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Modeling and Verification of Cooperative Vehicle Infrastructure System at
Unsignalized Intersection Based on Time Automata

Abstract

Abstract: Cooperative vehicle infrastructure system (CVIS) is one of the advanced solutions to enhance
intersection vehicle passage safety. Due to the lack of clear specifications and standards regarding the
dynamic timing and transition processes of system object state interaction in existing CVIS technologies,
ensuring the safety of passage control logic is challenging. This study utilizes formal language to
describe the functional logic of CVIS in unsignalized intersections, verifying the safety of system object
state interaction and control logic to improve vehicle passage safety at unsignalized intersections.
Simulations are conducted for scenarios including single-vehicle non-conflict, dual-vehicle conflict, and
multi-vehicle conflict to identify state interactions and enable transition paths. By integrating tools and
requirement specification statements for system safety attribute verification, the reliability and safety of
control logic are demonstrated, providing a credible basis for developing high-security architecture for
CVIS.
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are demonstrated, providing a credible basis for developing high-security architecture for CVIS.
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EEEL car_stratrgy TR A HIRAS
pass MR T SLEIBATIRES
no_pass MR T AL IBAITIRES
cross I PR X B
WG L, normal VRS
tri ZEIEE A
req THRIBAT R AT %
list_first MR AR A
A C not_first MRT ly\ﬂﬂlj%i
appr RV EREAT 2
decelerate_stratrgy AT R IH W
leave BT S Rt
after leave IR ZEIMAT 5 R AR R A ) e 4
RS X clock time
NN R EAY cross:clock time<=4

{<normal, tri, list >,
<list,req, clock time:=0,car decelerate >,
<car_decelerate, list_first, pass >,
<car_decelerate, appr, cross >,
. , <car_decelerate,not_first,no_pass>,
RERBHIEE <no_pass,decelerate_strategy, car_strategy >,
<car_strategy, after,(decelerate = false, con_req=false, list no_first=false,
list first appr = false, strategy = false), list >,
< pass, appr, Cross >,

< cross, leave, normal > };
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2.2.2 RSS &

RSS 1 5 4= 8% By [F] TC A5 5 28 X H R4 AT i
REEHIRATI P RINT, H VSS FRSS RA B
AR 5 AN IR 2SN 8% 5% A0 15 21 i 1R) 3 Bl L AR A
Roadcontrol, 110 flf7R~.

M 15 2 TEA5 538 S A2 4 1 i e 1) 1 3
GIVAVIRA R Bty

A,=<L,L,,C.X,I,E> (4)

FKAME 10y RSS BRI FEAE . Gl IE A
KA T, T number KR BN 288G H =,
con TR FERHIAF AT, no_con Fn B

con==false &&

list_first_leave==true

e R AW, trigger KRBl R B AE dr 2,
con_list_first & 7~ P R AR & T Kk ZF A W,
list_no_first ' RARE T BAFIAFAE LA, b_count &
AN RS T BN A A R E AT &
list_first_appr & 7~ M R E Tk R EAT,
strategy R 7~ 1 IR AS T BAFI A Sk 4R B el 3 4 i)
Flg, c_count R M IR T BAF Z= 40 R H ol ik
HEE IR, no r number R R AN IR T BASI
TERE SRIBATBUR, con_req Fonh IR T 4
W SKIBAT, no_a number FZRAIHRARE T FLVFBA
Y ZEAREAT B .

list_first_appr—"false&&

no_a number==T number &&
no a number>0

trigger=true,
a_count=0,
d_count++,
¢_count=0

T _number>1 &&
con==false &&
no_con==false

con=true
conflict!

T_number--,
no_r_number--,
no_a number--

con==false &&
T number>=1

no_con=true
no_conflict!

con_list_first=true,

list_first leave=true,

2 T number--,
" con=false
strategy==true &&

¢_count==T_number-1

leav

. . con==true
con_list_first==false
list no_first=true,

con_req=true,
b_count-- _red

b_count++

&& con_list_first==true
con_list_first=false,
b_count--

- &&b_count==0
list_first appr==true i
&& b count==0
decelerate_strategy!
strategy=true,c_count++

&&trigger==false

&&list_no_first==true

list_first_appr=true

list_first_appr==false&&
no_a_number==]_number

T _number--,
no_r_number--,
no_a number--,

a_count=0, no_con==true
d_count=0, no_r_number++
trigger=true,

no_con=false

con_req==false&&
no_r_number==I_number
no_a number++

Bl 10 RSSH ] B Zh LA
Fig. 10 RSS time automata model
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F4 B rss B IEIEULA
Table 4 Model RSS location and channel description

idel WIha IR
MEESL con_vss SRl
no_vss ARh 5 ) e
JITEDL L, idel WILEIRTS
conflict TR R A
no_conflict LS E DU RS
req TR IEAT R A &
not_first T BRI AR L4
HIEEA C list_first MR TBAFIL
decelerate_stratrgy AT IR
appr RV EEAT 2
after_leave MR R ZEIEAT 5 AR TR A ) 2
leave BTSSRt
Wb EEG X -
RASIF B2y o 1 —

{<1dle, conflict, con =true, con_vss>,

<idle,no_conflict,no_con=true,no_vss>

<idle, after leave,(trigger=true,a_count=0,d count++,c count=0),idle >,

<idle,leave(T number —— no_r number——no _a number—-),idle >,

<con_vss,req,(con_req=true,b_count++),con_vss>,

<con_vss,appr, list_first appr=true,con_vss>,

<con_vss,decelerate_strategy,(strategy =true, ¢_count++),con_vss>,
RESEFSIRITE <con_vss, list_first(con_list_first=false,b_count——),con_vss>,

<con_vss,not_first(list no_first=true,b_count—-),con_vss>,

<con_vss, leave,(con_list first=true, list_first leave =true,

T number ——, con = false), idle >,

<no_vss,req,no_r_number++,n0_vss>,

<no_vss,appr,no_a_number ++,n0_vss >,

<no_vss,leave(T number—— no r number—— no a number——,a count=0,

d_count =0, trigger =true,no_con = false), idle >}

223 X DI TS B T4 5 4 1 290 ) 4 ] 9 )
FofE 55 W O SR o g, DONTeAlBiay

BN - PR B RO R, LR Ay=<L,Ly,CXLE> ()

2N AE T3 13 5 P s R T %2 4 AT R A A5 A TS 2 E B A

5, BIE(EBARSS RGN R e,  MREE, decelerate%%iiﬁ%?%ﬁ?ﬁﬁﬁzﬁ
WA SR AR b B i G ey p s RA, a_count o BA A 4= 15 [ i B 32 48 2 il 24
Envircontrol, 41 11 Fir. 5, d_count KR 5 Sk AR AT i BA AR A% 22 i E
B, HARE SO 5.
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trigger=false no_conflict?
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Horr, PP REMZ EBTE PRGN, S5FT
BT RGO Z N, PR B A B
TR
1 AR E T

(1) B 4 5.2 g b S AT 1 R 23 #r

AR 51 D It B B A S AT P R XTI 1 R A
o, w12 fos, JREPERINT

decelerate==false
&&T number<=d count
&& T_number>0 list_first_leave=false,
&& a_count>=0 d count=0

&& con==false -
&& no_con==false

conflict?

trigger=false no_conflict?

tri!

trigger=—=true && | T number++,

a_count<=0 a__count++ 1) $ % ?'J J$ :ff [X Eﬁ( . 12(b)) ~ @J H 3% tri

&& T_number==0

fik fir 2 (K 12(a)), ZEFIREN List R3S, A RSS
%% tH no_conflict fir 4, 417 H 4 iy o LS AT AR A7
TEPhT A

trigger—true  1_numbert+, )RR Hreq, BEATIHREG VBT, [N

a_count++
A car_decelerate k%, RSS & i} A (A 12
BT ERBER A E LR appran

Fig. 11 Environmental time automata model (b)), FCVFEFIEAT .
3) ZEHHEN cross IRZS (B 12(a)) 2248 1 v 58
,e_, A »
3 ZFISEIMS 0 BERES AT [X J5 1] RSS 3% leave {5 5, 247 i 138 7 ) b 58

LR s, d e FEEA rem FR I

F5 B Envir i B L #EIE A

Table 5 Model Envir location and channel description

rem HIERIRES
PEELEL begin ZERE S I BT
next Tl A% 2 AW T T
WIZANL L, rem IR A
tri THRIBAT R AT 4
WEEEC conflict AR R a4
no_conflict AR R Ar 4
I pPAE A X —
RSB T —

{<rem, tri(T_number++,a_count++), begin>,

<rem,(list_first leave =false,d count=0),next>,

<begin, tri(T_number++,a_count ++), begin>,
RSB IEE <begin, conflict, trigger = false, rem >,

<begin,no_conflict, rem >,

<next,no_conflict, rem>,

<next, conflict, trigger = false, rem >}
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Fig. 12 Non-conflict traffic of single vehicle
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3) RS BN cross IRA (K 14(d)), F4HiE
9 IX 5 [ RSS R % leave {5 %5, RSS M ph %3k
JAT 2RI after_leave fif %, s BT MPRIX .
IXATAE P A DL(E 14(c)): O R i R AR 8 AT 4=
TEAEPPR A, FRI B N R IEAT M R X AEAE PR
MAE BT Z P E] Q@R R M RAREAT EAAF
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Table 6 Security attribute requirement specification

il PEIR
P1 A[]not deadlock
P2 Al]((deadlock imply(Carl.normal and Car2.normal and Car3.normal and rss.idle and Envir.rem)))
P3 E>Carl.cross and Car2.car_stratrgy and Car3.car_stratrgy
P4 E<>Carl.cross or Car2.cross or Car3.cross
P5 A>Carl .crosst+Car2.cross+Car3.cross<=1
P6 A[]((Carl.cross imply(Carl.clock_time<=4)))
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