

for the "other' fixation category.

Results from the various driving conditions tested in Reference 31 are the basis of
nominal values of TAUFM(I) and TAUFS(I) applicable to the forward scene (I = 1). Data
from the "traffic driving condition' are applied in scenarios 1, 2, and 6. Data from

the "car following short headway condition' are applied in scenarios 3, 4, and 5. Finally,
the condition of "open road driving at 50 mph'' is the source of these nominal values in

remaining scenarios 7 through 11.
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Stationary Glare Sources

Two glare sources (NGLARE = 2) are defined in Appendix F, Tables F-10 and F-11,
with nominal values of all associated tabular parameters EG(I), THG(I), and PSG(I)
set to zero. Thus, no stationary glare sources are present in the nominal data. Two

sources are defined in the data tables simply to illustrate the documentation format.

Line of Sight to Laterally Moving Vehicles

In scenarios 6, 7, and 8, the probability of a clear line of sight to laterally moving

vehicles is assumed to be a function of A-pillar and center mirror widths and placement:
These vehicle design parameters are definable in the model by assignment of appropriat
values to variable PMERG. Nominal data for PMERG were estimated from a represent-
ative ambinocular plot of pillar and mirror locations in the driver's field (Reference 32)
Although binocular vision of the SV driver is not modeled, effects on line of sight of

binocular vision and some degree of eye position variation can be approximated by choice

of values in the range 0 <« PMERG < 1.

Headlamp Luminous Intensities

SV headlamp luminous intensities in the direction of detectable objects (ISVO) and object
backgrounds (ISVB) are obtained by interpolation from a one-dimensional data array

(see Appendix F, Table F-13). This table contains data only for a vertical/longitudinal
plane through the lamp axis since objects to which these data apply (scenarios 9, 10, and
11) are assumed to be directly ahead of the SV. Nominal data are based on maximum
and minimum-value isocandela diagrams for a type-3 low beam (Reference 34).
Maximum and minimum luminous intensities at each coordinate point were summed to

approximate the average luminous intensities of two lamps.

Headlamp luminous intensities from oncoming vehicles (INV) are tabulated in Appendix
F, Table F-14. These data apply only to scenarios 4, 5, and 11 and were obtained
from the same source as described above (Reference 34). The reason for selecting the
particular 6 by 11 degree sector of intensities to characterize INV is discussed in

Section 8 (see Figure 8-3).
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Contrast Thresholds

Interpolated values from two sets of tabular data (Appendix F, Tables F-15 and F~-16)

are applied to calculate a threshold object/background contrast for visual conditions
present on each fixation, Values of variables CFOVO and CFOVL define threshold
contrasts for objects located in foveal vision. Values of variables CPERO and CPERL
define a scale factor for incremental contrasts required to account for object eccentricity
angle. Generally, threshold contrast would be determined by CPER(CFOV). Since
tabular data are transformed by log1 0’ numeric values obtained by interpolation from the

two tables are added rather than multiplied (see Equation 8-32 in Section 8).

Foveal threshold contrast data in Table F-15 are based on extrapolations of data reported
by Blackwell and Taylor (Reference 35) for a condition involving 0. 33-second exposure

of a test stimulus directly on the visual axis. These data were then adjusted by adding
0.75 to the resulting log;, contrast values. This adjustment is recommended by Davies
(Reference 25) to extrapolate similar laboratory data to more complex real-world visual

environments.

The incremental contrast data in Table F-16 to account for off-axis viewing (object
eccentricity angle) were obtained by extrapolating data reported by Davies (Reference 25)
from work by Taylor (Reference 36). Davies notes that these data are not valid for low-
light conditions since foveal visual acuity (relative to peripheral acuity) decreases as
ambient luminance decreases. This change becomes most pronounced at luminance
levels below approximately 0.04 ft-1. (References 27, 37). However, results of a study
by Graf and Krebs (Reference 18) indicate that night roadway luminance in the vicinity

of the driver's mean fixation point generally varies between 0.3 and 0.8 ft-L for various
headlamp beam configurations. A single set of functions as defined in Appendix F,

Table F-16 is therefore considered sufficient for the range of ambient luminance and

eye adaptation conditions relevant to DRIVEM.
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