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Abstract This paper described recent research on the design and implement of Muti-Agent testbed for UAVs coopera-
tive contro} experiment in order to improve the reality and universality based on 3D environment, First, the testbed ar-
chitecture was designed by HLA standard. Secondly, the specification was implemented from three step including soft-

ware systemn architecture design, runnable flow design, interface design, the system was implemented using VC+ -+

tool, LOD algorithm, MAPX and UAV model. The system was proved reality and universality by simulation.

Keywords UAVs, Testbed, HLA, Simulation, Agent

XN ITHNER, EEB LIRS PL7HER
B E ST A AT E RN, B E R T
B E AT LA R & T AR — S B M5, IF
AURERITESHRE. HEFTEANAAERE. 2
IANRERBBRT — £ 5 884Kk R4 (Muti-Agent Sys-
tem, MAS) , #t 3¢ FIRRGHE L5 I IR LB X
5}, WS AR ST — N EE X TR AT 8% 89 Muti-Agent iR, Mu-
ti-Agent Wik K — H & MAS BT S M@z —, TH-
Soccer BRFIEHFRBEH BEREMILKR, HIFEF S
B4 BB AT B 2% (RoboCup Soccer Simulator) , f0,35
AN BRIE RN ERARGIR G ELRERRT AL
REHERTFAHAELERSFF[ET . ETULHAEALHEE
BIXTHLIREE T W 28 RRIA S0  SCoHE 3  HLAR 7 ) R SRE 2K

RAEHATEWEX R BB L, A ERACE X B 9B 5T %
%, Nolle. L. %41 %F 437 2 B AR & 4t (distributed blackboard
system) IR R G5 WK AR R A0 AL 28 b3 S S Bsy
WmAE BT ERE T — MR S, BZ R FE
B A5, T B R L AT R R R A HL kAR
thfpiE. Viadimeros Vladimerout £ % Hovercraft f94 8% &

FIFG H #1.2009-05-06  384& H i 2009-07-01

HAERRE T —A kR IR, Rk T E R
TR BIS M %AE 352, Robert L. Popp 4 XHE R HIHE
BRE ERRGRE T — My EW KRNI E. 20
RRAETE 3 MM DS R 2 B ENBEAAE: 27
IR BEE A D BEEAREMANKEAHS. HE
EANEEBHE B ERNBEER, RBAERIEER
G, ZHEMEXANNEEZENBERRERLEHRR
2, Timothy W. 45t K= G R MINEHIE LT —
AMFEMRR, HAF A B R LH S S . XML
DELREXANZEHEINRK LR BEFEL K.
Timothy W. £ %t T ANLK R FEH P MF L RIBH T
E TR G R R 7k, (8 3E 0 8 A 28 B (X FAe
KB 1T E T APLRAE NI B, %7 &S Tk
RO AT AR A S A L B = 405 BT A e, B &
132 PR AR B T BB e T, Wi A T &, R
MR FERHMNDMEANRE . MEBAR S . Ellis King £
F TR MIT &3 845 E#E K RoverEllimp Testbed il
UAYV Testbed, -8 FX Bk 47 WX 3547 T 3585 B 3L R
AT 5075 & 5 B L A, X AR R A F LR
BB DB IR, R R R R X R — M E IR

A0 B R E AT K BT R (863 TR, B A RAHE S (60304004 BT Hf .

B #1983, B 8+, FEBR A =8P A WAL BB EEE RS, Email: 3811735@qq. com; BERFF(1968—), 5, {8+, # ¥, 8 +4

26, BRI AAERBRE AARBRSHE.
» 258 -



FENLEM R AESR; 2 FEERANBE, FEELH =
B R, William M. Niland™! # X JE #1505 £ 55 B5 #8 (Sup-
pression of Enemy Air Defense)$& i T £ T AHL & & B0 iR
PR . BRI R B LBy 8
— HPARREBRIEREIFRES. FCERA HLA Wi
TR ESH M EXANRGE R H LA TEHY . EEE =4
HEMSHREE EBEIRK, LRIMEZAZATHEEE
APLRGWH R HE O, 5007 UL BESS 2 B AN R B R 8
HE LA

1§33 %1788 #9 Muti-Agent 3K KA B Ei& it

ZXAMEG R BARC Rl — & B3 5 Se R R A
HENMTANWRERESEES, ZEEMZHEE: D L6
TELRBISE N 2) BB AEIE I 3R 3R 19751k 5 3) BEAE B T B A5 s O 6B
SEAE AR E R SRR AE IR FT A AL S REB AL BB S IR R
BN R, B4 RAT R Muti-Agent U5 PR B 2 BB 85 4R
WZERNRAN LR ER#THEZRANR. BT
HIL.A(High Level Architecture) & H 8 8 4 i 3¢ B {5 E 1
BB RN R, SRR FEER A E
AEERE, XRAPH MERTEE B ENHRS,
BRI T & %7 B F 7 45 09 i A= F s I, B A SR
HLA fRfERBITTAR G E I R L 2 X APLMMER
HETWRGIFEHE, B1#HRTET HLA BRRER
EZERThREA M. WIAKaEL FIL > EH G . AL
HEK UAV A4 ; £ AVUE B EmE s A8 4 =45
HEAG; BEMEGEAH: IMERRBEOAF: T HES
KRBT B A Bl T E M . B UAVAHFE
RS UAV WESS WITOR Bt EEH S EGEER
Bl Z YLt sk SRS BlERNEHEAG FER
WMEAN G H NS S ISR 5. EERE . TANZ
BIAEELE IMERREOUHA FERNITHIMEBR
BitED, RS AR FEBAGFEREN AT TS
ME T EMARAES BRMEENH S EER RN
PMEB L HATITE TR .

[oavaen) e | on |
Qy R$ ?ﬁﬁ@iﬁp ]
@ ap

DRANERED || WEMRRHE | (D7ES R
B Ee BREBIRIE

B 1 T HLA RWRARIER

2 3 €1TREHY Muti-Agent i FREK ¥4 1& 1T
B

2.1 FRAERHE RGN
EHEIHBOHHELR B IR B & TAEMTHE B 3 8t f i
fERESEN:, ARt R A 2 iR, HEW LK UAV &
PESHMBEANERESORE 8RR EN R TE T
[Bl—A v, WY T F 507 B B AR E , Bk —
HERCT 3 P K U i P B T A AR 5 T 5 A — A = 4
HINE TAEU G R AT 4 B, IR AR AR R &
= 4E T 9 AR R A SO B I, A B S A LR

BHLE A A TS 5 B SRR BB ; R R X 85
AV =R, B EANMLBEEERESFERE SR
BREORRUE=HZH BREFHTAN RS AR
AR AR AT IR EE 5 [ A B i B 5L — A TAE B #EAT UAV %7
B ARG B3 S A T T3 h 2 K AL K
SEEENSHEANTHERBEE. BERIT—IHE
WRTEME UAV KIT2HMGEe BrAERMNETE. &
A~ TAESE Z [6]5R F R M B 258 .

Mﬁﬁ&ﬁ%

B2 ZXANRGEIZRGBRAERRITE

2.2 WRKETRE

RIBERR RO THE  Z AN RGN AT
ANLEMEA B B RATE R R B AR R B TTIR
BT

DRFESESEE R 'R RES S BT
%;

2)38 3 F P 48 8 M Bk BB B R SR R S R AP
W EF N, et B T i B RSN B AT SER AR 5

VKA IE S BIME B R R AR TRATIE I A

4)38 1 AR T A S S RIBEE B K S IR B R N
ZEANM SRR YA SRS N TR S
BAEER RATSHE B, R 8 Sad MM EHBEE;

SYH TR WL XS ER M WIBAE XX B =SB ER
BTN A,

6) =40 IR T AR 0683 VA Fl = 4 o T B AR R B D
=Y TP SOREIR E R I B . BT AN S 4ERL g
REMGAN EER RN A LA L =R A BN EBR
xR AT SR kAR W 5

DRI CITSE ER A A F B SCBRE AT

O ELARSE , izt R B R AT TN E R B
R UAV S E TAES R AE L

DHEFENMEANARN ITIBPH TSR T
B R T RE A, A MEXEAN TS EECITESS
BRI STHEHRE . BRI E T ARG AT
pug il )8
2.3 BWiREKIEOEGT

YER— T E8 A, &4 TN R & MERMEE Z (B4
TG B, AR RSB HE W EdEED, ik &1

¢ 259 -



g s E CERETRRS A AN EE RIS
B, &N TR RO E SCINF

Db EERE A e 0

DML AR o R o 7 2 S B AR S BRI AT B L
ML RML, L H R DA MEREENTANN
—HEBHN ITSEBBES, & TRAN A shEH EER
V6] B AT B 4 B D PR T AR K 5 i AR 1% 48 B
A M B RBUME B .

D=HT O

S8 TR EANTEN BN, BN A S S 26 B
PR AR O, IR W B 20K i LV EL S B R TR
HLEY AT S BOBOHE 40 AR 5 T L4 10 3 100 R 2 45 M R B
1=

HUAV Tk

UAV THEsS#E NG AR O MG B ED MARDE
DRV B ) Sk A i R B USR] LR RAT S B H R
4, BRA TR UTIEHTEERE , HX TSR
SRetEE R A T LR =4 TR EN UTSHW
A ] (R » BT LA AT ARG % UAV TAE S B R S R E
A HAR R %ﬁﬁ%‘”ﬁﬁﬁﬁﬁ‘f‘ﬁﬁﬂﬁﬂﬁlﬁ il =g
T Tl B B A T RS B R AR L

4) A T R TR

K 0L 3t Y 5 ) 0 N RB B 4 2 UAV TAESG4A i 1 /AT
SYREE , Wik B O R AR A s R S B .

SYFEEEB I D

GABHENRETWAERED, HEANRIEEEERE
B UAV TAER 4 H B RITS B0 .
2.4 WhiKAEFER
2.4.1 =ZHIAEEHER

S8 T ARSI EE R A VC+ +. net #l Direct3D 4F
AGEF&, B RIEN R L E R TXEHBAR
(USGS) EAFFH B FSESEE B, #JE LOD XA KIrE
£ Arul Asirvotham £ H #1# F GPU B Geometry Clipmaps
FE SR el B R T 3 3 AL B AT SE BT B £
B, WS RS UREHUR BT A 07 Bt A TANUKELR
F 3D MAX 243, SR G #5 AL R28 7 B R = 46 S0 s
2.4.2 BRbEEHEAgAEE TG R

ERIHE S EE R VC++. net 54 MAPINFO /A #H]
AR MAPX #0457 U7 F Hh B B0 2 L) S B = 1 BT 1) T
88 B BE E T LB A Ry ik B B BT
T ELA ORI 8 W 5 B AR T AR, B A X Hh I Y 4R 4
AT, VT AR RHLARI A AL B MR SR IR E TS
LAY AR R L BRFA LK YA E, BR AT
B9 15 S 05 B S B M B B BR B, AT LAYE R TR B A X B
YIS EERAE VC++. net XA EREH TR
BEHI SO T R AE,
2.4.3 E#M UAV L4365 LA

HE A T A B R R R B AR s R
L UAV LAESE 53 R 8 12 0 AR AU KRR R
B, B7ERFARAERATHLMERAL $ T AN ERES
E6NEHENRIKEE). HPAE5% 3 MK 3 i)
GRBY MHD S RAD A 3 N 3 MREGI#H. LTS

« 260 -

A . BT LB RN BB, 7T LRSS R — A
BRI —4 12 B ER M TR, AN %40
ERR B RN AL SRR AT 0 L 3 T P B T
FHRHLE 6 B R ERERNLBE TR, FHT RGN
AT MR TP O B BRGE R SRR KRR
BERR A AT R E M RN, 8 2 B S T R LR
FHCHES =8 T ERORTE 25 Wi E R
REKSMH.

3 BRANRGMRXKAOFHEELR

A R R G Xt 4 BA T i fE A7 005 B AR SR A ML 4R B
HELE, URHLISLE AR R N E %, B T XAYMNEF)
FRLL ARG LMEDLIOHE 1 A f LU RR A R, KILS
ULz RER SR E R KGR AR PID 2680+ T %A
S R R AR R T O R R Ko, I H R K
ZRINE 3—& 5 FR.,

B3 il TR BRE R

B4 =T EMTERDR B B BRER

B 5 = TAENTES DA H BREGR

HRiE AXET HLAGHEBRHIFEE T 53 A7
9 Muti-Agent =45 WK, AP ARE T B FRAERE
LR T B O LASE B E R, A TR
HEN R E#HITER, OV A P #TTERANAR K IMER
BRIEBELE ZEEMRRMASE. TSR0
UAV ¥ &3 1 TLRE 5 A A SRR AT EAT
LY RIRAE. 5356, AR AT T 3l 7 3 4 AR
B RAT R R Y I SRR W EAN, T -2 i
— S FEEPEIRE,
’ (T4 % 284 B



(©)

B 5 AWV-Shift B AMRMEER

S sk R, AWV-Shift 25 ¥ RE G5 R M 1 B 45
AP g AR B AR, 3F BRSSO R TS REE AR BARR
~THIARAL BE N M T AR . B RERNEE ES AT
IR A Adaboost Bk, HEHE—EBRELBET
Adaboost BIEHIRHI 2,

SRIF AOK S RAMERR B RIE B E AR B
KR HTBE. JoRAMERR GLIR I B T BRERAE 4T
A i 8 LR /N A $R B 1548 Mean-shift B 8 9 1R I
WBE G EE F T RSO ER, HE . AEER
MAREEATEALSE, RE OpenCV HHES BERN
Mean-shift ZEIREE, £ B KB B IR S T TiiE AR X 5
AR,

2 £ X &

[1] Comaniciu D, Ramesh V, Meer P. Kernel-based object tracking
[J]. IEEE Trans. on Pattern Analysis and Machine Intelligence,
2003,25(5) :564-577

(2] Yang C J, Duraiswami R, Davis L. Efficient spatial feature
tracking via the Mean2Shift and a new similarity measure[ A]//
Proceedings of IEEE Conference on Computer Vision and Pat-
tern Recognition[ C]. San Diego, USA, 2005 ; 293-300

[3] Deguchi K, Kawanaka O, Okatani T. Object tracking by the
Mean-Shift of regional color distribution combined with the par-
ticle-filter algorithm[ A]// Proceedings of the 17 th International
Conference on Pattern Recognition[ C]. Cambridge, UK, 2004
506-509

(4] AFEH,RE,HEME, % Mean Shift REBEERREHERE
BB L. o EE R B2, 2008,13(9) : 1750-1757

[5] Open Source Computer Vision Library , Intel Corporation [ OL ].
http: //developer. intel. com

[6] Hsu R-L, Abdel-Mottaleb M, Jain A K, Face Detection In Color
Images[J]. IEEE Trans. on Pattern Analysis and Machine Intel-
ligence, 2002,24(5) :696-706

(E8F 254 W)

[12] Zahara, Erwie, Hu, et al. Solving constrained optimization pro -
blems with hybrid particle swarm optimization [ J]. Engineering
Optimization, 2008,40(11) :1031-1049

[13] Cao Y J, Wu Q H. Convergence analysis of adaptive genetic al-
gorithm, genetic algorithms in engineering systems [ J . Innova-
tions and applications, September 1997 ; 446-450

[14] Powell D, Skolnick M. Using genetic algorithms in engineering
design optimization with non-linear constraints [ C] // Procee-

dings of the fifth international conference on genetic algorithms.
1993.:270-271

[15] Kuri-Morales A F, Gutierrez-Garia J. Penalty function methods
for constrained optimization with genetic algorithms;a statistical
analysis [M]. Berlin Heidelberg: Springer-Verlag, 2002 187-200

[16] Li Ai-guo. Particle swarms cooperative optimizer [J]. Journal of
Fudan University: Natural Science, 2004,43(5)

[17] 4. B THGHREERN ASIASHR U] HENSEEeHE
A ,2008,7(2)

(k&% 257 /)

[4] Fei Sheng-wei, Sun Yu. Forecasting dissolved gases content in
power transformer oil based on support vector machine with ge-
netic algorithm[ J . Electric Power Systems Research, 2008, 78
(3):507-514

[5] Pai Ping-feng. System reliability fo‘recasting by support vector
machines with genetic algorithms{J]. Mathematical and Com-
puter Modelling,2006,43(3) ;262-274

(6] kSR, KM B8, ETRMREERNFEIMFREE
FIRS AT ], EHI 388 5 R A, 2008,25(3) :451-455

[7] Scholkopf B, Smola A. Learning with kernels: support vector
machines, regularization, and beyond [ R]. Cambridge, MA,
MIT Press, 2002

[8] Wang Wenjian, Xia Zongben, Lu Weizhen, et al. Determination

of the spread parameter in the Gaussian kernel for classification
and regression[ J ]. Neurocomputing, 2003,55(3) ;643-663

(9] M BBRE. ETRERERNTFRERAVSEERI]
RETHRSHETHA,2006,28(9):1430-1433

[10] ki, 4R, W /har, & B BREEEEHMALIL R4T
#,2001,19(1):70-74

[117 Tavazoei M'S, Haeri M. Comparison of different one - dimensional
maps as chaotic search pattern in chaos optimization algorithms
[J]. Applied Mathematics and Computation, 2007,187(2) ; 1076-
1085

[127] Yang Dixiong, Li Gang, Cheng Gengdong. On the efficiency of
chaos optimization algorithms for global optimization [J]. Chaos,
Solitons & Fractals,2007,34(4) :1366-1375

(42 % 260 T)
2 % XM

[1] Samad T, Bay] S, Godbole D. Network-Centric Systems for Mi -
litary Operations in Urban Terrain: The Role of UAVs[]]. Pro-
ceedings of the IEEE, 2007,95(1):92-107

[2] Nolle L, Wong K C P, Hopgood A A. DARBS:; A Distributed
Blackboard System[ M/ Bramer, Coenen, Preece, eds. Research
and Development in Intelligent Systems XVIIL Springer, 2001
161-170

[3] A Hovercraft Testbed for Decentralized and Cooperative Control
[CT // Proceeding of the 2004 American Control Conference.
Boston, Massachusetts, 2004

[4] Popp R. MTE Ground Station Testbed - A Battlefield Aware-

o 284

ness Asset for GMTI Exploitation

[571 Shields J F. The Formation Control Testbed Celestial Sensor; O-
verview, Modelling, and Calibrated Performance

[6] King E,Kuwata Y, Alighanbari M, et al. Coordination and Con-
trol Experiments on a Multi-vehicle Testbed

[7] McLain T W,Randal W. Beard Unmanned Air Vehicle Testbed
for Cooperative Control Experiments

[8] Niland W M. The Migration of a Collaborative UAV Testbed in-
to the Flames Simulation Environment[ C] // Proceedings of the
2006 Winter Simulation Conference

[9] Wise R,Rysdyk R, Seattle, et al. Multi-vehicle Cooperative Con-
trol Flight Test[C]// Anawat Pongpunwattana, MO, IEEE 25th
Digital Avionics Systems Conference, October 2006

[10] Hoppe H. Terrain Rendering Using GPU-Based Geometry Clip-
maps Arual Asirvatham,Microsoft Research, 2004



