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Summary

This paper introduces a simulator system essential to the research of underwater robots which are
required to have highly reliable and efficient ability of information processing. The universe of the
simulation consists of independent worlds which include specific agents such as robots and researchers.
The features of the proposed system are as follows: 1) The whole system is operated in real time on
the computers distributed in the network including the actual underwater robots. 2) Each agent
program in the simulation world is connected to the programs called “managers” which handle the
interactions among the agents. 3) Underwater environment is modeled as well as the robot itself. 4)
Multi-user simulation is available, so that researchers in remote places can share the same simulation
world.

With this simulator, for example, the software loaded into a robot can be examined by giving sensor
readings in a virtual environment to the actual robot swimming in a testing pool. Since the system
continuously provides researchers a virtual underwater environment, they can operate their robots as
if they were in the ocean.
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Fig.1 The integrated research environment

7YgE, EBEOBNZI THB LI, BICHEEL, BL
LY EERS SR 3 & 5 R, EEERET
HBERETHb,

EESIX 193 E LD, o Ry PO OB
Yiav—va ryFHEOWEILL, ZOODEEDHEES
H#gL, Multi-Vehicle Simulator (MVS)?® O %D
TERARTRET S IO MVS ¥ 27 ARIEBROED
Rovic, SFEEIEY LT RENTETIR Y b OREX
REFETL.OORNANBHREY -] THB Z L2348
#wmThs (Fig. 1),

2. {RIBIBIE> 3 2L —4% MVS OiIE

2.1 MVSFRT#HRA

MVS TiEv S av—va vOFE L L TOMRNLH
& World LU, SEOMIL Uiz World BEET 5,2
World O&£& % Universe LY, Y2 avb—yva it
592 FEH% Agent L#RFF 33 (Fig.2), Agent id User
& Entity @ 2 fEIHIC O S 1, Entity 3% 5 Vehicle,
Station, Obstacle IZ/HEN 2, User id¥ T2l —v 3
> &{TH W9, Vehicle ix# o Ry b, Station i3:@E(E

Universe f World

(" World
World

Agent
User
Entity
Vehicle
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Fig.2 The universe of the MVS system

BE R EAMZ IR 77 v b 7+ — A, %L T Obstacle
IR R Rk 2 E 2 S OBEEMTH B,

2.2 MVS O#ER

MVS 2+ 2 E74 5 70 7 5 A8, Manager &
Performer @ 2 fi3fHIZ KAl & L 5, Manager i3 Agent [d]
TOMEERBERERAT 200 b 0T, B2
BRERHERAY V7 —2 LICERT 320008

‘075 ATHD, Manager iZFFEEH D, 2 FnOEEH

i3 3.1 i T X%, Performer i3, Agent D&EI %45 7
Q7o LT, —D0 Agent I D & — D DT L 7> Per-
former BWETE N 3,

MVS T, Fig.3 D & 52, & Performer #3 Manager
%L THd Performer LMD L VI D 2EDET &
Lk, 20y iarv—varpEt, ZThonR
B iz, Table licRaNB & I%, 4> MNRBIRID—
HEOFFREELTERSINTED, afy MBI
AYT =N FA=R, HREBZ2—YA ¥ —7 -2
(UD 2@LCE22BERER2E > T CETENS,

2.3 MVS Of5#

MVS i35t8E#A v b7 —7 FEENCERE SN K
Bkl Eac, AAZESERAK7Z 7 A LTY S ay
=Y arvETIRDDYATLATHS, EBOETITHA
LEEBRLFEBDAIANTY I av—va v {T25L5
W2, AT O#EEEEZ 5 2 &L 2 &5 At L Lz,

(1) =NVFT—NR

(2) =nFxz—vxv b

(3) FER~NVFz—¥

(4) ~=nFCPU

(5) SERHIEIE

(6) EoRy M EAEEy A7 A L OESHEEE

FIRFCEBEOM Ly av—ya v 2{725% %5
W, (L)OBEEL L TA Y b7 —27 RO World 28
fla €3 (Fig.2), %L TEEOBROBEMECESY
PEETHEEAEELLY, EFo Ry Mk 3HHET

Fig.3 The software structure of MVS
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FOPIFTHIET 5 72018, MVS HEEOMB OIS
DI A TOREWP Ry 2B World I 2 /- 9
B4 2 B&AE(2) BB DAL (Fig.4),

KIEDOWF TEERZAT 5 B EBOWM BB b &, K
BROFHEER L) FBROBTF2BE T2 551, v 3
a b —2a YOS EBORAESE CHRO HkHE
MUEE»T, HE2VBET LI LN TELRETH D,
MVS TR (3)D#EEEL LT, EHOAAENTHEM v

Table 1 List of principal events

No. Event® NE

01 |System configuration &5k

02 |System configuration?® &£

10 {UI%System configuration ® A F

11 U EWorldD B 2 EH & A=

12 |UI2"WorldD ##l 2 158 & A F

15 [UIA2SWorld IZ 2311

16 [UIO/XA T = FORER

20 [UIPSHTBULICH T 5 X v & — T % B
21 [UIDBMBOULIZ X v & — T % %2

25 |ManagerSEUIC A v & — T % %12

26 |Entity2’EUNIC X v & — T %%

30 |#r 7= \<Entity 252 5)

40 |UIHEntity D& - BEEZE R

41 |[UIA%ObstacleD K &= S ¥ &

42 |ULHEntity 2 F J F &2 %

50 {UI%*Mission Mode & 2 &

51 UIDHNEINT XA —F ZER

60 |EHARIIC Vehicle SN E - BB% & kRS
61 |UIAVehicle DAL E - £B% &% AF
63 | KT I Vehicle/Station D PIER A Fe i & TR
64 |UIh Vehicle/Station? PN ERIREE & % A F
67 | BRI Vehicle S LB - BB % ML
68 |EHARY 2 B2 H 2

70 | EHARY 7 8 ik I B

75 [BEHABFEORRE

90 |UI%*Entity D Hl| & % &7

91 |UI/Entity D#X T

‘Range Finder ’ ‘
7 Virtual

Vehicle( Environment Pool/Seabed
Status Managers

Disturbance W

Fig.4 The distributed system architecture

UI: User Interface
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Station

O: Agents
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FEO—DY I av—3 a VR E G T 5 2 & HTTHE
ThHd,

MVS & (4) O#RE, D% 0 @O B S B0LE O
BHESHSE S Z L IO —D Th %, Agent DEH
%9 % Performer —D— D %5 EKA Y N 7V — 2 L5
YIRBAT CHRITE M B 2 Lic kD, &V ALEEEE & Feld +
52 ENTE S, £z, AROHEBOBERENIT LD
T, 7774 27 RZi# L 13 EH#4 T Graphical User Inter-
face (GUD 2FEITL: Y, EEBOOEy b EDOHZES %
T AR T SBREEEBTE B,

(5)BLU(6)IE MVS OF b MM EETHh B, 1
Ry FOHIBEIT VT Y XA %—B Y 3 2L —FNTHRE,
BREL 705, EuRy FcEHS AL CPUDEDD T
Q7 7A5EBIBIZENEBET 2 FETIRFMBLH,
D, ¥Iav—varyeERETHICEIERT & g
AZANEEDIZL W, MVS D(6) DEEREIC L D, B¥
S>EuRy NHOHIE Y0 75 A %24, Eofy b 25t
BEIY P -7 CEH L TMVS O Agent D—2D & L
TrIav—yayZBMEESNBEDT, EEICHERL
IR ZEDZ LB TES, /2, WHIKT ALY S
2=y aryYATATY, EBOBETCaRy M3
TBHERL, 2 BEVRT I Far—s R EDBES
BRICHRT S Z L ETTRETH 5, COREICELT
MVS Ti&, AR EFNICHEISTAF I 7RS¥ T 2L —
YarThRFABRKEL ETHITL TV AEBOOR Y b
WKRIREE, 2Ry M PEETRE 2 EEE oz
DRBCRFEELROEEMERA L 00 & 5 SiEHEs
MVS HIBEHL, ofy MiciHET 3 LW ERI 5 4
WOTHRETH b, i, EEROFR2EET 2508 &,
YIal=varOREERRTIMEEMETI LN
TE, MVSOKEREEHTH 3,

2.3 FIFRRAE

MVS ZHRL THsE2E» 5, #FEEZ i Fig. 1 @R
&S KRHEREOSEET,

(A) MVSAHORERZ TRy b %o CREN i
Ty iab—var%fTs,

(B) MVSwEuiRy b 2L TRENZETY 2
2b—varET5,

(C) MVS EfishieEaRy r 2 EBI AR TRk
v, (RENRHEELR C 2523 A5 AV TY I 2L —
v aryE{TI,

(D) MVS »S5E£HAIICET Ry b TERETS,
EVIBEBOWTH L 2EESRIRLT, YIalv—vay
PERET), FLC, —EOY I 2L —y 3 v TR,

(1) ¥Iav—varolfie LT, BRIELLOIFE
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Fig.5 MVS-robot interface
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ABFZO Ry FrOFHIET0 77 LDOFICT 5,

(2) HEFELLAE 7075 4% MVS ECTETL, 2
—A F—T7 - R EHMUTHE, RT3,
LS ZEREOFE B,

WHeEH (1) THIE 7 v 75 A R1ER T 5 BRI,
V=P Y RATLEDA 8 —7 =~ ABREDTER £ THHF
FHEWCERTLIAIANVEEZ L B, YT 2L —FF
AFEAEFRORE L EFEBRROPI2ERDACERTE
5 & EES, YIiav—SHKEs TR THRIERS
T\ Fig. 51, MVS EEE ##K 3% Manager & Vehi-
cle Performer DR ZEL T3, HIEENIERK T 5 4l
@7’ a 77 1% Vehicle Performer ®FRich b, ¥ 3 2
—Ya lEET 27T LD T —ETHEE,MVS
TREY 7 VT 5477 ERESE, HIEEO T s
Z 3 I EENLERINRICHIZ 560 Tn 5,

YIialb—varyEETT5(2)0RMEE, EROBE
LRI, oM ToLk S cfisfbans,

(2a) Agent DER v Ialv—yarvpELEE
weuRy b DORE % T 5 Performer 770 75 A B ET
L, Agent * World NIZBE X & 3,

V3a

(2b) Agent DIEE : BEEWL o Ry b ICHIHME %
522,
2¢) yIav—var @l KENZEBELTOY

I aV—SREFEFNCESHRETSHSOT, oRy b
XL THBOIETRE52 5 2 L 2EBWT 5,

2d) vyIav—yariT

(2e) Agent O#(FE : Performer 70 7 5 A %K T ¢
%,

EXNE IS EeT2— A I —T7 2 — A %@L
TN, 2—FA 25 —7 2 —RFILELED A
World ic 7 7 2 A+ & v,

3. MVS»/7 b7

MVS ¥ 27 AT, BERENHEEE-HEEE (T F oK
v b IG, Bk, KR REBRT I, 7747
YN/ Y= NEFAYCE T o ABEEIC L B35S
BYART LT =7 7F v 2FAL T 5,

MVS Tt Performer D—5—=20M 7 547 > s Th
D, BEEGECHET A o e E OB A oy
MCIREEL 2D, aRy FORNEIREE R 2 — 1 > ¥
— 72— RARET L0, HEROMILL L —
Manager TH 5%, BEAEHF I Manager AT L T 5 D
T, FRYR—rTr>H0BEL T L& CH, M
59 % Manager D€ ¥ 2 — L& MVS ¥ X 7 A B4
BIEFTRV, 2D L5, MVS ¥ X7 A/l 7o 7
TLDEETHAL 20, ¥ AT LEHEORE, SUE KB
NEZThHS,

3.1 ¥2ab— 3 FES(Manager)

Manager (3L T O 8 B H 2, 2o ik MVS 2 H
Wiy iav—vareaR2 3BELHRERTHY, ¥
WETERE FCETREICH 2 Z Lic &k, EEnRERE
BrEHRLTwS,

(1) Universe Manager (UNVM) : ¥® World i %
B9, F1Z User ict L €& World TOY S av—v 3
VREOBHY —EX 2T,

(2) World Manager (WLDM) : World D {4 &
Y —EXETI, User tHEMOD £ v £ — I BZ R,
Entity O¥IIEORELR Y, Y Iabv—yariZfEi>F
EEERA 2L~ 3 ¥ 2 AT 3,

(3) Vehicle State Kernel Manager (VSKM) : Vehi-
cle DF A 7Tk R WAIE, BT EONRET -5
% User i2$#k4 % (Fig.6, Table 2, Fig. 8 & tf Table
&S, Table L IKRTA XY FOBETHS,

(4) Vehicle State Respective Manager (VSRM) :

VSKM

Vehicle State Kernel Manager

60 61-1 61-2
Vehicle User
Performer Interface
#1 #1

Fig. 6 Vehicle State Kernel Manager

Table 2 Events of the Vehicle State Kernel Manager

No. Direction Data
60 | & Vehicle — VSKM | VehicleD. & - £#HLZ L
61-1{UI — VSKM HE DVehicleDID
- VehicleDID,
SravseM = W JuE - £#hroks
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Vehicle 7 A 712 [EH ONEIREE 7 — & % User i gt 4
% (Fig.7, Table 3),

(5) Collision Manager (COLM) : Vehicle & it &
Entity & OE2EHE % 1883 5 72 D Manager, COLM
t& Vehicle DFEEME £ P L, EEICHEEHESE 2T
% D34 Entity TH % (Fig.8, Table 4),

(6) Ultrasonic Command Link Manager (UCLM) -
Vehicle % Station OMDBFIKIC & 2 BEHEEET 2,

(7) Ultrasonic Range Finder Manager (URFM) :
T —E—ADEBFKRHEE Y > OBIE%F] 5, URFM 12
Vehicle DBRAEMLECHEHE T — 5 2 EOID £ & & & thif
BTS20 T, ERICERLAHET 2012 Entity TH %
(Fig.9, Table 5),

(8) Vision Manager (VISM) : Vehicle ® Station
KHEBSINIET A7 27082 2 EGER T 5,

ZDI35,(2)~(8)1F, & World ic—>3 >%ELT 5,
rz, (D~(4)Evyiav—yva v BOFEEDHD
Manager TH 2 DIZH L, (5)~(8) i WHEHNLER 2T
23bDTH 3,

3.2 YIalb—arETIEEE%(Agent)

Agent dO Ry FOBEEYIL Y, YIalr—varicHE
BE5T2EHTHE, ThoOREETL7547
N 7u 5 A (Performer) i, MUFD 4 E»H 3,

(1) Obstacle Performer: ¥E#IE PRBRAM % &

VSRM

Vehicle State Respective Manager

63 63 64-1\\ 64-2
Vehicle Station User
Performer Performer Interface
#1 #1 #1
— I
L #nv ! #ns #nu

Fig.7 Vehicle State Respective Manager

Table 3 Events of the Vehicle State Respective

Manager
No. Direction Data
63 & Vehicle/Station Vehicle/Station®
— VSRM AEIRER
) - A Z D Vehicle/Station D
64-1{UI — VSRM ID & AREEEBER ) X K
Vehicle/Station?®
64-2 - 22t
VSRM — UI ID & NERIREER DA

CO

Collision

LM

Manager

67/ 68-1 68-1 68-1
68-3
68-2 68-2 68-2

Vehicle Station Obstacle User
Performer Performer Performer Interface
#1 #1 #1 #1

T T | E— T
I #nv L #ns L #no I #nu

Fig.8 Collision Manager

Table 4 Events of the Collision Manager

No Direction Data
67 |4 Vehicle = COLM |Vehicle D & - L2
68-1{COLM — 4:Entity %V;‘;‘;;ef_iﬁ .
68-2| & Entity — COLM ,i\%‘;g%fﬁf LTwa
o
68-3|COLM — 4UT ;5; t’;y‘;)%" %

URFM

Ultrasonic Range Finder Manager

70-1 70-2
70-4 70-
70-

Vehicle
Performer

#1 #1

Station
Performer

Obstacle
Performer
#1

Fig.9 Ultrasonic Range Finder Manager

Table 5 Events of the
Manager

Ultrasonic Range Finder

No. Direction

Data

70-1|%& Vehicle = URFM

Vehicle D Type, (L& < £&

70-2]URFM — & Entity

VehicleDType, (L& - K&

o HEntity £ TD
70-3| % Entity —~ URFM SRR S 6 O B
— Vehi ERELE S F 0
7O4|UREM = Vehicle g I\ & 72t ifi
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Fig. 10

Graphical user interface

DEEYOBREET L7707 T AT, BAENREEDOKR
WRako, HRHE LT HAE Y » Y OFEED BARE
BEEIEX, COFaS T LTI,

(2) Vehicle Performer: o Ry b O&EEI23 5%
FuZ LT, aRy bOFEHITNVIY ALETAF 37
AEEREEE SR> TWwE, ZD7us 7 A8 Ry
FMREZEOMENREERET OO THD, MVSFHAHZFLL
TOWREZENY I 2 —yaYTRI-TITIZEE, 2
DFar 7 ACEEOHERNTLHARAL I LEDHETHS
DT, FRIZY I 2V —YaY2ETTES, (1) LA
CERHER EOFHELITI,

(3) Station Performer: #HH77 v b 7 # — LD
HET37077 5T, BEIBIES SV EEZERT X Vehi-
cle Performer L £ < BUTH2, 77V b7 4 —L%E
ARSIy yvararyiru—LOWEErT 285 CHEYT
5,

(4) User Interface: ¥ I av—ya Y IKIHLEIW
EEEOEOERS 7T 7T AT, ETT 35 EBORMEI
Zb¥ T GUI (Fig. 10) ®, XF~N—RADHREE G
LA b0 (Fig 11) &L, SHRLEEEZ L %,

4. MVSOD/HN—FTIx7T

MVS i, B2 R R > oI L 70 77 L8N
BERZTVENSEEDY I 2v—y 3 VEETT H5E
VAFATHD I LFT IRz, 2% D MVS TiZ, &
alb—yarETI RbRLESRO T TS 7 L0EE
WEFL, »D, 20 7u 5 ABTMVS BS8ET 5 70
b aicHlo - EROGESTE THNIE L L, BEDN
— R 2 PRERETD2HDOTE RV, E>T7ar 7 5%
HTERB0DN—F 727 5HET 5 I L IZERMIC
FTh v, Ik MVS QAR L UL LY AT A
CDEHFEEFDLIERELKRA VN THS,

Fig. 11 Text based user interface

5. MVS®icH

MVS B &z BEREERT 570D a2V —FT
e, Eufy bEAVLEERL WD V) 4 2 RERN
RBIETETT 500, BOTHARCEALY AT A
ThHb, 6> T, WREHTI EROBHPLABBHIET
=2 LD ENTNRERS XDIC, MVS bz 2 TH
Aahs,

5.1 AT LA

ELZLDHRETIE ST 7 4 7 ABLUSFEMER I
SGI #® IRIS Indigo # 1 &, BUL Indy 2 3E8HWT
W5, Eie, SFEMEER L UL TCSUNSPARC Y A7 A%
2EEALTWVWS, 2o UNIX V-7 A7 —Vavid
A —Hxry Nz DEEFEEsh, MVSYXT7ALAD7 0k
B@EEIX TCP/IP 7a b anick 3y 7y MEEBE%R
AoTtwd, 7, EESOMFEETHEINZARAT R
PRy FaRy FTwin-Burger™ DA ¥ —7 x —
ABEHBEINTEY, EoRy bE Agent L7z I 2V
—varyfioTwnd,

7u 7o ABREIERMCCHHEBEAY, GUI R
IRFTYVTNI A LT T T 427 X8y 7 —¥ Inventor 2
ELHFIBLTWwS,

5.2 MVS Izl 5HERE

5.2.1 #EPuRy OFEE

MVS R REEDoRy b ZNRICLIAANZY S 2
Vv—yvavyYRTFLATHY, Twin-Burger 23U &L
T, BATE 7 ¥4 7“PTEROA 15079, ¥ v VBT
Ky F“ALBAC, # L CHERZETRORBEMITE o R
v FR-one”® BNEFMELEN TS, FEFEIINSD
Oy MCHEAAZNLEIET LT Y XA EPET B,
MVSIckayiarv—yarTrurs s anREEED
BT ZEMTE B,

EfEERIc B 2 EEBIE, R Ry MFRICIERE R
WEZETH LY, IHICRERTSHN, FONZaX b
BT, HEBERKTS I LBR#ETH S, TDOHE
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BRIWCEOANC & DMEH 282, RS- L FlcE
BARERHELZTRELR S B0, 20 k5 oL,
EBRFBCT VAT ANVTFRICY T2 —Y 5 2T
5 MVS i, EBCEEHEY —vEnz 5,

5.2.2 wnFufy g

BHEAKCEREOBESE L b, —E0a Ry
PTHETX 2EHREIRSNIbDICKSE, 2D, ¥
BEHABECBWTEAVFORY b YA 7 LADOF SHizA =
Vi, wF TRy b O SO IcEE s
ENEROLPHEEINED, EROLDICIZERDO TR Y
FEZNEEHZE 50 0OFKM, AEBLETHD, =
WFZ—Y Yy MIGEOY I 2 v —F [ ZABEREK & s
25,

Fig. 12 1%, 5&® Twin-Burger IZ X 2 ¥E&EFE#H > 2
2V —bFLTOEREFTHLS, iy MEAX OHIFED H 7
5%, IvvaryeEOFEOMIEICS MVS 2R L
—@ITH B, MVS TiZEIHIIZ Vehicle ® Obstacle D&
i, PIEEE, BN TE 500, FRBICY I 2L —v 3
YEEEEZ SN, FIFEESE,

5.2.3 BEEYL VI L L HBRER

EFEoZ, uRy bRERIN-BERAEY Y& H
VT R O R 2 BEEYTAR RGBT E TR,
oRy NC—EOFFLELEZ S I LI VITEI R EHET
BWET —E2W-> T30, Z DRI BV T,
MVS v A7 AGHIE Yy OHABEOERIT b L LD,
GUIIC & 2 FBAERD 3 ROTH L THRAIC S BIT> T
%, Fig. 13 3 2 0—FIT, RAEBRE DM IZERER BT
S —REC LB/ MMOER T~y 2 b I LTH
D, BREBATHRHERO D DIZ, BEWTHZOY I 2
V—¥ 3 YOER, 5 —EBEEICB T 3 EEROEERE
EPHELZEZ TWEEERL TS, 20k, oR
v b OFERH L IHIIR & R & OE RS B S CHE
RTE B,

5.2.4 BT -5 OWHEIIC & BHREE

oRy FOWFEEITI LT, EBRRY Izl —YarD

Fig.12 An MVS application on multi-robot operation

REREPRECHI T uRaElbTs 2Ltk y, o
Ry bOEBFPOEHLZIERL, 2OMESETAELLT
{725, MVS TiX, V75 A4 LRTOMIZ, BEERT v
THPRED, SHER Y OBIELHL TV 2,

Fig. 14 1, 1993 & 8 A MBI EATICc B W TiTh
17z Twin-Burger D EERHITHREO—E %2 GULic & b
AL L 72 b DTh %o MR & 1 B HMIE £ > O3
HIEHRAARILENT VWS, IDTF5 74 v 7RBTICLD
HEEDOWIE 2 > Y DOMEER, EEOHLI& > Y OO
BAEBFERINI LV EFESH 2,

5.2.5 FEEEHROERICL 2 a8y b OTEIEER

MVS OFHELRHE LT, ERELEEEa Ry b &
DEGBREL H S Z L 3T TRz, 22T, 2O
BEBEALLHESO—D & LT, EFREBROSHIC &
59FRy N OITENEER™ 27R7,

i, FoRy b 2R BAK# L & TREBICKSEE0
ERIFFIC, MVS CER L A REEE R I Ea Ry D5
BEbniRE, FEoRy FRESEZEVLIHDTH
%, D&, EEICIHREBE» B N-HEER
TS REORY PIEDAAR, ERTEILICEST,

Fig.14 An MVS application on data visualization
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Fig. 15 An image of the merged world

TRy MZ &> TIHREREMEN Y 2AET 5 2
LW b, TOEKRINIREER, Fig. b RT L84
A=V ki3,
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