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A multi-agent cooperative decision strategy based on cognitive
uncertainty modeling
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Abstract: In large-scale three-dimensional environments, gas diffusion exhibits pronounced anisotropy, spatial non-
uniformity, and temporal intermittency. These characteristics make it difficult for traditional infotaxis-based strategies
to effectively characterize the dynamic evolution of uncertainty in environmental cognition and motion decision-
making, thereby affecting search efficiency and decision stability. To address these challenges, a multi-agent
cooperative search decision-making strategy based on cognitive uncertainty modeling is proposed. Within a unified
Bayesian inference framework, the weighted particle variance of the posterior particle distribution is used to quantify
environmental cognitive uncertainty, enabling dynamic representation of the cognitive state during the search process.
On this basis, an information-potential-field jointly driven decision-making model is constructed. Furthermore, a
variance-adaptive weighting strategy and an anisotropic adaptive step-size strategy are designed based on the cognitive
uncertainty measure, allowing the search strategy to dynamically adjust the balance between exploration and
exploitation, as well as the motion scale in different directions, in response to changes in the environmental cognitive
state. In addition, a constraint update negotiation mechanism is introduced to enable decision exchange and
coordination among agents, thereby reducing cooperative conflicts and path redundancy. Simulation results
demonstrate that the proposed multi-agent cooperative decision-making strategy effectively improves search efficiency,

decision stability, and robustness in odor source localization tasks.
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20 B RN P A, WE LR IR BT R B (ORL T JE I A%
W T TE YR T, L IR R R AL K. () AR
o F Infotaxis 1A %51 55 & U 2 £ 4T W [ 48 2% (8L
75, A 131 ASEF 2B AR 2] T AR IR, (b) R IR
AMGraRényitaxis #F 17 P [F] 48 2 1) Pk, 46 9% 58 4
i) 25 0 2 7 AR, 5 Infotaxis T1AH HL 3% 2 i [A]
WD T 55.73%, ORI & T R AR,
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TR AT NG R R M AL B B AT AR T B) B R 7

(O O O O OO

2 1[5 Infotaxis || (a) 5 AMGraRényitaxis(b) 1% ZZ %1 %]

M 2(a) TT LA H, 8 7R VR IS 5 58 0 A Wi 8
BONGENS, 18 3 A T B Be AR AE LE B B 1 T 02 3,
FLRN AR 25 18] o AR SRy 0 B AR A i #2, R BE VR
BT ) Rt X2 T Infotaxis [T AH R T %%
Jiih R EC BRI I, S Bk SR AR I R e R PR R I
BAEMZREM, =AM mEEs, ek
IEBEARACL B A B KO T R, A EE R
FERDILIN TU AR 72 2(b) H, WA 1% 2 A HEHE, AL
PR ST XA XL R AR S n) AT
3, ESRA G B e, ME % m g g8, S
Wi o 32 AR A XU B AR, AN R R SR A
PRFFAEA FCPIR X N 12 31, oK 3B 32 1) Je R4

RAT N P 2 (6] i S A IR AR 08,
M RS T AR TUAR.
3.2 REBEHUERSER

JRE EEAE = 425 (8] FR AR BB L 2% ) e
H 3E WD K SR DL 3T VAWS IR ) 52,
AT T 2R E A AR, BAN AR E
T FRAS R 5, 3 9 R ATU (Early-observable,
EO) 375 5 iR i vl MM (Delayed-observable, DO) 37
5, R ARIR S & e R W46 A7 B A XS 25 8] 56 &,
i EW T

1) EO 35t KWRIEALE (10, 50, 25), B RE1A
R A AL B [(180, 30, 0), (180, 50, 0), (180, 70, 0)],
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xR Ext

o B R ARTENIIRIY Bt S SR E M ) | B BOS
X RR R, Ae 68 BN USRI X 45, AT TE
FE RV IRAT AR 70 2 BRI B

2) DO ¥ 5%: SWRIELLE (10, 70, 25) B e A
LA E [(180, 30, 0), (180, 20, 0), (180, 10, 0)],
B R RV AR A7 B 5 S R IRTE 25 (8] EAATE R KR,
R A DL AR SRS R, BIRBRRAIT N
BB A DX, A T M R S

N AT OB AL (RS, 51N 1 R SRR
17 (Isotropic Plume Model, IPM) #E47 %} Lk N T 43
BB KR LI 4R F, 91 N & P4 (Fixed Step,
FS) DAL WA M B & MWK S (Isotropic Adaptive
Step Size, IASS) X Eb; A 1 7 B inAUSE g B 520, 5
N\ B 8] % ik AL EE (Time Decaying Weight Strategy,
TDWS) 1E %t b, J B AR SEng 1 B a3 1. SLin g
ik 2.

#z1 KRERE
s S 44 B SRR DKo AU
A AMGraRényitaxis GPM AASS VAWS
B AMGRT_IPM IPM AASS VAWS
C AMGRT _FS GPM FS VAWS
D AMGRT_AS GPM IASS VAWS
E AMGRT _DW GPM AASS TDWS
Fz2 AREITARREEMEBEXTLE
Y g CPIERbH PR PR B R B
A 59.62 7.8125 224.5129
B 120.32 29.7068 310.8165
EO# 5t c 168.16 22.8634 336.3067
D 69.46 8.7526 2743841
E 66.94 14.3169 241.2846
A 93.24 9.6448 299.6825
B 136.80 20.2040 343.7292
DO 5t C 178.34 14.9875 356.6400
D 101.86 12.606 4 350.2121
E 99.34 14.1288 311.6131

T BRI YR
PRHEAT B RR.

FRINZR(SR)EIA100%, (KR k%t 1% 15

9 T VRAR AN [ HR 0T S5 0 1 e () 520, AT 5T
LY A T R (Success Rate, SR) 348 2% 5 Hi (Mean
Search Steps, MSS) . 14 % 2 £ b #E % ( Standard
Deviation, STD) 1 ¥ ¥3J #% ) i B ( Mean Moving
Distance, MMD)1E 24 32 ZL VPN F8 bR, X AN [6] A8 44 3
B PRI 2R ME R EAT X EE 23 #r. SR 7R D48 2 L
o7 R B LE B, MSS s B 5 1 48 2R R0CR
STD ALY 2 2 A 1, MMD H -1 & 8 fg
A 58 BUE E SLAT 55 BT 7 (38 sh AR 1K 281 248 b

HO AT T IR A AT TH L.

FET3R 2, AR SCHTHE I S0t VAR R AR AN
SR T T e I W RS AL R R N AR
FEWE KT L, HEBE A(ours) ¥R I T i /NI 3425 50
P ZE DA K EIEE S . 7E EO 5t T, AR RMEM
ii?ﬁ’iﬂi% B(ffi H IPM) ~F- 35 25 HU B A 50.45%, AHEL

g C(IH 7€ &K ) FEAK T 64.54%, AHE T 5K 0%
D(%rEJIEJ P K BREAK T 14.16%, AHET 5 mg E(N
6] ZE IR AL ) [ T 10.93%. £ DO ¥ 5t F, S
A [P 25 80N 93.24 25, MIEET 5K 0E B. 50K
C. g D MSEBE E 53 7 PR T 31.84%- 47.72%.
8.46% Fl 6.14%. X W T2 Hh SR g A2 5w A il A
1R i T 2% A T 35 e 0 TR R i I A R R,
FHAEWMNAE BA L 42T FE 5 0 R AR DO 3% 5
o TR A AR 2P HO R T R e k.

3 i T AE 50 RE SR K AF T SRR R
SERIFE R AR, AT LAE H, 32 H P AMGraRényitaxis
5 4 MR SRRG AR L, HAR R D MR T, 44
RV BE 4 i, I BB R o ek, R SRS 7
R SRy B W E RS, =Xt
R X8 PR B N 2 S P K SRR,
li] 7 20 K 038 Dy F IE R K AT DA B
{H T = 4 25 ) o 1 &% 1) S PR AREAE, 5 0 1) R
F A P IR AT B B0 AT o] B 2= 5 85U ReAA =28 3 4y
H T4 % 4%, TRk AMGraRényitaxis 148 2% R0 KA
TR & 1 [F P K S D, FAR TRk A A 2
KR C. IR, X &R MR RE 2 I SR IR 28R

200} i !

B

X 150} [

&

21001 1
W I =
A(ours) B C D E

Fng
(a) EO 35t
+
200 f 3 éé

B -

N 160t 1

& + :

2120t o+ éj -+

e
= T
D E

A(ours) B C
B
(b) DO

B3 EOIFET (a) 1 DO IFET (b) B ENEDH
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TR AT NG R R M AL B B AT AR T B) B R 9

Y BB ARY. I SR 25 B o B, TPM 94K 2 F3000 Ffr B
I T HOR B R 52 22, 3 B0 >R 1 (5 53 28
FREALR, o R R A A48 2R R0 3R DR B2 e T AR A
T 32 B 48 R R AR . AR AL T KR
DA B HE R AT T LU Y, BCEE SR 1Y 51 N RE 6 AR
— B FERE bR AR RO B i B A RO R
FEIARE, (HHXT P 3548 2R A S M A0
3.3 ZHSREEXTEE

AT Y 2 P B AR B 4 BN SRR A
XFHLE, 035 Infotaxis 111 ?(30% F), Entrotaxis”™”
(W8 G), Rényitaxis' (3 W H), Gravtaxis(5 W5 1) LA
J% Space-aware Infotaxis” (SAL % W& J). iX L& 4% B%
| Infotaxis II, Entrotaxis, Rényitaxis +& 215 & JX 5}
AN WS, Gravtaxis A& 51 /1337 K 30 B A KN 5w,
SAT NIl 217 JE B 5 R B 12 52 5 VR 5 DR 0 P DA R0 SRS,
T 5 I e SRS AT LU, BRSO A T Hh S B H
AT VRIS Z AN SR (1) M BE R AL

7 B SRR B AT 55 TR AN s PR R
AT B 3 RN, AR 4y AR [ e SRR S BEHL
WR YR P Bl 37 S5 TF o bS8 . 78 [ s SOk R S50
b, ARYE AL B AE A S SR R R AR, H T
il & FIEAEAH R H bR oA N I R R E 5 e —
k. EBEALRIR S2 50, ASRIR AL B AR R X I
P BEATLAE B, FH DARS 56 ST0E 7R R 0 B bR 20 A A
&I Sz e RE. X T & Fh A AR 2R 5050 3
5, BIREAT 50 ML E S S, DLRRARREHL I 46 5%
A FRIOUL N W 75 50 2 B s e SR 25 SRR 3, 1A 4
HHE T 2 S A SR T ] AT A A

®3 ZHERMMREXLE

Wit SKEE SR MSS STD  MMD  T.u(s) Ty
A 100% 61.52 73273 2302876 8.8630 0.1402
F  100% 11144 29.7759 2883833 9.2739 0.0832
& G 100% 11134 29.7756 288.2493 83208 0.0744
ABRIE H O 100% 10526 263202 275.0993 87487 0.0829
I 100% 107.06 24.0653 2714722 8.1351 0.0760
] 100% 845  9.8127 2153918 10.1227 0.1204
A 100% 72.82 405116 203.7243 8.8525 0.1202
F 100% 12498 74.1068 284.1072 12.3802 0.1003
BEHL G 100% 126.94 77.2806 290.0807 10.8517 0.0861
AWK OH 100%  108.92  49.4137 251.4079 10.6204 0.0972
I 100% 11752 529223 257.1790 9.5669 0.0815

J 74% 104.6216 83.7013 197.2224 9.9263 0.0926

VE: R BRI S AT DR REA L 5.
B 3.2 T IPEAN SR AR SR, ARSI TP A
FHREIS (Toe) VLSRR RIFENS (Te,) XA MG
M SR REAT 0T, T B7m I FE I — TR

+ +
200 T
ﬁ -+ + T
f@ 150 | TT o+ 00
N T
=~ 100+t El El I$| El I%I
50-%. i i i L i
A(ours) F G H I J
P
(a) [ E R
S00F T
400 t — I
= + +
X 300} .
% t + kil T +
2 200f | | I | T
oy DO HE S
A(ours) F G H 1 J

SR
(b) BEHL TRV

4 EIESIKIR (a) BEHL SRR (b) B ZRBTE 537

P ZAT 5 0P Y I8 4T I [A), T, AR 3R 5 e 1k it
AT — RIS (1) ~F-57 1 [

E [ 8 SRR SEAE R, SRS A R T s
B8 2D O AR bR 22 . P 3 ZBE 0 61.52,
FHLL NG Fo Gy H. TAT T4 9 P& K T 44.80%.
44.75% 41.56%- 42.54% F11 27.20%. 1E V-3 5 5
B, RS T R B R AR R, RIS A IR OX 2 H
TR I MBS A R BN+, §
O R B AR TR T PR R AL B, T R I R
PR AR XM I EN T Z DGR A AR, I H
ERPER E BAACRE, RS A A R SRR 24
AAE S RBCRE L PR E .

TEBEHLSRIF LR R, SR0S A [RIFESCEL T e af
MeE AR MERe. PR IPECh 72.82, MH LK
B Fu Gy Ho TAL T 23 0 FEAIK T 41.73%. 42.63%-
33.14%. 38.04% A1 30.40%. V- ¥ # 3 fH & N
203.7243, #HXFF F. Gy H AT 43 5 FEAK T 28.29%.
29.77%- 18.97% A1 20.79%. 5 48 HE W T 111 141 2 5
PE BT WS /N TSR0 A, (R I Z AN 74%, HAREZE
5% 83.7013, M F A SuE  fe i, BEET SAT SRES
Tt R R 2 ) P 22 11 95 O AN TR A B )
e, 25 5 S B R R s 2P HO sl k.

MAH I8 R A, HuE A BT FB 5]\ Rényi
BURE 51 333 B & AL E THE, BRI FEI L
i, T [ 2 AR AN BE LSRR 3 5 R a8 o
0.1402 s 11 0.1202 s, ¥ 5 T HAD S wE . (HLEREAL K
Ppsc, g A WD T RPN
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*OR

55 FEI 4 22 8.8525 s, AT S ms P i A, Ui WA LR
i 388 3o 5 /D () 98 2B O R BB SR R B . E
] e SRR s, BT R Be ARG A B OE a4 T
PRI R AR B AL X 45K, 6 43 T B SR g s D3R A
A RO, PR SRS A R T AR AR e A
N HEAT 55 AERT . Rk S A [ F 34T 55 AL
g RN

PR IR HEAT YA LA, SREE A TG 7 [ 2 <
IR Y5 AR 35830 2 i L R P 85 P 2D ORI AR e
HO T, HEROD P SR FR N EROR A m (H A AT LUIE
LA D 98 2D R, M 45 5 5 AT 5 RERT . 5
i A FEAE R ERE . GRS Z MRS T 8%
T )14

Kl 4 v Lt — 2Bk DL B850, FE PR s,
WS ARG A B A A R e, I FLAR A
BRI, X B 22 B S AT DAE /I B BN 2
A% %, 5 4h, R Rényi #UE 150 H 55T &K
JEISRES F AT G AH EL, F B AR S sk, SF3{E LA
Je WAL BUCER FEAG. 31X Uk B, Rényi B REA% B A RicHh
(X 734 38 BN AE XTI 56 43 A1 B 3T 0 DT ik, AT Jek b 48
IR i 3.

3.4 HEPHIXTE

T VA oA 2B R LR 22 3 REAR SR RS
R, AT AE S S B A SE R b T R
S oA 2P i e SR b ke SRS B T v
TR B REAR I T L 2 R I MO R BB 1, (HAE R
SRR R AT BN U R . 20 A5 3P 7 R SRR 4R
H ¥ CUNM #HAT Wi, 19 B & AT 85 1. &
RPN Hy rpt A B 88— AR BEAR IR A B R &
[a].

S 25 LR, P R AL 6 R B AR AT SRR
WRMERA BE T, E 5 FoR, =Rk,
DA T BRI R DR 78 45, IF A
2 kR % T oAt 5 b iy ) 7 2B P, LR AR R
Wi AL 5(c) F RS PSR, 8 R 5
SAERA AR E S, X m T EE Rk
K AT IR RIH AN T R R A 3, X
P52 S B = AN RER R 2 B 25, A BI H br
SEA—ELMAE R S5(a) Mo ke, &8 fe ik i)
A7 B bl o A 2R e o 5 4 A S T 7, A7
B2 BB AR TURNAE X, XA 2 5 = i S BN G
BN S AT LAE H, A 2 S A A B Y R
2, WE LT TAE S 58 BUCR, B 7, A 2
S L s vl TR 9 R N R

step=78

(c) sk
TR EIH ) H B RN E

& 5

% 4 JEoR T 0 HUBIE 52 4 M R OB B R
SIEAT 50 YRHIGEL 4 I, SRIEALE N (20, 45, 35),
RHCEEQ = 5, HAZB YT SCRFF—5 BRI
S TR SRR b, % 4 sHRAN T R 2k FE £,
T2 e 8 o T T 0 % B R
SRR, BRI 1 5 7 A 3 1 TP A
BARENE, BUL £, = 7. 40 A s B R v S 12 R D 1
VA S AT SR AR R, B R R 5, T
TP B A 7 (5+1). o 2 e 55 75 5 o o
RO A R B (R AL, 4 3 AN
AT T AR SR, 5 4 RN TS el R,
e o 2 e 15 A 2 P R R P O R B K T )
A4 28 S 8 0 5 2 KT oA 88

Sy A PR B LR T 2 A R 1

24 FEHENEIEEER L

WFEHLE MSS STD MMD  T,..(5) fa
Hiar 95.9  21.4954 295.5509  0.0199 7
oA 856 227253 2752427 0.1623  RACAT*6
b= 96.82 22.8978 296.9516  1.6025 7
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‘fl’f %ﬁ 7}71\

Fi A TN R AR S AT A

AR ) e R ek 11

HRACR, P98 20 B T 2 R BRI
T 10.74%, AT T X RFEFK T 11.59%. Mt
TR B, Al S R R R S FE R AL 0.0199s,
HAH I A B, H T Z P 200, PR
ORI 2488 B B B K. A A AP ek B T
T B AT R AT e 5 IR AL, UK R SRR 38 0
£ 0.1623s, {HAN & F K T A H NP 51 1.6025s, Ui
] CUNM 7E 51 X B [ A 1 [R] B GRBF T 3R 1 11
HITH. 6 kE, i R R SR B
ENARAN RO S T4 2 T IS 1 Bt 1P
4 g

Bt X B ML KA S5 T 5 58 ) SR TE A 0
RAE 5 YL 15 7 T A7 AE 45 S0 e R AN A2 48
RIS 07 &AL PR DA 2 REAR PSR — 3K
SR, AN SCHE T — b T AR AS B M AR A 11
EZ NN e R a2 S N U R S
2B AL ZRS I RS B IKSIR R 5 A5 W) F
FHSE & 1015 B-FA3p BA v sk B AL, R AR AN
VRS B SEIRRALE 5 & R a b KA &
LT, A4S 2 R 5 U7 1) B % BE IR 5 A Rk A B

AVREE. A, BETT T 20 ST B AL S 2 5 B

12!%!@8@9%%1’59@1%, TE LR HE 73 A 2 5 R PE 1
[ B 7 K B B A2 LA 5 B IR AT i 28

N FR G IR BT 4 T VR I R S E e, AR
FFRE T KB B SE G, T SR ks, 2
PSR W oF LY S 36 DA K B R AL ) %o Bl s 36, %o B9k
PEREHEAT T RGEVPAG. SLUG 45 SRR, Frig i A
T 2 SR S TE A AR FRoE M DL R AR R A Ty
[ 4100 T 2 Fh S R(5 2k 17 7 V2, F RE S TR [ e <
R IR 5 BE AL SRR A N SRR A R EE. H)
I, 240 SRS T b A ML) B 0 A R PR AR 22 B B AR 2 T
AR TUR 5T R 98, I Hik e T s 4E & 2h 1E
TS, GRAIE T R GE I SERT e RE Jg, Mk —
R TR B R4 R ACE.
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