R RS BNE R B — AL R RS BHIR A BT E
AT, ], A 2 4

G AL

BBk, EEE], FREME. AR A EEE B L R ARG IR OTELT]. BREREFM, 2026, 21(5):
1300-1312.

ZHAO Lin, CUI Wen, CHENG Jianhua. Joint resource allocation method for IRS-assisted integrated sensing
and communication system[]J]. CAAI transactions on intelligent systems, 2026, 21(5): 1300-1312.

TELE AL View online: hitps:/dx.doi.org/10.11992/tis.202601028

LT BRI HA S
TEL 72 ) P A ) 4 e 5 2 P T AT

Vehicle maintenance spare—part prediction for equipment use plan

BHEZRG2AR. 2021, 16(6): 1064-1072  hitps://dx.doi.org/10.11992/tis.202012026
Al o X FREE R ) 28 2 Hbs Ak

Multimodal multi-objective optimization combining zoning and local search

BIRER G M. 2021, 16(4): 774-784  https://dx.doi.org/10.11992/ti5.202010026
FI b2 [ WSS SR 1) e 4 22 Ao 7RI AR

Multi—objective particle swarm optimization algorithm based on an objective space papping strategy

BIBE R Gi244]. 2021, 16(2): 362-370  https://dx.doi.org/10.11992/tis.202006042
T [ SRR %) 2 8 B A 4120 H AR R ATk

Self-organizing target search algorithm of multi—agent system for envi—ronment detection

BHERG AR, 2020, 15(2): 289-295  hitps:/dx.doi.org/10.11992/tis.201908023
etk KA 1 Reny i 15 10 EUS 231

Renyi entropy based on improved firefly optimization algorithm for image segmentation of waste oil

BHER G R, 2020, 15(2): 367-373  https://dx.doi.org/10.11992/tis.201809002
T GABP-KFI WSNEIRE 14 5 AL i

GABP-KF-based blind calibration algorithm of data drift in wireless sensor networks
BHER G . 2019, 14(2): 254-262  hitps://dx.doi.org/10.11992/tis.201712003


http://tis.hrbeu.edu.cn/
http://tis.hrbeu.edu.cn/
https://dx.doi.org/10.11992/tis.202601028
https://dx.doi.org/10.11992/tis.202012026
https://dx.doi.org/10.11992/tis.202010026
https://dx.doi.org/10.11992/tis.202006042
https://dx.doi.org/10.11992/tis.201908023
https://dx.doi.org/10.11992/tis.201809002
https://dx.doi.org/10.11992/tis.201712003

5501 B S W B OoRE R & % it Vol.21 No.5
2026 49 H CAAI Transactions on Intelligent Systems Sep. 2026

DOI: 10.11992/ti5.202601028
[ £& H AR 3B 3E - https://link.cnki.net/urlid/23.1538.TP.20260707.0937.004

BRI EE R — R R
BRERBITETT A

Rk, EH, f2 g

(AREIAERE FafdsdE TRE%, EA L A RIE 150001 )

. 75— 1K1k (integrated sensing and communication, ISAC) R4, BF 57 A 51 — H 75 B2 RE WS 7] B 5K
S S AR IR RE RIS FE. X T ISAC R4, A T RS e R AR, A 07| A% it/ J11H (intelligent reflecting
surface, IRS) $i AR o i T V4 IRS %l Bl ISAC R G 1L 4 il S M RE L TH €, W i B A L1k ISAC kil &b & 5 it o)
YIRS Ab S 5 R I , AR SCHE 1 — 7l IRS Hli B ISAC FR G006 A R IR A I i o AR SCHR M 43 1 58 o 1 i
MR AL 35 (membrane-inspired quantum dung beetle optimizer algorithm, MQDBO), L)k B i BE & % I 43 i 77
Bio T XA SO AR 04 I s AT VA G LS A AR 1y VR A T A i R R B RV A T
ML RPE R 3 . X F IRS 3By ISAC R4, XM a3 ik W81 T B MR EB0R . & XA R &
Yyst, AR SCHE 5T MQDBO B BEA BT IR 43 e ik AT LA S B e A %) B 238 R A i 380 %, 78 TR 438 [ ek p B
AR R AT 5

KRR B IER —RML RGE; BRSO I SR BRI I MR AL Bk AR TR R UR
FEDHES . TP273 XEREE:A XEHS: 1673-4785(2026)05-1300-13

3| A B, EE, BEE. FRESEHDECRA—FHLREBEERBESBAE J]. BERELFR, 2026, 21(5):
1300-1312.

5| A&I: ZHAO Lin, CUI Wen, CHENG Jianhua. Joint resource allocation method for IRS-assisted integrated sensing and
communication system[J]. CAAI transactions on intelligent systems, 2026, 21(5): 1300-1312.

Joint resource allocation method for IRS-assisted integrated sensing
and communication system

ZHAO Lin, CUI Wen, CHENG Jianhua
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In integrated sensing and communication (ISAC) system, there are conflicting requirements that are low en-
ergy consumption and high spectral efficiency (SE). For ISAC system, aiming at improving energy efficiency (EE), we
have introduced intelligent reflecting surface (IRS) in this paper. Balancing the transmission rate and energy consump-
tion for IRS-assisted ISAC system, when reflect beamforming at IRS and transmit beamforming at ISAC base station are
jointly designed, we have proposed a joint resource allocation method for IRS-assisted ISAC system. In this paper, a
novel membrane-inspired quantum dung beetle optimizer algorithm (MQDBO) has been proposed to obtain optimal
joint resource allocation method. To evaluate our newly proposed scheme, superiority and effectiveness in balancing
transmission rate and energy consumption are effectively verified through simulation results. For IRS-assisted ISAC sys-
tem, this novel scheme significantly improves sum-rate and energy efficiency. For different simulation scenarios, the
proposed joint resource allocation method based on MQDBO can achieve the highest sum-rate and energy efficiency
and has application prospects in the domain of wireless communication.

Keywords: integrated sensing and communication system; intelligent reflecting surface; sum-rate; energy efficiency;

membrane-inspired quantum dung beetle optimizer algorithm; quantum computing; membrane computing; beamforming
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5  MRPE Q) B E T ALE

6) elseif R HiU ) HR48 & 5K mE

7y HRER (4) BT

8) elseif >R I Jmy i T 2 SR W

9) MRHEX (5) WHE TIE;

10) endif

11) X BRI 00 B A IS o M B 1) o o2
B AT VAL TS 3 42 JRy S G

12) &e=g+1;

13) endwhile

14) ZRIA JRy e e Ak, 45 208 BE St T Bl By id
15 B — R L R Gk B BE IR A BC T 5
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crosoft Windows 11 #:{E &%, {5 RANTHSH
m 2 fiR,

x2 BEREHESH

Table 2 Parameters of communication system

2R ZHUA
IR /GHz 58
KA F-/dB 10
PRAEAIFE/dB 90
HAFE T RGER ST YA /dBm 30
I 7y 22/dBm ~60

XA S 5X e pyE gk, R R S
50, i EAE T, A LIS TT 100 K, {7 HE5 R
JE 100 KA o X T & 5 W W P Ak Bk
ML H %, S8R E Ng=01, v, =03,
@=0.5, p, =091, @R FREE LS, A
s B R KR 2, B AU N 0.9 2P k) E]
0.40¢0, XF T F it i Bk, MBS
FNAE SURE R 3 BB N 50%. 1% F1 70%P7, fEH
TR, RAESECR 0.5, ZZXSHCH 035,
P R LA, 6 S50 2 284k 0, £, X
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S L AL R /N34 1 25 1 e S i 43l i
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ISAC RG0S\ BRI 705 HSC e . 7Ef7 Had
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Simulation result of sum-rate versus iteration num-
ber when M=4, N=20
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Fig. 3
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Fig. 4 Simulation result of sum-rate optimization when
M=3 to 10, N=20
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Fig. 5 Simulation result of sum-rate optimization when
M=3 to 10, N=40



- 1307 -

TR, 26« R B S i Al B £ R — R Al R G R BRI T vk

% 53]

K4 FNE S 5 H S 25 SRR 0, Bl R 48
AN, IRS % B ISAC 2 45 il et =2 388
L)V B, 22 R ZH AR B A FH 2 8uE SE ] DL 42
1o B AL i B DR . X T ISAC ek, ad R H
T Y 0 AR SR, B A R 2 B Y B,
R F L

M M=4, N 10 1L 5] 80 B}, Bl 6 45t T
IRS Jz 5 B e Fcm Xt Bl R g . e R 7 o,
2 M=8, N ]\ 10 224k 3] 80 I}, HE— 451t T 5 —
Yy se v IRS S B e H0RE X S 32 1 5

- --JRA-QPSO - - - JRA-QDE ----- WMMSE
e JRA-QGA o JRA-SOA —— SDR

-=-=A0 - JRA-DBO
_____ PGMO — JRA-MQDBO
12

T | M
;“ __-__——-—:_:_:- ___________________
S R
= _
<
S
Z : L Ly
= L

10 20 30 40 50 60 70 80
IRS S LT K
Bl6 X M=4,NM10ZLE] 80 B 2REMUMBELER
Fig. 6 Simulation result of sum-rate optimization when
M=4, N=10 to 80
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Fig. 7 Simulation result of sum-rate optimization when
M=8, N=10 to 80
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Fig. 8 Simulation result of sum-rate optimization when
M=4, N=20, P.=5 to 40 dBm

W5 B B 2 30 15 T R 58wl R S o R
B, B R 2 0 A R e R S T R
ST STR A RS, FEAL T B0 B R R Ok £ R R
B, RN BE RS T ) B S R HE S T LA
A AN
32 BEEMERHEMEESHT

A /NKE JRA-MQDBO B HEZE 5 HoAh BE 1
BORMEACHE 2L SR AT FL R, 3 SEHE R A 45 43 Sl e
JRA-QPSO. JRA-QGA . JRA-QDE. JRA-SOA ., JRA-
DBO. A /N TR 2535 | Ptk | BREET
R4S R O R 43 ORI L B, b
T A8 2R SA R WU 3 BOR ) 55 41 il e AR
GDS #1 SFP,

M M=4, N=20 i}, {45 51— /N 5548 [ 5 £
HLEH, X IRS #i B ISAC R 55 Rk 5 3CR B 5
i

AT ELSEEG AR ANE 9 R
--- JRA-QPSO - - - JRA-QDE ~—- WMMSE

e JRA-QGA e JRA-SOA —— SDR

TS 01— JRA-DBO

----- SFP — JRA-MQDBO

50 -
=40}
-
Lo
2 I
s |
5 20p
I 10 p——mor
ROy e
@ s s oo oo oo oSS oooooos

0 200 400 600 800 1000

PARUEL
B9 HM=4 N=20MBEENEHERIBETLFE

HR
Fig. 9 Simulation result of energy efficiency versus itera-
tion number when M=4, N=20
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Fig. 10 Simulation result of energy efficiency optimization

when M=3 to 10, N=20
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Fig. 11 Simulation result of energy efficiency optimization
when M=3 to 10, N=40
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Fig. 12 Simulation result of energy efficiency optimization

when M=4, N=10 to 80
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Fig. 13 Simulation result of energy efficiency optimization
when M=8, N=10 to 80
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Fig. 14 Simulation result of energy efficiency optimization
when M=4, N=20, P=5 to 40 dBm
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Table3 Computational time of comparative algorithms of

sum-rate

ER7S 75 el Ykt
QPSO 4.37x10° 6.21x10°
QGA 1.32x10! 1.43x10"
QDE 2.59%10" 3.34x10!
SOA 1.57x10° 3.08x10°
SDR 1.37x1072 2.23x1072
WMMSE 1.59%x1072 2.74x1072
AO 1.12x1072 2.17x1072
PGMO 8.73x107° 1.54x1072
DBO 9.01x107" 1.92x10°
MQDBO 9.78x107" 2.31x10°

R4 EENENILEEZTENBEHE
Table 4 Computational time of comparative algorithms of
energy efficiency

gk 4
Ak 759 Y2
SFP 7.56x10°3 9.92x1073
DBO 7.98x107! 9.01x10""
MQDBO 8.83x10! 1.22x10°

MR 3 R 4 B0 A5 R AT LU Y, &
WE SR P 5k s A7 I [R] FE e WA AR B A I, (R
P AR BRI AT I IA) A o 7 AR [ A b e L
B, 5 R0 A 55 1 A L, B R A 1 5
EGIN T IBEAS R R T FE AL TR, X R H b 23 1
IMSEE MR IR . SR, H T AR R B s
R, I T e e s IR R A B S
M B, PR 0k B A TSR 1] A 2 i M
BE R B A AR/ NS T IR 2505 | R
it ik M SRR A Sk S AR GE LA T TA 7 2
FTHEE T E], (HE T R RE SR AT R i AL A%
34 HEWS—HEHRESF

N T B EAS B AR Ak A B — B, A
T Xf IRS 4l B ISAC 28 Gt Gl 3 A RE B AR B AR
22 FEAT O B3 AT, D7 BSR4 SR ANk 5 Mk 6
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RS REREE-HEGESN

Table 5 Sum-rate convergence consistency simulation ana-

lysis

X7 Y51 Y2
QPSO 2.98x107* 431x10°°
QGA 7.65%10°6 3.23x10™
QDE 5.42x107 7.61x107°
SOA 3.45x107 5.41x107"
SDR 3.24x107 5.41x1072
WMMSE 4.65x107° 6.89x107*
AO 6.41x1072 431x107?
PGMO 7.92x107 9.56x1072
DBO 5.68x107" 4.87x107"
MQDBO 4.13x107" 3.98x107"

Ro6 EEURUH—HMEHESH

Table 6 Energy efficiency convergence consistency simula-

ER7S 759l s tion analysis
QPSO 3.29%10° 5.13%10° Bk Yl Yt
QGA 9.89x10° 1.27x10' QPSO 6.51x10°° 5.42x107
QDE 1.36x10! 2.23x10" QGA 1.26x1075 3.14x10°°
SOA 9.94x107" 1.89x10° QDE 8.64x10™ 7.63x10°°
SDR 8.93x107 1.07x1072 SOA 1.97x1077 5.63x10°
WMMSE 9.34x107 1.42x1072 SDR 5.78x10° 7.86x107
GDS 9.02x107 1.09x1072 WMMSE 5.82x107 9.02x10°°
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GDS 4.32x10°° 2.76x107
SFP 7.32x10° 5.24x10°°
DBO 4.78x1071° 6.86x107"
MQDBO 2.08%1071 3.15x107™"
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Table 7 Sensitivity analysis of MQDBO parameters for
sum-rate simulation under different conditions

) ZHUH SRR
4 W, w M=4, N=2009 5 1L
1 0.1 0.3 0.5 1.63x10
2 0.1 0.3 15 1.52x10'
3 0.1 0.7 15 1.59x10'
4 0.1 0.7 0.5 1.61x10'
5 0.2 0.3 0.5 1.57x10'
6 0.2 0.3 15 1.59x10'
7 0.2 0.7 1.5 1.58x10
8 0.2 0.7 0.5 1.60x10

BT LRLE, AXEEg=01, w,=03,
@ = 0.5 VF N 7 e M Ak 5 1k i 2 BU(E

&8 MQDBO ZHEREVEHERHEREST
Table 8 Sensitivity analysis of MQDBO parameters for en-
ergy efficiency simulation under different condi-

tions
[ ZHH RERRCRIT
g W, @ M=4, N=201 15 0L
1 0.1 0.3 0.5 4.88x10"
2 0.1 0.3 1.5 4.83x10"
3 0.1 0.7 1.5 4.86x10"
4 0.1 0.7 0.5 4.85x10"
5 0.2 0.3 0.5 4.81x10"
6 0.2 0.3 1.5 4.79%x10"
7 0.2 0.7 1.5 4.86x10"
8 0.2 0.7 0.5 4.84x10"
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Fig. 15 Transmit beampattern simulation for IRS-assisted
ISAC system
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