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Mixed Traffic Cell Transmission Models: Development and Validation
Student: Chih-wei Hsieh Advisor : Dr. Yu-Chiun Chiou

Institute of Traffic and Transportation
National Chiao Tung University

Abstract

Cell transmission model (CTM), proposed by Daganzo (1994; 1995), is a
mesoscopic traffic flow model which can efficiently simulate traffic hydrodynamics
under various traffic conditions. CTM can provide a convergent approximation to the
Lighthill and Whiteham (1955) and Richard (1956) (LWR) models and covers the
entire fundamental diagram. Due to its low computation requirements compared with
micro-simulation models, CTM is widely applied to simulate the traffic flow
behaviors at freeways and signalized intersection. The conventional CTM was
designed for pure traffic, i.e. all vehicles are of the same size such as cars on freeways.
Incorporation of more realistic' CTM rules into. the  simulation of mixed traffic
(various types of vehicles such as_cars and motorcycles) on urban streets is
comparatively less addressed. However, it is.ubiquitous in many Asian urban streets
that motorcycles oftentimes ‘move concurrently with the cars by sharing the “same
lane”. Some erratic motorcyclists do not even follow the lane disciplines at all. They
may make lateral drifts breaking into two moving cars. Once blocked by the front
vehicles, they even make wide transverse crossings through the gap of two stationary
cars in the same lane, in order to.move forward. That is, even the downstream cell is
fully occupied by cars, motorcycles can still-move forward. These erratic behaviors of
motorcycles in the lateral clearance among larger vehicles would definitely increase
the storage capacity of a cell. Without considerations of such behaviors and
interaction between different sized vehicles, the traffic simulation might obtain a
misleading result.

Based on this, this study proposes mixed traffic cell transmission models (MCTM)
to replicate the behaviors of mixed traffic consisted of cars and motorcycles. Both
types of vehicles exhibit rather different traffic behaviors in competing roadway
capacity and remaining storage space. Thus, the parameters of the MCTM, including
maximal flow rate, maximal storage capacity, and remaining storage capacity, should
be dynamically adjusted and allocated between cars and motorcycles according to
mixture ratio of vehicles types and the traffic phases — free flow, synchronized, and
congested. Based on our field observations, two MCTM models are developed. The
first MCTM model uses the ratio of car to motorcycle in the last upstream cell to
determine the amount of roadway resources (i.e. capacity and storage capacity)



allocated to cars, and vice versa for motorcycles. That is, the larger value of car to
motorcycle ratio is, the more advantageous of car in competing the roadway resource
is. The second MCTM model further incorporates an entropy index to adjust the
traffic speed, since the interferences between two types of vehicles will be rapidly
increased as the mixture ratio of cars and motorcycles becomes higher.

To validate the proposed MCTM models, videotaping traffic data of three
corridors in Taipei city covering a full traffic spectrum from free-flow to congested
are collected. Since the traffic behaviors will be significantly affected by the
passengers embarking and disembarking maneuvers of bus traffic, to exclude such
interactions, the corridors with a bus exclusive lane, Sec. 4, Roosevelt Road, are
selected. The results show that the both proposed MCTM models can accurately
simulate the traffic flows under various traffic phases and mixture ratios with an
average MAPE (mean absolute percentage error) below 30%. The simulation
accuracy is also compared spatially (different cells) and temporally (green time vs.
red time, off-peak hour vs. peak hour).

Keywords: Mixed traffic, cell transmission model, motoreycle, entropy.
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-\

2.2 R BEHAPM B

Fo i AR RASRER 0 B i DR A OB R R ERRAET S R
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il

3

o
,3?—2
=

AN

B R B IOL T BRG] AR
UEE SR AT | SN L P AL S BRI PR
Bt AR R @ SRR e s R R e S FT R 2
B ZH BT 6 LMK Rl ez SR 2 L R E R AT B P
AT ST RN EERE LR TR SR E R R

d
o+
&

PRERDGE LT SRAFRL YA AL LR B SR R R
B 2 e 0 A e R T R

Gabriel{-Roberto(2006) #74% 1 2 4% = @ vE 45 a8 @ 5 3 * 200 3 R
B @ 2R3 (Asymmetric Cell Transmission model, ACTM) » % g id i ® i 2

(w

H—-
W

RAEUFIFRREET G- BB FR NG T TR F DR
ZRELT G BERL D0 RACTME S #731 * 2 F| % i o P ¢ g3
E SRS 25 “?%w@ EHCS o BB i SR A M P 2 B0 02

SRS~ PSR RS GG SISV i KR Ry g
EREJIECLEER = N T8 O3

Munoz et al. (2004)#-# BV N * 203 Mo B @ S B2 B i Ry
PR AR TE RIT AT T E B BAGERE o ZREZE KGR
(on-ramp metering rata) > F] b 0 HFdEe 2SN a0 - @ 3E B3¢ (Modified CTM,
MCTM) > 3% 28 i o dode o BIEHESS » e (el B 2L H 2 00 ¢ - A i
BRI BN R AT O BB VR i B R 4210 2 e
TN E YR E NG TR GT&ERES B 5T MCTME S &
FHBEF PR ETERIR TR I S TR AL B A6% T o BT %N
FOCTERIBE SRA NG PR E R TR F RE 2 Sl -

Juang«frChiang(ZOOS):ték%% TRAEHC G TR SRR i 3%

B AR BN & B F 05N (Hysteretic Model) 2 46 = @ vE 5058 » i % 28 % 50 5
REER PG apd 2052 e iz hin S ulfpEdia B ATk 4
N1 i

BB R SR TR E 2 P R SRR GRS A T
2 2 RSB G HFEDNFL AL RO AN AT E
T RS F A o

Shang{f-Huang (2007) #-#& = @ £ 038 & * > ¥ % %7 (Variable Message
SMmVM$,uﬁa@@ﬁﬁﬁ%w%ﬁiza,ﬁ# FODg £32 4 fch
B f TR e AR 0 K P AVMSY SR Y F i Rr TR 0 K BT
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N

eiéi%%&$1§@&;U$zaaﬁ$¢@H:f@ & e 0 BVMS% B
BHY - B RVMSE R ahix B H{It R RSP FiEH S R
LS

Wt > & R B R B R BT 0 AR VMSHR R B B U B L S
FREE > Rk EODF RFER{ez B s i~ L F i 2 G5 2 B Ry

Au

5
o

1

—~m§

R ENRFE SRR ’5633%1‘%@?%@%?;\%?5“@1%@ o2

THEREBERN > ARNY e EFEEFF IR RCERAFIHE i

BEEFAREN M BFHSRG LSS BN GE BTG HEALT

AW (MAPE) = g e % > B 5T 4 R FFF 2 HN KA o Bl

#(2009):& - #h f* AR B F SR AT PP RELD T FEHRPE I NF ZH

BB\ Re e Bt e g v 2 fleF E o EE R
FAFED G RIT R 0 BRSSP B TSISA 47 -

Fhip R (2009) 5 F e g W R A RE R F AR REERM S R E > BAA
Fl ok 3484 41 (genetic-fuzzy logic controller - GFLC) &2 &t & vE 45550 3 B i "y
FIHE o I AFIRORBIE 5 B F LRI T AR & LT i U G
MHEFREE X 2 H A B EEA F o R RIRE E o
- X2 F RIS E N gnE VR AR S R LR E TR
o F R R REARR R EL PR - QB E 2V R VPR ITH 4 D
B MALR > L FEREY L BERR 2 & %m&x Fa o et e YRR
PR X ERTE PR el SRR 2 EEURTTEAI L -
T#Eﬁﬁé’@?iﬁﬁﬁﬁiﬁbwomwa&é%ﬁ;%.MA%AW@
Pl U FRIrIEHPENT Y M13% -

Lo(1999)4% ! chiT 2 3l BLisdy I Hcst > k= 74 00 S0 2 it > gt
R R oo B BB 2 7 LWRES S A Z B R R B
TR RBp D BRI E BB OURAET 0 A7 LA T E Fapkin
PR T A E L FVDEFERE R T RES - RAZREN
P B ST el R > 2 CTM B 5 2 W enipd > B b
g Y WIS T TR E PR TR T

Lo - Szeto(2002) % & r4 & i 5 A # 2 # f5 2 i € 4p /% (dynamic traffic
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assignment, DTA) -3¢ » i R3¢ %4 7 % 3¢ (Variational Inequality, V)2 4
Hoat o % B i % 5 & i 1 (dynamic user optimal, DUO) % g g £ & 5L 1 2 3R %
cHR iR BRI F R R LR R B e B e R B S
B2 AR IBHY G T R ENETECETEM TR R
IS WE B D FHEHRY R e d R E L R
EEERE > R AL A FREBEI G gt b TR EA
Bz S p B imit o ERFFORBETRRA SRR RERT O
2 U Sl P R P A D R RLRZ BT
LofrChow(2004) & — # #-pt = 2 g * flE4efr @l + > £ 3 =i
A#EZ P o BB PR T BLisE 4] B & 1 #53¢ (dynamic intersection signal
control optimization, DISCO) » J& * # F]i& & /% (genetic algorithm, GA) » #- = 1%
SR BE RS PRI ARSI T RN Lm0 REBUEFER
P T R BRI UG S B B R R AT R T E B A
B M TRANSYT it i > il 5 48 ILDISCO2. ‘28 # P FF s TRANSYT > 30
Changliang et al. (2004) & A & 4} G ée & e P & % B 2 ¥ 8 h< il 324
R AT R B B VLRI R R T R F S e P AR
Rt E =g > HY o Bt Rt R BRSNS Sh Y ¢ 3 LWRES
FEE T g oy iilé.iffrﬁ a2 B R T A R P TR 2
Bk N EE 2 AR
Long et al.(2008) v 2 i @ 1L 45 5 A AL H R ® L RO 0 HuG B
FHERNT R LA R E BLen g R ot T S AR & R R R U
B R U T By P TR R
Plopcnend R E S Bt B R BEEGIER AR R B B R
FTEHEFRT AL RABREBEEGT AR NERNE AL TR %
o I BRLWRHCS M 34cen= VR Y o U G N A R A o d gt HA
TUREGERES R BEFRIO)IO YRR R E R LA RERT RS
B 1% B OpR EER 0] (Jam size) 2z F pF R (congestion delay) 7€ 4 % o
IR (2009) Bt R BE AN SR @ o R e LA EL B Y 2
& £ &1y g it (extended Kalman filtering, EKF) ¥z 2 i i i #i05% k& ik oh
OD sBridn i iw B ’;ﬁd P RS R (FehfF 5 T AER & R pFOD

kg oy 4
-0 I F o i S

(\x,

)
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pair z ¥ i > 1 &5 & 0D & > i * DynaTAIWAN (Dynamic Traffic
Assignment and Information in Wide Area Network) -7\ it B & 2 E 53
BEKF z g8 F3u > F 1% ¢ A iRImis ¢ 2 - B 8 (CTM) kFF iRl 2 4
PIEA R e PR E TSR PR L (time lag)enFlE o e PEH S Bk (A
PERY % 2 BRI R o

v AR R RS é@ﬁiﬂmiw%@ﬁ7<ﬁ%~%mﬁw@ EHos d
1994 # E 2 443 BaE B R B2 B n i A T I RGEEZ B L et N
(EC RIS miﬁf&? PR RL > T R B RS 2R i
PR HE VRGBT AAMIERLEY > Ft s AF T AT T4
L /I%Hir%\» 2-1977m o R BN B R D RIS AM BT
FEOSBRIATHEET N RIS ET a3 RERR A g
ii*'¢7%i’”%ﬁ@ e TR I RERS) I U B S o

LG AN A2ZLAA RS BT BLEEG E R WY S 0 ¥
*Ff%ﬂ%ﬁﬁﬁﬁﬁ@“ﬁ%ﬁﬁﬁéﬂ%*%ﬁﬂﬁﬁﬁiﬁaﬁﬁﬁ
FoRFHEIRRINGE B SRHABFEAGET L RAPIT T RR
£ gnz R AR B ESNY BA TS T A R R Y R &
B RN I (s RSN B e

£2-1 R BIERCEY SRR

3*:}\

ﬁ:‘—%’ £ 2 ﬁﬁ%ﬁ?—?} pz% 1 fi;\}%’!} ,}.i:}-\ B %&ﬁﬁ
Gabriel{- e G [VHRBAME TP | e BRI 2D
2006 | ® i 2 ¥y
Roberto B L i @4 i
e PR R
Munoz o Wi KiT

2004 | i 28 cHRGRERET e Bt imi] -

B iE L
TS EIARA

Juangfv o R |edulp F T W2 R 3

2003 | B 2B o A UEF RN H- 24
Chiang W e Ry Y
Shangf- o T BT o w3

2007 | i 28 o iR TR ¥ -
Huang Jh%
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Z2-1 R BERR Y 2 R ()

e £4 | EBREI | AL L g R fE
s B NE |edpfpt THIG o4 R FES 4
EiAE 2008 | % it Sf -2
F F
L& 15 2009 %ié\&{i 'm’l—,ﬁfl’i‘i}”; ’iﬂ-lpg’lﬁi -E_ .?g_,’,;_ﬁ E"}jfﬁ
e TR e WIRT s B | ¥ i BRI .
Fip R 2009 | & =R -2
i %1 U S
e fpifir el e mizn
FIF 2009 | # i 2R OD “E'iit iz iw & HE-25
ELH G
pES
UL (o HBEERFRET e @B
Lo 1099 | + % if B ) H- 248
AR, o [Fd
oL R |edin A FEH e i3 .
LofrSzeto | 2002 | + % if & H- 218
’E_#] S #=HNGT A
g SR s B EATIFE 2
LofeChow | 2004 | # ®:ifie  |5iihdmdlse |o it it i ¥- 84
* i
Changliang o AR | e FHERAM AT e it 5
2004 | * B E-24
et al. Tatbikeg |2 Rk
. iF'rs—r% i e W R TR EFAcY (e mB I .
Longetal. | 2008 | # % if i - 218
- T
23 R EB A ¥R
o @i L ¢ B i o 218 Bk di N AL BR S

B g 2
T

 d
%

Bm ko ZREED
’\‘ t’ﬁlﬂbﬁ L%ﬂ_\;}’*‘l"}’l,{]glga‘

“~

b o e

oo R BIEHY S - ¢ A
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WAL A S H - B A TP ARG AR S B e » BN Y
PO R AR LWRHESSS
W hER s AT ﬁ%ﬂﬁﬁ@ﬁi#ﬁ?i‘#ﬁﬁ%ﬂ%’
PR PR A SR B R




Zhang4cJin(2002)% & % Fe cnd #8128 & & i B8 B L 175 (Kinematic
wavemodel) » f1* @ FHdinizs > 2T 2R BHRR - THEFZ0E 0 A
FReEEEEHT 478 a0 BB R hE R R T S R
HAPBRA D[RR FEIRYFRFII B IREFE L BFTE %

a8
H\
i
=
[
(“
a8
=
K
Raled
T8
R
>
e
35

SR ND ek B o
P S AHI B R B R R ARG TR L
FER P GRS el ot BRI A B ARR d B R 8 LT B

[N
-
{7
é‘f‘
&

2. #3514 (anisotropic)
3. FTERWERLZ FFHEAD N B LS
Pz F 2R GREEFARIEDRME b - AP D R S 0 X
71 4 & (shock wave) % £ ;& (contact wave) ¥t /2 & &

(Riemann problem) 2 iz 8 574z TILGE £ 4 p o B R & Fraed 2 R E BN

NPt RAErERMH A FRORE T TR B n R A AR
Al @ 5@i&padamv$\, R F PR @w%$&W?”ﬁ%
BREERTERFE O TERE T R RERAIR T M R R

BAFRRLD NG §;4’%%%ﬁﬁﬁ$?ﬁW*ﬁrﬁa@ﬁmfﬁo

B
&
|4
&=
E
.
{

Chanut{=Buisson(2003) #-B L& jinficzi e » i E = F
TR P BaE RERREI T L ST papd BT I

’J‘%ﬁﬁ"‘%‘?ﬁ’ﬁ "’t’g' él‘:&; EA._/T:T-B:]:J- ’ll,ﬁug‘ﬁ%}iﬁ#ﬁ" ?/rl’?ﬁ\il
s

#(flux function) » # S P FH it inFERAR DM > T LA I DT o RF R A
PR RERALEORE  AF A0 EUSM ARG AT FRART 2
iR Bl 2 w.gﬁ—wﬁmﬁ\’@%—wﬁ R AR LRI Sl SN
MEL BRI R R RSN BN M- RS0 B R R R

RERRED H AR B I T RHEI B R 2 R
WA RIRRE B R R RARLET R EET AR 0 BAARFHI TR AP
B s BESEBE - A30029052 f)cid » P83 N BRD T A 255k

g
R TR B A6 B it s AR Al Y L Sl

~

fi‘fr%fiﬁ?g f/é ’E’J"l" rv— /H *3—;\‘ ;Zﬁji’ 3@‘— -H;;M‘/E‘ é\'—g' l:-“ w;\‘ifﬁ@&?ﬁ FFB %E£
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Godunov Scheme; & {7 ¥ » W s S A8 > A B 5 THY LA d B
r&h@?;ﬁﬁﬁﬁhjﬁ?%}%ﬁﬁ@T%%ﬁi@ﬁﬁmu&_ﬁﬁ?édﬁ
ouie T E L FEERD N o Godunov Schemed#-& B R e Nk LR A
FHRERC SEHET N EAFRBEESTHE TR I 2 FM M aE P A
EE RS 3
Tang et al.(2007) 12 i 5 - & -5 (speed gradient model, SG model)# & &

B AREASCGHGN X PR THE - B T Y RE R R
AR BB SRR SR (1Y R LB R FEE IFE R Y
AW AL REENT A ERAERLEVHR) F LB ERE DL 2L
SLRF AN R T E S 2 P iESGH @j’f#% iR I S
REBW ARITTRT  AFLELIRRENNT IARRRBEHR) 2 E
*@RW{%%ﬂgﬁﬁiiﬁﬁﬁ’%@w%

&
~—
QL
N—r
‘Q\F

R;Q&aggﬁguaaaw%ﬁRzﬁ%%%m,d—ﬁgﬁxagwgﬁ}

A B S B A A BRI A T — M R
T B BLGEEL T o ARG BRI 0 F gk SRR B ez B H 0 LRV
BAmSEa d SEERESEA AR IR FE D L D R
FRi8 (7 en? B 3 £ B aR s

E

’“‘t—%

o

Logghefrlmmers(ZOOS)ﬁ R LA AN H - A ER AR DA

T 1gP’mﬁUNML*9 z%#ﬁﬁﬁ TR R BE ST
BROFEE O RRRED N H D LKA B A BB kR D o
SRR mﬁmﬁﬁwﬁ’ﬁﬁﬂgﬁﬁfﬁ’“P{ﬁﬂ@ﬁﬁ%ﬁﬁm%§
P F AU B A G Fa RN AL EE P LR ERALE I EFR
L] T o HEEN LB - AP LWRIR £ B G 0 ML B i R 2
mﬁ%%%@’ﬁmwaﬁ%n HEE NGRS HRERE > RBVRE DR

2@ TR EENY RIS E T E I 2R A LWRES it
- WA E DB AERET ?;Fé“i/n\gja,ﬂ/,} fe 8% B A Gk IE B AR S B
() > S BT R AR P DR DR E B IR RORFET R LD
foiz Brd € X301 Bt e 2 RSB NER N REF AT
feltin B enB (oo vt AT L AE S FEE R LB N LA F
AL AT
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5 2 827 3 (Mulit-commodity class) - § % % % & % (7 3 &2 S EERF

WEZBM S VEED RO BRI

2. ¥ if (special) > % 4% Daganzo(1997) i & 4m 7 fe B 3f L3F 2 (75
RIEN - - R TP

3. k2452 3 (equal space)iF i & B B i B 5 I AF B it B0 12 E

BAERRET MG RFB MR LG o

4, B 6 % & 7 je(equal distance gap)2_i2 & f+ & f8 % & 7 ¥ (equal space)
2 PEE 0 Bk AT B fE B WOk o B fBHT S KA R o
5. & BEe2r & £ =1 (distance gap proportional to vehicle length)-#_ig2%

Bpd BRESF T A AFAD T LA DI FREL S L
- s

6. *i#3 @wmwwwi&xiﬁﬁ FAI o T L B AE R ik
FoRERIEF T ()E A A AL RE S

o

7. @& % s=(user-equilibrium) 2~ Wardrop(1952)3% ! 2 i * § 32Hr R L
PR AT BB E R PR E AR E R S 0 T R TR S A
HARY XA T AR AEAER T L nsf Py L2 fEi5 8
FRLIMIERPSEF P AATEL R

¥

HE g o v K ofEh R B R £ BRI R Y KRR G
SR IR AR TR R TR TR

ﬁ’*&?iﬁiﬁ%%"i@ﬁ B FR s R P BN R ERAEM AR FEH R
B2 BB BFIMT B R FE B F]F (N SH R R4

FlF(NEd 2 gEHFT Ik G REIBRIZ pdEFEL - HUTET R

BREBR AR HE A B OM G o I AR L R B A B

Bf;i-?f%w B P EAET I AR RN L S HEATRAE S R £
R TR R BT 0 BV G ARk o

AELRASREFF YRR LB poF MR L BB :
AR VR R R SN T & 2SRt ?’ﬂ*ﬁ‘»%
YRR B AR 2488 AR RS B R P i R AR 4 51 38

BB BB A R AR R A RERAFE D

&é?* » T EEAP R IR AR Y SN o d «;:«j\p;ljj_;guég‘;ggﬁﬁﬁ:ﬁﬁ:

k'l
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RN S F o e PHRH LWR R R Y R R0 BB ;%@
HWLh 2 PG e ? R 7 2P LR T R RE AT

hig & 7
WA RNz BFF O RE CERE BR 54’Q¢%@§ﬁ%ﬁi,

g
BRERE-H 5 FFEL EE R ET 0 G S S R pg

“J%m%@

—%ZF

BB BB AR WAL A RS HRIRE IR BN R
FYRENRED T2 FLEL OHEFAREI AR R EIE L B TN
B ATV RGAPMAT L P BLR LD LN FHEFEP TS
H2 oS TR R £ B R TR e o

222 P R LD AR M R

R
it iﬁﬁﬁﬁzﬁﬁﬁﬁ BB B 2k R RTE S
o 3T H5 15N ® %fi
Zhang4r o L o E A ¥ £
2002| 2 o BB
Jin . p ST R R “id B s
o« F PR
o i E NI
o i E R RIS
Chanutfr o BB o UNE frik B o & E ul G
2003 2 o B ik OpL
Buisson o X [ @ o= JEgsN 7 % 3f(0.2-0.5)
d ﬁ? g B %E
e Godunov Scheme
o BB BRLATG B
o p-d o NE L BRERE T H(R)
Tang et al.| 2007 2 o T i B
ol # o iE B R H e BBl E B E 2
v (o)
o B fh Ik AE B ff
Logghefr o p-d o R |enE TIE et B (04)
2008 2
Immers o i & o B OOEL e @ —fgi’afﬁ o B e R RM R
HL 5] F 3 (1)
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2.4 -]

i

ARG AR BRI A AR R X P w AR LR S B RN AP
éfk’%ﬁﬁh&ﬁﬁvﬁﬁ?%&@% A g o B thd LWRHCS 510
Mok ZHCEREERD GG A Y RE G 2 TR T

ﬁ%i%&iﬁﬁ’ﬁ”fﬁﬁmé’&*@& TR SN E Sl &

FERE FEOBREPN BT AT E R SR B R ek
ODHF| ~ BLihir#12 ™ Rip$357 BF i+ % > @i gy v
P AR 8 FREDFET R AT HER I NS NEF L
PEITIRF R BN Y e gIRE B NT S o

SRR AL Pl St R E e S R R AR S AR S
TR 2ZFEFARREDIRIEBEN LB ZEEAPMY BR LD E L
MRS R S B SR TR A B R 2R A B
BRSO LWRES A A 2 AR FY AP T AR R S
BRAL Y RO IR P A RIS RN R e A R R T e R S
Lo X A R AR EES N 2R L BN RFS 2 B %

B % AFT g HaE 2 LA B i e BAEHESS o
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j%yf@i@ﬁﬁ@ﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁ?’w@%mﬁw@ R
R RE - B R B R A ST B A W VRN T R
EMEAFLL - PR HRAZELARN AT R IR RLT R EE R AN
oo o AT AR R ﬁ*“fﬂﬁﬁiﬁi%ﬁ’ﬁéﬂgﬁﬁiﬁ
FHERG O AFMAALE - PR BN BRSA R A A

ZHp2 R A D R BT 0 Bt L bl AT AR R T 2 B e
1 ¥- # g diys

H¥

E‘E’G«-

b
3.

Daganzo (1994; 1995)# 1 & = @ 48 (CTM) #-¢ prd jiamzhz i Ha
ECRN AT N o e TEE R Y EEAE A BN kA EH - 2
ZH- D rv 2 g RBRSE OGRS TSNS S (LWR) 0 1
P A R it B R R R A B R R N e 0 BB SRR A S

# B I 12 (homogeneous) st i=(cell) » j&aE B L P35k /B 5 Ssui 1 3] i 4o Bl
3-1#77r » Reink R Uik PR 2 dm e B R (09 7 AT HER S L Bk &
Bl fRE ST - B T A AR AR A M % e (3-1) 0 2
BEXARDHT > BRAEE S FERE R P D mEOE I3 E T R
o

N, (t+1)=n(t) t=0,12.1 (3-1)

He

ni(t) © & i A pFFFtend R /S

1 2 3 4 |
n; Ni+1 | Ni+2 | Ni+3 +"'{ Ni+|
T >

RI3-1& =t = #5414 7 & B

bR Bamiaa L p d S F AR A B R R R AR R
mﬁﬁ&%ﬁ%i%ﬂéf%%&ﬁf&%ﬁ&ﬁﬁﬁuﬁ&@ﬁ%ﬁ&@ﬂ
LWR Ho58 7 f i 2 P et e $e B 20 B > 2873 ik
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hRREF R RS ER 32 A TR iR R AN - EET R
BREcE N AR T B2 R Ly N G2)TH kAT R end
jRlcg XU S R D Ehc H R T # 8k S B R R e
ZR

y@)mm{ (t).[N; (t) ]} (3-2)

Ho o,

ni(t) @ i ARt ik

Ni(t) © ¥ i e pFrsten™ % b 2 fnte (B R )

Qi(t) * i At TItHIFFFE 7 8o chd % 2 dmlic (B i)

b B0E2) ¢ o Q)R Ap e i B2 B TR o Ni() R A R
3 WP A ﬁﬁ?&’ﬂ&ma)mma A LN ol LN TR 2 P
TR e Rl o Ft oo R Ltﬁffifﬁfgbtﬂiﬁstﬁs@:’?%gd i
BH PRR t2 ® g o D ERRRERTE R B daliche s R 2 el 1 5 4

Vit AL

n, (t +1) =N (t) =Y (t) “Yia (t) (3-3)

N; Niy
Vi i+l ‘ Viea
— i =

Celli Cell'i+1
W3-2 5 - B it = @ LH
TR kR - Lo,H.K. et al.(2004)
fo R RS 2 i B @ R0 (LWR Model)F 7 aif i ehin £ 20 % A M
%o deR) 3-3 7 o JH B TRR S EFERRTS  HB RN 40T
0 = Min {VK, 0,y V(K k) for 0<k <k, (3-4)
He

Vipd PRk
ki@ & o &
Omax=(Kv)/2 = B & Jn 3 o
L N RN W e
aq(xt)  ak(xt)
OX ot

(3-5)
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B AR A BE AR TR TR T M R
OMin {VK (), 0 g V(K KOG} Ok (x,8)

3-6
OX ot (3-6)

e - BPERY L& G AU R T vdt=1l 5B R A R > Bk R ek
BREGFFL1IER 2 L8R E ()T it RK)ITURET L
Bt & RH(N) ~ F B 7 2 (Qma) 3T 1030 R 27 £(Q) 2 2 F 2 % A& (K(X,D))3T 13t &
FEERFHE 0 2 B dmdi(ni(t) o d b iR T R E0 T R RS

y=min{n, (t),Q,N-n ()} (3-7)

FRENENGEDSyiat) T EmZ AR mkid- AR N F B REE N
mAENe ¥eho d B33V ECBEENTEERAEAM GHEYS Oz A
A B BRI R AT R BRFEAE LR L2 4

A
vki/2 — —
J ’_ ,-,'\‘
. .
I' ‘\
") .
Gmax " "
' ]
] '
V, ] ] -V

] '
' '
' '
] '
' '
' "
. () >

6 Ka ks k;

%A

B3-3 taiz@BERGY JE B R B B

d Fufd v R v R B GR  TT RTHE \ﬁﬁup"* R AW A

BAREET(p Y B B AR ir R ) B ‘/ﬁ“rﬂ;%\ifif?;ﬁ»ii}i
Bad BRI gpEWa) e R FEd W FRE I D BT ETFRASR
Fobo F B R B g (W) 0 R TG ng EREEK g1
DI PERE o F|t o R BT 2 BB g L

0 = Min {vK, 0, W(k; )} for 0<k <k, (3-8)
A2,

WSVﬂfrqmax_1 Ji

vV W

Yi (t) =min {ni—l (t)'Qi (t), %[Ni (t)'ni (t)]} (3-9)
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YUTE A AR AR HIRE T R T S B 2
omin {vk(x,t),qmax w(k, -k(x,t))} . ok (x.t)
OX ot
B RN T E 2 é’rﬁgty,(t) T Ao :
v, (t) =min{n,; (£),Q (t).6[ N, (t)-n, (1) } (311
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#5-3 %% rct

model | Index | vehicle/cell 1 2 3 4 5 6 Y6l
car 33.37% | 44.09% | 34.65% | 20.69% | 26.60% | 12.34% | 11.72%
MAPE
Constant motorcycle | 21.02% | 34.93% | 32.52% | 12.26% | 21.16% | 13.87% | 11.32%
PCE car 7.09 9.06 7.84 14.61 20.57 22.01 3.08
RMSE
motorcycle | 9.63 14.74 | 12.43 5.43 10.68 57.24 4.40
car 34.44% | 44.03% | 34.58% | 20.54% | 26.77% | 11.70% | 11.91%
MAPE
Varable motorcycle | 22.46% | 34.93% | 32.50% | 12.27% | 21.06% | 13.29% | 10.87%
PCE car 7.42 9.02 7.80 14.52 20.44 21.65 3.06
RMSE
motorcycle | 10.92 14.74 12.43 5.43 10.65 59.80 4.29
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pro ¥ TER T OERRE G LS iR B kAL R AA T E D N 0 T
BRED AR B EL R EQ)E A 2B LM AL FpF
Rk B d DI RS R B LR EMAPRE R F o X T A S T g2
Bt B 2 MAPEE R R, Lis 54 RMSER L # 22 fpiic
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3.5-4 SFondk (BT +SEFR)

model | Index |vehicle/cell 1 2 3 4 5 6 Yol
car 42.82% | 27.04% | 29.66% | 19.60% | 32.20% | 15.14% | 3.93%

Constant MAPE motorcycle| 13.56% | 32.58% | 29.03% | 12.23% | 20.84% | 14.35% | 1.76%
PCE car 11.91 14.74 13.67 17.27 24.89 28.20 3.56

RMSE motorcycle| 15.62 23.21 18.64 5.88 12.72 66.87 4.38

car 43.57% | 27.11% | 29.53% | 19.57% | 32.23% | 13.64% | 4.03%

Variable MAPE motorcycle| 14.91% | 32.92% | 29.02% | 12.29% | 20.74% | 13.98% | 1.74%
PCE car 1260 | 14.68 | 13.63 | 17.17 | 24.68 | 26.84 | 3.65

RMSE motorcycle| 17.59 23.14 18.62 5.87 12.69 67.43 4.28
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3. 5-55% 3 % vt (BT

model | Index |vehicle/cell 1 2 3 4 5 6 Y6l

car 60.42% | 11.13% | 24.76% | 28.10% | 48.47% | 11.95% | 0.00%

Constant MAPE motorcycle| 6.05% | 26.12% | 27.40% | 21.09% | 33.55% | 16.21% | 0.00%

PCE car 2.03 0.71 3.18 22.06 32.94 31.88 0.00
RMSE

motorcycle| 1.12 3.26 3.84 6.98 14.02 91.83 0.00

car 60.42% | 11.42% | 24.60% | 28.24% | 47.66% | 11.49% | 0.00%

Variable MAPE motorcycle| 6.21% | 26.89% | 27.40% | 21.19% | 33.31% | 16.21% | 0.00%

PCE car 2.03 0.71 3.18 22.06 | 32.33 | 3156 0.00
RMSE

motorcycle| 1.12 3.30 3.84 6.98 1396 | 91.87 0.00

% 5-65k 3 ot (S EPFR)

model | Index |vehicle/cell 1 2 4 5 6 Y6l

car 25.23%. |142.95%:| 34.56% | 11.11% | 15.94% | 18.33% | 7.86%

Constant MAPE motorcycle| 21.07% | 39.05% | 30.65% [+.3.38% | 8.12% | 12.50% | 3.52%

PCE car 16:72 20.84 19.07 10.50 12.41 23.97 5.03

RMSE motorcycle| 22.06 |-32.66 | 26.07 4.53 11.27 22.56 6.19

car 26.71% | 42.80% | 34:46% | 10.90% | 16.81% | 15.79% | 8.05%

Variable MAPE motorcycle| 23.60% |38.95% |30.63% | 3.38% | 8.17% | 11.75% | 3.48%

PCE car 17.70 20.75 19.01 10.17 13.17 21.09 5.16

RMSE motorcycle| 24.85 | 32.56 | 26.06 450 11.29 | 25.59 6.05

3. 5-Tek 72 5 s % (3 ¥)

model | Index |vehicle/cell 1 2 3 4 5 6 Y6l

car 24.77% | 41.02% | 30.66% | 15.10% | 26.83% | 12.28% | 7.86%

Constant MAPE motorcycle| 19.10% | 37.73% | 29.27% | 7.02% | 14.31% | 14.05% | 3.52%

PCE car 50.74 60.16 53.87 88.57 | 12541 | 136.62 | 14.23

RMSE motorcycle| 61.76 | 96.40 | 80.51 20.75 62.81 | 305.27 | 17.52

car 26.19% | 40.91% | 30.56% | 14.98% | 26.71% | 11.63% | 8.05%

Variable MAPE motorcycle| 21.37% | 37.72% | 29.26% | 7.00% | 14.39% | 13.79% | 3.48%

PCE car 53.58 59.99 53.66 87.58 | 127.42 | 130.82 | 14.59

RMSE motorcycle| 69.66 | 96.32 | 80.47 20.72 62.89 | 310.55 | 17.11
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% 5-85k 3% i rx 2 ()

model Index |vehicle/cell 1 2 3 4 5 6 Y6l
car 44,99% [ 66.19% | 40.60% | 16.10% | 17.56% | 7.93% | 11.41%
MAPE
Constant motorcycle| 30.17% | 38.90% | 36.20% | 14.02% | 19.85% | 17.26% | 11.33%
PCE car 8.04 10.16 8.39 3.90 11.14 17.18 3.12
RMSE
motorcycle| 12.10 | 15.71 | 16.04 4.76 6.27 74.71 4.82
car 46.18% | 66.14% | 40.54% | 16.06% | 16.87% | 8.09% [ 12.35%
MAPE
Variable motorcycle| 31.46% | 38.90% | 36.16% | 14.04% | 19.65% | 17.94% | 11.10%
PCE car 8.46 10.12 8.35 3.87 9.89 19.18 3.14
RMSE
motorcycle| 12.87 | 15.72 | 16.03 4.77 6.28 81.26 4.80
£ 5-9% 7 4 2o (4 %)
model Index [|vehicle/cell 1 2 3 4 5 6 Y6l
car 25.07% (-28.31% | 30.40%;| 23.97% | 33.06% | 15.50% | 11.94%
MAPE
Constant motorcycle| 14:48% |32.09% | 29.89%|.11.00% | 22.09% | 11.45% | 11.32%
PCE car 6.85 8.27 7.70 21.70 27.14 18.73 2.93
RMSE
motorcycle| 7.15 13.07 8.60 6.57 14.77 43.59 4.32
car 29.55% | 29.21% | 32.22% | 27.68% | 31.51% | 11.70% | 9.46%
MAPE
Variable motorcycle| 15.82% [ 30.44% | 34.05% | 13.17% | 27.53% | 12.06% | 12.05%
PCE car 7.11 8.22 7.65 21.58 27.39 16.77 2.86
RMSE
motorcycle| 9.23 13.07 8.60 6.57 14.70 40.19 4.09
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