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Abstract: Collaborative crowdsensing of heterogeneous entities has emerged as a pivotal research area in the field of col-
lective intelligence in recent years, primarily focusing on how diverse agents, such as humans, drones, and unmanned ve-
hicles, can collaboratively perceive and interpret their environments, which holds significant promise for applications in
the emergency rescue and urban operations. However, existing task allocation algorithms for collaborative crowdsensing
often struggle to balance allocation effectiveness with solution efficiency, and they frequently fail to facilitate deep col-
laboration among diverse entities. To address the partially observable conditions of environmental states during emer-
gency rescue operations, a “hard collaboration” model for heterogeneous entities was introduced and a model for task al-
location problem was formulated. To address this challenge, a multi-agent collaboration framework was developed and a
task allocation algorithm for heterogeneous entities with partially observable environment states was proposed. Extensive
experiments across four scenarios show that the proposed method outperforms the baseline algorithms in task completion
rates, achieving an average of 84.40% + 4.74% compared with the best baseline’s 65.98% + 4.97%. Moreover, the pro-
posed method exhibits strong robustness, maintaining commendable task completion rates even amid changes in percep-
tion scenarios and underscoring its potential for deployment in dynamic environments.
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W, BREAR SIIEA B E A, GRS
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BIEREIME, BRI ) 1E PR IR B 22 .
e, IR IO BIRE SR, 7RSI
PURH G, JE 06 B T B SR I 50 5T VT AN I 2% &
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BISHEUEE R B B M4, D Ilgidfe.

H R R R B RO R, Lo NEAE
fliE 2%, SR DQN Sk i 8 5 B, @i i
K O PRI TR] 22 43352 22 SR A T B S R B B A A
B, 02N SE, 0 2HEM%SHE. L, M
Lo N R B BB, T 10 R 0R 5000 i 2 A
& - 4 J& & K (IGM, individual-global-max) %%
PR, HARIGBCEUE BN E %, T L SCRR[36] &
HBHE o Ao 1 Loy NPT E REL QN
BA LIPS, On NSRRI, O, NIRA
WX 25 110 B A5 2% oyl 2l I IR Q M 4% (DQN,
deep-Q-network) HiEIFE I HFME, S5 HT—
T AR S R R TR 25 40 25 . Bk 05 sUAT B
225 CHR[34]. A BT B BE AR 24 1 I %10 1 B0 A
A T R REAAR 2 R B 21 bR B AR B 2 A Ak SRR
MEESE.

L =L+ ALy + AoopLoopis

Ly =(Qu(s,4) =y (s 07)),

Ly = (Qu(s,4) = Quu(s,4) + V ()%, (17)

L = (min [ Q4 (5, 4) = O (s, 4') +

V(s),0])’

#i%1 HECS-QTRAN-ER

BN AEEE, ERK

W TGN ennSpace, ,, R BEARTEAL
M 4% evalAgent, (I = 1,2,3), {EE M evalTotal, %

I

1) ¥l4Htk.cnnSpace, ,, evalAgent, evalTotal,
V, ZHEWHEP, ZRIMBE;

2) 435K evalAgent, Fll eval Total fif) X 2% 2 %
3% H 1 H PR 2 tgtAgent, Fl tgtTotal ;

3)  JIZRE UK TrainNum = 0;

4) while cnnSpace, ,, evalAgent,, evalTotal
My A shdo

5) for 17 FLIN [B] AT 46 2] 1E do

6) WG R R R E, (5
F, 2, SRR

7) RAF " R4 1T 2 i A e A4
HHMBME{ o}

8) s/ = cnnSpace, (s");

9) { 0ls }i-1 = cnnSpace, ({ 0f Ji-, )

10) { OcYi-1 = evalAgent, ({0, i,
{1 )s

11) H T e-greedy UG H { Q) }f- 3K
B{aly s

12) BT {al - BB E BRI
58

13) Z A (14)3k 5 7,5

14) Z B AT 7)~9) 3K 15 0
Lob s

15) if {7 B [A]2¢ 11 then

16) te = 0;

17) else

18) te/ = 1;

19) end if

20) Aty s Lol e Loty Y
(R LR R, e IMNE,;

21) end for

22)  HEJMAES

23) j=j+1;

24) £ E R BENLIBG 2R 3085, /DL R
BTN E

25) { Qi1 = evalAgent ({0l }i- 1,
{hidio1)s
26) Ol = evalTotal (st, { 2 Ji- 1, { @i Ji- 1 )

27) Qlotal Eq E */—ﬁ [W é% {E tth;tal =
tgtTotal (s¢" ', { A" i, L aidio 1)
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28) WAL,
29) BT LR R RS BE T B S 0 BT
cnnSpace, ,, evalAgent,, evalTotal Hl V/;

30) TrainNum = TrainNum + 1;

31) if TrainNum%P = 0 then

32) 73 1 F evalAgent, fil evalTotal HJ
X 2% 2> % 2 il 1] tgtAgent, Al tgtTotal ;

33) end if

34) end while
ek, 16) 1) te Sy UM )2 75 28 1L (46 AR T
RO L, Wtelfiho, RZMH1.

4 HESE

A FTLEAS A A S h T R s, SEue
WEEL.
41 XWgE

ASCHL R E 3 M, HA, SRS 1 R
FRER BN AR PR S PAT IR LI 2 5L H
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BT PR 28 BT AR B AR SO AL A
FTLL, 5T A A 2 I 4, 247 ] Sz 0 o 28 5%
MR LSRR Z 27T s (1 AR BCR OnT DA

WSk /IME . LIRS K2, Hd, MIBHRZ
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2 ZHERAER . T — MRS, SRR
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1) Greedy 5HiZ:: % SCHR[23]4 H ¥ Greedy-SC-
RP HVE AR otk DAIE Bl A 1) @, S 97 28 7 VA K
R 3 FRIBHN AR 3 B AT 55

2) MANF-RL-RP £ —Fh H T B 2o ot
RARRIN S To AU 03 5] B0 B AT R 2R A 27
2177, XS BT AR SN SRR I seorh ol H
TR SR I I B

3) HECS-QMIX-ER % 7%: # HECS-QTAN-ER
S RTR A M 28 388 43 5 2  QMIX HIEP IR A M
2B8HBy

4) HECS-QTRAN-ER-temp 5%: # [ HECS-
QTRAN-ER Hi& H IR #H 22 N 25
4.2 REEEAITELSLIE

N T IS A B AR P IR SR (R A B A A
o SRR S, A AlfE R — R ATk (07
1D 5REBMEE 552 B #H HECS-

=1 SHIvE 7
%% B%HIL% B AREE HERT FES R EABBEE  FHFPUTHIE CBED /A FRISEE Bar mEEkE
s VIR E (O3
1 AH 6/15/3 16x16 120CBHEHLD 30/75/15 1/2(96/24) 20 8/3/5 0.3
2 BEAL 6/15/3 16x16 120CBEHLD 30/75/15 1/2(96/24) 20 [7,91-[2,4]. [0.2,0.4]
[4, 6]
3 Check-in 6/15/3 16x16 120CBEHLD 30/75/15 1/2(96/24) 20 [7,9]-[2,4]. [0.2,0.4]
[4, 6]
4 Check-in 6/15/3 16x16 120(Check-in) 30/75/15 1/2(96/24) 20 [7,9]-[2,4]. [0.2,0.4]
[4, 6]
5 BENL  4/10/2.6/15/3+ 16x16 120CBEHLD 30/75/15 1/2(96/24) 20 [7,91-[2,4]. [0.2,0.4]
8/20/4 [4, 6]
6 BEAL 6/15/3 12x12.16x16.  120(BEHL 30/75/15 1/2(96/24) 20 [7,9]-[2,4]. [0.2,0.4]
20x20 [4, 6]
7 BEAL 6/15/3 16x16 96/120/144  24/60/12.30/75/15+ 1/2(96/24) 20 [7,9]-[2,4]. [0.2,0.4]
(BEHL 36/90/18 [4, 6]
8 BEAL 6/15/3 16x16 120CBEHLD 40/40/40. 1/2(96/24) 20 [7,9]-[2,4]. [0.2,0.4]
30/75/15 [4, 6]
9 BEAL 6/15/3 16x16 120CBtEHLD 30/75/15 1/2(72/48).1/2(96/24) 20 [7,9]-[2,4]. [0.2,0.4]
1/2/3(72/36/12) [4, 6]
10 BEAL 6/15/3 16x16 120CBEHL 30/75/15 1/2(96/24) 20/40/60 [7,9]1-[2, 4] [0.2,0.4]
[4, 6]
11 BEAL 0/15/0 16x16 120CBEHL 0/75/0 1/2(96/24) 20 [2,4] —
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L& B AT IR F S RAE FE E AR FEON O(B), ENZATIN
MR, KW ERRIERNEEEREZOE),
GNBEETT E R B AR .
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T 152, FFHECS-QMIX-ER &A1 HECS-
QTRAN-ER BiE M it #E 347 0 B o U 2R 3
JEoRUE 7 R, o AR AL SR, BEE I
SRECIRIBE N, BRRAE AT 5 52 R A2k AT LA
T Hh 28 O %2 3 S B AR AE
1) MEI7(a)n] LB H, 27T 6 00058k H, B
FIEMNGI KA C LB R 7 BARHKFE. 280,
WmE 70 FR, fEiZs)E, WAEERIESOERE &
%o PIAZI BOR e A R S P 858 7 (8] 1) 58 4 Ik
B, R TR M S H P e S LAk B B LK
2) NEI7(b)rT LA H, fENZWIHE, 5 HECS-
QTRAN-ER 53 AH E, HECS-QMIX-ER 532 (11 i

BAeBMIRER(ESTRE)

- UESIES UL S5 PAT IS (] BB SS R DR R AL PG IR R AN UAL
2 MANF- HECS- MANF- HECS- MANEF- HECS- MANF- HECS- MANF- HECS-
RL-RP QTRAN-ER RL-RP QTRAN-ER  RL-RP  QTRAN-ER  RL-RP  QTRAN-ER  RL-RP  QTRAN-ER
5-1 51.3% 72.2% 32.5% 44.7% 18.4% 28.4% 56.7% 67.7% 18.9% 30.8%
5-2 63.2% 81.0% 41.5% 56.1% 25.9% 33.2% 66.3% 75.1% 25.6% 35.9%
5-3 66.3% 84.4% 52.6% 64.3% 29.1% 36.8% 70.4% 78.9% 21.6% 35.8%
6-1 63.1% 86.3% 46.2% 63.5% 28.4% 36.5% 62.4% 77.3% 43.2% 43.0%
6-2 62.5% 85.0% 40.9% 57.0% 25.1% 33.6% 61.9% 77.8% 22.6% 32.2%
6-3 61.7% 81.3% 43.2% 55.3% 19.0% 31.0% 60.4% 76.3% 21.0% 29.3%
7-1 60.9% 84.0% 46.6% 61.0% 24.3% 35.6% 68.8% 76.6% 25.6% 36.0%
7-2 52.5% 77.0% 47.3% 56.0% 22.5% 31.5% 61.5% 71.9% 29.8% 32.7%
7-3 63.2% 81.3% 31.5% 45.6% 16.3% 29.1% 67.3% 71.7% 30.0% 31.9%
8-1 49.8% 62.3% 32.6% 43.6% 15.4% 21.6% 50.1% 57.8% 24.3% 30.3%
8-2 69.0% 79.0% 41.6% 51.0% 13.6% 28.0% 72.1% 75.3% 30.5% 30.4%
9-1 39.6% 64.3% 30.9% 46.2% 20.9% 26.8% 50.5% 59.9% 21.5% 30.3%
9-2 62.8% 82.8% 43.2% 55.6% 24.2% 30.9% 65.4% 76.7% 25.6% 31.2%
9-3 53.6% 71.0% 28.1% 36.2% 21.6% 29.9% 61.5% 68.7% 29.4% 33.8%
10-1 69.4% 83.2% 47.3% 58.9% 33.5% 35.8% 72.4% 78.7% 25.7% 34.2%
10-2 70.1% 78.4% 48.0% 55.5% 25.9% 31.3% 63.5% 71.9% 24.1% 32.9%
10-3 52.4% 73.2% 46.3% 53.1% 21.3% 29.0% 54.3% 64.6% 20.9% 31.8%
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