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Exploration and Exploitation of Properties of Macroscopic Fundamental Diagrams
for Managing Traffic Congestion in Road Networks
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This study explores the empirical properties of Macroscopic Fundamental
Diagrams(MFD) linking vehicle accumulation and traffic production in road networks, and then
develops traffic control methods exploiting the properties of MFDs and a theory to explain them.
More specifically, (1) by analyzing long term detectors data (traffic flow-speed data observed every
1-minute throughout one year) of Japanese major cities, we revealed the basic properties of MFDs,
and characterized the conditions for emergence of a well-defined MFD;(2) we developed a theory
(mathematical models) to explain the mechanisms for the empirically observed properties of MFDs and
the relationships between congestion patterns and MFD features;(3)we developed traffic control
methods (signal control and ramp metering strategies) to improve performance (throughput) of
congested networks based on the theory developed in (2).

- MFD



B X C—19. F—19—1, Z—19.

1. HRFABRLNOER

BIE, WHNERKEOY 7 LV O%ZE
RERBECZNICESS BT U 7 X A
LAZEHIE (e.g., 15 Bl 1 XFEM I LTV
5— 5T, EEHEEROMEREL M X553
FZT 2 9 2 Gl FIE SRS STV 720,
ORI RERIZL, (V7 LULTo)
A S LR RE A K s K OVE M 2R oM RE R
£ & @ feedback BN FEFICHMETH Y, B
fEIZHE TE TRV (& D W IR AR
TERW) L) RICHD.

ZhiCk LT, EF, LRoRFxZx o0
feedback Bt Z B4R (R N T —27 22(K) L
AUV TCHEEICEHN L 9 5 REME & FF o 7o fEiE
MFD (Macroscopic Fundamental Diagram) 7%
Daganzo (2007)IZ L > TRREINL TS, 2
ISR O R v N U — 7 LB E (REm S
¥) LR EE (AV—T v K) 7 a v b
L7- & ZICHENHB5BRTH Y, (B A K
W < KA L72VY) BB E - well-defined
MFD DOIFENFRIRT U 7 O 8 TSN
W R X4 T % (Geroliminis and Daganzo,
2008).

Well-defined MFD 1%, B E (IREEZEED)
DHTHRBE Ry b T —7 BIROMRE CEHR
WE) ZUTAEALATHITXS-0, &
TWNEKE O~ 7 o ek O EI E K
MDA 9 5. LanL, (HEE
DOWFFE S ETe) Z DD DO EGEHFSE
T, well-defined MFD D IFELEDN BRI 72 & D
TiE <, FE - a0 R 28I B
WZEDIEDLDERE AT U VR« —T % fE
72 MFD O3B #E T\ 5  (Wang et
al.,2014). Z=d 7=, MFD OE& % FZ AT
2B LT D0, TED LS gk
#:F < well-defined MFD ML D D2 %
ORI ED X 5 7T/ « A T =X L THHH
T BENDD02 | Evoiz MFD ORI 240
BTHZEDMATHS.

ZOXEIBEWICRI LT, =) TNOEE
A (a2 — ) A3 MFD O FEEMEIC K&
REB LB 2 %5 Z & Geroliminis and Sun
(2011) Tk TRENTWAS. LarL, ZO
FEEEMR LTI <, FEiER 72
BEERHMAOZEEMRZ LW, £z, TOMo
EIEMFZEE DB LIRS NTWD EIZ, F6iX
A OT =2 LIgiritg e LTE LT,
—MRHNZEHE L 5 D5 MFD O BRI
STV,

2. HARDEHW

AFZED BH9IE, MFD O EARHEM 35 L O
HHEOE “well-defined MFD” %37 D 44
% IERERY - BERAICARBI L, FORERICES
W BEIFHIENEZ BT 52 L TH D KV
HARIZE, OENOEEERTIZI 1T 2 B
AR L D K& (B BT - 24 IRRD) + R
M R OZEBIHT — & 2RI
ST 5 2 212k 5T, MFD D HEAH: % 52

CK—19 (Jtm)

FRERICHRFM ST, @Y ey - =V 7 (B
I B 2 AR B L7 s ro b
7 —27) 4312 well-defined MFD Z 4Rk % 7=
DO FEEBRT — & L HILE T L OM EH
SHBIZL, @ well-defined MFD %% A L
7o BT E 2 BRI T 5.

3. MEDHE

WFZe 5 1E1%, BFgE B QO ~@IIEIE R d
HLUTD3DDT7 = ANHERENS.

B 17 oA XTI, KRBERBEIT—% D%
FEIHTIZ X - T, MFD D% %2 EHEA I 4
M5, kv BARIIE, G - stk -
BOFATT - REUETT O — R E FE R L OV HS s
HFEMEIC T D BB — % (B8] %
HERIZ L0 14 365 H -+ 5 4y AL CTEUH S
NI E R RBHET — &) [Tk LT, K5
RN MFD % ] - 538ET 5. £ ORER
Mo, FHFEEETTO MFD O EARR MR &
OVE A 2 BREET 5.

F27xARXTIE, Fl7=A4XTHELN
72 MFD D JEARRME & e R 2 — o o B
% FERERE K OEEERIC T T 5. L0 BAR
BICIE, £, FEREOPr oK & LT, s
BN L DWW NS — R 2T 5.
Wiz, BA%E L7=FEE2H, MFD 7 2 52
it U7z FRCE RIS Y — & R
FENCHI L, OBl ¥ —> & MFD #f
P& OBARMIEZE 8T - BT 5.

B3I TxARATIE, F7, F1,2 714K
TEOLNTZ MFD OFpE &R AF — 2 & D
M 23 L 9 283 ET V42 (FHA3E
e EER AR L) T 5. 2L, 2D
T VOMNTRE R &2 HIZ, MFD & #/37 —
UEH TG U B A 2 BT 5.

4. WHERR

FROE 1 7 oA AONHTOFRER, xtg L
L7 < OF O (FEEEEMEEE) —
EEHEIZ BT 5 MFD (2@ 3 2R & LT,
UTFTOFEENPLMZSNEZ - (1) B - K
I L D 72 T T, &7 Vv—"7f
WARIEREOTIR « Btk MFD M& 605 ;
(2) BEHEI OB N % well-defined MFD 13,
VT LS LAY & X VR (BRI
). —7F, EEbEEhERKRME T,
(3) s SesEis & w U R E T4, well-
defined MFD 2 EFHICENI S D, £ D
ZEBRHAL M ENTZ. ENAONERIITE
T, EWBLHT — & I HS0= MFD 032
SEHTIXAEAE RS, well-defined MFD (2 -9
% EREEOHLIIEELHR RO LN
T3 GHEXGW®, FEEXROODBD).

X BARRICIE, Q) iIconTi, s -
TR « AT « AR T A% 0O — ki B HE O A3 &
WU T, Hx® MFD JBIRIE, Z@EEY A
NIZEE2 52 28RN THHER (FA L
AHH) a1 FIoiB s 52 2ERK T
& 5 R (R0l - FE) (I8 > THIEIZ



»*
<.

@

=5

=

g

-

T 4 T3

g3 o

Z

£’ N

'ai e (0:00-6:00

g 1} e 6:00-13:00

- + 13:00-20:00
0 &  20:00-24:00
o 05 1 i5 2 25 3 35

Accumulation (veh) X 104

E1-a fli&THEEMEIZH 5 RE A MFD

4

® 10
35
3 Loading Process
mmnf" M

25 J‘w

(UG I . 4aA) UOpINPOA] AL

o 0:00-6:00

o B00-13:00 |

+ 13:00-20:00

4 20:00-24:00
00 0.5 1 15 10

Accumulation (veh)

K1-b RET—ALERMOMFDIZE NS
EXTYORL—T

rroTo‘ypical sunny congested day

_‘5000
54500

; 4000~ fu}%“’
£ 3500 °

& 3000- o

f 2500- &

2000 F.

1500

e 0:00-6:00
1000 / o 6:00-1300 |
500 + 13002000

i & 20:00-24:00
0 500 1000 1500 2000 2500 3000 3500

Accumulation (veh)

K2-a BT —AERE@TENND
well-defined MFD (B25!45])

(g ey . g3y

All sunny congested days
e D W
5000
4500
4000
3500
3000
2500
2000-
1500
1000
500

1}

1] 500 1000 1500 2000 2500 3000 3500
Accumulation (veh)

K2-b MEBEH—AREBRETEND
well-defined MFD (335 B £1%K)

(g fury . yaa) monanpolg sl

7T AR=SEENT. () [ZoWTIE, fil
B AL - BT O —fRE KM TIE, well-
defined MFD (%, CGER{EEHZOHH 2 FRL
&)ikh&ﬁm nigmnot=. =720, 1l
BBV TL, IZIEHFEICE AT Y A
w—7#%ﬁb(l1w F7z, HEHT
L, IRBDH, REREe AT YA L—7
NRETDH (EITEXuR—ELHEEFLD
DOHEMEEBENEN LT 5) RENnE
HEns (K1-b). it,Kﬁ Tﬂﬁb
T8O —fEEMECIE, IEHICBWT
@ 7, well-defined MFD 73 7| éﬂ’b (H2),
ZDOFBEE X, FH DK 20% (BEKXKH
12%, MK H 31%) Th-7=. (3) IZONT
1%, #BOLBRIRBRICBRE T 2 <‘: FEAEDN
HIZBWT, X E IR E 2 o
MFD 2381 =4, 9%m6mbitx7)
A =T H N, K 30% 1, B (I
HOXD/NIEV) =ZAIEIkO well-defined
MFD Toh-o7- (H3).

1600 :
Maximum
7 L . Production
F 1200 o R
-~
2
£ 1000
S
5 800
3z
=
-~ 600 - ongested
£ ' Regime
Z 400 H -
g -t * Weekdays
2001 fciimulation ! * Saturdays
o "'--\__; * Sundays
0 500 1000 1500 2000 2500 3000 3500

Accumulation (veh)

X3-a BE#EEER  #LRKEOMFD

(&T—%)
1600
= 1400
=
£ 1200
£ 1000
g s00
3 0:00-6:00 |
;‘ 600 o 6:00-9:00
= oo ° 8:00-12:00
B < 12:00-15:00
= 15:00-18:00
200 18:00-21:00
& 21:00-24.00

00 500 1000 1500 2000 25@0 3000 3500

Accumulation (veh)
X3-b BH#EEER MORRRTEHENLD
well-defined MFD (822445)

B2 72 XTI, £, HHASAZ— -
A =T LRI — e = TR
HMAEDLEDZ LICX - T, BEMORZEM ¥
— U ENRINTHIH T 2 FIENE S
GRX@OWMA). LT, ZOFESEEZHW
THIH L7238 8% — & MFD #51t: & DR
HE (BELY, ZOA =X L) ﬁiiéﬁéﬁ-fi
mIICH LM EN T RO,
FOM®). Lo BAEIE, £, Mﬁm
HEH DO MFD IZBITHE AT U v R —TF



DOFRBLDEEMHE I LR FHBE LTS Z &
DRI, ZhEaitid o28Eme LT, FE
O (L DHE D) RN IRy 7 bR L
TSR & & b, TORBEZITLY v
7 DR BHITE) KTARy hT— 7
TEOIKRTZ L6 T A=A LRERIN
7o I, ARERTHIZE 1T D MFD (22T,
PR — o BRI LER*y hT—T OW
T e UTHENICL ST, LDEELY—A
DIBHIE 72 well-defined MFD 235 5415 2 & A
G NTz. ZORE L U— LB D
WTh, DEOR MRy 7 DHERLTZEE
WHEMRIC L 2 BT AEIETIC L > TR S
DT LN, BRI 7 E BRE T L &
TREINTE (INBAH=XLD LY /R
REEET VL, FI3 7= A0S THDL
MW7),

%37 oA AT, BiYH(DUE) Blo %
BE LTEHERET L aHTIc L - C, SiEA -
1#GR TR - 2R EER Yy hT—2(C
B DHEBAIEREE Y v TETIREORH
REMENT 2 B BE L. BRmMICI,
9, *v NU—7 OYBERISF RO OD 5
FEINDEEM Y — &R D DUE ELrRE
DOWRE, T7hbb, A —rxhifL
LT, NI o 7ETHRLEEHT HMEEEX
fbL7=. ZoRMER, *ry hUV—7 D~ 1
MR ERT MY v ETHEE, LI
1 7 RRETH DRI N Z — & BRI B
BOTFDBZENTES. Z O R ORE Sy
BradtH> 2 & T, FEBITHIOMEMIZ LD MY
v TETIREORTRAEL HEH Y — &
FDAH=ALERGNI L. T78bb,
Q) MU TETIEN, P F— kT
Har R > R U — 7 HiE, OD 40Afi « iRATIRER D
BRI VM STONDZE,2) b
TRETHEOIRTN, FFHITHEMIZ L D&
BHRAZvr—07 v v 78 IO ERA
Uy RJEICED D@ mEOE M LY
SlEEZIND Z L%, DNHEERRIIZH B 2NT
SNz, WIS, ZOHERARCRZ HEIZ, MFD
DERREFEZWEEL I D (1) —ixEEHETO
fE M (2) mEER TOZ > 7 i A4
DI EZRFRFE Lz, LR OBEmIIRRIE, MFD
DORFEZMIT L, #riz el BRI <
HELRERERBDO LN, ZHEDHOEER
top journal T & % Transportation Research
Part B, C IcfB# &7z GRXD2B 1)

S BT, FFELEEFEB R ORI F
W, T mAGENEDRIREIZNEEL 2D
B > AT A fc i B sy 3 K OE YA B 53 D
FeMEZMEAT L, TR RD N D r— AR

A L2 R 7 L AUE (e g, “He H]-Z2[#] sorting”

Fetk, HRSIBIERFZR O fRFEESE) 18D
ZEEHLMILE. IR OHEGRORE D,
Bz e BRI HI A FIEB R O 72 O O EE R EH #R
LD B, @SR OEFRAY top journal T
& % Transportation Research Part B, C (248
I ERX@D®1B)

5. FURERMXF
(WFIERFH . WHTE0HE K ONEEENTTEE 12
ERNY)

(MR GH1 4. 2 TEREAY)

(D Kentaro Wada, Koki Satsukawa, Mike J.
Smith, and Takashi Akamatsu, Network
Throughput under Dynamic User Equilib -
rium: Queue Spillback, Paradox and Traffic
Control, Transportation Research Part B (in
press), 2018.
http://doi.org/10.1016/j.trb.2018.04.002.

@ Kentaro Wada, Kento Usui, Tsubasa Takiga
wa, and Masao Kuwahara, An Optimization
Modeling of Coordinated Traffic Signal
Control based on the Variational Theory and
its Stochastic Extension, Transportation
Research Part B (in press), 2018.
https://doi.org/10.1016/j.trb.2017.08.031

@ Minoru Osawa, Haoran Fu, and Takashi
Akamatsu, First-best Dynamic Assignment of
Commuters with Endogenous Hetero -
geneities in a Corridor Network, Trans -
portation Research Part B (in press), 2018.
https://doi.org/10.1016/j.trb.2017.09.003

@ Takashi Akamatsu and Kentaro Wada,
Tradeable Network Permits: A New Scheme
for the Most Efficient Use of Network
Capacity, Transportation Research Part C,
\Vol.79, pp.178-195, 2017.
http://dx.doi.org/10.1016/j.trc.2017.03.009

® FOHEEARRR, ) ZhZE, BifE 72 LD
B R Y b U — 7 OMREMT, TARFES
#fiSCHE D3, Vol.73, pp.56-72, 2017
http://dx.doi.org/10.2208/jscejipm.73.56

©® PeEEhZE, AR, B—/mR > b
U — 728 5 B YA R Sy R O
Nash Hflifig DfiEEIZHOWT, HARZESH
sS4 D3, Vol.73, pp.103-108, 2017.
http://dx.doi.org/10.2208/jscejipm.73.103

@ FE5E ETHA, EHIER, HiljEASR
F =B D<A =TI XD I OB
B MoaE R fh Y, A T AR SCHE, Wol.3,
A 145-A 152, 2017.
http://dx.doi.org/10.14954/jste.3.2_A_ 145

® EMEAE, ZikalE, FoHEARRS, #2HIER,
AT EA =, BRI, REIMENT —2 %
v~ 7= Macroscopic Fundamental Dia -gram
DS T MlEHil LR fICK T
D —A e ALT 4, LY,
\Vol.2, pp.11-20, 2016.
http://dx.doi.org/10.14954/jste.2.5_11

© HEbge BT A, EH ER, RN

BT — A DA = ZIT R DE N



http://doi.org/10.1016/j.trb.2018.04.002
https://doi.org/10.1016/j.trb.2017.08.031
https://doi.org/10.1016/j.trb.2017.09.003
http://dx.doi.org/10.1016/j.trc.2017.03.009
http://dx.doi.org/10.2208/jscejipm.73.56
http://dx.doi.org/10.2208/jscejipm.73.103
http://dx.doi.org/10.14954/jste.3.2_A_145
http://dx.doi.org/10.14954/jste.2.5_11

(F=

)

@

DORFZERMTERERN Y, 2208 TP e R
%%jrﬁﬁ,»bLss,pp27 32,2016

Ryo Inoue, Akihisa Miyashita, and Masatoshi
Sugita, Mining Spatio-Temporal Patterns of
Congested Traffic in Urban Areas from Traffic
Sensor Data, Proc. of the 19" IEEE conference
on Intelligent Transport Systems, \ol.19,
pp.731-736, 2016.
http://dx.doi.org/10.1109/ITSC.2016.7795635

Yuki Shittaka and Takeshi Nagae, An
Evolutionary Game Model and MCMC
Estimation  for  Analyzing  Stochastic
Properties of Traffic State on a Road Network,
Proc. of the IEEE International Conference on
Agents, pp.82-85, 2016.
http://dx.doi.org/10.1109/ICA.2016.027

Pengfei Wang, Kentaro Wada, Takashi
Akamatsu, and Yusuke Hara, An Empirical
Analysis of Macroscopic Fundamental Dia -
grams in Sendai Road Network, Inter
disciplinary Information Sciences, Vol. 21,
pp.49-61, 2015.
https://doi.org/10.4036/iis.2015.49

Takashi Akamatsu, Kentaro Wada, and
Shunsuke Hayashi, The Corridor Problem
with Discrete Multiple Bottlenecks, Trans -
portation Research Part B, Vol.81, pp.808 -
829, 2015.
https://doi.org/10.1016/j.trb.2015.07.015

1) 1| Py 2 fDEE@i(EB L 1 Ex
v hU— ? iéﬁﬁﬁ’]fixn_fli:ﬁ%%
Mr, AiH LR 7E 3R 2 5m SC4E, Vol .35,
Pp.299-306, 2015

K] (Gt244)

Takeshi Nagae, Ren Toda, and Kentaro Wada,
A method for evaluating travel time
distribution on signalized arterial roads, the
7th International Symposium on Transporta-
tion Network Reliability (INSTR), 2018.

Kentaro Wada, Kento Usui, Tsubasa Takiga
wa, and Masao Kuwahara, An optimization
modeling of coordinated traffic signal control
based on the variational theory and its
stochastic extension, the 22nd Inter -national
Symposium on Transportation and Traffic
Theory (ISTTT), 2017.

Minoru Osawa, Haoran Fu, and Takashi
Akamatsu, First-best dynamic assignment of
commuters with endogenous heterogeneities
in a corridor network, the 22nd International
Symposium on Transportation and Traffic
Theory (ISTTT), 2017.

Koji Yoshida and Ryo Inoue, Relation

between proximity of streets in urban network
and parameters of neural network for traffic
volume prediction, International Conference
on GeoComputation, 2017.

T%ﬁ\ #J:/L” ﬂ/\;AE{IKIE%T/I/ Eﬁ{
TV E WA @R EE T T E O B
F o« MR, 5 56 18] LOREHE IS E R RS
(Bkk=), 2017

HHEF], H b, B Y 7 OB RE%
ENM L= —F %y MIXDERK
B E TR ORRES, 56 [Bl LAE E~EAF
gesEs (BORE), 2017.

FHEE, RICAIE, ShiogtmEs Aviza2
R ORI O BE S TE, &
31 R A THRES A 2ERE, 2017,

Ve Bh 2R, R —, FHERES, KA
W, HHEREEHEERK R v b U — 7 O
FIRIE D 7= T 7, 55 55 [a] A
HEEAF TR RS (BRE), 2017.

Hikaru Okuda and Takeshi Nagae, Analysis of
stochastic dynamics and short-term forecast of
macroscopic traffic using the Markov chain
approach, the 21st Hong Kong Society of
Transportation Studies International Confe -
rence (HKSTS), 2016.

Yuki Shittaka and Takeshi Nagae, Evaluation
of the travel time reliability of an urban road
network: An evolutionary game theory and
MCMC approach, the 21st Hong Kong Society
of Transportation Studies Internatio -nal
Conference (HKSTS), 2016.

Ryo Inoue and Motohide Tsukahara, Travel
pattern analysis from trajectories based on
hierarchical classification of stays, the 9%
International Conference on Geographic Infor
-mation Science (GlScience), 2016.

FRuBf—, FomE KRS, KO&L, x>
cNU—27IZ fé;ﬁfﬁ7/7ﬁ%']1ﬁ|]/\5»—
/®%m&%®%m, F 54 [B] LA 2

e RE (KRZ)

Kentaro Wada and Kouki Satsukawa, A
theoretical analysis of macroscopic fundamen
-tal diagram based on dynamic user equilibri-
um, the 6th International Symposium on
Dynamic Traffic Assignment (DTA), 2016.

2016.

Haoran Fu, Takashi Akamatsu, and Kentaro

Wada, Dynamic traffic assignment in a corri -

dor network: Optimum vs. equilibrium, H A&
FRMFIEIHER R, 2016.

Haoran Fu, Takashi Akamatsu, and Minoru
Osawa, System-optimal dynamic traffic
assignment in a corridor network: An



http://dx.doi.org/10.1109/ITSC.2016.7795635
http://dx.doi.org/10.1109/ICA.2016.027
https://doi.org/10.4036/iis.2015.49
https://doi.org/10.1016/j.trb.2015.07.015

analytical approach and regularities of traffic
flow pattern, %5 53 [A] TRGHEIFHFIEF R
= (FRk%) ,2016

Le Thi Thuong, Koki Satsukawa, Kentaro
Wada, and Kei Oguchi, A cluster analysis of
variations of Macroscopic Fundamental Dia -
grams: A case study in Tokyo metropolitan
areas, #j 53 [ml LRFHE IR K S (R
KR%) 2016

@ Pengfei Wang, Takashi Akamatsu, and
Kentaro Wada, Exploring the relationship
between the features of macroscopic
fundamental diagram and congestion pattern
for expressway networks: A case study of
Tokyo metropolitan expressways, &5 53 [7] 1-
REHEARIERE RS (RRE) |, 2016.

Pengfei Wang, Takashi Akamatsu, and
Kentaro Wada, Empirical research on the
occurrence mechanism of congested regime in
a macroscopic fundamental diagram, the 20th
International Conference of Hong Kong
Society for Transportation Studies (HKSTS),
2015.

O PeElshZE, FulEEERRR, KOak, ke
ML, E N2 —IZEB LRy hU—
7 AN—T v PO T A B = XA
%53 HT, 55 52 [Bl L RFHE A 7E R R 2 (K
Kz) , 2015.

Takashi Akamatsu, Kentaro Wada, and Shunsuke
Hayashi, The corridor problem with discrete
multiple bottlenecks, the 21st International
Symposium on Transportation and Traffic
Theory (ISTTT), 2015.

@D Takashi Akamatsu, Kentaro Wada, and Shunsuke
Hayashi, The departure-time choice equilibrium
of the corridor problem with discrete multiple
bottlenecks: modeling, solvability, and unique
-ness, the 27th European Confe -rence on
Operational Research (EURO 2015), 2015.

@ Takashi Akamatsu, Kentaro Wada, and Shunsuke
Hayashi, Infinite-dimensional complementarity
reformulation for the departure-time choice
equilibrium problem with discrete multiple
bottlenecks, the 13th EUROPT Workshop on
Advances in Continuous Optimization, 2015.

@ EMBIR, JREARE, Fio R ACHS, Macroscopic
Fundamental Diagram (233 1F % 147 Gl &
A A 1 = RN B9 % EREFSE, 5 51 [\
TRFHE AR RS (FRARR) |, 2015,

@ A, FoHEARES, MR, HEOR b
VR 7 B b DR EIRG AR E & F 0
Yifsfig, fowft =7 Ve T AT R
L (FEEHEERRFFERT), 2015

6. HFZEHEME

(1) AEREKRE
R B (AKAMATSU, Takashi)
HALKRS: - RFEBeiE e wt ekt - 2d%
MK S: 90262964

(2) ARHIEE
1L WIE (NAGAE, Takeshi)
WAL KT - RFPRLFEATER: - HEHR
M7EEHE S : 30379482

HE 5% (INOUE, Ryo)
WALKEE « REFEBEIEWMIFTER - 7
W= :60401303

FnH fEERES (WADA, Kentaro)
WK - FEPERNAFIEAT - Bh3
MoeEFKs: 20706957



