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ABSTRACT

Intelligent transportation systems, signal phase and timing (SPaT) In this paper, we present a novel signal
phase and timing estimation (SPaT) algorithm using mobile crowdsourcing platform (MCP). In the MCP, driver’s
CrowdNavi app detects the traffic light by running a deep-learning and a region-of-interest (ROI) algorithm based
on the public data on the location and type of traffic light. It also determines the signal phase using linear
regression of light color and the relative position and shape of traffic light, and then sends the phase intervals to
the MCP server. We also propose a few estimation algorithms of MCP server that estimate not only the cycle
period and the type of signal pattern, but also the timing information of each phase. The experimental results at
the intersection in front of Pusan National University main gate show that the proposed estimation algorithms can
accurately estimate the cycle period, signal pattern, and the timining of each phase. stimation, mobile

crowdsouring, public data, navigation
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Fig. 1. Message exchanges in the mobile crowdsourcing platform [9]
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Algorithm 1. estimatePeriodOfTrafficLights()

INPUT: List of phase interval messages {14, ;}
OUTPUT: Estimated period of traffic light P
PROCEDURE:
1 maxPeriod = 0, minSquaredSumError = INFINITY;
2 for each direction d
3 directionalPhaseSum = 0, lastRedEndTime = NIL;
4 for each phase p
5 directionalPhaseSum += phaseMaxDuration(p, d);
6 if (p is RED & ¢ = X1)

/| If end time of RED is detected

7 if (lastRedEndTime != NIL)

diffPeroid[i++] = round(¢, - lastRedEndTime);
9 lastRedEndTime = ¢,;

/| Set new last RED end time

10 end for
11 if (maxPeriod<directionalPhaseSum) // If new max period
12 maxPeriod = directionalPhaseSum; /| is obtained
13 end for

14 for each integer j in interval (maxPeriod, MAX_PERIOD]
15 curSquaredSumError = 0; // Initialize the current SSE

16 for each i /| Add each squared error of period j

17 curSquaredSumError += pow(diffPeriod[i] % j, 2);
18 end for
19 if (curSquaredSumError < minSquaredSumError)
/| If new squared sum error is found
20 minSquaredSumError = curSquaredSumError;
21 P=yj;
22 end for
23 return P;

a3 4. Azs 7] 4 daels
Fig. 4. Algorithm for estimating the period of traffic
lights
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Algorithm 2. estimateSignalPattern()
INPUT: List of phase interval messages {1/, ,}, and period P
OUTPUT: Pattern type 7,

PROCEDURE:

1 for each direction d

2 Collapse all phase intervals into a single period

3 Match the sequence of phases along decision tree
4 if (Number of leaf nodes in the subtree > 1)

5 Estimate 7}, using the opposite-direction pattern;
6 if (There is still an ambiguity in signal pattern)
7 Request a new crowdsourcing 17, ;;

8 end for

9 return 7

J7 6. Aus " = daeE
Fig. 6. Algorithm for estimating the pattern of traffic
lights
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Algorithm 3. unionPhaselntervals()

INPUT: List of phase interval messages {1/, ;}, and period P

OUTPUT: Unioned phase intervals {11:[1} and detection codes

{c}

PROCEDURE:

1 Collapse all phase intervals into a single period by setting
the start of the period to the earliest end time of
all-direction RED phase;

2 for each direction d

3 for each phase p

4 Get the longest 1, ;= [tF,t] and its code ¢}
5 for each phase interval 7,,

6 Depending on c, allign 7,, to 7,;

7 Iy = I \UL, s/ Union the phase intervals
8 c'=c"e; /| Combine using bit-wise OR
9 end for

10 end for

11 end for

12 return {1,:41} and {(:+}

a2l 7. ATt 5 daels
Fig. 7. Algorithm for merging phase intervals
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P& X 3=r) 5L FARAQ A7l 2o
e, o]5-S w5 A3} (Lines 5-9). 7HA]7}
A7} {];'d}i} A FZE {2 2eg
t} (Line 12).

FHEATE AR TS HoE ol FHF
Al 77ES- 2J818= growPhaselntervals() 32 L
& 8ol VeRigle). 7o) wEAls s Adx|gke] v

el 9shd FAAHSA7E 7k [MIN_YLW =
3, MAX_YLW = 5] (%) el 2=, 12 3=
FollA= BAASAITES aake 219wkt Ak
o] dAsjtlx 71AEk) wiek A WAL E3)
AT AzhEE AAo] A 7158l ol

o

i

.
0 —|—‘
2 F
e

=

[s}
& mAme] PAREALOR A 2%

_,l'N oﬁ‘.?ﬁr

A7

okoml, FAFETIE FEF WY Hellx] ez
A7} (Lines 1-4). 3877 7 vkekby &
A7 350 3He 7)Fe R WEAkee R Y
s, E) WFgk el A= B A = 1) 3]
5 o2 dgk} (Line 5). W E3& A7
X F=7) 0001 HATAE S Sl FhR =

Algorithm 4. growPhaselntervals()

INPUT: Unioned phase intervals { } and detection codes {c"}
OUTPUT: Filled phase intervals { A ,,}

PROCEDURE:

1 if (YELLOW phase interval / ;C 4 With c" equal to 11)

2 Dy =L,

3 else

4 Dy, _ = getRandom (max (MIN_YLW, max , (7} ,)),
MAX_YLW];

5 Sort direction in the descending order of detected phase

pd

changes, and inside each direction, sort phases to RED —
YELLOW — GREEN;
for each direction d
for each phase p
if (¢* is 00) // If both ends are not detected
Request a new crowdsourcing 1, ;

O 0 93

10 if (¢ is 01 or 10) // Only one end is detected

11 if (p is YELLOW) Iy ,= Dy _;

12 if (p is RED) Increase 1, 7q until conflict-free;
13 if (p is GREEN and/or LEFT_TURN)

14 Increase 1:7_ 4 andfor IZT,, until it minus

Dy _ is conflict-free;
15 end for
16 end for
17 return {I;d}

a2l 8. AT AR daEs
Fig. 8. Algorithm for growing phase intervals
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10-14). PR HFRA T2 {1, 5 2t
(Line 17).
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149.93 %= A=, ANHS FEAXE 7H
2}o] diffPeriod[]+= 212} 1500.20, 900.77, 599.90,
1950.13, 600.00, 600.08 X% A=} 13 102
Algorithm 1°]| 2J3)] AXkE As5 F7] Pel wE
Al 23 (Root-Mean- Square Error: RMSE)E
Yehdicl, a3ox 7] P=150 ZolA HA
RMSEE 7= A& 1% 5 ik Fehe-=a
T3 APS A3Psh= Fkell S 24 F7] bl
3600.28 %2 SAEL, olF Fl FdANET=
P=150.01 22 A= et o]2 3 Aleksh= 4l
3 7] 34 daelgel AEs 7715 i AEst
A FA4E 5 deS iﬁi“/}

T3 112 7 ulskol|A] Al

Rkl 64/‘]—?71&** ?ﬁ ”1 ‘a A58A A=

2) BE TS 3 AN} AE ATE 27} BUE
ARE EZx] 2Qlsl= A2ESel|A| AF3ch

www.dbpia.co.kr



=
T

uhel

7|\ EAl S

= @4 W AolA7t =

o2

k=4

Earshs AATARES veliH, AR A EA)

» AT sy v
24 "
UERTL] a5 North
L
e ™
—oiz1o) &
GREAT S0l . e
mie HyeR aAB
West Rk o it c
E s
22 East
1" =
oo CU
| w gy SUHBEH oo gy, ojEuA
wgEn : J
t i ]
sabijay s2|= i o3|
HAE s A =
» South
ABCOIE
" $t?'-‘i§3§'él olEmAE o]
x#a e
a8 9. wAR W 7 ) Aes
Fig. 9. 7 traffic lights in an intersection
60
s K OH N X o
L B LR -
Kk % X X x
a0 X x X T ]
»
o
R T X - B EREEEEEEE T Rt
@
X
20 F------ Ho- B T T
b
B0 oo
k4
0
150 155 160 165 170 175 180
Period
12 10, AEF 51l wE AlgLest
Fig. 10. RMSE vs Period of traffic lights
o b eran |
- [55.00, 67.400 T53.08, - '
o (69,092,7953] — !
|
|
southd ¢ (-, 55,90] (10833 =)
[55,90, 66,71) !
Cos (B0,73, 68,260 — i
|
L c. (12,53, 55,90] X i
- [55,90,79,53] (53,06, 54,06 '
(-, 83,08] 2138, - !
Gy |
[83,06, 115,96) i
|
Cirz (92,32, 101,21} = '
|
_ oo
westd G, (-, 83,08] 173s o
[83,08, 94,57 |
c (-, &3.06] |
o [63.06, 11251]  [12585, )
c (-, 83.08] [13917_-11
— L= —
[83,06, 98,41) '
;
¢, o134 '
(73,50, 150,25] !
Cyz :
;
;
;
North < € 1
. |0 soo i
) (67.65, 150.25] |
i
Ey i
L
0 150,25

O 11, AgE B s dATEe] el WA
Fig. 11. A single period representation of all phase
intervals

W3ks e 2 ) ARS8k L o]9)= &
Z3(()E AR 3 5719 AAE olelA o
s FAE of AAlel Wiz Rt 2EEE
A ARl 13 B39 Al MEa} & As%50
AlF7ke] 247 5t 2.43]9) 2.03] HE= o,
ofo] WhaleE]= B Als5e] A7k 3t 0.83]
Hlol] AEE|A] o} wakz 2wkl wa) A5
A Adso] A A7) s AE EIF 5 olrh

MZa) G AF5e F 19 A Qg oA
7 1-9-22 depdr]  diie] a3 69
Algorithm 2& 3l AAE=E uepd 23 59
AFAPE A 298 o 5 9lek e, 85 AE
So] @A QlEla £4] 1598 ulEsls HHAMIS
A& 29} 57} FFssl) T 4ollA] HblEREE) <)
sjglo] 20]7] ulel Algorithm 25 5% 314
59 RS 22 HF gugto g i weke] Al
35 RS AYgsA A%k

I3 12+ 23 79 Algorithm 3-8 A3} 3
119] AL A A {1],} 5
epdict. 73 89] Algorithm 40l W& 21352
= TR dAHA ] AEA]Ee] 7F A]E2] SPaT
o] w5 AAHE MF 4552 5
SAEA] FUA, FE 21550 3 5A7K3.53

ook o T

A

FAHEERA o]

)& o] 843P 7 AAIE2] SPaTe] ®F ZAA¥Irh
& Al v W] el S-S s
Asixe AAA577ke] 5590 % o]FtE EAtE o]
oF gk ozl FHAEslH ATkl
55.90 —3.53 (FUHSAIZY = 52472717 EAk=o]
RE A35e] SPaTS AR 4 g} »ixtez
w3zl B3 A7ke mE uke] AHAHET7I])

[117.35,150.25) & ¥4 7}s3lck

HH
il

r

| i i i P i

V-, 55301 (e | i i

South ! 5500,78.59] | HHCEIE

(-, 830681 0 117 i

West : T 1 @0 112.3]} 11795

[0, 1341} o i |

North [ booroT (eregiisnesl o
0 Tt !

T2 12, 7} wheb SRS
Fig. 12. Unioned phase intervals at each direction

VLE 2
B oERe @RS sk Aakme] svkeE

307

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-02 Vol.44 No.02

FHE} A4S B3 55 PATF7HE MCP A
Wz FReeiA)sla, o] F Asl] Alas 371,
Az 'l E5, 7F AA9] SPaT-S 5%

T AlAskde Alokele darels

(o3
X ok
o
» e
i

5o AL
FEEsA] AREC] EAsieizle A4 Ea)e} 4
359 ok Aleks mejsle] As%e] 7, o€l
5, 2o 7 A A AT 5 U
AR S Bl mrh &F, vkt AE% o
8-S 7He AR SN A7) SPaT
A guelge] 71WE A%S i) A5S A3}
7] 918k A7E 28 oo},

References

[11 R. Lamb, How Audi’s travolution device will
work, Retrieved Feb. 19, 2019, from https://
electronics.howstuffworks.com/gadgets/automo
tive/audi-travolution.htm

[2] H.-Y. Jeong, T. A. Suramardhana, and H.-H.
Nguyen, “Design and implementation of green
light optimal speed advisory based on
reference mobility models (GLOSA-RMM) in
cyber-physical intersection systems (CPIS),” J.
KICS, vol. 39B, no. 8, pp. 544-554, Aug.
2014.

[31 Y.-T. Chuang, C.-W. Yi, Y.-C. Tseng, C.-S.
Nian, and C.-H. Ching, “Discovering phase
and timing information of traffic light systems
by stop-go shockwaves,” IEEE Trans. Mobile
Comput., vol. 14, no. 1, pp. 58-71, Jan. 2015.

[4] S. A. Fayazi, A. Vahidi, G. Mahler, and A.
Winckler, “Traffic signal phase and timing
estimation from low-frequency transit bus
data,” IEEE Trans. Intell. Transpt. Syst., vol.
16, no. 1, pp. 19-28, Feb. 2015.

[S] J. Yu and P. Lu, “Learning traffic signal
phase and timing information from low-
sampling rate taxi GPS trajectories,” Elsevier
Knowledge-Based Syst., vol. 110, pp. 275-292,

Jul. 2016.
[6] E. Koukoumidis, M. Martonosi, and L.-S. Peh,
“Leveraging  smartphone  cameras  for

collaborative road advisories,” IEEE Trans.
Mobile Comput., vol. 11, no. 5, pp. 707-723,
May 2012.

308

[7]

(8]

[

[10]

[11]

[12]

[13]

KOROAD, Specification of traffic light
controller, Retrieved Feb. 19, 2019, from
https://www.koroad.or.kr/cmm/fms/epkoroadFil
eDown.do?board_code=DTBBS_020&board_n
um=100319&file_num=177289

H.-Y. Jeong, H.-H. Nguyen J.-H. Park, and J.
Kwon, “One-way road information update
based on a smartphone navigation system in
the OpenStreetMap,” KIISE Database Res.,
vol. 33, no. 2, pp. 16-25, Aug. 2017.

H.-Y. Jeong, “Design and implementation of
mobile crowdsourcing-based driver assistance
systems (MC-DAS),” J. IKEEE, vol. 22, no.
1, pp. 29-37, Mar. 2018.

Open Data Portal, Current state of traffic
lights in Busan, Retrieved Feb. 19, 2019, from
https://www.data.go.kr/dataset/3079345/fileDat
a.do

Korean National Police Agency, Installation
and management manual of traffic lights in
2011, Retrieved Feb. 19, 2019, from
https://www.police.go.kr/portal/bbs/view.donttl
d=71293&bbsId=B0000136&searchCnd=1&se
archWrd=&section=005008&sdate=&edate=&u
seAt=&reply At=&menuNo=200525&viewType
=&delCode=0&option1=005008005&option2=
&optiond=&optionS=&deptld=&larCdOld=&m
1idCdOld=&smCdOld=&orderType=&pageUnit
=10&pagelndex=1

A. G. Howard, et al., “Mobilenets: Efficient
convolutional neural networks for mobile
vision applications,”
1704.04861, 2017.
Wikipedia, HSL and HSV, Retrieved Feb. 19,
2019, from https://fen.wikipedia.org/wiki/HSL _
and_HSV

Comput. Sci., arXiv:

www.dbpia.co.kr



) meld 2R Al 2EAEE W4 9 Aol A7t 24

Ht X & (Jae-Hyun Park)

2018 29 : Akt A7)
T3 =4

L 2018 3Y~dx)] - B s

A7 1A FE TS At

I}

<ol wikel AFE

A 8t ® (Han-You Jeong)

1998 24 : A2t A7)
Eaaie s

20001 24 1 A2 ThEta A7)
AT A4t

20051 294 AlEehstaL A7)
I 2t

2005+ 39~2007d 79 : A4
AAF Agledd

20081 19~2008'd 84 : Pl AElehstar wpALE- o
7

2015 34~20161d 2: sheEelshal Bt

20081 9~ : Fabeistal A7 a

<IAtel AFsAk Sal, AR Al

309

www.dbpia.co.kr



	모바일 크라우드소싱 기반 교통신호등 현시 및 천이시각 추정
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 모바일 크라우드소싱 플랫폼
	Ⅲ. 교통신호등 현시 및 천이시각 감지
	Ⅳ. 교통신호등 현시 및 천이시각 추정
	Ⅴ. 도로주행 실험결과
	Ⅵ. 결론
	References


