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The benefits of travel reservation in urban road

based on microscopic traffic simulation
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Abstract: A simulation platform for travel reservation in urban road based on SUMO is developed to
explore the change of traffic benefit brought by travel reservation. In order to realize the simulation of
real traffic operation scenario under the reservation mechanism, the simulation platform takes real trav-
el demand as the input of non-reserved traffic flow, and uses the real-time path planning algorithm
based on A* algorithm to plan the path for reserved vehicles. Based on the simulation platform, the
change of travel benefits at individual level and system level in the case of mixed driving between re-
served vehicles and non-reserved vehicles is studied. Simulation results show that: (1) travel reserva-
tion can greatly alleviate traffic congestion; (2) with the increase of reservation rate, travel benefits in-
crease, but their overall growth trend decrease; (3) promoting travel reservation for key promotion ob-
jects which include group passing regularly through the bottleneck and group traveling long distances,
travel efficiency can be greatly improved.
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Fig. 1 Schematic diagram of simulation road network
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: SUMO : :Python :
1 I 1 1
U g —— L i |
| | | 2 |
! 4 —_——— v !
| | Tmcr ) | DOREEL i
L e BEE |
: (e
! 4 — T
1 I 1 1
: PEGHR <>  {fHKH :

K3 T TraCliEO i L H.

Fig. 3 Simulation interaction based on TraCl interface

(1) fiEw Rk, Python il it — R 545 E
A A 52 B SUMO 11 B Ak, W1 iR ik il A5 f 4
FEPRLER | T SRABE R L KA S A A

(2) PfE Ak, Python #& il AUk IFA
JH TraCl 2 F1 AR HUpg B - 1 3 B F0F- 34 28 ] o
R, TR BT AT AR, BT IA N 4% &
XFREE OD $IAT T2 HhAT B AR AR Bk, 2 42
itE e BB AR IR AT, 1T SUMO i K.



92 iR R (HARRRARRD (FR9E30)

%61 4

(3) PiEE5H . Python W& i ELAT S, 445
HizfTRIBERTHE, SUMO 45 iy HalbF2IF 51 .
1.4 HITREmITEMIER

AR SO A S AT R )R Sy A A H A7 2% 4% T
Wragtn, PR TR B I o0 A 24 A

BEUE R RGATRGS AN T 45

% W 22 3 4z 17 45 £ (TPI, traffic performance
index ) &9 % 0 1 15 43 5 B 0 - 25 B i 4 2
e, MT e ssmstiaes. Hta A=y

TPL = /v, (1)
Hrb o B PP 3442 8 o, B -2 F i 2
HEREE AT PP AR AN 2 PR

F£2  BRIMESGEIB TN S bR
Table 2 Grading standards of road network

traffic operation evaluation'*’

TPI <0.3  0.3~0.4
FH % ik

0.4~0.7 0.7~1.0
i E] 38

S IO g Ak 3 A 4 i FE K (TDEIL, - traffic distribu-
tion equilibrium index ) & ¥5 i A % Bt 0 fay & 77 22,
FE 4 % ) BT AT % B 0 e ) B HORE B2, T A
P O A AR . H AR

L= S (f, - /)", 2)

ek

Forb o W ERELRBG £, 0 B e, ORI,
B B S BRAS Vi g, SAATRE S o, B LI, B, =

0./es; PHITATB B S, f= 1S .

2 WL AT AR LRI R ARk

AR SRR LY A4 R N FE R 100% , 23 k& 4%
TR R AT o
2.1 SERTERIEMKIREY

AT AR SRR T AT A% L o AR
AP ST R G A AR A 2 B% 34 B I A2
S PR IME AR AT AR 1 B A . B
Bt B, DA B 0SS B A A R I T SR
AR, MR RN SAE B ATIEAR . o, 47
TR (]2 o A5 19 o K 3 I8 2 D 2 e 2 AT 1l
WA % G(V, E, W), Hd, BBgs S EERR
FV={of, o o BB L TR 58 X B E

BEA B = (o)) WA BB, o, FOREHE DL
B4 0 S L Lo, A AT BB TTHT
W= () A B B, 0 R
28] 0 6 7 04 B B e, (OB, AT IS AL M
s B A T AT B LB g

e; = (Un U,');

min zwiff.xif, (3)
L'”EE
s.t.

1, i=s,
zxij_zxﬁ: -l,i=r, (4)

=y ek 0, ;H\:ﬁi]‘
xi/-=0ﬁ1, (s)
L T, R; <08, e, ek, o

T oo, Mot

Hrp T ut B¢ - K, e 1A 0] # B e, 19V 17T 2B
)5 RONBTE (¢ — K, t 146 7] 5 Bt e, 197225 [1]
AR KAZEGITRING, 483CH300, SEAFHEHT,
X T 5 S B R & AR A, BT HE ST ) SR R AR
TR ASE R 3 ok B A JE AR R < 0.8, —ERE
L RRAR T B R B AR Y R A AT e

2.2 EFABERNIHERENXEE

AR SR — R S 200 A % 0 o AR
REW, 455 T B RMEEL MR,
RS TR KA ", 0 Dijkstra
B Floyd k5, HALH %k

fi.(n) =g (n)+h,(n), (7)
Hor g (n) FoR AR A5 s 22 F 1 A5 n iR Bz 05 r (1 i
MU AT g, (n) F7R DGR A s B9 858 n 09 S B
MR 5 b, (n) 7R T A BHZ S 1 R /MU
it

AR, AT R, AR R A R
4 F BTG KRR, (n) 1Y 3% HS Wk .
h, (n) BBEE T 85 0 BNZ A r BRI, R
R, ARG, A T xR AR 4R Y T2
AT PR AR LR BB AT SR, $R TR B BOR R
TR S R e, X A*EIE R A (n) AT T
RS P R, 2 3 Bh A B AR 5 45
BRI .

(1) r=0, BMEXFEARRIZ], 5T Dijkstra
GRS RN A S R I IR S i o I S falhy
VR AT FERF AL A0 (), DALBRAE N T —if %) A%
BRI s & UE R



Fo

ERWA, A HT RO B T8 B T2 AT R 6T 93

(2) t#0, & hi(n)%ET L —0F 2R AR A S

n FIZ A5 r W e AR TR R 1) (), B
fi(n)=gi(n)+hi(n), (8)
hi(n)=f"(r), 1#0. (9)
JUT 4R ) S B AR LA SR E AN R g R
FEOL, A% FEAB A Sy 32 45 4 I [] N £ 86 0 22 38 R

ST AR N 2% UL
HUPAE P SAE, A=0

i

k=k+1,

LSRN, BECKE B / NARAN A  BC L — B 200 5K A 11
T n BNZ S r 0 R B R AT RS ] . DASLAE SR UE
SR 25 FMERRPE B[R] BF, PRos R B ME R 4 R Ty
], PR/ R SR, REAERCR . X TR
BFZ0e(e = 0), PPARMZXODFK, BARE DL
FEUNE 4 FTR o

SN BT ODIHEVZ sy 7

i ST Open#

I

FOpen Hf B 5 /MK T min
¥ Z Closed®

x

FaTT B ABAR T SO\ Open
x, FFEAE

BIXTODAZ B f5 —*T0D?

£ Closed# Hillid V2 sl R A AL
WREBE s, WRBREHKT

K4 FET AL SERT OD BRAR AR Bk i e P
Fig. 4 Flow chart of real-time OD path planning algorithm based on A* algorithm

3 SE o

VB ICZE B B IR T B H O 3k X AR SR F 5
K, WS Fras . GRS R AT ECE S 2018 4
12 H 27 H 7:15~8:30 F 4 R 58

B5 BF5E XK
Fig. 5 Study area

3.1 {FEBEHE

F FH SUMO 15 B AR A 52 1l % 9 5 4t L) S i A7
TR B AR T A, W 6 firs . Horp, dEAT AL
W35 A LS A R RN S R A E S
P il 7 SR DA SR U5 S ke i, ST B
M EF 19X (HP 16 ME5EX ), 274
FEBLLA K 9N M 4 .

5 B S 06 T B SR B A U B, E
b AT AR I TR T A A A AT AR A B e
SR AT AR, AR DT SRS I B AT R R
B, HEREMEMZE 3 IR FERms X, X4
KR (7:30~8:30) AT B0 9 9954,
HATIRECH 12 384K,

BT R R UG A A AT R SR B AT A B
B, THRAOE R A REEROICA A, DI B S A i
1%t B, EOEBMHBAA7:15~7:301
W ESMATEGE ; e, EEXG BB



94 iR R (HARRRARRD (FR9E30)

%61 4

FIKe=176 s

MiLE ETT

MitEEi

FHEEET

FEEER

| Fieer o]
N ietiE)
HATRYI8)

K6  SUMO fij KA A
Fig. 6 Basic modeling of SUMO simulation

#3 MATTOREE R U] Y
Table 3  Attribute description of travel demand data

FEA BN ANl
Veh_id i id FEXEXIADS
Type A 01

Ftime & IRF[E]

Route AT AR

2018/12/2707: 55: 30

1018—1010—1012—1011—1013

1) 01T NSRRI A 02 ERFAR VINR A/ N

7:30~8:30 A4 AT R AR AR A DT &R
ge, AP AR RS R T 0 R AT AR AT
B, PR ARG A A T A S BB LR
AIBRARA TRl D sty i 7R
3.2 FTREAAHATHTHEHET

T EE WA M E 5, By
R AT T A e R b T 2 2 A S R T 2 A R AT
T N R IAT R G e . LY A B E T 1k
KRB EREETT LR SO ST A AT
B W2y I BEALR I, FEAR SR, Fa

K7 Bz Y5

Fig. 7 Simulation operation scenario



Fo

ERWA, A HT RO B T8 B T2 AT R 6T 95

A AT R M0 E] 100% Ff- LA 10% YR 64,
10K, X EREALE R, HE
200K, WUREASAENE B ES RAehr(E
3.2.1 AMMkhATacE MEE WA AT RS,
TR A4 AT LA G A A R A A Y 4 2 AT R
[ ARG L an & 8 i, H T LA

(1) XFFA 4 sl b MR — e,
24 240 1) - 359 HH A T I () S AR AN B T2 AT R 11
AR T BRAR AR SR T2 22301 35 Hh A 7 s T R
TE307 sZith, FEIRIA 17%.

(2) XFFAEMA R . R W2y TR A
WE R, IR T2 A 1 T 38 M AT I RDE R R
T AR S BT R A

(3) X FaARZEq . B W 2R G
R AT R [ B T 2 AT R A B R T RIS, IR AE T
AT IR B 60% B e ;. B aE— iR ey
R EIATARIN AT R IR B AR TN

380

370+ —
360 i ]
350 L

340
330
320
310
300
290
280

ZESATRERS /s

0 0.1 02 03 0.4 0.506 07 08 09 1
g L sl
K8 ANRITRL L) T B4 247 A Ik )

Fig. 8 Average travel time with different reservation ratios

LTk, EBWAWMAT RGO, FEAE
EFETL AT RE S 15 1) 3 T 52 i g% 0 Ay 4 v 30
FEMRNTT 5, NI A7 8 s 45 200 4R T . Bl
HWANATHEEAE)T, WA AT R B LR T,
PR AN AR JL AR E 3% LB, 19 0 A o0 A
R, AR LY AR P 2 AT R g Bl A
—ERE LT, (HPE TR B I R
RN, e R AN 4 1 2 AT 2 A L B T
AT RAR R M &, IFAE I AT RIB B —E
Pl R, B A 4 e ok — e,
WL AT RB BN —E )5, B iR 2y
B AT I IR B A — RS, B — 2
ST AT 52 S R, MRl g A2 A/
X UL IH A2 18 AR GEAN T BEIA E 100% B2 AT

AT DL B — A F PR R A
3.2.2 AT i ME WL HATRAET,
AT HE R AL AN 9 T, 6 I 3L k43 A 34 1y
BRI 10 iR . IWEIH AT LUE H

(1) % I 22 38 325 17 45 $00 I 42 4 190 24 LU 491 1 I
Fhim B, R AE RS, MR F
0.349 7TH#EFFE 0. 456 6, FKIRIL31%, LT &k
I B I A IS AT IR SN P B
WO RER . WA I, B ASE s AT
AT D, 18 B A RSt 1T W i
T HATHE I, I N A8 1B 1 T ROk R 2%
B[ I8 % A2 R G0 2k B AP OR S, i —20
FEAE L) 4240, R 1k 5L B W2 A T RICR 3K Y
2Tt

(2) % D90 37 o 43 A 22 1 48 45 V0 i 4= 6 79 2 L
By BT TR, R R 2R g,
FRECBUE M 0. 185 4 FEAK 2 0. 133 7, FRilF A 28%.
T2 ZE 5 0T 3% TR 9 S A B A ) G B ., il
A | K A LT M S VB A A T
D) 3t 5t 4 AT $4) A5 i 080 e S T R i G ) SRR A
BN R . L AT LA B 40% Z R, BEE

0.5
0.456 6
&
£ 0.4
e
1M )
0.349 7
0.3 T T T T 1
0 0.2 0.4 0.6 0.8 1.0

TRZEe A1)
K9 AEITL BT i A8 il s T4 £

Fig. 9 TPI with different reservation ratios

0.20
01854
e
£ 015
" - 0.133 7
ﬂ
010 1 I I 1 1
0 0.2 0.4 0.6 0.8 1.0

ital=al]
P10 N [R) T2 LU B B 190 3k 53 24 1 1
Fig. 10 TDEI with different reservation ratios



96 Rz CHARNERD (Fh3E30)

%61 4

T2 ZE 5 0 AN W Ak, 6 DI S 0 A 3 3 4 A
FE T2 LA I8 51 40% B, 3K BHZHE4E RN SR S5
T I R A SRS s FETZY AT LBk
2 40% 2 J, I B 2 A T R A s R N,
W 378 £ 4 A A S Bk 1) SR

(a) 0% FiiZy=

\
g

I n [ el

b

St 4 AR R T2 T AT R R i R 2 S B AT
WA, WA 1R . %R B R M T2 AT R
DU, AT AR T G S8 3 I 2% 2 40 AT A4
(i i oA B A Ll S AT R AL

(b) 100% Ty

\

-
N

mor [

F 11 BEMAcE s RS

Fig. 11 Comparison of road network traffic operation state

3.3 BRI WRMAHITEE

20t AT S oA ok ZE K DO B T % i bk i A %
P O T 2, AR R A L
PORDIBORE 2 o WAl 1 BEAS AR B B e, iR
N AR ) X g, O AN [ 28 RS (AR el AR HH AT
XPRU a5 A 4 T B AT TR ] o AR SO iR AR R 30
% B %) R L A TR A R S AT AR G s AT
AN A% R TR E R, AT RS RiR W
PR St T2 AT I AT R 3R B b, A EZy
TS T S Be TRt — 2 B A AR o
3.3.1 #BEAMABBENEBITEK ME 11T
i, SRR R AT AE TR A P I B
Horr, BB 1012 38 Es 1746 5m /N (0. 13), K
% TR %) O 390 B, R B O B T AR Y R R Sk
7 RN 3 28 I 300 B ) ZE R AR (5 L 16%) 2 it
AT, R AT AR ARk, SR AnIEl 12 Fn
13 MBI LI H

(1) XFHCTRAHT, 902 2650 1) 22 24 47 T s T
B IR 41% , IR T2 230 1) 22 X 4 AR B i) A B 2
TRET%. MR ERE, RGN 1T R ]
TRE15%, HF314 s, XEE SR AT R AR
AT R RS WA KT, U B R ik 28 0 300K B 1
PRSI ATy, MR TAL S B T 2

(2) ARG Em LA, b md s,

800
700
600
500
400
300
200
100

AT TERS )/

ERLR

L) 240 e[S EaK]

nTRLIHT W T )5
K12 SRS BORE AR TR 5 Y 42 7 T RER 0]
Fig. 12 Average travel time of passing through

the bottleneck before and after group reservation

P

(0.10—)
0.21
y

\

[ [ A yi =
K13 SRS BRI 2 5 % N 58Tl s IR S
Fig. 13  Traffic runing stateof passing through

the bottleneck before and after group reservation



Fo

ERWA, A HT RO B T8 B T2 AT R 6T 97

P AT i AT TR AL T2 0. 444 3, B A
W B 2 0. 128 1, R MATRE 158 W2
PETb o A2 B A RS U e T B AR
BRI, BAREEL 1012540 TR, A28
WIB T E T T 110%, #WATRCR FIb. *hig
28000 9 B B AR AR S R AT 2y,
15% B4 AT AR L s B, A 80 T
Wi B g, MR T T REhiraies . B,
FEF D7 MATECE R A 20 S B A R A
FER DN S T 4 X 52, AT DA KRR 3l 48 - 9
AT

3.3.2 imPE & HATER XFImEE B AT A A RE
5 He 13%) 92t AT 1 24, BF 98 AT Rk 45 42 T
TR . 255 14 /115 s

800 749

700
600
500
400
300
200
100

FEYATRERS 1)/

AR

LI T4
sTRLIRE = FiJa
K14 iR e AT RER I FT IS 9 42 2947 R ]

Fig. 14 Average travel time before and after group reservation

PR

N

[ [ e sre [ 5=
EI15 R B I ATREARTIZ S 0 i 8@ B A TR

Fig. 15 Traffic running state of traveling long distance

AR TRE 545

after group reservation

SE 3k

[1] LEVIN M. Congestion-aware system optimal route
choice for shared autonomous vehicles[J]. Transporta-
tion Research Part C,2017,82:229-247.

Xt AT BRI, ) 250 0 4 2 47 AR )
R MR IR 32%, A T2 230 (%) 42 X5 47 A 1 ) o Bt =2
TRE11%. MER FRE, RN ZE TR,
] N 14%, K317 so X IEUT SR H AT B4
PR AT SR W (B /KT, 100 BH O IzE B 5 10 A 1) 22 3
HEARSC ATy, AMERRATR GG T e 2

MRG )AL AR, ST s, m
2 ZE A X T % 3 A AR R ), [ 3 i AE 1T
FREC T2 0,447 1, U o0 A7 34 4 48 AR
£0.1189, RGEMITEE BEERF . BMLEZ
PR B S e T 6 W2 A AR AS A el 38 . o az iR
BT 0 B AR AR S B AT L, ] I A A
WM, AT M AT ROR . R, )
51 2 iR B AT R AT, TR
B MO AR T 24 AT RU 2 -

4 % ik

ARSCBHIF A T — AT P A7 5
P& AT SUMO M AL L% K, LA
HAMATRORBAEAE AR B R A, R4S
& Python AT U &, LB T T ARk 5
AR R, O PR AL AT AR, LAk )
B R L AR S T IR T iz 75 5
FY. @ iy e, 538 ERE0emT .

1) L AT Al DU TS A AT 300 R 4 i
Fioksi, ARk s W S IR DL

2) W WL AT RO, B TR
Th, WMATRGE B A, (R AR R LR S

3) KR AR B R AT AR G B 5 4
FERER S F G X 5, REAS SC B AT AL £ Y
RAOFEEFETE o SEPIRW, AR SO T K i0 i 1 i
LY A7 05 5P 5 T ARSI ML T 5 25 52 B
R H 22 A A AR A A S S AR O,
Il T B T LA AT LR L S SR S A B S A
RMEHOARSRy, BAT & AT

(2]  Jp#Eal, 3853 . ShASCE 4B () AU 9% [o] it 5 e 22
. xBEH ALK TRESHEFR,2021,21(5)
125-138.



98

Rz CHARNERD (Fh3E30)

%61 4

[10]

[11]

[12]

[13]

R 22 B2 4 ) g B . b RS TR 2 R 45
H-201707]. o E A B4, 2017,30(6) : 1-197.
FRURE A fhih, TAE 5. T eI 858 rp i) 1
—— b [ WL XA T2 AT SR R (D). T AL
i ,2020,18(1):75-82.

SRART s A, PIVEET- . OIS IO IR 45 I3 ) A 55
FEHERELT]. P IEEERRL:,2021,23(1) : 45-50.
AT, A dhih L R, 5 BT R R[T ). &
WISk RS TR 515 E,2021,21(5) : 160-164+173.
ZHAO Y, TRIANTIS K, EDARA P. Evaluation of
travel demand strategies: A microscopic traffic simula-
tion approach[ J]. Transportation,2010,37(3):549-571.
MENELAOU C, KOLIOS P, TIMOTHEOU S, et al.
Controlling road congestion via a low—complexity route
reservation approach [J]. Transportation Research Part
C,2017,81:118-136.

EDARA P, TEODOROVIC D. Model of an advance-
booking system for highway trips [J]. Transportation
Research Part C,2007,16(1):36-53.

BAGE . AT PR AT B H A 3 5 A0
I sE (D] 7N AL R BT R, 2019.
e, 3R BRI L A S A B T AT S
IELT]. MK, 2020 , 65(7):211-216.

SU P, PARK B, LEE J, et al. Proof-of-concept
study for a roadway reservation system: Integrated
traffic management approach [J]. Transportation Re-
search Record,2013(2381):1-8.

LIU W, YANG H, YIN Y F. Efficiency of a highway

use reservation system for morning commute [J].

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Transportation Research Part C,2015,56:293-308.
MENELAOU C, TIMOTHEOU S, KOLIOS P, et al.
Minimizing traffic congestion through continuous—time
route reservations with travel time predictions [J].
IEEE Transactions on Intelligent Vehicles,2019,4(1) :
141-153.

MANUEL G, BALAZS V, TAMAS T, et al. Investi-
gating the impacts of urban speed limit reduction
through microscopic traffic simulation[J]. Communi-
cations in Transportation Research,2021(1):100018.
SR BT RO IR Sl ) S B DA T R K
RGIT 4 [D ] BB TR, 2018,

L, TR, . — T AT R A T 9 4
AT AR A 7 vk 10254452, 2 [P]. 2021-
07-20.

PN . T 22 PSR 4 30k T 1 0 I 2 PN TS (D .
Kb KIPFT R ,2018.

QU S X. Research on dynamic route guidance system
based on comparison of shortest path algorithms [J].
International Core Journal of Engineering, 2020, 6
(12): 135-140.

A . LT RFID B8 B9 3k i 528 3 3l S B8 AR 5 =
WHFE[D]. Bat: A F %, 2017.

HU X B, CHIU Y C, ZHU L. Behavior insights for
an incentive—based active demand management plat-
form [J]. International Journal of Transportation Sci-
ence and Technology,2015,4(2):119-133.

(REHE TiBE)
(81 FFI4E)



