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Abstract: A method to model and analyze balance of multiple
lane volumes was proposed based on the relationship between

multilane traffic distribution and driver’ s lane choosing
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intersection were taken as case study. The collected left-turn

The triple left-turn lanes at urban signalized

lane volumes were organized as compositional data,and seven
factors were taken into account as they could influence traffic
distribution on triple left-turn lanes. A compositional analysis
of variance model was formulated in the simplex to satisfy the
constraint of the lane volume ratios. The dependent and

independent variables are triple left-turn lane volume
composition and selected influential factors respectively. The
stay in the simplex approach was designed to estimate the
model. Results show that the model can identify the factors
with significant influence on the left-turn traffic distribution
and quantify the influence degree of a factor on the ratio of
each lane volume with respect to total left-turn traffic.
Specific setting of the length of signal cycle, the length of
vehicle turning curve inside the intersection, the setting of
shadowed left-turn lane, the length of upstream segment, the
location of the first left-turn sign or pavement marking at
upstream,or the number of through and right-turn lanes could
make the traffic distribution on triple left-turn lanes achieve

relative balance.

Key words: lane; volume balance; triple left-turn lanes; lane
choice; the constraint of lane volume ratios; compositional

variance of analysis
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BB G S B X TR 2 Rl T Re ) AL 2.
AR SR E SRR S H A A EE
B

“hy I B2 T 43 A S B A 1 B e, 56 ] T I
AT RE S M R A 4238 A I % (lane utilization) £
B £ A TEEWEAT BRI FHITIEIE. AEA R R
SEEMTFHRESRAFEEREZRN HE. Ring
£512 Sando S5V Lee 21 @ 40015 L 4B A H
RARBULAGIE OUA 5T E B LA IR TR0 A2 8 1 ] 5t
X} 22 BB WAL B . SR, A R e 2 B
BRBES AR FEARARRBLER
PR FERBEAES FERREPH S EES &
Lb ¥ Bz ) e fR 22, i m, AR 2 B B
BRI LW EEA AR RS, BEE KRR
B BAFRZEE. WX 2 A58 KB S EE R
BAOMIERIR. AWM ERE . - EERER
T — R B[] PR 3 ) 2 2 T 1R e U 1 PR BT B
e — T 43 R Bl O R I T 25 R (E R AT
TR B R T 2 SR B TR — It ) | HAth 22 3.
XA B 5 AR TE SRR T O A B8 Y HE P R AR
BEESBMWEERE S 5 HALEE R & A
T TAAERKR. BT EEMARRBTCE
F eI B G7ORE S, BT A IS AR o T e S O
FOWHEE IR RS S T R M2 EE & 6 R
WIS, B RE IR AL R B R B 53 5OW 28 Bk
REBERATH KR E RS AMREBRIT N
HEMb AR SR FE R ST Al R R 2
RWIA W52 £ 238 T & A7 20 0 SCcE L 78
FEX LA A SR R R e, EERE
151 [R) B ™A% SRAH DG DG R IFARAT BB A W E .

KYNEEBRESAABEARART BT R
LB A, IR T E B E SRR X O =4
BB, K2R A E R AHH RS BE
(compositional data) , AR B E S & LK FiAE
Tt B [ B BB O 2R B W] et e B PN 4 R TE B S T R
TEH AR 28, {8 R R 4 BOUE R R M e 2 3R (the
constant-sum constrain) 3K 28 0 5 4 H B 4T
SR HHER M , AR B T A TR SR AR R R
BESF AT, BT BB W 22 R A A Y 7 A Ab
FRmE R, R UG 7 2 43 BT 8L (compositional
analysis of variance model) X} = 72 %% 45 8 Wit & B
BT B4 B H 538 3F 5] ABRIE B 4E 1 (staying in
the simplesx) ¥R FEFT R 7.
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Fig. 1 Triple left-turn lanes at signalized intersection
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BiF2 , TR A [R) 280 IO P e &5 il 2 ] BB e
R AEEEE B TR O B 5 R
AR SZ KR 5 I LUK X B 5 i R A T 20 S
I fs BATRAT » EATT SRR 158 B 75 B 7 B %o
e S % ) B 132 0 A S0 B0 1 T Y B S B PR A
WO AE A AR R R AT £, 7RI AL AH A IE
AR LRI I AGTH Y £,

(O ZERZ B B R E AR X O Eif
BB DB N e B hr 4, T3 4 MRERS Y
B R HREILA R, fi FERIEZ X AR E A
BY AR T ASMRIENL . f5 IRE T ZEFE I 5
8 5 e SR BT A B ST F AR 4 8 A AT R
WELERN M LN = B S R E
SRR e 4B AT Ry » fo AT R BRI AR B0 2 B
B, Ao IR £ B0 MBI R ERREAT
DEYGE B HEA B ZE R 4HE.

®1 BaEIWER

Tab. 1 Potential influential factors

HEXRA FmHEE LA 1A PR 25 A R o B O
(Ehciing BERBKE (D s AT S
s s B (f2) FiEH %%Bﬁi{%ﬂ??%’ﬁ%%%ﬁwﬁ%
BB shEE (3 B T8 A BT AT B R ) PR B
ERRERBFE(D REREARIEFHE;ORAE”,1RRE”
T BB E (5 SREHEBHELANRE FiFE X O AE
LERHFERRER(fo SRR Sl o G BB 3 Tid: TPt s Ay
FAb m A E D B =EBEHEES DEEATMAER N EE A
*2 HWEZEHNEE
Tab. 2 Measurements of influential factors
VA, fi S S fu fs S S
{EERBERILD 219(2) 6(3) 4(2) £(2) 142(1) 94(1) 3(2
AR M AR O 104(1) 5(2) 3(D A 172(2) 157(2) 2(D
R P ]—BEPE 242(4) 3(1) 4(2) B 195(3) 180(3) 2(D
SR NI AR D 230(3) 5(2) 4(2) B 300(4) 200(3) 4(3)

I 155 oA E R K.

1.2 FERE

A NTHE A A RE T 168 MRAMIM =A%
FERBERE 8 EE (AL EMBRES ERE
goith B 2 WA 4. A RIEREA B
M, R R A B E /DMt 8 J 400 R E
R RAE I B, ST SIS R X — B R R R
e RS o B AR BA A 5% B HEBA R B 5L
3 3o A A 4 T S 2R R g B L A 4 T R
B R TERASRAE AN, T4 7E L3k 2 ad %)
POt ARSI, B 2 HETRER BB ERE,
B Vi SARR N ZC 5 218 i B TR 2 5 MR &
g 1 IR SR IE O, BIV T A 25 3 5 AR A6 5 9 M 42
TEFTHE. Voo SN Vo 55,53 R AE T 6] R0 A 22 5% 42
TR 1 S AFREH Vinmed ~ Vinrout I Vrnedoue 73]
RBETHER 2 R EREM BT, 3 FELAA
NE IR EBEREN SIS 3 REERE
d7 FLt8 0. 333, FF I 2 I —R A r i B S S T
IR Vi s, W BT A s O 0 8 A2 B TR 2 7
LR B WE TR G R T HAD 2 408, DL

ATAIET R EREAR M 4 5 0. 20 2 o K HE
A R A S S L B RS, RS T
S5 R A A ] FD S MU A B ZE B AL G L E
SF91 0. 326,0. 362 1 0. 312, MARAEZEH 0. 249,
XULHITE AR B E S, PRI EBE R E S R,
HWR R N FNSMI 5, 4 4 T8 AL o EL N S
¥ 0 B 54 BT A — e R 2.
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Fig. 2 Secatter plot of triple left-turn lane volumes
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2.1 BEEX

S EE T 5 S R A L E T
NAFTELLTT 2 HX MR R : Q= B b4 LT
MEELFESREDI S R T —& N RN& 4
ERE R G P RS @2 3 5 R B 7 19 4=
ERBREIUE T AR AR R S L Z A7
HEKWXR FEE = AREEREEIRENSIT
SR PR _EIR X RE C R T B A A SR
Bl 2 DL ESKR

WEHFER. FHEPELSKEEERELRLS
R R E M L BIE B, DU BE & RS
BRI AR AR e R B R FE R 1A
FeA AR SERAE .

(2) @RIER. BN I B E IR Z R U R
R A, ISR B T & A5 B LA HT ik
REGSYMAKRERRES N WRE, 54
7 BE LA R R B T 2o 8% 42 7 T AR A B .

TR EIR R, SR U BUE S MR
=X EER R SN T R B R A HE s
6] B GE T 5 X B 5 () RE A T N 23 B
2.2 BAFESHIERE

BB — A& 2N TR NEIESE, 51
JUR B BT R R I 4 BEAHR T AW ES. —
ANGEt 8] B P L v ] N SO0 A B 4 TE i R
Voin~ Vomed M Voo B} ALK 3 HE A1 & ves = [ Voins
Vomed s Voour ] » Voa ST ] A BRAE (closure, CC + ) B[ %
FeNbrdE 3 TEIA AR vs = [V s Uned s Vour ) s Vs 1Y 3
ARG A3 8400 D A e (B RSN e B AR TE
L SREFN G, v WESEBRE Y L
HIATR——E TS, BT vs B4R A B 5N BE B
7E Vi Ve Vo ZFNERZE SN 1 BRI, AR 29 2R
R =20 T R LA AR RGO R 5
it 53 S B BB (0 ZE T BT M RRIE IR R k.

U
C(Vo3>:]€’l:" i|:k‘V3

Ui+ Uned  Vour = 1
KAk A ve PEE R EHELG 0 N Vi Vnea
Vou» 72575 7 T8 L0380 B T N L0 e s e
BRI TR TARBTH R AR £ 2 vs 3
FATE W L B B R A T O A 3

D

(Aitchison) JL Al i B 43 B #% ( compositional data
with Aitchison geometry) Fl+H %50 % 2 % (count
compositional data) . 5 k B K, N HEEAR
RS S BB SR A, UK vs € SCHAF& 3 A i
JUAT g B 53 B8R 5 IR 22, W SC R 130843 B8 » A
TEGETHHENWT T 25 BB R R BT A IR 2. B T 38
X A& RMNARE SR R, R R85
B A SRR = e R BB, R R A
AU 2% R R R R R /D A R &
RA:EA I UM =N & S W SR 87k 8]
HYEMERN N, AR P ERE RS8R v §
HFEMARW RSB zHE (ML FREHE,
Aitchison operation) ¥ i — 144 i =G (3-part
simplex, S*) M LA BE AR AR 23 (1)), R R 1B 3
2 T B FER = AT Vi s Vi s Vou -

v
1.0 out
N
A
0.8F \ N0
N
SN in-out
0.6 05%03 /
Vmed-out AN \\\ 0.5

7
04 Ve PERERNIN

1 AR
0.8 =2

L in-med S

0.2 046 1N-me 0‘5 ~ o A
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Fig. 3 3-part simplex

R T ARUE“RE A FE X = 20 B 2R T i B
HIGETTH T P IR A T . 4 S° P A s B
XT UL =2 TR R B B vis S R A S AL
J5722 43§ B AU (compositional analysis of variance
model, CANOVA model) , IR I8 4 7 B F 2 &%
M vis FI33{E Vs. CANOVA #AIN(2) .

ve =a DB Dey (2)
A v =[ 00 s Virmea ’vifout],ﬂg% i G=1,, 1, H
W TORAEA SR = 70 % 408 I = L SO AR A5
0=[ i » Amed ’aout]/ B 3 A5 AXTTF Viin s Vimed F
Vi out LA LA B BB I5; B = [ B » Bi-med "Bj*out:I/ (=
Lyeees DI 3 DDA AR Vita s irmed P Vion FEAT R
TR SIS 7 AR T EIHREL S T R p
1 BIKFE ey M AR S® HIE A4 A7 R 22 T,
¥t 3 (perturbation, @) 1 & 4% #t ( powering
transformation, ©) 1) T/ f8 28 b1 T 52 25 i) 5 (9 [] &
TNEEFITRIE. vis IME Ve =[Vins Vs Vou | s
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Vin Vinea M1 Voo 7051 PO o ] A M 22 5 A2 T8 3
B SR E T35 T, e R B A7
RS I R PR, CANOVA BRI £
BWHNHER ARSI Vs HE. 7R
ZH B B AR 1 UK (3R 2 HARIC R (D)X
Vs BISEIGRNA L T Vs 72 SIS j UK G>D R
M AE S T HAE B7KFoA 1 RMES B G>1D Z M.

3 #&REIRRR

BT CANOVA BRIZE=SCJE S Hrgge, 4
REAE S AT BRI RS B 1 75 B T &
Bk, I AR H o B 1, AR |H 4
Fk RAEzzs A g 8, Jovk B DA T a4 1 IH
ST, Mateu-Figueras 551 ZEAF- P [ 3R 5] 8T (4 5
BRI THA » 0B R EHE Y., HREEA
23 (8] S ZERE 55 (isometrically equivalent) T n—1
YesczsiE] RV,Y, IR A ST R B
R™IFREEAE R e dp. ZETILER I T R %
B4 48 i AR R B BRI 8 4E 35 (staying in the
simplex). 77 15 BT #E R UEAE B4 B4 5 B B i
BT K UTE S" FI SRR RRE Z R
LA G AT TR AT T Y, £ R B AAR X
e W B AT BRI S UG I, IR
R IR R 0] S R . A SOl s
BAEE R CANOVA BIRL, FZL BT,

3.1 EXEMESLERSE

X F =223 A I it A O vs SR, R
N ZHEE AT H TN B — B LA 4587 1)
R? s A5 2 AR AT R FORI & v 8BS 53
XL R, K BRBRAER v T3 2 4%
RE 43 BEER B O R, S (R 4 4% A Al 1 T S
YIRAYIE SR v 19 3 DNE Vi Vnod Al You
P 4R TEACHE. S TR AR A AL S P R F
M) 05 B (sequential binary partition, SBP) #8
E A5 AR AR BT R A A B A5 R A 1R R ke
KR, i SBP FE0H v B H 2 A4
BIRT R R R 2P g — A Al o3 B B ) &2
B 2 AR A BB Yl 2 RIS BT AR
15 vy ZEAESTH Y 2 D ARAR. vy ZEARARE j b RY4R
¥ro; A

(M) ™

0, = Kln’jfi = >l v, 3

H . g i=1
( s=1 .U))

Kp: K AH— R L0 Mo, HoPAr @ s A
WIS 3 v s, Fln, P A r AL s 2HHR v, HORK
B30, 0 v, TEARARAN ) _ERIBEY R AL
3.2 HEEXTEILLERIRAN R R

HT 3.1 ORI 4R IE AT R R FH S5 B X 4
H 454 (isometric logratio transformation, ILR)MY,
B XTE S* Hrif) CANOVA BERIFA O R o — 4
IEAZHE b RS oT T 2200 AL N T -

ViR = @R T+ ﬁﬂm + &5 1R )

:—ﬁb':F' :Vi3-IR \ﬁﬂm F &;- 1R ﬁ%ﬂ ﬂff%ﬁﬁ%ﬁﬁxﬂ‘ﬁ Hﬁ%
Hll) E XLTE R ) vis By Mgy Fetfe 5 (O PR
R Al AR ME ST T 7 BoR . i TSR g R
HEET L A R B BN R g X E 2 H ek
B3E B R EL RN , AN T AR R R B . W]
T8 3 B AR BE X B L B 4 (inverse TLR) ¥ B0 R 5%
Hulml S o HHHTIE R E AR S V, A
Sy BT — XN X EEE A T ML B XV, BN,

4 REUWESEEMGITER

i A R %k 44 “ composition ™t &t 37 15K #7
CANOVA ##l. & 3 h BB RE R, & 1
WA R RN =228 IR B R B R MR AR 1
Hv, B BEETm. £ 4 P ARS8 4
BB BRTHEEMAR RS, BEHALRE
AKVEL BFRATHHETHEE £ 7S RHEEM
ARMEBIBRBLAK £ HWRT Vs BE. 611574
B F KR RIKRER S £ MK 1 RASES
ISR A EHEA R B X B R B ML T f; KR FEXT
V; B M5B HAA 8 Vi Vi M Vo BRI HLB.
S WM AT AT, Vin s Veea Fl Voo 1 BT R $0HY
0. 333, B —aaER R FCKTF 0. 333, M5B
fi STHE IR, K Z IR, Vs 17511 £ RIEKFE
FMT Ve Vi M Voo B TR F LI 2. 2 . &
JE—AT02 f; M8 2 WK FRRAEMT V, Foa b
Fal T RERIRE S SRR RS A EON.

PL f1 X Vs BsEma A B BE 2% 4 5 sisr R 4
BRIk, 1A 4 KB AR ER f1
“(D7. 4 f1 WKFETEFAZKFE 2.KF 3 8iukF 4
B, f1 %7 Vs B 24. 5%.22. 2% 8% 27. 6 % (f1
5 14T VL 5By 81H Z& % 0. 245.0. 222 F10. 276) i
MAERAMEBERRE S V. ERT £ BRKER
FHET s B 5 M 17 Y948 €0, 333). X T3 Vi I E M
IR 1 HFAY 0. 398 2B FE 2K 2 B 190, 306 . 7K
3BT 0. 279 TRAKF 4 B 0. 341, AHR [, X4 1]
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FAMNFBE R E G Vi Vo IIRZ f1 5T
HA s Er, HES K THAE /1 KF 1R,
RZIRR. Blan, f1 WK 1 88FAZ KT 3 B Vi
M Vo IZ R EZHW (f1 5 14T Viead1: 0. 343>
0. 333, Vo 51: 0. 435>0, 333), M| — F A& F HE

FL7KE 1N HEBEEFA A E 31T Vsl
0. 382>>0. 354,V 51 : 0. 339>>0. 248). i FIZE LI
JrEs s AT A B R AR Vie Vi T Ve FIRE
Wl o DA TV PR A2 R0 B AT X 25 sk 03 2 5 ZE B R B R
PR AL

*3 BEXWERNEZHRBER

Tab. 3 Significance test results for each influential factor

R fi S S fu fs S S
H A 3 2 1 1 3 2 2
F1{& 17. 737 4,015 41,012 42. 613 17. 737 16. 487 19. 940
BEHAKT <0, 0012 0. 003> <0, 0012 <0, 0012 <0, 0012 <0, 0012 <0, 0012
Jag R R = = = = = = =

. _BAT a R p<<0. 001; _EF7 b R p<<0. 050.

R4 ERWEARFEAETHOEREER Vs,

Tab. 4 Regression coefficients of each influential factor and V;

£S5y 25 I Vi Vimed Vout
EVEEX 0.245,0, 222,0. 276 0. 334,0. 343,0, 312 0.421,0. 435,0. 412
AW =5 R B (E 0. 248 0. 330 0. 422
Vs 0. 398,0. 306,0. 279,0. 341 0. 354,0. 360,0. 382,0. 343 0. 248,0. 334,0. 339,0. 316
Vy Ak s N A AN
EVEEX 0.337,0. 299 0.362,0. 349 0.321,0. 351
e =5 R B (E 0.313 0. 356 0. 331
V3 0. 331,0. 333,0. 306 0. 343,0. 372,0. 360 0. 307,0. 295,0. 334
V, s A TN v
EVEEX 0. 246 0.337 0. 417
f2(2) Vs 0. 398,0. 307 0. 354,0. 362 0. 248,0. 331
V, s N N A
EVEEX 0. 261 0. 346 0. 393
fi(2) Vs 0. 369,0. 295 0. 350,0. 369 0. 281,0. 336
Vy A fb s N N A
EVSEX: 0. 430,0. 369,0. 304 0. 325,0, 316,0, 356 0. 245,0, 315,0. 340
P =5 R B (E 0. 367 0.333 0. 300
Vs 0. 306,0. 398,0. 341,0. 279 0. 360,0. 354,0. 343,0. 382 0. 334,0. 248,0. 317,0. 340
V, s NN o N
EVSEX: 0. 430,0. 334 0. 325,0. 337 0. 245,0. 329
£ =5 R B (E 0. 382 0. 331 0. 287
Vs 0. 306,0. 398,0. 307 0. 360,0. 354,0. 364 0. 334,0. 248,0. 329
V, s A N v
EDEEZ: 0.272,0. 247 0. 338,0. 358 0. 390,0. 395
£7(3) OUSES e 0. 259 0. 348 0. 393
Vs, 0. 369,0. 306,0. 289 0. 350,0. 360,0. 372 0. 281,0. 334,0. 339
V, s 4y A A7

5 ZERMITIE

5.1 ESAHBKE

LR BR, 1 XAMUEE R & S HSE
Vo IR M G LK FE I AKFE (1 5B 14T Vo Sl
0.421.0. 435.0. 412 ¥JKTF°0. 333) , #H) Vo NEE f1
K 1 i B A R 3 S A RS (1 B 34T Vow
.0, 248 <C0. 333) Pk H 52 E AR L ig ¥ 5 (H
(0. 333 Cf1 %8 3 4T Vo 51: 0. 334,0. 339 Fl

0. 316). 33X 1] 25 4 3 B8 A1 7 5% 22 18 I A 26 B
% FE I B 1IN T T TR . R I P, 2 O B e R
PN ZETE R 2R i PR 1 56 3 4T Vi 8101 0. 306,
0.279.0. 341 ¥I/NT 0. 398). 2 4 5y ve £ JA] 42 8
FIMER MR E I R R R A E DL (A 5B 3
AT Viea F1: 0. 354, 0. 360, 0. 382, 0. 343 H K F
0. 333). thF B %38 Ak F P AN 4 3 2 (8] H g ik
REFARXT R E , L RE A R B 3G n, W] RE LH 3
T IS R PR 23 1 I B B Sk B R R R 4T
BT R EERSFEE, RS8R AEES N A E
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HasE

HAEE 3 5L ] AMI ZE TR B L. MR EH L RE, =
LB ETR W RS AR T BBTE /L AKF 3
KV 4 Z MBI, XERELERERBLEBRKE
SR N 3R B AR 45 43 AR TR = 2237 AR TE R AR
HATRE IR FZAEN R 5. F R A E5 R
W B 1IN 25 SR 21 AT AR 67 B 8], DA T3S I 22 5% 2
EHEBAK . R, iR 45 5 A SO & SO IS4
JTABG BT BE A E 2B 0 A BRI #F N iE &
S5 TE R, W) 3 R B AR EE A SE, LA
R FPBAERUALEM, R, STk
G038 SO FER 5 P I O R R AR 4 A Y
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