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Study of the Operation of Actuated signal control Based on Vehicle Queue Length

estimated by Deep Learning
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ABSTRACT

As a part of realization of artificial intelligence signal(AI Signal), this study proposed an
actuated signal algorithm based on vehicle queue length that estimates in real time by deep
learning. In order to implement the algorithm, we built an API(COM Interface) to control the
micro traffic simulator Vissim in the tensorflow that implements the deep learning model. In
Vissim, when the link travel time and the traffic volume collected by signal cycle are transferred
to the tensorflow, the vehicle queue length is estimated by the deep learning model. The signal
time is calculated based on the vehicle queue length, and the simulation is performed by adjusting
the signaling inside Vissim. The algorithm developed in this study is analyzed that the vehicle
delay is reduced by about 5% compared to the current TOD mode. It is applied to only one
intersection in the network and its effect is limited. Future study is proposed to expand the space
such as corridor control or network control using this algorithm.
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1. B3 ¥ HNEES

H2'd(Deep Learning)> 7] A1 8<5(Machine Learning) #F & 3h4Ql Q13417 (Artificial Neural Network)D
o2& AT HAHAIZ AFAFTADLEA, B3 A dES A AAEDe] T I, 454734 (Deep
Neural Network, DNN)- &4 4173 "(Convolutional Neural Network, CNN)-<=2}+41 7 "(Recurrent Neural Network,
RNN)-LSTM(Long Short Term Memory) 5 Al7ZdW %2 th%Fs}, Batch Gradient Descent-Stochastic Gradient
Descent(SGD)-Momentum- AdaGrad-RMSProp- ADAM(Adaptive Moment Estimation) & }2lu|8 A3} 3o

1) &AW (Artificial Neural Network)2 Q17+ HE Rdg o] AHE s daudEHES 53

Vol.17 No.4 (2018. 8) The Journal of The Korea Institute of Intelligent Transport Systems 55



Gedoz FHE AULy|Zol Tt ST o

%—’3]-—‘5 74 V5t (Gradient Descent Algorithm)e] 1538}, 7 ARkA~A~"H (Vanishing Gradient Descent) 41| o
33+ &8} g4(Activation Function)2] 74, 4 & (Overfitting) =A S WA 5= 714 8H(Regulation) 71
2 drlo] A&H O ® o]FojA 1 QT

P& THd M EZH(TensorFlow)= T2o4 THE LEALE AZTEY Y FolHHTZA,
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CH7|120|] FHEE JHL(Lee et al., 2018)

Lee et alQ018)= WEY Aol Bag vejole @ QgAs mal Aue ABo A, AN P2
AN 2 EHTEF 5 718 HolE 5 o8k BENFE HEEI} ¥ A EH717.4_019H 4741%
92l (Deep Leaming) S 58] SHral F4he A3A% 3
A 2AXE HARYE FEse] A7) dolo] A 27l HE BRF 5 92 zm ;1 eaa u]zav A
ol 247 Agrhr)delE FAskE o] 23 °
ov, RE RHL DNN FERA 2953 LB A5E taslsl 8% U HAE ¥ M
tyEY A T2E AR Adt7de] 92 23 E b
sk RHE 5% 1T, 2o DR 5% vIel SR8 A2 eItk 92d Bz A 12%
H3leh. ol 71E AA7] volE) sluke] WAz wwd A3 27} oF 399 AT Ao B
Yol 7z 9 3] AREE QAusel A4Y PRE 0L 95 2

Upstream Link Data [ttt i
Target Link Data [l ok i

1
A DNN Modeling

1, Network structure(Scenario) 4, Optimization

- Layer: 3,5, 10 5, Initialization
Logistic Regression - Node: 20, 30, 50, 100, 200 - weight
2. Activation Function - bias
. 3. Cost Function 6, Learning Environment
Upstream Link Target Link
+ Target Link argettin
3
Link nonover Model
B select optimal Model
[ Link over status Classification Model ] [ Link over Model ] [ Link non-over Model ]

(Fig. 1) Development of Vehicle Queue length Estimation Model Using Deep Learning
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1. 4ol HIMEZR9Q Vissimel 2IE{H0|A

Vissime T3 API(Add-on modules Programming Interface)E A|-&3s=Hl, o]& 53l @k S8x=273
< Vissimel] £ = ok o] Vissim®] COM(Component Object Model) Interface 7152241, Blo|E FH]
2 AAE, AojdagFe] 238 Aug e AqE 93 AF 2 Ao], BE UESL A /A &gl g
o 59| 7Fs3tth. COM 7§31 VBA, VBS, Python, C, C ++, C #, Delphi ¥ MATLABS M| 5% FH 9l =
27 9 23YE dojoA F8E 5 Qi

2 dAFolME HAZSE AFHrdelEs FAske HEd REd@3 python ZEE A4HE COM
Interface s 753t Vissime Alojgth. o]& BIAEZZES7} Pythons A3l we} 7Hs3ith

Hedd 3NS5 daeFY Adae v 2 Vissim AlEHo]do] APEE NSFr|EE
AR gAFPANNH FHuFFo] FHEDL, o] F E3Fst] HZE ID 2 AESF, 2ol T g9
griol] o tlo]E7 IAEZ 9o AGHT dAZZ oAM= D B2 to]HE o] gsd
A Jed Byl gt HZ=E AFr)delE A3 o)F FAE AR A2 Znke
ZAeAE dugEe B AFAZE AF T Vissim RO A5 58S 24t AlEH o3t o]
Bl

AF27F AR ¢ ik A3, FrEE o2 AFgAAVE =2

N o N

- Upstream Link Data
(Link Number, Number of Lanes, Length of Link

Te nso rflow Travel Time, Passing Volume) VISSIM

- Target Link Data

. {Link Number, Number of Lanes, Length of Link . lati
Deep Learning Process Travel Time, Passing Volume) Simulation

: Queue Length Estimation Run

ink over status @
assification Mode
Queue < Link @ @

| Link Over Model ‘ ‘L'lnk nonover Model| @

\_‘—1

Queue Length

Queue = Link

- Generate Input Variable
: Trevel time, volume...

Actuated Control Algorithm
Based on Queue Length

(Fig. 2) Data Processing Flow Through Interface Between Vissim and Tensorflow
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AlEdeld i ME s HAAT2 sguloly AEA9H sLdstA 2AsiH, U4 Y
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2E OO E o, AA wAEYE A1SDB 9 59 AE wgsta, g A ITS 5d4EE E
=z FASE A543 Vissime 2 733t}

AEH oIS 53 tlolE E4AIZE2 2A1te 2 A3, 7] W EY A 8 (Network Equilibrium)< €
gk NS E3Ete] F 3AIRE 59t AlEdoldo] YR

Major Intersection

‘f:‘L Minor Intersection

(Fig. 3) Road Network Structure
V. g 717 o] 7]ute] #3A s g F 74

AZ MSEHSE(TOD )

by

T RS B ES AA YEYA(11/) ZAFE)E TOD(Time of Day) 2] 02 &9 Folm, B2 A7t
H17~19A)E &3 1722491 E 18022 FEF7]|Z2 29 H I Ytk A EHA = o] 5T (Dual-Ring) TZF9|
u ZHgAlo17 A8H A ol BY ™ (Sing-Ring) 7%% FETAl(Lead and Lag Left Turns Protected with
Overlap Phase)2 T4 63A| AAlolth ad watze] Asd T2 9 ASAZE 5 A3DB d%2 U
¥} 2t}

l— Barrier 1 —p|— Barrier 2 —p Phase Sequence Cycle o
set
wnga |7 | A AN 12| 3| 4] 5 [ 6 [Lengh
3 4 1 2
«T -
gb g7 g8 '—‘[ l I j,—‘ HJ—»
aing 2 T LY — 4 180 | 120
8 7 6 5 35 29 46 27 15 28
<Signal Phase Structure> <Signal Phase Time Plan>

(Fig. 4) Signal Phase Time
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gz de] 7ike] 7HgAls daE]Ee 2EA7E 2B Al2 COSMOSOll Al Al A g £3LEDS)E o] &
gk Ao A A7) do)2 tiAlste] Barrier T2 % SplitS 3 Ao 2A, WA HITZHEE Hego
o3 F49 AFdrdelE o 2 ol /e YA AFhridolE AA gt
Barrier 19] 7% 47} 8 A% o] 57/ 218 A7 olE Bl etal Barrier 200141= 2H ¥ 68 A% o]F
F 2] A7) 2olE vlaste] 24zt A A7) el AR o] Barrier 17 29| ¢
Zole] vlgol wgt Z Barriere] ZolE 4HH3t). 183 7} Barrier 2o thal] RPATE w23 Haxm
AAZE oRIAE A At vRHY wolls B8-S 43 3e). Barrier®] HASMAIRES QA 3 A7
AR T =AA7S 33 A 7O A, Barrierl 3 Barrier2d] HASAAIZMS 247t 85%, 6022 AA3IT) 0}
Ao 2 7 Bartierol| Al & 3 AAA Az A9 Az ARHA (2, ¢4, g5, g7)°ll FFeth daelE
o] A2 nEslo] YAlo)E5F AA, Barrier -2 L Split WAL oS3k 2}

i

1 2 3
+ Calculation of the straight ahead + Calculation of the time
+ Calculation of barrier length
critical queue length by each barrier for straight ahead
(Fig. 5> Algorithm for Calculation of the Signal Phase
MQ, = Moz (Qyp , Qgp) €Y}
M, = AIM(QEB ’ QWB) )
. MQ,
Barrier, = CX QT MG, 3)
MQ,
dery = OX ——— "
Barriery, = C WG, + MG, 4)
Min. Barrier, = Max ((min.g5+min.g6), (min.gl + min.g2)) )
Min. Barrier, = Maz ((min.g8+min.g7), (min.g3+ min.g4)) ©6)
i) Barrier, > Barrier, 4 W,
Barrier, = C— Min.barrier, (@)
i) Barrier, < Barrier, ¥ W,

Barrier, = C— Min. Barrier, ®)
92=B —g1 ®
g4=05—g3 (10)
95 =B, — 46 (1
g7="05—g8 (12)

A7V, Qup.spssws = Queue Length by Direction( VB, SB, EB, WB)
MQ, = Max of Queue (m), n = Barrier number(l, 2)
C = Cycle length
Min.Barrier, = Minimum Barrier time, n = Barrier number(1, 2)

min.g/N = Minimum green time of phase N, (N = 1 ~ §8)
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(Table 1) The Results of Simulation
number North Bound(g5) South Bound(g2) West Bound(g7) East Bound(g4)
of Queue Phase time Queue Phase time Queue Phase time Queue Phase time
Cycle |Before| After |Before| After |Before| After |Before| After |Before| After |Before| After |Before| After |Before| After
1 514 | 645 | 75 54 | 541 |1262| 64 65 | 430 | 70.1 | 42 53 | 1292|1002 | 43 52
2 619 | 819 | 75 67 | 581 |1476| 64 78 | 375 | 521 | 42 40 | 120.7 | 874 | 43 39
3 52.1 | 1064 | 75 68 | 814 |131.1| 64 79 | 397 | 494 | 42 39 | 869 | 755 | 43 38
4 46.0 | 794 | 75 74 | 1375|2116 | 64 85 | 406 | 652 | 42 33 [ 1119 865 | 43 32
5 465 | 702 | 75 74 | 1478|1823 | 64 85 | 400 | 60.6 | 42 33 (1037 | 812 | 43 32
6 375|596 | 75 74 |149.5|2675| 64 85 | 296 | 59.6 | 42 33 | 1108 | 804 | 43 32
7 487 | 584 | 75 74 |189.8|407.6| 64 85 | 346 | 486 | 42 33 [ 1132] 842 | 43 32
8 264 | 610 | 75 74 | 185.1|262.7| 64 85 | 334 | 429 | 4 33 | 930 | 632 | 43 32
9 587 | 684 | 75 74 | 1569|3604 | 64 85 | 412 | 61.1 | 42 33 | 867 | 69.7 | 43 32
10 480 | 599 | 75 74 | 1764|2756 | 64 85 | 427 | 61.6 | 42 33 | 851 | 625 | 43 32
11 227 | 689 | 75 74 |189.5|2013| 64 85 | 362 | 60.1 | 42 33 | 967 | 802 | 43 32
12 440 | 594 | 75 74 | 1263|2436 | 64 85 | 376 | 644 | 42 33 | 606 | 798 | 43 32
13 42,1 | 557 | 75 74 |100.3|249.0| 64 85 | 342 | 517 | 42 33 | 688 | 658 | 43 32
14 574 | 553 | 75 71 | 1444|1237 | 64 82 | 354|511 | 42 36 | 627 | 666 | 43 35
15 398 | 71.3 | 75 74 | 182.6 2058 | 64 85 | 350 | 4999 | 42 33 | 663 | 66.1 43 32
16 482 | 852 | 75 74 | 160.7 | 196.0 | 64 85 | 286 | 569 | 42 33 | 51.7 | 578 | 43 32
17 41.1 | 727 | 75 74 | 1419|2116 | 64 85 | 688 | 60.7 | 42 33 | 580 | 68.1 43 32
18 643 | 966 | 75 74 | 1252|1732 | 64 85 | 248 | 612 | 42 33 | 562 | 638 | 43 32
19 386 | 613 | 75 60 | 779 | 1579 | 64 71 | 363 | 526 | 42 47 | 993 | 109.6 | 43 46
20 354 | 864 | 75 65 | 476 | 1047 | 64 76 | 220 | 462 | 42 42 | 834 | 65.1 43 41
21 346 | 854 | 75 61 | 43.1 | 1278 | 64 72 | 422|367 | 42 46 | 505 | 868 | 43 45
22 18.1 | 932 | 75 68 | 828 | 1286 64 79 | 260 | 526 | 42 39 | 710 | 748 | 43 38
23 502 | 795 | 75 74 | 75.6 | 1604 | 64 85 | 419 | 376 | 42 33 | 503 | 58.1 43 32
24 39.1 | 548 | 75 74 | 59.8 | 1847 | 64 85 | 272|593 | 42 33 | 1055 | 602 | 43 32
25 560 | 729 | 75 74 | 76.7 | 1439 | 64 85 | 302 | 504 | 42 33 | 1351 667 | 43 32
26 353|571 | 75 57 | 754 | 1533 | 64 68 | 366 | 457 | 42 50 | 1710|1147 | 43 49
27 349 | 69.6 | 75 40 | 49.1 | 1232 | 64 51 | 366 | 409 | 42 67 |179.1 | 134.1| 43 66
28 475 | 89.6 | 75 52 | 488 | 141.3| 64 63 | 426 | 456 | 42 55 | 1769 | 1175 | 43 54
29 322 (7808 | 75 74 | 374 | 2698 | 64 85 | 254 | 400 | 42 33 | 1833|1194 | 43 32
30 582 | 88.1 | 75 74 | 483 | 1850 | 64 85 | 281|356 | 42 33 | 1646 | 76.1 43 32
31 513 | 60.8 | 75 40 | 659 | 1052 | 64 51 | 413 | 431 | 42 67 | 1140|1137 | 43 66
32 503 | 131.0| 75 66 | 787 | 94.1 | 64 77 | 487 | 479 | 42 41 | 546 | 787 | 43 40
33 436 | 7810 | 75 74 | 460 | 2594 | 64 85 | 406 | 65.6 | 42 33 | 652 | 615 | 43 32
34 473 | 721 | 75 74 | 340 | 1562 | 64 85 | 424 | 419 | 42 33 | 578 | 692 | 43 32
35 623 | 576 | 75 51 | 909 | 79.7 | 64 62 | 331|420 | 4 56 | 649 | 679 | 43 55
36 52.1 | 1006 | 75 58 |165.7| 87.0 | 64 69 | 274|370 | 42 49 | 65.1 | 730 | 43 43
37 394 | 1278 | 75 74 | 1757|2264 | 64 85 | 264 | 38,6 | 42 33 | 549 | 665 | 43 32
38 59.7 | 1065| 75 74 2207|2440 | 64 85 | 251 | 429 | 42 33 | 572 | 519 | 43 32
39 500 | 577 | 75 74 | 3313|1419 | 64 85 | 424 | 394 | 42 33 | 536 | 52.7 | 43 32
40 183 | 1006 | 75 56 [230.7| 87.0 | 64 69 | 454 | 370 | 42 49 | 111.7 | 749 | 43 43
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Hed 23 4 o3 A9 AF7]
Aol 71we] 7-54lE dag]Eel gk H7k= Ao A A (Control Delay)S 3

W7 A E(MOE)E dto] 83},

NEG ol BN 2A17H40F7)) B F71E Ho=d Jg‘}-?l—z]zﬂg AE3a o2 o] gate] mAE A
Ao BHFAANE E%ékrﬁ, @AA)e] TOD W27} Hlwste] AL &35 A3
A4 A 3E BakSB) 29| FAHE Ay de) 7t doiA Nﬂlﬂ | 713 G5 E e A A7} oF

7~13% Z+A3 t&?ﬂ AZAIZL] SAE A WHE - 1-3%F AA7F F71F 2= AT 1A E AAFH

22 AA7E 2/t oA 59/ = oF 33/ Z:ii?}?\iﬁ‘r 2N Fe] wE R E D W 1) 2t
29 AZAAE AFHh71do] 7Rke] AR +FF A oF 5%9 AA7} AT Aol

(Table 2) Travel speed estimation result

Before(TOD) After(Development Model) Delay Reduction
Delay [s/veh] Volume [veh] Delay [s/veh] Volume [veh] Rate(%)
NB 55.85 2,943 52.07 2,951 6.77
SB 45.89 3,798 39.90 3,340 13.05
WB 85.93 2,547 86.99 2,550 -1.23
EB 67.95 3,362 65.67 3,362 3.36
Total Delay 62.35 - 59.25 - 4.97

olglg Aokd &3 = F AT Aol7t Fon|A|
95%% Paired t-testE T A3, th53 o] FE WHSB)S Aol7t frovd Ao BHFIh

(Table 3) The Result of Paired t-test

Standard | Standard Error | 95% Confidence Interval Degree of
Mean .. t p-value
Deviation of Means Min Max Freedom
SB 8.14058 22.61840 3.57628 0.90687 15.37430 -2.276 39 0.028
VI. 2 &

o=A, AN wEra dohe ffs) AL EAH0l Ed A7
Held 7uke] AAE FaFPARL B SRnEEe o83 APy
Z__ [e)

Ef‘é—% ?iﬂ_%& Eﬂl/\igi—"roﬂ A A WA EEolE Yl VissimE A of s}
d FAFYM FHaFEel '
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