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Abstract

Arterial systems are the most important factors in the urban traffic
networks. For solving traffic problems in urban area, traffic engineers
always set up signal timing plan to ensure the fluency of traffic flow.
The signal-timing plan should satisfy and consist with the traffic
characterization at varied time in the local area. That is, we have to
consider both the traffic flow characteristics and lane allocation when do
the work of signal timing plan design.

This study introduces a procedure to integrate and to apply the
criteria of lane allocation and phase design. Then we design the timing
plan based on the determined phase pattern and lane allocation.
Furthermore, this study also combines two major objectives for signal
timing design: the maximum bandwidth and the minimum disutility.
The procedure for getting the timing plan should follow tow steps. First,
based on the minimum delay time to build the minimum delay model for
arterial systems, we can get the optimal cycle length and split for the
arterial systems. Second, based on the maximum bandwidth to build the
maximum bandwidth model for arterial systems, we can get the
progressive result by optimal offset. For verifying the performance of
this research, we try to compare the performances for the different signal
timing plans that generated by our models, TRANSY T, and Synchro with
the simulating software of CORSIM. Furthermore, this study integrates
the analyzing procedure of lane allocation and phase design to get the
optimal result of signal timing plan design. The logic could be applied to
isolated intersection and arterial systems.

By the verification, the process for solving optimal signal timing
plan can get a feasible solution. Furthermore, we do wish the results of
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this study could be useful for traffic engineers.

Keywords: Lane allocation, Phase design, Maximum bandwidth,
Minimum disutility, Signal timing plan
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2.1 )2
() 45 60 75 90 100 105 120 150 180

0.1 10,972 8,229 6,583 5,486 4,937 4,702 4,115 3,292 2,743
0.2 21,943 16,458 13,166 10,972 9,874 9,404 8,229 6,583 5,486
0.3 32,915 24,686 19,749 16,458 14,811 14,106 12,343 9,875 8,229
0.4 43,886 32,915 26,332 21,943 19,749 18,808 16,458 13,166 10,971
0.5 54,858 41,143 32,915 27,429 24,686 23,510 20,572 16,458 13,714
0.6 65,829 49,372 39,498 32,915 29,623 28,212 24,686 19,749 16,457
0.7 76,800 57,600 46,080 38,400 34,560 32,914 28,800 23,040 19,200
0.8 87,772 | 65,829 52,663 | 43,886 | 39,497 | 37,616 | 32,915 26,332 | 21,943
0.9 98,743 74,058 59,246 49,372 44,434 42,318 37,029 29,623 24,686
1. )
2.

1

2.2 2
() 45 60 75 90 100 105 120 150 180

0.1 21,944 | 16,458 13,166 10,972 9,874 9,404 8,230 6,584 5,486
0.2 43,886 32,916 26,332 21,944 19,748 18,808 16,458 13,166 10,972
0.3 65,830 49,372 39,498 32,916 29,622 28,212 24,686 19,750 16,458
0.4 87,772 | 65,830 52,664 | 43,886 | 39,498 | 37,616 | 32,916 26,332 | 21,942
0.5 109,716 | 82,286 65,830 54,858 49,372 47,020 | 41,144 32,916 27,428
0.6 131,658 | 98,744 78,996 65,830 59,246 56,424 | 49,372 39,498 32,914
0.7 153,600 | 115,200 | 92,160 | 76,800 | 69,120 | 65,828 | 57,600 | 46,080 | 38,400
0.8 175,544 | 131,658 | 105,326 | 87,772 78,994 75,232 65,830 52,664 43,886
0.9 197,486 | 148,116 | 118,492 | 98,744 88,868 84,636 74,058 59,246 49,372
1. )
2.

1
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2.3 [ )?
() 45 60 75 a0 100 105 120 150 180
0.1 32,916 24,687 19,749 16,458 14,811 14,106 12,345 9,876 8,229
0.2 65,829 | 49,374 | 39,498 32,916 29,622 28,212 24,687 19,749 16,458
0.3 98,745 74,058 59,247 | 49,374 | 44,433 42,318 | 37,029 29,625 24,687
0.4 131,658 | 98,745 78,966 65,829 59,247 56,424 | 49,374 39,498 32,913
0.5 164,574 | 123,429 | 98,745 82,287 74,058 70,530 | 61,716 49,374 | 41,142
0.6 197,487 | 148,116 | 118,494 | 98,745 88,869 84,636 | 74,058 59,247 | 49,371
0.7 230,400 | 172,800 | 138,240 | 115,200 | 103,680 | 98,742 86,400 69,120 57,120
0.8 263,316 | 197,487 | 157,989 | 131,658 | 118,491 | 112,848 | 98,745 | 78,996 | 65,829
0.9 296,229 | 222,174 | 177,738 | 148,116 | 133,302 | 126,954 | 111,087 | 88,869 74,058
1. )
2.
1
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3.7 25

¢ /7)) (%) ) (P1)
1 16.76 66.79 13.69 939,246.92
2 33.45 70.08 10.44| 1,596,171.89
3 38.29 69.61 9.83| 1,456,420.77
4 71.66 82.46 7.51 678,715.86
5 46.12 82.12 8.4 507,580.92
6 35.39 68.48 9.23| 2,314,061.46
7 37.67 72.02 9.07| 2,009,224.12
8 45.08 71.23 8.49 201,857.60
9 58.65 83.39 8.07 543,879.30
10 42.98 76.67 8.21 732,458.76
11 40.41 68.00 8.95 1,891,318.57
12 44.89 71.27 8.24| 2,010,836.85
13 51.69 70.31 7.48| 2,012,351.81
14 63.89 81.45 7.99 544,148.46
15 64.88 79.29 7.78 611,022.41
16 51.91 83.06 7.71 786,666.21
17 54.40 83.73 8.7 644,201.93
18 59.74 81.15 8.03 644,595.37
19 45.26 91.41 8.62 10,099.92
20 73.33 89.33 6.43 14,533.97
21 47.77 75.22 10.11 708,304.05
22 58.89 77.63 9.38 529,264.31
23 64.81 79.06 8.95 530,585.28
24 69.04 88.05 7.13 14,563.15
25 60.61 90.27 7 13,103.39
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Min  Z=)D, (4.1)

i=1

D; i (sec/veh)

1.
D, =(VEB, x DEB, + VWB, x DWB, + VNB, x DNB, + VSB, x DSB, )/TV,

i=1,...... ,n (4.2)
VEB; 1 (veh/hr)
DEB; 1 (sec/veh)
VWB; 1 (veh/hr)
DWB; i (sec/veh)
VNB; 1 (veh/hr)
DNB; 1 (sec/veh)
VSB; i (veh/hr)
DSB; i (sec/veh)
TV; 1 (veh/hr)
n
2.
i i
D(k), = SV(K), xD(K), ]/ 3 VIK), @3
1=1 1=1
K=EB,WB,NB,SB
1=1,...... ,n
i ( j=4)
V(K)i; i K 1 (veh/hr)
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D(K)i; 1 K 1 (sec/veh)
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q ( ) (veh/sec)
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9 |CU-50)  x
P=% a/  qi-X)
-9 d
Cll-g(K),/Cf X(K),, [
D(K)il:i [ g( )1,1/ ] + [ ( )1,1] ) (44)
20 (1- q(K)i,l /S(K)i,l q(K)i,l ll - X(K)i,l J
K=EB,WB,NB,SB i=1,...... ,n
D(K)i; 1 K 1 (sec/veh)
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g(K)i,i
q(K)i,1
S(K)i,
X(K)i

X(K)i,l = q(K)i,l/S(K)i,l X C/g(K)i,l <0.95

g(K)i,l 2

1
1
1
1

A A AN RN

(sec)
(veh/sec)
(veh/sec)

X(K)i,l = q(K)i,l /S(K)i,l X C/g(K)i,l

Webster
Webster
95%

1 q(K)i,l
> X x C
0.95 S(K),

L

4.1
j
g(K)m = ZAi,¢j,l - E(K)m
i1
K=EB,WB,NB,SB 1=1,...... ,n
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g(K) i K 1 (sec)
Ai,d)j,l 1 K | (SCC)
MKy i K 1 (sec)
j 1 K 1
4.1
\W 2 E Y% 3 ; E
(4.6) (4.5)
J K .
ZAi,(pj,l _£<K)11 = 1 q( )1’1 >
9j=1 O 95 S(K)i,l
ZJ:A 1Ak, xC2((K);, (4.7)
iejl — .
w095 s( )1
6.
(Ai i)
[xA - xA,, 20 (4.8)
I ><A1¢Jm [, XA ;=0 (4.9)
I[[+1 =1 (4.10)
P =L xA  +1 <A, (4.11)
Aigjitm) 1 ] I(m) (sec)
I, 1 0 1
Pi i 1 (o]} (sec)
7.
e-Thesys(90 )
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Min C< C £ Max C

8
C=) Py
3
9.
D Py =D Py
Iy o
10.

4.2

4.2.1

Webster
100%

95%

(sec)

(sec)

e-Thesys(90

(4.12)

(4.13)

(4.14)

(4.15)

)
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100% Webster

Webster
100%
May (Continum Model)
100%

4.1

OAB CAB
ODI GHJ CAB KBIJ

e-Thesys(90 )
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2D

1

=—qn
2q

2

1
2q

1
2q

1
2q

=—ncxqnc—
) q

2c? —%nsg2 —%n(n —1)esg

2c

1

2

n(n-1)

= lqnzc2 —%nsg[g + (n — l)c]

—%nsg(g +nc—c)

2c? —%nsg(nc ~)

2c

2

—lnzs c+lns r
2 8 2 2

qxC

{% nsg” + %n(n - l)csg}

Sxg

e-Thesys(90

(4.16)

)
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Webster
( 4.4 45 4.7)
(I, —Iy)x (q(K)i,l xC— S(K)i,l X g(K)i,l) 20 (4.17)
I +1, =1 (4.18)
D(K)i,l =1, x D(K)i,l,a +1p x D(K)i,l,b (4.19)

D(K)

i,lLa —

; X [q(K)i.1 xnxC? —nx S(K)i’1 X g(K)i’l x C+S(K);; x g(K);; x T(K)i,l]

q(K);,; xC
(4.20)
q(K)i,l X r(K)i,lz xS(K)j
D(K)i’l’b ) 2x(S(K);; — q(K)i,l) X q(K)i,l xC (421
D(K);, 1 K 1 (sec/veh)
D(K)ij. 1 K 1 (sec/veh)
( )
D(K)ijp 1 K 1 (sec/veh)
( )
C (sec)
r(K)i, i K 1 (sec)
gK)iyp 1 K 1 (sec)
q(K)i;p 1 K 1 (veh/sec)
S(K)iy 1 K 1 (veh/sec)
n

e-Thesys(90 )
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4.17 4.18 4.19
4.20 4.21
4.2.2
D; D; 1 1+1 (sec/veh)
W; W, 1 i+1
a (sec)
a
a
4.22
w
(Wi x D(K); — Wy, x D(K +1);| <B (4.23)

e-Thesys(90 )
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D(K); 1 K (sec/veh)
Wk K
B (sec)
4.22 4.23
( )
Webster 1
May Webster
Min  Z=) D, (4.1)
Subject to

D, = (VEBi x DEB, + VWB, x DWB, + VNB, x DNB, + VSB, x DSB, )/TV,

i=1,...... (4.2)
Z[V 1 xD(K ]/ (4.3)

K=EB WB ,NB,SB

1=1,...... ,n

J 1 ( =4)

(I, - I) x (Q(K)i,1 XC_S(K)i,l X g(K)i,l) 20 (4.17)

e-Thesys(90 )
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I, +1, =1 (4.18)
D(K);, =1, xD(K);;, +1, xD(K), (4.19)
D(K)i,l,a =
(a0 xnx € “nxS(R) x (KD, % C4 (K, x Ky x1(K)y,
q(K);; xC
(4.20)
K)., x1(K): > x S(K);
D(K),,, = — Uy X" xS,y 421)
2x(S(K);; - q(K)i,l) X q(K)i,l xC
j
g(K)i,l = ZAi,q)j,l _K(K)i,l (4.6)
¢j=1
K=EB,WB,NB,SB i=1,.......n
LA =L xA L, 20 (4.8)
LA m — L XA, 20 (4.9)
I+1, =1 (4.10)
Pi,q)j = Il XAi,¢j,1 + Im XAi,d)j,m (4- 1 1)
Min C< C £ Max C (4.12)
C=> Py (4.13)
dj
D Py =D Py (4.14)
j j
|Wi xD; =Wy XD1+1|30‘ (4.22)
(Wi x D(K); — Wiy x D(K +1);| <B (4.23)
Il s Im D Ia ) Ib 0 1
D;, D(K);, D(K+1);, C, g(K)i,, Ai,¢j,1 > Ai,¢j,m ) Pi,q)j 20
e-Thesys(90 )
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5.1

7
Little
MAXBAND
5.1

Little

e-Thesys(90

)
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N[

(Inbound)

(Outbount)

o(h, 1)
OFF(h , i)

5.1

e-Thesys(90

)

A 4



72

H; 1
W, 1
A1

S;

H b

5.2

F : C

(I

A S SIS S|

AN SSS SIS

o>

ok

MAX b+b

5.1

Y

e-Thesys(90 )
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h A B
=A, +1,xcycle+o(h,i) 1,
i A B

=1, xcycle- ¢(h,i)+ I, xcycle+ A, 1, I
51= 52
o(h,i)+(h,i)+A, —A, = (I, +1; =1, )xcycle = I(h, i)

CD h,1

(|>(h,i)+%ri +Q, +H, :%rh +Q, +t(h,i)+H,

= ¢(h,i)= %rh +Q, +H, + t(h,i)—%ri -Q,-H,

CD h,I

(l_>(h,i)+%r_i+Wi = %rh +W, +t(h,i)

= ¢(h,i)= STt Wt t(h,i)—zri ~W,

- %(ﬂ - £)+ t(h,i)+ (Wh - Wl)

5.4 5.5 5.3

¢(h»i)+ (I_)(h»i) + Ah - Ai

= %rh +Q, +H, th(h,i)—%ri -Q, —Hi}

l— — - - —
+ Elrh+Wh+t(h,1)—51q—Wi

}+Ah—Ai

(5.1)

(5.2)

(5.3)

(5.4)

(5.5)

e-Thesys(90 )



74

= t(h,i)+ t(h,i)+ %(rh + g)j(ri + r)
+(Q, —Q;)+(H, _Hi)+(Wh _Wi)+ AVREAY

=1(h,i) (5.6)

£ +E+%(ri +E)_%(ri+1 +;i+l)+ (Q -Qi)

+(H, _Hi+1)+(wi _Wi+1)+Ai —Ay =1 (5.7)
2.

OFF =Q; +H; +t; -Q;,, —H;,,

:ti+(Qi _Qi+l)+(Hi _Hi+1) (5.8)
OFF; :6i+1 +Hin +ti —61 —Hi

~,+(Q., —Q J+ (Hi - 1)) (5.9)
3.

Q +H +b+W +1 =1 (5.10)
Q +Hi+b+ W +ri =1 (5.11)
4.

Hi, 2H; +Q, (5.12)
ﬁ12ﬁ1+1+6i+1 (5.13)

e-Thesys(90
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5.
\V
Aiy = = (5.14)
i1 1 3600x N,
C
V. +V.
7\1’2 — i—-1,R i-1,L (515)

Tl 4 3600x N,
C

A i
Ao i
Viar 1-1
Viar 1-1
Viar 1-1
gi-1 1-1
ri.; 1-1
C
N;: 1
(Hi,, 2H; +Q))
5.3 5.4
Wi Wi,
Wi<Wi_

e-Thesys(90
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i-1

5.3

\

54

 J

e-Thesys(90

)
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=g, AL, (W -W,, )xC

:{7”12 [ W Wl])]}

={h, x[g, — (W, - W, )}xC

= {7“1,1 X<Wi—1 _Wi)—l_;\‘i,z XTI, }XC

(gll }\.11+I'11 }\'12)

C
g Viar it VVi—l,R + Vi C
i1l 4 3600% N, 1 53600x N,
C C

V. :+V, lR+V

_ Vi, 5.16
3600x N, (5.16)

e-Thesys(90

)
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SH,
= Q; =SH, -1 [(W,, - W,)+r,,]

i C>\ [ l+1—W1)+r1+1]><C

= 6 > ﬁi 'X_i[(wi_l —Wi )+ l”i—l]

SH; SH; 1
6.
5.5 3
H
b
b;=b+Q;+H;
b —b+Q, +1T,

(5.17)

(5.18)

(5.19)
(5.20)

e-Thesys(90

)
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£

m m
Q3 /H3 W3
/
/
/
/
o

\

5.5

(5.21)

e-Thesys(90

)
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r,—A, >MING, = A, <r,—MING, (5.22)
C ()
n =1/cC /)
C, ()
C ()
d(h,i) Sy S ( ) di=d(i,i+1)
l/hi, l/l’li
1/h, <(1/V,,)-1/V,)<1/n, [/ )"
9.
1/C, <n<1/C, (5.23)
10.
m, <V, <f.

=1/f <1/V, <1/m,

=d,/f, <d,/V,<d,/m,

=(d;/f)n<(d,/V;)n<(d,/m;)n

=(d,/f )<t <(d;/m;)n (5.24)

e-Thesys(90 )
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S(Hi/fi)JTSEiS((_ii/Ei)ﬂ (5.25)
11.

1/h, <(1/V,,)-(1/V,)<1/n,
=d,/h, <(d,/V,,,)—(d,/V,)<d, /n,

i+l

=(d,/h; )t <(d; /V,, )t—(d;/V,)n <(d, /n,)n
T

= (di /hi)n < (di /dis )(di+1 Vi )TC - (di /Vi) < (di /ni)n
= (d,/h;)n<(d;/d; )ty <(d, /n))n (5.26)
= (ai+l /Hi+1)ﬂ < (ai+1 /ai)Ei —tin < (ai+1 /Hi+1)7'5 (5.27)

5.2

521

5.6

e-Thesys(90 )
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i+1

i-1

5.2.2

e-Thesys(90

)
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Q H b W)
(F W)
(Bf Br) F A\
B¢ B, 5.7
< T
r g r
AL IS IS ASS | PSS S SSASD
“ F >
- -
By
5.7
5.8 h-1
h-1
B -1 Fy, h
Bt Fy h h+1
(Fu<Fni1)
h-1
h Fi.1 h

e-Thesys(90 )



h h
h h+1
Fn<Fp
Fi h+1 h
h
A
h+1
h
h-1
>

5.8

e-Thesys(90
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n J—

MAX  Z=Y(B; +Bi) (5.28)
i=1
519  5.20
Bi =B;; +B,; (5.30)
512 5.13
5.9
N U(Inbound) (Outbount)
W,
E

gL -

5.9

e-Thesys(90 )
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5.9
h A B
=A, +1, xcycle+¢(h,i) I, (5.1)
i A B
=1, xcycle- p(h,i)+ I, xcycle+ A, 1, 1 (5.2)
51= 52
o(h,i)+¢(h,i)+ A, —A, = (1, +1, —I,)xcycle=I(h,i) (5.3)
Q;+H,+b=F
Q,+H,+b=F,
CD h,i

¢®ﬂ+%n+ﬂ—b:%%+ﬂ—b+mM)

:¢@ﬂ:%%+ﬂﬁw@ﬂ—%q—ﬂ (5.31)

CD h,i

(l_)(h,i)+5ri +W. =% +W, +t(h,i)

1

1

= §(0,i) =5, + W, +elhi) -1 - W,

= =)+ 1)+ (W, - W) (5.5)
5.31 5.5 5.3
ol.i)+ b(hi) + &, 4,

v %E+Wh+f(h,i)—%g—wi}+Ah—Ai

e-Thesys(90 )
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- t(h,i)+f(h,i)+%(rh +E)—%(fi +E)

+(Fh —Fi)+(W_h_Wi)+Ah —4

=1(h,i) (5:32)
1 n 5.32

t; +E+%(ri +E)—%(ri+1 +1_fi+1)+(Fi —Fi+1)+ (Wl —Wi+1)+ Aj = Ay

o) (5.33)
OFF; = F,; —F, +1i (5.35)
F +Wi+ri=1 (5.37)

[ +1, =1 (5.40)

e-Thesys(90
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5.2.3

Imxﬁm —Imxﬁi >0
I[,+1_ =1

Bt =1, xFis + 1, x Fj

IpXWi+l _IpXWi 20

I +1, =1

Br,i =Ip><W1 +Iq XWi+l

I, x Wi -1, x Wi >0

I X Wit -1 x Wi >0
I+ =1

Brist = I, x Wist + 1, x Wi

15

(5.42)
(5.43)
(5.44)

(5.45)

(5.46)
(5.47)
(5.48)
(5.49)

(5.50)
(5.51)
(5.52)

(5.53)

e-Thesys(90

)
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& =

»n < W

n
MAX  Z=Y(B; +Bi)

i=1

Subject to
B, =B;; +B;;
Bi = B¢ + By

t; +E+%(ri +E)—%(ri+1 +1_fi+1)+(Fi —Fi+1)+ (Wl —Wi+1)+ Ai = Ay

=1
OFF, =F, —F,,, +t;
OFF; =F,,, - F, +t;
F+W, +r, =1

F,+Wi+ri =1
Ii+Ij:1

(5.54)

(5.55)

(5.28)

(5.29)
(5.30)

(5.33)
(5.34)
(5.35)
(5.36)
(5.37)
(5.38)
(5.39)
(5.40)

e-Thesys(90

)
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Bf,i =1, xF +Ij xF,;

I, XE—IZ x Fis1 20

I, xFi -1 xFi >0
I,+1, =1

Ef,i+1 =1, x Fitl +1, x Fi
L, xWiy =1, xW; 20

[ x W, =1, xW;,; 20

I, +I, =1

B,i =1, xW; +1, xW;,
I, x Wi -1, X Wist >0

I X Wit -1 x Wi >0
I+1,=1

Brist = I, x Wi + 1, x Wi

n<t <(d;/m)n
i/fi)né_' S(ai/ai)n
/ ) (d /d1+1) 1+1 (d /nl)n

(it /bt Jre < (i /i s = i < (d
Lo L I L I, I I 0
F;,

[
Bi, ]31

an,i Bf,i ’Br,i B 5

i+1 /1’11+1)TC

1

F

i 3Wia

(5.41)

(5.42)

(5.43)
(5.44)

(5.45)

e-Thesys(90

(5.46)
(5.47)
(5.48)
(5.49)

(5.50)
(5.51)
(5.52)

(5.53)
(5.54)

(5.55)

(5.22)
(5.23)
(5.24)

(5.25)
(5.26)

(5.27)

)
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6.1

GAMS 18

6.1 64

GAMS

6.5

M eeraus

Brooke

6.1 64

e-Thesys(90

)
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6.1

. 210m | 100m
4 %
130m | 100m
3 ‘ ‘ 1 250m |  100m
% 95m 95m
6.2
250m |  100m
N
4 %
130m | 100m
3 1 350m | 100m
2
225m |  100m

e-Thesys(90

)
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6.3

N 350m 100m
4 %
130m 100m
3 1
: 300m 100m
‘ 2 ‘
220m 100m
6.4
N 300m 100m
4
185m 100m
3 1
320m 100m
2
195m 100m

e-Thesys(90

)
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4
Q
™
3 %
o —
SISE| | B
238 N5 |S8
R RNEEN A
A
53 130 | 0.08
1401 | 1285 |= 1285 | 0.79 | 1627
63 212 | 0.13
0.12 174 233
1450 | 0.82 | 1189 » 1189 | 1637
0.06 87 215
Y
53R |83|F
™ AN |
<<
B 3ls|S
i peu
0
6.1

e-Thesys(90

)
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4
8 %
<
g|X |8 g
o|o|o <
© |9 o2 |0
< || INAEREN
| N |~
A
4 28 0.02
1340 | 1177 (= 1177 | 0.84 | 1401
159 196 0.14
0.14 220 100
1568 | 0.75 | 1176 » 1176 | 1450
0.11 172 174
\
N | © |© oo
~| | 0| ® |~
—| AN [ | [
3 5|33
© o|o |o
e peu
Lo

6.2

e-Thesys(90

)
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4
<
o N\
o
=1
o |m 8
o|o|o S_r'
N®S ~| 0|«
o 0| [©
| o (@ 0|0 (=
A
102 161 | 0.12
1219 | 965 |- 965 | 0.72 | 1340
152 214 | 0.16
0.31 | 587 304
1893 | 0.62 | 1174 » 1174 | 1568
0.07 | 132 90
Y
883 )
| ® |\ | © ©
~l oy
2 21512
5 peu
53]
6.3

e-Thesys(90

)
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4
o
I
g %
L0 (o o
S|3|e o
8188 (B8
A
130 12 0.01
1558 | 1036 |« 1036 | 0.85 | 1219
392 171 | 0.14
0.13 | 250 52
1919 | 0.8 | 1535 » 1535 | 1893
0.07 134 306
Y
38 |I= B8
| G| N @
™M N~ N
<
3 Sls|3
@ peu
o))
6.4

e-Thesys(90

)



98

El 1]

fa sm

i i
238k, ssafo
PR = U=

[T

6.5

6.2

6.6

Synchro

f A
250311 SR rL
- ['e ]
2

s
i 1
< 3 JB—130
sef2 . BRRfe—1285
196 t 1
a ' 174 'T\
(AL B
172 EFE 113? Eﬂ_lﬂ
Y
( )
e-Thesys(90

)
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( ) |
[
(Synchro) <
( )
> ( 3.6) )
I
v v
( ) (
> ( ) <
v ‘ v y
) ( ) ( ) ( ( )
v v v v
) ( ) ( ) ( ( )
| | |
CORSIM
( )
6.6

e-Thesys(90

)
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Synchro
TRANSYT
7
GAMS
1.
Min  Z=>D, (4.1)
i=1
Subject to

D, =(VEB, x DEB; + VWB, x DWB; + VNB, x DNB, + VSB, x DSB, )/TV,
i=1,...... n (4.2)

)

i
I=

(K)i = ZI:[V(K)LI X D(K)i,l ]/IZ;:V(K)H (4.3)

e-Thesys(90 )
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K=EB,WB,NB,SB

i=1,...... N

o ( j=4)

(la = 1) x (a(K);; xC=S(K);; xg(K);) >0 (4.17)
| +1, =1 (4.18)
D(K)i,l =l x D(K)i,l,a +1p % D(K)i,l,b (4.19)

D(K)i,l,a =

(a0 xnxC2 = nxS(K) %K), x C+ 8Ky x g0y (), ]

q(K);, xC
(4.20)
K) | xr(K); 2 x Y(K).
D(K)i,Lb _ q( )I,l ( )l,l S( )I,I (421)
2x (S(K);, _Q(K)i,l)xq(K)i,l xC
j
g(K)i,l :ZAi,q)j,I _K(K)i,l (4.6)
i1
K=EB,WB,NB,SB i#1,... .8 ,n
||XAi,¢j,l_||XAi,¢j,m20 (4.8)
Lo XA ym — T XA 4 20 (4.9)
[ +1,=1 (4.10)
ij =1, XAixbj,I +1,, XAi,¢j,m (4.12)
Min C< C £ Max C (4.12)
C= ZPMH (4.13)
]

2P =2 Py (4.14)
&j ¢j
P4 —MinG; ,; >0 (4.15)
W, xD; =W, xDj,q[<a (4.22)
Wi x D(K); = Wi, x D(K +1);| < B (4.23)

II,Im’laaIb 0 1

Di, D(K);i , D(K+1); , C, g(K)i, , Aigt + A Ry 20

i,j,m

e-Thesys(90

)
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2. 7
MAX b+b
Subject to

t +t, +%(ri +E)—%(ri+l +Fi+1)+(Qi Q1)

(H H|+1) <_i _Wi+l)+ A=Ay =1 (5.7)
OFF =Q +H; +; -Q, —H;,,
:ti+(Qi _Qi+1) (H H|+1) (5.8)
OFF =Q,,, +Hiu +t —Q; —Hi
<t,+(Q11 - Q, J+ (Hia—Hh) (5.9)
Q+H +b+W +r =1 (5.10)
Q +Hi+b+Wi+r =1 (5.11)
H,>H +Q (5.12)
Hi >Hiu+Q,, (5.13)
&xczxi (W, —W )+r,]xC
= Q, =SH, A, [(W,_, —W,)+r,,] (5.17)
S%_LXC A [(W.+1 Wi)+ I’i+1]><C
= Q =SHi A [Wics = Wi 11 (5.18)
bi=b+Q;+H; (5.19)
b,=b+Q, +H, (5.20)
b=Kb (5.21)
r—A, >MING, (5.22)
1/C, <n<1/C (5.23)
(d/f )<t <(d,/m)n (5.24)
(di 1 e <t S(d/m.)n (5.25)
(d; 70y )< (i /dipq iy < (0 /1) (5.26)

e-Thesys(90 )
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(ai+1/Ei+1)ﬂ < (ai+1/ai )Ei ~ti < (ai+1/ﬁi+1)n (5.27)
b, b, n W, W ,H,H ,t,t ,OFF, OFF ,Q, Q =0

5.12 5.13

GAMS

5.12 5.13

GAMS

e-Thesys(90 )
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1.
2.
n JR—
MAX Z=Y(B;+Bi) (5.28)
i=1
Subject to
Bi = Bf,i + Bl’,i (529)
Bi =By, +B,; (5.30)

L +E+%(ri +E)—%(ri+1+Fi+l)+(Fi N Fi+1)+(Wi _Wi+1)+Ai —Aig

=1, (5.33)
OFF =FK - R+t (5.34)
OFFi =F, —F +ti (5.35)
F+W +r =1 (5.36)
F+W+ri=1 (5.37)
lixF—1lixF =0 (5.38)
| xF —1;xF,4 20 (5.39)
| +1, =1 (5.40)
Bii =lixF +1;xF,, (5.41)
|, xF -1, xFi;120 (5.42)
|y X Fist =1y x Fi 20 (5.43)
l,+1,=1 (5.44)
Bfjis1 =, xFisa + 1, xFi (5.45)
Iy x Wi, — 1, x W, >0 (5.46)

e-Thesys(90 )
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lqg xWi =14 xWj;; 20

I, +1q=1

Bii =lpxW;+13xW;,
I, xWi =1, xWij;1 >0
ISxV_Vi+1—IS><Wi >0

I, +1g=1

Brisi =1, x Wi+l x Wi
B, =KB,

-9

rn—A, > MING,;

1/C, <n<1/Cy
(d /f )TC<t S(di/mi)n

(@ /fi <t <(di/mi e

(d Ih; )TC<(d /d|+l) i+1 —(d /nl)ﬂ:
( i+1/hi+l)’f < (di+1/di )ti —ti+1 (a|+1/n|+l)n

|i1|j,ll,|m,|p,|q1|r1|s O 1
B B, . B, F

Bi, Bi ,Bsi Bfj ,Bri Bi ,

( 422  4.23)
524  5.27)

i I:| 1Wi1Wi
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Synchro (Synchro )

CORSIM
CORSIM CORSIM
CORSIM
CORSIM 4.0
6.7 8000 8009
5 14 15 29
CORSIM 4.0
(67 15,1 16-1 17-1 24.1
25,2 18.2 19.2 26-2 27-3 28.3 20-3 21.3 29_4
23,4 12.4 22_.4 124 95m 100m
12
) ( 6.7
15 29 5.1 6.1 7-1 2.1

1.2 8.2 9.2 3.2 2.3 10-3 11-3 4-3 3.4 12-4
224 144 )
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6.9

AT

6.10
28 26 28 30
32 26 28 28
20 24 23 22
21 25 22 21
97 82 0 83
101
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6.11

59 49 64 74
65 44 46 49
20 39 37 20
36 48 33 37
1 179 0 0
180
6.12
34 34 43 34
37 31 26 24
20 21 20 33
20 25 22 20
109 109 0 5
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6.13

34 34 43 34
37 31 26 24
20 21 20 33
20 25 22 20
24 23 0 30
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6.15 6.16
6.15
C 7)) (%) ( ) (PI)
1 64.80 86.56 559 324,799.61
2 73.42 71.16 5.74) 699,578.22
3 72.09 89.28 493 313,362.17
4 66.32 85.44 5.47|  308,849.23
5 66.12 84.29 5.41]  309,363.48
6.16
C 7)) (%) ( ) (PI)
1 1 2 2 4
2 5 5 1 5
3 4 4 4 3
4 3 1 5 1
5 2 3 3 2
6.16 TRANSYT
TRANSYT
Synchro
7
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