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Abstract: In this paper, we study a railway disaster information system using radio control airplanes (RCAs)
for gathering disaster information in railway field without any dependence of communication infrastructure.
A quick collection of disaster information on-site and a construction of a strategy to minimize downtime of
railway service based on the information are required when a disaster strikes. First, we propose a problem
(P) that is to determine flight routes of RCAs so as to minimize collection time of disaster information when
inspection points and the number of usable RCAs are given. Then, we propose a method to determine
deployment of RCAs on a normal state, and an algorithm for the problem (P). After that, we propose two
methods based on flight routes obtained from the problem (P) and the above algorithm to determine flight
routes for each RCA when a disaster strikes. Finally, we show results of computational experiments carried
out using data generated from a real railway field.
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Fig. 1 Determination of radio control airplane deployment on a normal state.
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Fig. 2 Radio control airplane deployment for a flight route with different endpoints.
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Fig. 3 Determination of flight routes for radio control airplanes after a disaster strikes.
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Fig. 5 Shortcut of non-inspection points in the stepl of the algorithm2.
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Fig. 6 Generation of a feasible solution of the problem (Q) using bottleneck matching.
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Fig. 7 Improvement of a feasible solution by a local search method.

KE)TEAFITF I NFER

Wab :T(Pa)—l—minie(;(pa) ti,a(b)7 (a,b) € EK @?&?—Ci%ﬂ%ﬂ@%&%%i@ﬁ'%@&?‘é. &jb‘, ﬂ:]‘}l/

(8)

(wap), (a,b) € Ex THEAIMFIF SN2 G = (Vk, Ex)
TR IMVA Yy I~y TV IRIEE R
STEP4. STEP3 TR®O 72K MVt v r~yF v /#E

DREIFIZETNDHEES M* ZFIH L TRDO L) I

I (Q) D REMF & T 5.

(1) M*ICEHEFENEEE (a,b) € M* 12 LT, we
Dz 52 5 (8) Drii (VXA P, Dlinki) LK
ob) ZHHTHI LI VISR P, HEBT 5.

(i) HHSN/8A Py, k€ RIZHLT, Mg e#
FLTWhWwimLdARmE %, BNd 5 RATE
MIDSR/ANE 72 B X9 1ZHERE S 5.

T TY XL 3O STEP3 TlE, T ¥ 3 ¥ RATHEELE
FTH LA () 2T L) r HO/NAHDRFXIE Y
BTHN, NRADO—FOuGEIN~Y v F ¥ TR T RS
KEgfmans, 72, STEPA TIHRFX &R I N T
W Wl D R B AIRSFIX L3RRS A 2 12X ) r fE
DRATNAZR AR T A, 7TATYAL3128Y, X (5) %
W7z S v e HORAT/ S ADRIE (Q) D FEMRICIBIE S
BRTER 6 1IRT. 72720, M6 I2BVWTITYarR
ITHMEr=4ToY, SYIURITHEIIR =1, hy=3
ELRDEH)ICRETLE DET S, T/, [, O, AlF#
NENRFX, Vi DR, V, DEFRzRTb0L L,

© 2012 Information Processing Society of Japan

7Ty Ty 7 I LTS R O Rl
|’ESNTNDLZLNH 20, TVITY XL IDEHEDLS
HARBTHT 5.

Tz, TOHPETKRE o 72ME (Q) DUHEM I L T,
RFHEREE MY 5. S ORIHERETE, RATHR
b BVWIRAT /S A L OBRAE T 2 O RAT /S 2 DIEE D
F A P 3R A B30 AL 2 T, WRERFOTE &
MoTwa (7LT) X420 STEP4). JRFHESREIC X
LA REMOYUEDOHTH#E 7T 12H 5. X7 T, K
TR SN FAT/ A LOBRERTT Ok@E) % 7o TR
SNFTRAT/ SR ORI (L) AT S S
WL DWREMEBIEL TV AETFE2RL TV,

5. HEXER

R’ETNT) XL OWREXWGET 5 72012, BRMIRO
MBI & Z OB IS x5 L L - Bl ER % F i L
7o BARMICIE, SREREEANTITZEAT OFTTEH (RO E
SrFTiGHT 2-8-38) & HLLMZEARE 5km, 10km, 15km O
HPAICE N5 PBENHRICRA R @ 2 E L, b
ARBEIRNE N LA REIT T 2 E N 51 AT,
186 AT, 336 AFTE L7z, F72, RSFRELCE L T, A
£ 5km, 10km, 15km OFEFICE T 5 KB L,
FNENL AT, 20, ABPTE Lz, INHOMTE
8 IZRY. B, M8 I T@IMA %k, N

1505



BRAIEF=EREE Vol.53 No.5 1499-1509 (May 2012)

8 BHEBRTHR L 3 5l

Fig. 8 Target area for computational experiments.
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BOFATRER I FATHERE BT B b D& L, 72,
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o TINITY AL 1DSTEPLIZBIFAKEL— AT
> [HEIX, double fi/INARTE & FIV THREMR 2 AR L
7z [21].

72, UFok 1, %2, 3 WKHELTUTKRDEBY T

»H5b.

o ny (IMASREITEL, no (IMAEREIE, m IZRTFX
B, ri 37 3y RATRETH Y, £11dn, =51 (B
£ 5km FHIK), % 2 13 ny = 186 (E£E 10 km FHI%),
F# 313 n; =336 (B 15km fHK) THILEDOHK
HEBRERTH 5.

o AL no = [n1 x a] (o = 0.3,0.6,0.9) TED
7o 1L, [ RTHERA LR ROKEE T 5.
T 7z, MAEEFOWITICE L T, A RE O
WS T U I ng HFTEBER L.

o TV URATHEEIL r = [n1/B] (B = 45, 30, 15) TE
D7z,

o ¢ IME (P27 VT R4 1 2@ LTSN
(P) IS 2RO HIBKETH Y, s 132D
FIEEEHTH 5.

o o k3 lZFENFNT VT XL 20D STEPL & STEP2
TR 72 (Q) DU HEMRICAT % HIWEEIETH 5.

o cy ETNTY) XL 2 HHEM L TRDME (Q) DU
BEMR AT 2 HIMBBIETH V), 5o I3ZF DOFHERRT
5.

o MERPOBAIZT v FLIEINENL Z LMD, [FH
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® 1 HEFESRCR (BELE 5 km #HiR)
Table 1 Results for the experiments conducted in the area of

5km in diameter.

n | mp|mjir c c c; cy sy | s
S1|15] 1|1 |36.801 | 25349 | 22.227 | 20.826 | — | —
S1| 15| 1] 220494 | 15.629 | 14.764 | 14422 | — | —
S1|15] 1 ]3| 16.591 | 13.679 | 13.316 | 13.004 | — | —
51131 1| 1]|36.801 |32.859 | 30.201 | 29.511 | — | —
51131 1]2]|20494 | 19.095 | 17935 | 17.278 | — | —
51|31 1]3]16.591 | 15619 | 15722 | 14.622 | — | —
51146 | 1|1 | 36.801 | 36.670 | 38.116 | 36.305 | — | —
51146 | 1| 2] 20494 | 20.484 | 21.696 | 19944 | — | —
51146 | 1| 3] 16.591 | 16.564 | 18900 | 16.277 | — | —

® 2 BUEFEBHR (EE 10km FH)
Table 2 Results for the experiments conducted in the area of

10 km in diameter.

n n, |mj| r c ) c3 cy K K
186 56 | 2| 4| 53.141 | 44903 | 38.073 | 34.995 | 2.343 | 0.026
186 56 | 2 6 | 40.760 | 34.804 | 30.636 | 27.761 | 2.330 | 0.022
186 56 | 2| 12| 28.243 | 21.327 | 20.221 | 18.907 | 2.538 | 0.022
186 | 112 | 2 53.141 | 49.716 | 50.232 | 46.013 | 2.343 | 0.390
186 | 112 | 2 40.760 | 38.631 | 41.152 | 33.575 | 2.330 | 0.366
186 | 112 | 2 | 12 | 28.243 | 24.676 | 26.575 | 21.512 | 2.538 | 0.356
186 | 167 | 2 53.141 | 52.689 | 55.029 | 50.207 | 2.343 | 1.828
186 | 167 | 2 6 | 40.760 | 40.666 | 42.834 | 37.069 | 2.330 | 1.662
186 | 167 | 2 | 12 | 28.243 | 27.283 | 25.756 | 22.533 | 2.538 | 1.749

*® 3 HMEgERRAR (HAE 15 km #U%)
Table 3 Results for the experiments conducted in the area of

15km in diameter.

n n, |mj| r cy & c [ K S
336 | 101 | 4 7 | 58.784 | 50.409 | 47.409 | 40.318 | 24.018 0.243
336 | 101 | 4 | 11 | 43.430 | 37.526 | 33.893 | 29.188 | 24.420 0.248
336 | 101 | 4 | 22 | 26.771 | 22.400 | 25.866 | 20.588 | 24.703 0.255
336 | 202 | 4 7 | 58.784 | 56.124 | 58.601 | 48.303 | 24.018 3.619
336 | 202 | 4 | 11 | 43.430 | 41.489 | 41.490 | 36.837 | 24.420 3.550
336 | 202 | 4 | 22 | 26.771 | 25.219 | 30.962 | 23.911 | 24.703 3.438
336 | 302 | 4 7 | 58.784 | 58.564 | 62.970 | 51.432 | 24.018 | 17.307
336 | 302 | 4 | 11 | 43.430 | 43.172 | 44.645 | 39.933 | 24.420 | 16.948
336 | 302 | 4| 22 | 26.771 | 26.500 | 29.933 | 25.389 | 24.703 | 16.907

A YA Y ATHR AR R 2T REVED D 5.
ZIT, TITREA YAy v A% 5 #FS, FhiC
Z NS 58z 7R RS 5 N 72 il O I &R
L7,

e i, ¢, C3, cg DEALIIHTTHY, 51, 59 DHALITH
Thah. T72, 51, 5 KHLT, RN 0.01
BUT 05 &M E L.

ELDOEI BT, a=03 CREBRUEEDL:
WAIZ min{cy, c3} = c3 £ R AEGIIH8I%TH A, Zh
Fa=03THEHAEIXTVTY XL 20 STEPL O )ik
Ehd, 7ATY X420 STEP2 OFEDHH, HEN
VRIS L ) IRAT/ S A 2R C & 5 2 L ARLT
Wk, 2%, a=03TdoHEIRAENLETO D H
SRAEPT & 4 B EIG BN S W2 ERD, $XTO
WA G E T 2 & ORI/ S A 2R L TR ERS LB ORLT
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AT S AR (PF IR
9 KEREMRORAT SAZE
Fig. 9 Flight path plans before and after a disaster strikes.

INAZRAERT A STEPL O L Db, SEERAZITHH
T ABAERTICRE L CEN 2 ERKT 5 STEP2 O 5 ED
Jihs, RERMRIERBOEMIC L VAN TH S L 2R
LTWwa, fli)y, a=0.6, 0.9 CREEITEZ EOHE
12 min{co,c3} = o ERBEHFIIHBATHAH. T,
a =03 0% LIIROHZ, MANZEEFT D% { 2 A E
freibZ s, TVITY) AL 20 STEP2 DJjiELY)
b, TRTOMAEMRERN % EORIT SAZFIH L THE
BB ORAT /N AAR T 5 STEPL D FiED IS, $ENE
WIPERB OEMEIC L VAN THD I L ERL TV,
—F, B1DPLE3IDr>2THEL VA7V AIB
T, min{eg,cs} & ¢y DPIEIFZTNENE 1 Tl 16.447
& 15.925, 3% 2 TIX 35.674 & 32.508, 3 3 Tl¥ 39.419 &
35.100 ThHb. LoT, 7T XL 20D STEP4L IZHBIT
LIRFERERFEICE D, £ 1 255K 3125105 min{e, c3}
&, TFHWIcEEN 3.174%, 8.875%, 10.957%L3E S 1L
TR TE DL, F, R1IPHLEZICBITS sy 1
ZNEN0.01 LT, 1.828 LT, 17307 LT TH S
ZEDL, TORMERERBTER A VA v ARELR S
i, REFSERIZ20BUTTET Y a Y RITEOMRETS
AR PETELDDOLWEINL, /RELLT VTR
LEBHLTRDAT VI YV RITRORITNAZE L LT,
(n1,n2,m,r) = (336, 101, 4, 11) THAH A X A ¥ ¥ ATH
TOMEREZR 9 IIRT. 22T, M9 EXEEP) 2T
VT XL 1 L CRDBED, [ 9 413RE (Q)
W7 NVTY XL 228 L TROZGEDRITSAETH
L., FEEIICBWTE, £ 73 U RITHBROTRIT /S A%
EERLLETRLTVA,

2E|IZBVTIE, M (P) TROZMRIT/SAZFIHLT
&IV a Y RATHRDOIIBCE 2 e $ 5 ke R L7z, £
LT, 7VIY XL 2D STEPL IZBWTIE, FOHET
KIYaUTATHRIIBEE SN TWDE LD E L TRIT/SA %
Koz, whWz, 773 RATROFIIELE & o f ik
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AT SA R (SEERAER)

R4 7V RATEOMBIECE S S B K EEHIDUEREH
Table 4 Results for the experiments conducted for three

deployment strategies.

n n, |mj| r Ay Ay As B, B, By

336 | 101 | 4 7 | 50.719 | 47.862 | 47.907 | 42.715 | 40.229 | 41.466
336 | 101 | 4 | 11 | 37.127 | 37.127 | 38.225 | 31.193 | 31.902 | 31.465
336 | 101 | 4 | 22 | 28.629 | 28.976 | 28.983 | 24.540 | 24.794 | 24.794
336 | 202 | 4| 7| 62.619 | 62.536 | 62.350 | 56.303 | 55.596 | 54.222
336 | 202 | 4 | 11 | 44.152 | 42.979 | 46.122 | 38.721 | 37.843 | 38.105
336 | 202 | 4 | 22 | 26.741 | 27.785 | 27.611 | 24.794 | 26.770 | 25.745
336 | 302 | 4| 7| 64230 | 64.218 | 66.157 | 60.845 | 60.583 | 61.118
336 | 302 | 4 | 11 | 45.666 | 44.443 | 48.665 | 42.147 | 41.152 | 43.938
336 | 302 | 4| 22| 31.408 | 31.845 | 31.845 | 27.794 | 29.053 | 29.199

TEDDLE, TIVITY XL 20 STEP1 THEET 5 M47/8
ADFEITREME R T A EDTE RV, Lo L, T
T1) XL 270 STEP2 I2BWTIE, %7 Y3 Y RITHEEDW
HIRCTE % o> J7 TR T H FEATIRE R RAT /S A & A $
HIENTEDL, 22T, THVI) XL 20D STEP2 125
F5 793 RO MR E %, 2 B CT/RLFETIE
% CERTFIRHERE T 5 /P R “BRTFRIZT 8
LELE S 5 TROIGAIL, TN PR EHRINE
BFIC ED & ) ICHET L0 2 ALY A 720 OBEER %
FEfi L7, FOMEER 4 IR, 722 LFELIZONVT
X, UTotBH)TH5S.
o X 8 DA 15km fHIE (n; =336, m =4) xR
L7z, 72, no & r DfIZFE 1 55 3 OIGE L H
T HETED .
o T VI UFATROPMELE % 2 E TR LAFE, “%&
PRAFIXICHSERLE § 5 51, “SRTFRICT v ¥ ARE
T AT TEDIEAIZ, 7V XL 20 STEP2
THRLL 72 TRAT /S A F 0 SEEREHINERR (47) &%
NZFN Ay, Ay, Az £ L, TNEORATNALIZRAT
R 2@ L7256 0 SCEFRUERRM (47) =€
NWEN By, By, B3 L L7-.
o KAIIRLEEMBEIIEA YA VA% 5 W4
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Fig. 10 An example of a distribution of potential inspection points.
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CORMBIZHWTALTNTY ALERELL. T2, Pk
BT 7Y a3y RATROEE Fika Rt L L bz, KE
FEERFIZ BT B T ¥ a U RATIE O RATHRERS O PeE 77 & i
FL7z, 261, EBROFEMRK 24 & L7 REFNI
T HRAEFERRE FER L, FEHHIUERERTA® 336 LT DR
HETHhNL, IREFRICE) 200BUTTIYar RN
FATRBE A RETE DL EMER L. L2 LAa2ss, 7
Ta YRATEE O Ny T ) R LA ANTIGEORMER,
K773 RATROMEREDS R 2 A OME R &b FEK L
EELMETHY), SBRENSOMEIIT AMET VT
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