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Design of Incident-Responsive Lane-Changing Logic for Automated-
Control Platoons — in a Single-Automated-Lane Highway System

Student : Chih-Yung Hsu Adviser : Dr. Jiuh-Biing Sheu

Institute of Traffic and Transportation, National Chiao Tung University

ABSTRACT

Many countries around the world devote to develop Intelligent Transportation
Systems (ITS) to solve congestion problems, which coupled with some issues of
incidents, consumption of energy resource, environmental pollution, and transportation
safety. Automated Highway System (AHS) is not only the most hi-technical subsystem
in the 7 subsystems of ITS, but also the ultimate goal of development of ITS. An
automated-control platoon approaching with high speed and small vehicular spacing
will face to critical impacts whentincident oceurs on downstream highway. Prompt
response to lane-blocking incidents is a-critical 1ssue in development of advanced AHS
although all the limited existing AHS technologies;are on trial. But there are few
researches to discuss these issues.

This paper focuses on the responseto incidents for single-automated-lane
highway system to design a lane-changing logic which permits automated vehicles
(AC) change to adjacent lane. The embedded traffic control logic is based on the safety
requirement. First we present three dynamic spatial zones, which are platoon
decomposing, incident-induced car-following and lane-changing, and mandatory
braking. However this paper is focus on incident-induced lane-changing, and embeds
control logic with the views of relative velocity and vehicular spacing to make lane-
changing decision via avoiding longitudinal and lateral collisions. Then, we compose
C programming language to do sensitivity analyses of many scenarios, and find the
relationships between successful lane-changing and traffic flow, variable traffic
condition, and vehicle speed. Finally, we calcute the average lane-changing time of AC
vehicles to evaluate the lane-changing control logic.And the result shows that
5-vehicle platoon which approaches in 70kph, and the flow of the adjacent lane is
600vplph, is a saddle of all traffic conditions.

Keyword : Automated Highway System, Lane-changing, Incident, ITS
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Datta N. Godbole, Raja Sengupta, Veit Hagenmeyer (1998)[6] 14 & $75% 8 & 472
FIRF P E OB S ARHIEHS 0 NED NP AF A2 R R ¥ MY
R %%:Iﬂl.ém-»fr% ML BEHGUAR S R p o AR DR
WE KRS R R E %#ﬁﬁfﬁﬁﬁﬁﬂoéﬁ“L’&?’ﬁﬁ‘
AR (S REPRIR - ) S R S >R ER AR
R B CEFER G R E R O B R S BT T R 2 N o

——r-

Junji Kaneko, Akihide Shimamura(1998)#-% 4% & g ek 3+ 5 fe & W& [9] » &
B E ERN B e E TR 0 Y r—‘;’—l‘swh’ e &g e B IR—:}?& DFEBLY A0 G
Moz B EE » il d i > B8 X U R A d Y TR (R T
74 o

-

- Hie A
X=a—-C(X,X, X, X)X (1)
Xt) © AE e 2R

X,0 0 N & ADE 2w E e R

X DAB 2 ZFEpeA 0 WL i R

COCR X, X)X R A8 FIZEEFl 8 A i g 2 L FA 2L 3 #
AR EE d T A COGX X, X)X P 0 4B BHcE D T A AN o

1.i% .k f5-5¢ (Stopping mode ) @ 8 3 iz F 2wk fR b P

1
X, — X

Coop (X1, %) =§( % )

et R& T w F KM ¢ =0.03)
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-
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drawRoad( )
drawplan()

h 4
B EA b
P_ laneTransition ()
Q_ laneTransition ()
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showpq()
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1. Input

i@ﬁ%?ﬁﬁ%’ﬂﬁiAQQﬁ%iﬁ*mmmﬂ’$$@ﬁﬂééﬁ
= S N - - I F SR SE S - SN VAP A - fré%lgﬁ,,,goxgg;;};g/,}i;g{
ROOEERCRR Y FEARN T L el o #F 7 chokph B g3 S mps ¥

PR RE R BT R AAENT L F SR

pmgi,ﬁiﬁﬁm:ﬁw%+)iéﬁﬁﬁ Freh= | 8% 8 b
b i

B e | #jang],## BEFE 23 104w F 5 B Fpamdeid 3K 25 R f#
BERAT i f%x’%é"'gﬁ.#—‘aﬁmf’%@’*ﬁﬂiéi%%“ﬁfﬂiﬁ“?ﬁ‘ﬂ
s’uaﬁw¢a&wﬁfﬂJzamﬁg’#ﬁﬁ#%ﬁﬁﬁ%w%@aﬁi
40 km/hr 2 120 km/hr; #8:7 & g 8GR & 5 ARBR fRARIT B i B Sk R e D

R BRI L F L PR 2 i 100 451 5 [ BE 2 i 1800 4 0 4.2 &
{ rmz mp o

2. P_laneGenerator()

AC # gmeng 4 rishe |(link list)k 3 &0 482 79 § BB node (& 4g) » =
- e BgEL Bl kB RE R e i o N R Mg iR Flens 2 0 iE
2 ?ii‘*ﬁ’ TR D N S A2 RS FRMC B w2 FE LE O~ S iReh AC
o @ o % P_laneGenerator() 7./ next-car-time % #c > H # i Jif 4o @ pF T §E
(headway) » 2% i ;ﬁr} AC & i 7 LG4 4o [ 2/ E % TR bR ZAD TR
A2 0 R EACEmA L hd e H P mfj*u%'dﬁ o A pd R ke B
MBS ERIT R e B o ﬁﬂﬂ*WMW§%$ﬁ%ZOQQ%§@Eflgﬁ

EoEPEd Lol bz 3RS L 16 2 ) F® F_next_car_time 3
AC 2 {4 2 1 headway °
¥k &5 B hittime( )@ 425 > H i L 30F & LipE A R next_car_time -
ﬁmu’fgﬁ%—ﬁAc_ﬁ,mAC§ﬁmw%£, Rr- o RFEH
c B IENA R T Ao PR R R TR B B
Wﬁ@mtmo

3. Q_laneGenerator( )

MC 2 fmehg 2 3 N2 P_laneGenerator()sh= N G b > v @ §m A 4 0 L7
Ei-fA2--SMC2im > a {next car_time £ ¢ 5 normal( ) 8 s v i@ 2
Bonormal()sn ;5 ¥ A f MARTRE A RA S I A LG TIEESL S0 B
WS A DR g2 fyBTioE s L5 F A fe kT 2 7 EE(headway)
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B2 aein B B E N A Pa e (%”l%éj X - A H A5 PIA T UE
normal 4 fie kiT 7)) > T35& o 4af3c 1 5 & > Fpt#-60/2 17 5 Normal 4 fie eh-T
2 (mean) » & B 1> 2 Normal(60/4,1) k =2 § -

4. drawRoad( ) ~ drawlane() :

Pz S S g RS 5Y > 2 Turbo C poz2 2o <graphicsh> &3V B > T2 = @
;o drawRoad()g W= B2 B A nA Mg T w2 Frr g A R fwan
2 pld drawlane( )&l A2 k7 o d 20 %‘? i F 4 640%480 B g 0 - B
B A - &t RE R A ARG 2 TR A TR FIUE B R E > Bl
B2 BB v 640 2 ' o u’\?%”@%i%ii{wmﬁﬁw& ’ ?Qs“ﬂﬁﬁ;\%%“
£ ﬁﬂ:(rescale) j&‘ﬁaﬁ £ & 640 B h B R & T o ﬁ“‘sub Bz 18 > éiﬁ;, 717 iR
MR % N X FRT SR OEEE AL A RA .

ﬁﬁ:ﬁiﬁ?ﬁfil}’éﬁ?‘: Jgfrvéiﬁal—hi%é’rﬁ_ﬁa He B 31&4\’%{ %
AC 2 45> ‘= d Bl 5 MC 2 # o #5u|— #ehE > 4ok 258 ¢ 247 AC & 457
B o P EHT N o T BHEF I REFE > & TRANS SECONDSEE?F’* |
i%é,jﬁg%a‘%i?@‘ﬁﬁiﬁ  ERE E MR R RAC B imz R EJ o

5. P_laneTransition ()

PN EA R IR R Epddy ! FROB R pR I PTG AC
B ACE pt A2 (s kPR p & hz B HEE(fD)A B spi%p\;ﬁ% Z
Fio B A B FATIER R I L E ik~ B FRATR R (80 2 (7 cal_safe()
GV EAF D BEGE O B F R 2 (S B (TR Pl EARIT D i T30 g 4237 0 XXX
sV TP R {T R HE D p 35 check _trans( )5t 5 B fd 0 FE T RFIES F
BB E K iR R AR TRk o P_laneGenerator( ) S 3¢ Ui A2 B 4 B 4-2 #7on o

6. Q_laneTransition ()

PEN BRI EFIE A R PRI ST R AR -
HBFEOMCEfH > M2 RHIFEAFDACTfme ¢ A B AP H DR
BBl 75 247 cal safe()m;\ » ¥ b B gmie B 2 R RId x_acc_car()

Z v acc car()® B @ SN E 2R E e F I ARRD 7L REIFLaT >
AR W) e~ g 1R collision() &) S0 3% 0 F B dmi SRR S 0 4RSS § TRk
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P_laneTransitio( )

\ 4

¥ transflag=1

éi‘ 9 g,v o . ”v LR lE
# I} # I B8 5 1 search_incert()
15 fz 15 fz % fw Eage
% 0 R ER F
\ ' y :
FiE 3 e
= a=—max_deacc
a=0 cal_safe() Aot 8 i X_
B %

A\ 4
x_acc_car()
v_acc_car()

v
( Return >

B 4-2 P_laneTransition( ) 5% 7o 4% [
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7. showpq( )

r2fprintf() #4418 & 2 g 0} FORLGE » 0 HONIL R ALY PRI S B 0
B paE k- i excel Hh o ARER A CER O 5S oxE 2 L excel phA & L
A > 7 ¥ 4 Microsoft Office Excel p 222 % Bl#* 5t » % % 2 % % B
W o B R e B SR A4

8.4% 5\ 75

A2 5SS Aot A ST o

4.2 & B2k 3t

FEBESIN A LB P B DR R R R o R
BB T 7 Ar @) 4-1 A7 o

1 At
Be B MR R R T R S Ap e K
(1) Ao B2 B SBARREE
(2) m3L i ~md B2 R4S
() mich b~ B ™ & REE
(4) 2EER 5 3.75m
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II bnm
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A
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2. 8 dmi i
(1) 24mF A2

ﬂ\k'ﬂ';zj‘j )
%ﬁiﬁﬁ-’?ﬁg‘ —%’h\."%\» 4—1 ’J'T’;F o

SRl L SRS

A d 2 B R e ok BB T

241 B FRA
Hi=:(m)
R i TS
| A @ 4.0 2.0
(2) 4eit B %2 RiE R
AT E R SR[20]7 TR I B dm T ad 8 - Ao R B 2B (hdr A 4-2
AR o0 2 Bk~ B 3R R E B X R BB Aok 4-3 foF o
%42 Bimiama F et R B2 TR A
g = 1 (mlsd)
i# 5 (m/s)
0-6.67 6.67-13.33 - 13.33-17.78 17.78-22.22
i
teiE B 3.56 2.22 2.09 1.69
AR 2.36 2.04 1.47 1.47
% 4-3 RGBSR EF T RS e B B R R TR A
H = 1 (mlsd)
i# & (m/s)
8.89 13.33 17.78 22.22
e
Bt Arid R 355 3.60 3.60
B R R 7.20 7.29 7.30
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(3) ARiT 3 i in B
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(1) A B34 8 FF R

pode el @ RN < ) 0 RYH Y PR AT T w;g Cem Unsal (1997) [5]
S A p B EAE RS ) 2 9 & 15 4% 2 > @ R. Rajamani and
S.E. Shladover(2001)[13] % # S et S B p S Frdlendi 2o @ 352 p S04 % s
(autonomous control systems) ~ 12 % & * f# @2 d 2 @IS (TN G ]k sk
(co-operative longitudinal control systems) » % 2} p &+ 2@ [j ¢ i/ 8 4w 2 4% 6.5 =
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Bl42 4 5 2+ 304 0 S 5= il - R #E AT ahp d B R G
BRPRR T chd kR s A B SR e 4 P end #BPEJ_%T P H R M
BABRIES EFRMEAF ARG EBAP D BN EF RAEIIRD T

Loy fogt ¥ oy

R AERARN PG T A E A R R R T2 18 MC 2 dRenig F (g
TR mE BB TR BERARNINA L F A e kB
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S
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Bl 4-5 Greenshield's model ™= z_;x & 27 % & %1/ B
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(4) #oib i3 gtk 2 3f

36 &y R AIED B ORRDE T LG RO %\f&AC i
BE O~ BARTH G Ap¥ti B & ﬁ@ﬁ.ﬂ C BB E IR R SR o d 0
Bt P ARiT B 3 ch T 308 @ X A 15mfs > ¥ B R < Aeid R G 3.6m/s? » #rrl £
E- R0 ¥ - I 'vﬁf, PR T4 P48 T 7 UDEARITE T 58h i o P1Y
BATIR (S g F0 A Fisend FEET U ANV &% Gap T fEae- f/&&mi
Fhvig o dvid B ek o) j;’iiﬁ;,ﬁq&—k dvid B o n.;%f;/f kg § %.ﬁgﬁ AT
- BENACHIHE GRFEIE L A EgREARI FHA T 2o

Wi

kaﬁ@@ﬁﬁéﬁméﬁﬁwﬁwggu”; REHE > H4F LA A i
bk KA E e bk PR OLE A HES & REF] o

4.3 %%ﬁe?lﬂi

PhEB A ek 44 2 2 4B AT o d R AAMR L B L AP (R A
Fe®t 4.0 #)) > P-lane §2 Q-lane A2 g Ay @ e fE R AL > & 35128 SR AR o
Afpw g At - B TIMESLICE & dav v 4 2 7 % - 4% AC 2 45 P002 > 3% 3
gz P AEE(d, f, b)s A B3 (420.215,'547:326, 579.427) » B dmenT L £ 4 =
BREAEER TR .

Fohod 2 A5 TR AR A PP T P D o P € B TIEE 2 (S
(4 :PO07 %277 >t 44.5 fypF € 4 2 ) Pyt H I:E%Ff:% WP ¢ 7 RHD
RHiemizy = Q2 iy Bims € &7 (4o 1 POO7 is changes to Q006) °

d U BT H T OB R KAL) 47 B ek i > & — B TIMESLICE 429
#'*K’" sTP 0 X2 LR TEE LR A E - I AC 2 R
CAM BRI R ERATEIER A REFLT

#4-4 HipEp aofpdm kgL -

PBB2 is born, d=4208.215,f=547.326,b=579.427

P-lane:

CAR X u a trans
FAB1: 45.55%6 11.111 B.0848

rFagz2: 1.111 11.111 B.0848

Q-lane:

CAR X u a trans
gae1: 6A.952 14_866 B.0088
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Ly 4B
P-lane:
CAR o u a trans
PAAL: 572 621 0.080 -7.200
PAA7: 386.2681 0.080 -6.0878 =144 00

PAAB: 3B6.666 16.667 O.000
FPAA9: 343.2333 16.667 O.000
PA10: 3A0.068 16.667 O.000
PA11: 223.334 16.667 O.0008
PA12: 180.0688 16.667 O.000
PB13: 136.667 16.667 O.000
PA14: 93.3233 16.667 O0.088
PA15: 58.008 16.667 O.0088
Q-lane:

CAR o u a trans
PAA1: 986.574 320.989 4.00608
gae1: B64. 597 31.226 3.600
PAB2: 676.394 19.533 d.00608
PAA3: 570.233 20.520 3.600
PAAS: 5A5.863 21.187 3.600
PAAG: 425 _4h80 17.559 3F._600
gaez2: 261.278 7.617 0.0848
gaaz: 182_136 10.0884 O.0060

P:8087 is changed to Q886

PORTOR R AR e R RIS S RN S X b
FREBEE X A S > A B RS 3 W R A g AR

1/

Bk LG R K e SN gL R 7 SR 2 P

3

Fﬂ}
\.

G
{
Nl

%4-6 M mpRE R cofh % 8 2R

08es: 470.247 9_.680 -7.200
PBA7: 428.069 O.486 1.168
NB8e6: 362.158 9.680 1.168
PAA9: 3I77.612 3.716 1.168
naaz: 232.894 18.768 1.160
nees: 126.718 11.7068 1.160
naae: 27_.619 12.159 -7.2008

Errt+++Collision at Q8686,PBA9 ++++
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2054 Bt o Pl D g T OER A

BRFAR S T ERRI R E T AT M G MR

i f)
BEaE | e #RiT @ F & 5 £ (vplph) PR é’??ﬁféi
Yo 5 4 pF
(#8) (kph) 200 600 | 1000 + I?
40 16.2800 | 32.0500 | 0.0000 | 16.1100 | 24.1650
2 70 16.8900 | 22.1250 | 14.3000 | 17.7717 | 17.7717
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100 32.8600 | 41.4200 | 23.5900 | 32.6233 | 32.6233
T Iog e & P 0.790 | 0590 | 0.240
DR Lo # PR | 26.880 | 43.032 | 17.377
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TOTALSECONDS
TIMESLICE
TOTALSTEPS
INCIDENT_X
ROADLEN
CAR_TYPE_1“Q”
CAR_TYPE_2 “P”
MAX_ACC

MAX_ DEACC
MAX_SPEED
PLATOON_TOTAL_SECONDS
D _MAX

D_MIN

D EXT

DEC DX
TRANS_SECONDS
struct node

X
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car_type

car_seq

v

a
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d

f

b

transflag
translock
STEPS
platoon_size
v0

flow
next_car_time

2. VP

main( )
P_laneGenerator( )
Q_laneGenerator( )
P_laneTransition( )
Q_laneTransition()
v_acc_car()
x_acc_car()
watchtime()
brakelength( )
hittime( )
search_insert()
check_trans()
car_can_reach()
cal_safe()
collision()

normal( )
drawRoad( )
drawlane()

showpq()
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#include <graphics.h>

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

#include <math.h>

#define TOTALSECONDS 100
#define TIMESLICE 0.1

#define TOTALSTEPS (int)(TOTALSECONDS/TIMESLICE)
#define INCIDENT _X 600.0
#define ROADLEN 640.0
#define CAR_TYPE_MANUAL 'P'
#define CAR_TYPE_AUTO 'Q'
#define MAX_ACC 3.6

#define MAX_DEACC 7.2

#define MAX_SPEED 32

#define PLATOON_TOTAL_SECONDS 30
#define D_MAX 50

#define D_MIN 20

#define D_EXT 150

#define DEC_DX 30

#define TRANS_SECONDS 4

FILE *o;
struct node
{
float x;
float y;
int car_type;
int car_seq;
float v;
float &;
float d;
float f;
float b;
int transflag;
int translock;
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float transtime;
struct node *trans;
struct node *head;
struct node *tail,
b
float normal(float ave,float dev);
struct node *p=NULL,;
struct node *q=NULL,
struct node *headp=NULL;
struct node *headq=NULL;
int  P_laneGenerator(float,int);
int  Q_laneGenerator(float);
int  P_laneTransition();
int  Q_laneTransition();
float v_acc_car(float vO,float a,float t);
float x_acc_car(float x0,float vO,float a,float t);
float watchtime();
float brakelength(float vO0);
int  hittime(float);
int  search_insert();
int  collision();
int  STEPS;
int  check_trans(struct node *car);
int  car_can_reach(struct node *car,float x1,float x2);
int  cal_safe(struct node *car,float DMIN,float DMAX,float DEXT);
int  headqgtranslock=0;

void drawlane()
{
int x;
struct node *current;
current = headp;
while(current!=NULL){
if(current->transflag)
setfillstyle(1,60);
else
setfillstyle(1,current->car_type-21);
x=(int)current->x/ROADLEN*640;
bar(x,current->y,x+1,current->y+2);
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current = current->tail;
}
current = headg;
while(current!=NULL){
setfillstyle(1,current->car_type-21);
x=(int)current->x/ROADLEN*640;
bar(x,35,x+1,37);
current = current->tail;

¥

void drawRoad(void)
{
float x;

setlinestyle(0,0,1);
line(0,24,640,24);
line(0,48,640,48);
setlinestyle(3,0,1);
line(0,32,640,32);
line(0,40,640,40);
setfillstyle(4,63);
x=INCIDENT_X/ROADLEN*640;
bar(x,24,x+10,32);

void showpq()
{
struct node* temp;
inti;
for(i=0;i<2;i++){
if(i){
temp=headq;
fprintf(o,"Q-lane:\n");
}
else{
temp=headp;
fprintf(o,"P-lane:\n");
}
fprintf(o,"CAR\tx\tv\ta\ttrans\n");
while(temp){



fprintf(0,"%c%03d: %.3f %.3f %.3ft" )\
temp->car_type,temp->car_seq,temp->x,temp->v,temp->a);
if(temp->transflag) fprintf(o,"*:%.3f" temp->transtime);
fprintf(o,"\n");

temp=temp->tail,

¥
¥
fprintf(0,"----------=--=-m oo \n");
¥
int main()
{
float vO,flow;

int platoon_size;

struct node* temp;

int kI,

int graphdriver=DETECT,graphmode=DETECT,;

initgraph(&graphdriver,&graphmode,™'");

if((o=fopen("file01.xIs","w")) == NULL){
fprintf(o,"Open file fileO1.xls for writing error\n™);
return -1,

}

printf("Platoon size(2-15):");

scanf("%d",&platoon_size);

printf("Initial speed of platoon(in kph)");
scanf("%f",&v0);

printf("Flow of adjacent lane is (100-2300):");
scanf("%f",&flow);

v0=v0*10/36;

flow/=60;

for(STEPS=0;((STEPS<TOTALSTEPS)&&(!collision()));STEPS++)

{
drawRoad();

P_laneGenerator(vO,platoon_size);
Q_laneGenerator(flow);
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drawlane();
P_laneTransition();
Q_laneTransition();

fprintf(o, "\t\t\t\t\t\t%.2f\n",watchtime());
showpq();
for(k=0;k<30000;k++)
for(1=0;1<1000;1++);
cleardevice();
}
closegraph();
getchar();
return O;

int Q_laneGenerator(float flow)
{

static float next_car_time=0;

static int carseq=0;

struct node *temp;

If(Q&&(g->x<5) )return 1;

if(hittime(next_car_time)){
temp=(struct node *)malloc(sizeof(struct node));
temp->head=q;
temp->tail=NULL;
if(q!=NULL) g->tail=temp;
else headg=temp;
q=temp;
temp->x=0;
temp->y=35;
temp->v=normal(15,5);
temp->a=0;
temp->transflag=0;
temp->translock=0;
temp->car_type=CAR_TYPE_1,
temp->car_seq=++carseq;
next_car_time+=normal(60/flow,1);
fprintf(o,"Q:%03d is born\n",carseq);
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int P_laneGenerator(float vO0,int platoon_size)

{

static float next_car_time=0;
static int carseq=0;

struct node *temp;

float b,f,d;
if((p)&&(p->x<20){

next_car_time+=.1;
return 1;

if(hittime(next_car_time)){

temp=(struct node *)malloc(sizeof(struct node));
temp->head=p;

temp->tail=NULL;

if(p!=NULL) p->tail=temp;

else headp=temp;

p=temp;

temp->x=0;

temp->y=27;

temp->v=v0;

temp->a=0;

temp->transflag=0;

temp->translock=0;

temp->car_type=CAR_TYPE_2;
temp->car_seq=++carseq;

b= 4+8*(carseqg-1)+v0*v0/(2*MAX_DEACC) ;

f= DEC_DX+carseq*(15-v0)*(15-v0)/(2*MAX_DEACC);
d=4+(carseqg-1)*(4+8)+v0*10;

temp->b=INCIDENT _X-b;

temp->f=(INCIDENT _X-b-f>0)? (INCIDENT _X-b-f):0;
temp->d=(INCIDENT _X-b-f-d>0)? (INCIDENT _X-b-f-d):0;

if((carseq%platoon_size)==0)

next_car_time =PLATOON_TOTAL_SECONDS*carseg/platoon_size;
else

next_car_time +=25/v0;
fprintf(o,"P%03d is born,d=%.3f,f=%.3f,b=%.3f\n", carseq,temp->d,temp->f,
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temp->b);

int P_laneTransition()
{
struct node *current,*tailtemp;
current=headp;
while(current!=NULL){
if(current->transflag){
if(current->transtime<watchtime()){
tailtemp=current->tail,
search_insert(current);
current->transflag=0;
current->a=0;
fprintf(o,"P:%03d is changed to Q",current->car_seq);
if(current->trans) fprintf(o,*'%03d",current->trans->car_seq);
fprintf(o,"\n");
current=tailtemp;

¥

else{

current->x=x_acc_car(current->x,current->v,current->a, TIMESLICE);
current->v=v_acc_car(current->v,current->a, TIMESLICE);
current=current->tail;

¥
¥

else{
if(current->x<current->d)
current->a=0;
else if((current->x>=current->d)&&(current->x<current->f))
cal_safe(current, DEC_DX,DEC_DX,D_EXT);
else if((current->x>=current->f)&&(current->x<current->b)){
[* cal_safe(current, DEC_DX,DEC_DX,D_EXT); */
if(current->v>15)
current->a=-MAX_DEACC,
check_trans(current);
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else{
if('check_trans(current))
current->a=-MAX_DEACC;
}
current->x=x_acc_car(current->x,current->v,current->a, TIMESLICE);
current->v=v_acc_car(current->v,current->a, TIMESLICE);
current=current->tail;

}
}
}
int Q_laneTransition()
{
struct node *current;
current=headq;
while(current!=NULL){
cal_safe(current,D_MIN,D_MAX,D.EXT);
current->x=x_acc_car(current->x,current->v,current->a, TIMESLICE);
current->v=v_acc_car(current->v,current->a, TIMESLICE);
current=current->tail;
}
}
int hittime(float 1)
{
float j;
j=watchtime();
if ((I>(-TIMESLICE/2))&&(i<=(j+TIMESLICE/2)))
return 1;
return O;
}
float watchtime()
{
return STEPS*TIMESLICE;
}

float x_acc_car(float x0,float vO,float a,float t)

{
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float x=0.0,v,t1;

v=v0+a*t;

x=vO*t+0.5*a*t*t;

if(vO>(MAX_SPEED-0.2))
X=vO0*t;

else if (v>MAX_SPEED){
t1=(MAX_SPEED-v0)/a;
x= 0.5*(2*t-t1)*(MAX_SPEED-v0)+v0*t;

}

else if (v<0)
x=v0*v0/(2*a);

return x+x0;

}
float v_acc_car(float vO,float a,float t)
{
float v;
v=v0+a*t;
if (v>MAX_SPEED)
return MAX_SPEED;
else if (v<0)
return 0.0;
return v;
}
int collision()
{

struct node * temp;
struct node * tempt;
inti;

temp=headq;
for(i=0;i<2;i++){
(i)
tempt=q;
temp=headq;
}
else{
tempt=p;
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temp=headp;
}
while(temp!=tempt){

If((temp->x<temp->tail->x)&&(temp->transflag==0)){
if(temp->tail->transflag==0){
fprintf(o,"Errl+++Collision at %c%03d,%c%03d ++++\n"\
temp->car_type,temp->car_seq,\
temp->tail->car_type,temp->tail->car_seq);

return 1;
}
}
temp=temp->tail;
}
}
return O;
}
int check_trans(struct node *car)
{
struct node *temp=NULL;
float x0,x1,x2,a0;
float v2;
temp=headq;
a0=car->g;

x2=x_acc_car(headg->x,headg->v,MAX_ACC,TRANS_SECONDYS);
v2=v_acc_car(headg->v,MAX_ACC,TRANS_SECONDYS);
x2+=brakelength(v2);
if((car_can_reach(car,ROADLEN,x2))&&(headqgtranslock==0)){
car->trans=NULL;
car->transtime=watchtime()+TRANS_SECONDS;
car->transflag=1;
headqgtranslock=1,
return 1;
}
else
car->a=a0;
while(temp!=NULL){
x1=x_acc_car(temp->x,temp->v,-MAX_ DEACC,TRANS_SECONDS);

73



if(temp!=q) {
x2=x_acc_car(temp->tail->x,temp->tail->v,MAX_ACC,TRANS_SECONDS);
v2=v_acc_car(temp->tail->v,MAX_ACC,TRANS_SECONDS);
x2+=brakelength(v2);
}
else
x2=0;
if((car_can_reach(car,x1,x2))&&(temp->translock==0)){
car->trans=temp;
car->transflag=1;
temp->translock=1;
car->transtime=watchtime()+TRANS_SECONDS;
return 1;
}
else
car->a=a0;
temp=temp->tail;
}

return O;

float v_car_reach(struct node *car,float x1,float x2)
{
float al,a2;
If((x1-x2)<6) return -1;
al=((x1-car->x)-car->v*TRANS_SECONDS)/(0.5*TRANS_SECONDS*TRANS_SEC
ONDS);
a2=((x2-car->x)-car->v*TRANS_SECONDS)/(0.5*TRANS_SECONDS*TRANS_SEC
ONDS);
if(((al<=MAX_ACC)&&(al>0))||((al>=-MAX_DEACC)&&(al<0)))
return v_acc_car(car->v,al, TRANS_SECONDYS);
if(((a2<=MAX_ACC) &&(a2>0))||((a2>=-MAX_DEACC)&&(a2<0)))
return v_acc_car(car->v,a2, TRANS_SECONDYS);
return -1,

int car_can_reach(struct node *car,float x1,float x2)

{
float x0,a0=0,al1,a2;
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float blength;
x1-=brakelength(v_car_reach(car,x1,x2));
If((x1-x2)<6) return 0;
al=((x1-car->x)-car->v*TRANS_SECONDS)/(0.5*TRANS_SECONDS*TRANS_SEC
ONDYS);
a2=((x2-car->x)-car->v*TRANS_SECONDS)/(0.5*TRANS_SECONDS*TRANS_SEC
ONDYS);
if((@2>MAX_ACC)||(al<-MAX_DEACC))

return O;
if(((al<=MAX_ACC)&&(al1>0))||((al>=-MAX_DEACC)&&(al<0)))

a0=al;

else if(((a2<=MAX_ACC) &&(a2>0))||((a2>=-MAX_DEACC)&&(a2<0)))

a0=az;

x0=x_acc_car(car->x,car->v,a0,TRANS_SECONDS);

If(x0<=x1)&&(x0>=x2)){

car->a=ao0;
return 1;
}
return O;
}
int search_insert(struct node *car)
{
if((car==headp)&&(car==p)){
headp=NULL,;
p=NULL,;

}
else if(car==headp){

car->tail->head=NULL;
headp=car->tail;
}
else if(car==p){
car->head->tail=NULL;

p=car->head,
}
else{
car->head->tail=car->tail;
car->tail->head=car->head,;
}
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car->head=car->trans;

if(car->trans==NULL) {
car->tail=headq;
headq->head=car;
headq=car;
headqtranslock=0;

}

else if(car->trans==q){
car->tail=car->trans->tail,
car->trans->tail=car;
car->trans->translock=0;

g=car;
else{

car->tail=car->trans->tail;

car->trans->tail->head=car;

car->trans->tail=car;

car->trans->translock=0;
return O;

int cal_safe(struct node *car,float DMIN,float DMAX,float DEXT)

{

float dmin ;
struct node* temp;
if(car->head==NULL)
return O;
temp=car->head,;
while((temp!=NULL)&&(temp->transflag))
temp=temp->head,
if(temp==NULL)
return O;
dmin=(-temp->v*temp->v+car->v*car->v)/2*7.2;
if(dmin>DMIN) DMIN=dmin;
if((temp->x-car->x)<=DMIN){
iIf(DMIN==DMAX) car->a=0;
else car->a=-7.2;

¥
else if ((temp->x-car->xX)>DEXT)
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car->a=0;

else if((temp->x-car->x)>DMAX){
iIf(DMIN==DMAX) car->a=0;
else car->a=3.6;

}
else
car->a=0;
return O;
}
float brakelength(float v0)
{
if(v0<O0) return 0;
return (vO*v0/(2*MAX_DEACCQC));
}
float normal(float mean,float stddev)
{
static double V2, fac;
static int phase = 0;
double S, Z, U1, U2, V1,
if (phase)
Z=\V2 *fac;
else{
do{
Ul = (double)rand() / RAND_MAX;
U2 = (double)rand() / RAND_MAX;
V1=2*Ul-1;
V2=2*U2-1;
S=V1*V1+V2*V2;
Iwhile(S >=1);
fac = sqrt (-2 * log(S) / S);
Z=V1*fac;
}
phase = 1 - phase;
return ((float)Z)*stddev+mean;
}
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i 2-40-200 2-40-600 2-40-1000

i Ry it D YT AW | ¥R Er D|(RF T | RE2 (e DR BT T &P
w | O f " B | RERT| FRET | BR | RER| SRER | BEF | BR R
POO1 | 463.265 | 578.376 | 587.427 | 551 | 41.6 135 756 | 519 23.7 0
PO02 | 442.215 | 569.326 | 579.427 | 583 | 41.8 16.5 725 | 436 28.9 0
PO03 | 421.165 | 560.276 | 571.427 | 854 | 715 13.9 1005 | 67.6 | 329 0
PO04 | 400.115 | 551.226 | 563.427 | 885 | 71.1 17.4 1116 | 71.7 | 399 0
PO05 | 379.064 | 542175 | 555.427 | 1136 | 95.8 17,8 119 | 958 23.2 0
PO06 | 358.014 | 533.125 | 547.427 | 1169 | 98 18.9 1822 | 979 34.3 0
PO07 |336.964 | 524.075|539.427 | 142 | 1221 |= 9.9 1442 - 122 22.2 0
PO08 |315.914 | 515.025 | 531.427 | 1452 | 124.1 |~ 211 0 0
PO09 | 294.863 | 505.974 | 523.427 | 1724 | 1482 | 242 1995 | 1482 | 513 0
PO10 | 273.813 | 496.924 | 515.427 | 189.7 | 1503 | 394 0 0
PO11 | 252.763 | 487.874 | 507.427 | 199.7 | 1744 | 253 0 0
PO12 | 231.713 | 478.824 | 499.427 0 0 0
PO13 | 210.662 | 469.773 | 491.427 0 0 0
PO14 | 189.612 | 460.723 | 483.427 0 0 0
PO15 0 0 0
P016 0 0 0

T 3o T 3o T ot

5 e [16:27857143 s | 3205 - 0
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w | O f " BE | RERF | SRERF | BR | RERF| $REF | BRF | BR | SRER
POO1 | 361.928 | 560.372 | 569.744 |  31.9 18.5 13.4 319 | 186 13.3 319 | 185 13.4
P002 |340.556 | 551 |561.744| 35 19.7 15.3 35 19.8 15.2 349 | 197 15.2
PO03 |319.184 | 541.629 | 553.744 | 62 473 14.7 787 | 474 31.3 0
PO04 | 297.813 | 532.257 | 545.774| 65 485 16.5 732 | 485 24.7 0
PO05 | 276.441 | 522.885 | 537.744 | 91 75.1 15.9 102 | 751 26.9 0
PO06 | 255.069 | 513.514 | 529.744 |  99.2 76.3 22.9 1045 | 764 28.1 0
PO07 |233.697 [504.142 | 521.744 | 120 | 102.9 17.1 120 | 102.9 17.1 0
PO08 | 212.326 | 494.77 |513.744 | 1292 | 1041 25.1 1246 | 104.2 20.4 0
PO09 | 190.954 | 485.398 | 505.744 | 1495 | 130.7 18.8 0 0
PO10 | 169.582 | 476.027 | 497.744 | 1525 | 131.9 20,6 0 0
PO11 | 148.21 |466.655|489.744 | 1942 | 1586 | * 356 0 0
PO12 | 126.839 | 457.283 | 481.744 | 1802 | 159.7 205 0 0
PO13 | 105.467 | 447.911 | 473.744 0 0 0
PO14 | 84.095 | 438.54 | 465.744 0 0 0
PO15 0 0 0
P016 0 0 0
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PO01 | 241.3 |523.078 | 542.416 21.9 8.6 13.3 21.9 8.6 13.3 21.9 8.6 13.3
P002 | 209.962 | 503.74 | 534.416 24.9 9.1 15.8 24.9 9.1 15.8 24.9 9.1 15.8
PO03 | 178.624 | 484.401 | 526.416 55.3 37.1 18.2 52.7 37.1 15.6 0
P004 | 147.285 | 465.063 | 518.416 52.1 37.5 14.6 69 37.5 31.5 0
PO05 | 115.947 | 445.725 | 510.416 81.7 64.8 16.9 85.5 64.8 20.7 0
PO06 | 84.609 | 426.386 | 502.416 81.4 65.3 16.1 88.5 65.3 23.2 0
PO07 | 53.27 |407.048 | 492.416 110 92.6 174 110.6 92.6 18 0
PO08 | 21.932 | 387.71 | 486.416 117 93 24 163.1 93 70.1 0
P0O09 0 368.372 | 478.416 137 120.7 16.3 167.9 120.7 47.2 0
P010 0 349.033 | 470.416 150.9 122.3 28.6 185.7 122.3 63.4 0
P0O11 0 329.695 | 462.416 166.7 150.7 16 0 0
P012 0 310.357 | 454.416 177.4 152.3 251 0 0
P0O13 0 291.018 | 446.416 1954 180.7 14.7 0 0
P014 0 271.68 | 438.416 195.2 182.3 12.9 0 0
P0O15 0 0 0
P0O16 0 0 0

T a9z I i5ie I iaie
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¥ R | RER| BRER | BR | BT | SRET | §RET | BT | SRER
PO01 | 463.265 | 578.376 | 587.427 58.8 41.6 17.2 126.7 41.6 85.1 0
P002 | 442.215 | 569.326 | 579.427 62.6 43.7 18.9 110.6 43.7 66.9 0
P003 | 421.165 | 560.276 | 571.427 70.3 45.9 24.4 0 0
P004 | 400.115 | 551.226 | 563.427 77 48.1 28.9 121 48.1 72.9 0
PO05 | 379.064 | 542.175 | 555.427 94 50.3 43.7 0 0
P006 | 358.014 | 533.125 | 547.427 99.9 64 35.9 135.2 64 71.2 0
PO07 | 336.964 | 524.075 | 539.427 | 1038 | 66 37.8 107.5 66 415 0
PO08 | 315.914 | 515.025 | 531.427 108.1 68.2 39.9 112.3 68.2 44.1 0
PO09 | 294.863 | 505.974 | 523.427 132.3 70.3 62 1155 70.3 45.2 0
PO10 | 273.813 | 496.924 | 515.427 115.7 72.5 43.2 0 0
PO11 | 252.763 | 487.874 | 507.427 128.4 84.4 44 0 0
P012 | 231.713 | 478.824 | 499.427 0 0 0
P013 | 210.662 | 469.773 | 491.427 137 88.8 48.2 0 0
P014 | 189.612 | 460.723 | 483.427 140 90.9 49.1 0 0
PO15 | 168.562 | 451.673 | 475.427 143 93.1 49.9 0 0
PO16 | 147.512 | 442.623 | 467.427 153 105 48 0 0

B2 T otk T otk

g | 39.4066667 e |00.9857143 - 0
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psel . L |EERE e D|RGEam 0oy DR FF | REDE L) DR BT NP
s R | RER| FRER | BT | BF | BRET | BER | ER FER
PO01 | 361.928 | 560.372 | 569.744 31.9 18.5 13.4 31.9 18.5 134 31.9 18.5 13.4
P002 | 340.556 551 561.744 34.9 19.7 15.2 34.9 19.7 15.2 34.9 19.7 15.2
P0O03 | 319.184 | 541.629 | 553.744 39.7 21 18.7 39.6 21 18.6 39.7 21 18.7
P004 | 297.813 | 532.257 | 545.744 41.2 22.1 19.1 41.2 22.1 19.1 0
PO05 | 276.441 | 522.885 | 537.744 49 23.2 25.8 49 23.2 25.8 0
P006 | 255.069 | 513.514 | 529.744 85.3 44.1 41.2 87.2 44.1 43.1 0
P007 | 233.697 | 504.142 | 521.744 79 45.2 33.8 79 45.2 33.8 0
PO08 | 212.326 | 494.77 | 513.744 85.1 46.5 38.6 35.1 46.5 38.6 0
PO09 | 190.954 | 485.398 | 505.744 88.5 47.6 40.9 90 47.6 42.4 0
PO10 | 169.582 | 476.027 | 497.744 93.6 48.7 44.9 0 0
PO11 | 148.21 | 466.655 | 489.744 0 0 0
P012 | 126.839 | 457.283 | 481.744 0 0 0
P013 | 105.467 | 447.911 | 473.744 0 126.5 71 55.5 0
P014 | 84.095 | 438.54 | 465.744 0 0 0
PO15 | 62.723 | 429.168 | 457.744 0 0 0
PO16 | 41.352 | 419.796 | 449.744 0 0 0
T iai T otk T ot
oo 29.16 o 30.55 o 15.76667
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A =N 5-100-200 5-100-600 5-100-1000
X1 f . |gmrEleoDlevean[endgler Da[bqtap|Rud e D] aytanyp
B P R T PR %K?FF%@ =3 =3 '?KT‘»‘"FF%F? =3 T PR W PR
PO01 | 241.3 |523.078 | 542.416 21.9 8.6 13.3 21.9 8.6 13.3 21.9 8.6 13.3
P002 | 209.962 | 503.74 | 534.416 24.9 9.1 15.8 24.9 9.1 15.8 24.9 9.1 15.8
PO03 | 178.624 | 484.401 | 526.416 27.9 9.6 18.3 27.9 9.6 18.3 27.9 9.6 18.3
P0O04 | 147.285 | 465.063 | 518.416 30.9 10 20.9 30.9 10 20.9 30.9 10 20.9
PO05 | 115.947 | 445.725 | 510.416 34 10.5 23.5 33.9 10.5 23.4 33.9 10.5 23.4
PO06 | 84.609 | 426.386 | 502.416 49.8 33.7 16.1 108.4 33.7 4.7 0
PO07 | 53.27 |407.048 | 494.416 554 34.2 21.2 111.4 34.2 77.2 0
PO08 | 21.932 | 387.71 | 486.416 52.8 34.6 18.2 119.8 34.6 85.2 64.4 34.6 29.8
P0O09 0 368.372 | 478.416 55.8 35.5 20.3 0 0
P010 0 349.033 | 470.416 59 37.1 21,9 105.2 37.1 68.1 0
P0O11 0 329.695 | 462.416 0 109.9 60.7 49.2 0
P012 0 310.357 | 454.416 0 113.2 62.4 50.8 0
P0O13 0 291.018 | 446.416 0 0 0
P014 0 271.68 | 438.416 0 0 0
P015 0 252.342 | 430.416 0 116.5 67.5 49 0
P0O16 0 233.003 | 422.416 0 114.9 90.8 24.1 0
I iaiz I iaie ik I iaiz
o s 18.95 o 43.8461538 o s 20.25
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iws) f , |gEPE|erD RFTap | Rus D5 ;if; supymn &0 igi
SBE R RRER | BRERF | gER P BRER |

i ¥ PR
PO01 | 463.265 | 578.376 | 587.427 58.8 41.5 17.3 111.9 41.6 70.3 0
P002 | 442.215 | 569.326 | 579.427 62.6 43.6 19 115 43.6 71.4 0
P0O03 | 421.165 | 560.276 | 571.427 70.3 459 24.4 127.4 459 81.5 0
P004 | 400.115 | 551.226 | 563.427 77 48.1 28.9 123.5 48.1 75.4 0
PO05 | 379.064 | 542.175 | 555.427 94 50.2 43.8 154.4 50.2 104.2 0
PO06 | 358.014 | 533.125 | 547.427 87.7 52.4 35.3 108.7 52.3 56.4 0
P0O07 | 336.964 | 524.075 | 539.427 92 545 37.5 111.7 545 57.2 0
PO08 | 315.914 | 515.025 | 531.427 96 56.7 39.3 164.4 56.7 107.7 0
P0O09 | 294.863 | 505.974 | 523.427 99 58.2 40.8 173.9 61 112.9 0
P010 | 273.813 | 496.924 | 515.427 102.6 60.3 423 105.6 61.9 43.7 0
PO11 | 252.763 | 487.874 | 507.427 0 111 62.4 48.6 0
P012 | 231.713 | 478.824 | 499.427 0 114.5 64.4 50.1 0
P013 | 210.662 | 469.773 | 491.427 114.9 66.8 48.1 0 0
P014 | 189.612 | 460.723 | 483.427 0 120.1 58.9 61.2 0
PO15 | 168.562 | 451.673 | 475.427 0 0 0
PO16 | 147.512 | 442.623 | 467.427 0 0 0

T T pate ik Ty

oo 34.2454545 o 72.3538462 o5 gk 0

84
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P 8-70-200 8-70-600 8-70-1000
, RN . Tewex NEEE
S f S el i P S e R P e P B S T
¥ PR | R R | REER R
7 7 i
PO01 | 361.928 | 560.372 | 569.744 31.9 18.5 134 31.9 18.5 13.4 31.9 18.5 134
P0O02 | 340.556 | 551 |561.744 34.9 19.7 15.2 35 19.7 15.3 34.9 19.7 15.2
PO03 | 319.184 | 541.629 | 553.744 39.6 20.9 18.7 39.6 20.9 18.7 39.7 20.9 18.8
PO04 | 297.813 | 532.257 | 545.744 41.2 22.1 19.1 41.3 22.1 19.2 0
PO05 | 276.441 | 522.885 | 537.744 49 23.2 25.8 76.5 23.2 53.3 0
PO06 | 255.069 | 513.514 | 529.744 55 244 30.6 81 24.4 56.6 0
PO07 | 233.697 | 504.142 | 521.744 59.9 25.6 343 941 251 69 0
PO08 | 212.326 | 494.77 | 513.744 64.8 26.8 38 104.1 26.8 77.3 0
PO09 | 190.954 | 485.398 | 505.744 82.1 40.7 414 114.2 40.7 73.5 0
PO10 | 169.582 | 476.027 | 497.744 0 118.5 41.9 76.6 0
PO11 | 148.21 | 466.655 | 489.744 0 142.7 43.1 99.6 0
PO12 | 126.839 | 457.283 | 481.744 0 0 0
PO13 | 105.467 | 447.911 | 473.744 0 0 0
PO14 | 84.095 | 438.54 | 465.744 0 0 0
PO15 | 62.723 | 429.168 | 457.744 0 0 0
PO16 | 41.352 | 419.796 | 449.744 0 0 0
e EE By
ok 26.2777778 % ok 52.0454545 % gk 15.8
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POOL | 2413 | 523078 |542416| 219 | 85 | 134 | 219 | 85 | 134 | 219 | 85 | 134
PO02 | 209.962 | 503.74 | 534416 | 249 | 9 159 | 249 | 9 159 | 249 9 15.9
PO03 | 178.624 | 484.401 | 526416 | 279 | 95 | 184 | 279 | 95 | 184 | 279 | 95 | 184
PO04 | 147.285 | 465.063 | 518416 | 309 | 10 | 209 | 309 | 10 | 209 | 309 | 10 | 209
PO05 | 115947 |445.725 | 510416 | 34 | 104 | 236 | 339 | 104 | 235 | 339 | 104 | 235
PO0G | 84.609 | 426.386 | 502416 | 37 | 109 | 261 37 | 109 | 261 37 | 109 | 261
POO7 | 5327 |407.048 |404416| 585 | 114 |o 4700|584 | 114 | 47 583 | 114 | 469
PO0S | 21932 | 387.71 | 486416 | 625 | 118 | W507 | 665 | 118 | 547 0
P09 | 0 | 368.372|478416| 784 | 307 | 477 | 806 | 307 | 499 0
POI0 | 0 |349.083|470416| 745 | 324 | 421 | 992 | 324 | 668 0
POIT | 0 | 329695462416 | 852 | 341 | SUAI| 849 | 341 | 508 0
PO12 | 0 |310357|454416| 759 | 358 | 401 | 1103 | 358 | 745 0
PO13 | 0 |291018 | 446416 0 114 | 375 | 765 0
PO14 | 0 | 27168 | 438.416 0 0 0
POI5 | 0 | 252342430416 0 0 0
POI6 | 0 | 233003 |422416| 727 | 426 | 30.1 0 0
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