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Power Emergency Communication Resource
Allocation Based on Non-cooperative Game

WU Qing, HU Ming, MENG Zijian, FANG Shuang, WANG Zhigang ,ZHAO Xunwei, LIU Di

(State Grid Information & Telecommunication Group Co. ,Ltd. ,Beijing 102211, China)

Abstract: The ability of individual equipment business transmission in power emergency communication
Mesh network is affected by the quality of wireless channel and the preemption of channel resources.
Improper channel resource allocation will reduce the overall service quality of Mesh network. With the
construction of Mesh network topology, a resource allocation method considering the business type of
individual equipment based on non-cooperative game is proposed. It constructs a node quotation-
communication service-node penalty mechanism and realizes the reasonable wireless channel allocation.
Simulation results show that the overall service quality of Mesh network can be improved by quoting and
allocating with the type of individual equipment, which provides a reference for the optimization and
improvement of emergency operation efficiency.

Key words ; power emergency communication ; wireless ad hoc network ; Mesh network ; channel assignment ;
game theory
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Fig. 1 Typical application scenarios of emergency communication and individual equipment

- 267 -



www. teleonline. cn

R

2024 4F

1.2 Mesh BZHZ 2%

TEN 2937, Mesh HZH M 45 ANl 2 fiis, %5
F3E 3 28— W A B B R A A R I WiiF
PO AT A, AT A50S,,S,, S, 5y EAER
Mesh [ 20 X gk iy 5 25, 05 45 R, L R, , R, 55, [A]HY
W AT DAy e s p it Wik B A = R EH SR
FEAERRE M S, T S D, WA A H R
— N DN 2 BRI R BT 2 D, 4%
ARV TE

\ R =t \ %?ﬁﬁ%Mesh
R, A aamn
| o ... TR,
Le* E [H \\‘
o Maw LF s
| & 1= L~
\/” V/+ 4
' ﬁgﬁ J R, \/:ﬁ
st A wls
= | =
| TR @ ; '-ﬂffg:ﬁ ' A ﬁl. B
foe  melh 7, ~‘ mie Uk
15 8 3 g & g TR B
- BIE B gy o S
& W wErs ﬁmﬂuﬁaﬁ%&

2 Mesh BAM SR
Fig. 2 Diagram of Mesh ad hoc network topology

Mesh H 41 21 W 2% %k H 1E 5 #i 7> £ 4ik
( Orthogonal Frequency Division Multiple Access,
OFDMA) 1Ry 241k 45 A %21, e i o A [l il 55
R B AN [ B8 5~ 38008, DT AT LS RE B8 R 3%
A E a5 BT, OF AR 24 T 80 BT S Rl
5 BEREA R M R4

2 HANIBEMEEESETIE

2.1 %HIFETL Mesh ME(FE S BLEE

XF T BEAL 5> 70 1 JC 2k Mesh 19 85, 45 44> 9 45
P rTSE A T2k Mesh P28 40 FhJ2 55 — 20, SOk
[10-12 ) 555 B T #1065 AN [R] 37 5 AN [R) 1 HH 19 T 4%
Mesh [ 28 $ F A H 7%, hall 55 |1 a5 0 40 255 20 s
WEAME . 7ETCL Mesh W 45 40 FIMA 58 1
ST Z M F1E 8 1) R B MAC PRCA5E4E
ARSZHUFIE ST , DT 50 000 4 R AR5 M R

- 268 -

LA 2 R i, 441 sSARYE S VA A 2 Mesh 41
N, RS S, St gk R R, R EAR AL D
TE I — S v 3 o (9 Ml 5517 50 i, 47 4% PR A e 4%
FE Mesh P4 B B T 18 2 B 42 4 [R] AN [R) 2838 43
FHIF L 5515 EGE I . s/ 3 (8] T RhE {5 4
T EAF TR BRI, T B A L 4515 B A T
FIEAMC, LI 5 A% i oK 5 48 ik 55 o A K
fERGIERL
TS L TCLE Mesh W45 Hh (975 o5 B B 25 A4
KBH, T4k Mesh MG HBRE G(N,E) , Hrh,
N FRIRTCE Mesh M 2% AT (1) Mesh 15 426 E
FORG I MG IE ) T BES S A . Xt
T NPT S pge N, LR p, g TR 8%
e, ,eE, Bl e B EATI R U(e) REERE ¢ AU
AR p,q THEEEEART S D M5, D (e) Foniik
H e B TS A5 rp O R AT B 3 B B Ak A R T A
.
U(e)={ple,, e E,D(e)=q} (1)
D(e)={qle,, eE,U(e)=p} (2)
B SCRLA AR 1 s R DR AT AR D IR AT S
WAFE LA NATT S B R 4k 5 R Ry, A%
HUREIX 3 280 S I K IR AR, BB AR B B AR |
R SAERA TS S BB SRR S L, mT LA
SRR 5 W A Qn, B AR B AR E
SRR QL, QU R BB AR 5 D BGm sy s
SRGE A
Ql=0n(D(1)) (3)
BTV X TR TCLE Mesh M4 HiFNE] 6
P 2 I Xob e A T LR AR, i H e A R I
MR A3 P A5 18 B3 T BE B A o e TR E . 3
o BERRAY L TR (3) T, HoA O & A E
On WITHEITIE,
SCHRL 13 TSR R0 £ 0 F b, 42 B A 3 AR 4 A5
(14 B X IR A T A, 25 G Ui i A ) T
LA A5 T8 e A TR 7, DA dae /MR 7 5 301k
Ve B bR, SCHRL7 ] 42 1T —Fh e T 4875 sk
B SRS P SAE T AN
Qn=B/P, T UL, &5 s 2 P e ot i A,
WERRR, IR AT T TC4 Mesh 3815 M 4%
A B N IS T T, IR 52 25 A L bRl
% o TMTEF N 230 , AR IO R AR B g
APEERIUTURAE A7 R0 s A2y 8 A 25 7 25l
55 X A5 P45 PR REHE A5 1 ZER AR H ], B A2 A
TR B A Mesh 37 25 00 e 0L 3R 15 B



%64 4

FEDE IR T, A N RO R AR S Y IR IR R vk

55 2 1]

EAEIE RO R, I, A SCEE T HEA 1R
JEH Mesh [ 2% B8 43 e J7 5, R 3 TR S 1R 1
FEM AT 38— R, B D 2% 1
TR TRCR B AT |, Oy BRI 2 A4 i e AL 1Y 3
(E &8
2.2 ETIEE/EEFEN Mesh ME R RSB 7%

MRS OS5 E Z MM EAEN, B
— NS H5EA BT R, N ITA S5 5 TSR
SRR AW, R B2 5 EWHNE A
BAT R 2 X A 2 538 BT IO 1 45 R 7 A 5
Wiy, R IR AT 3l 2RI — el o0 M 2
AR SRR . AEMAERS Y
HZ RN EA AW T, 25 F i d oy
I 2o B AL, (A5 A BE 52 BRI & 1
T ZA5 ASE I, TGk B AR A RCR . MRS AE 1
FEMTES 5 H Z IAAEAEIXFE I ML, ROTE
ESIEHE 2 55 BT UEER - E—K
HIVERY PR HATT , 2 2 5 E D 22 18] 77 A 52 0w (1 1)
i, B R 2 5 5 A e SR R i 4 SR Y £ LA
2 HE S HA S 5 T, 14255 H 8 R BGE
B RIS B A es 15 3 e KA 5530

XF T A AT A G A B T 29 R S Y ok
Mesh P28 7, 51T sUAREHAE &, D049 A5 1
IR B A HROR
2.2.1 REKE

TEZk Mesh 925 Bk g o7 12 36 45 I 55 O A% 00 02
A PR T8 J3 T, 10045 20 3 TC 1) R 4 ok 15T 4% 719 A
XPEARGE IR AT oK (FRE ) o 7EJCZK Mesh P25,
b 5 AR S, A A HART 4 D, %%
WUk R R, B RBE TR BT — s WA, &S
KA TE L e={epy yepy sy, | B PR AR
O BUA AR AT DLSS 5 R s i it b=
[bgysbry s by, |, BARTT G D ARYEAS H E] 1 AR
WA BN R BE B L BT 1 SRR o 2Z F0, AT
HRAEAS[R] 2 G0 B % 0 A ) 5 6 4 >k 16474 18 43
Beo X THEM B AT S4S HIYUES py, 198 R,
BRI wy =pr—cp » X ppy A—TEFET by, o

XTI N 2B AR RGN H , &> JCZK Mesh
T RUAHXS AT T R Z RHE R AR XS FR 1 A
IEREINCE N NN A & & Y s TS 54 e
IRF AR F E AU . PRI A e 42 i Ad
hoc-VCG ( Vickery-Clark-Groves ) By 5 W% L i) L1 , ¥
JilAs T R e R TR I LS A, A AR

XTI — 2 i (5 18) LIFTA 1 4 R, B A%
TR TR AN by Z AN, I 1A AT —E B
BIANRIM Ap , , X AEIH N ) T (EL 4% B (A 3H ) 8
PR 2 BE B2 8 R, 2 RIS AR,
ABATT 5L R, ARAF I S PR Ay
P =App e, (4)

IXRE AT LSRN Y AR, At EL S AT DT 52
PRB R , RE T A LR B H OB
Wit , Hollgs AN 2Bt HAR M B g e
2.2.2 RMHLEH

5420201 WHEAR M RSB OURS #4
RN BENEAE AT SR S AR R B,
MUOR, M E RIS R A OB SEA o X
R AT R AEAEGEEIE T  #hik ik b 45 H Y H
SERNAS IR BN QAT A1

AL AL 5 W R Ak A AR 3 B B
TERIAR B B, A5 U7 o5 S, R P45 B A I e %
b 5 AR S TS X6 3 M 55 B0 T e S AT A A
AT 4. SR R E R 5 Sl 55 A5 H , AR
X T AR TGN OUR S 55 15, U1 55 S, X
ASTEANAR B R, LA R AS B 47 (R A e R . AEHR M
Mg, el dbm 8 R, 36T S, T HE 19 S AT BE 1 AN
H O T i 5E B F F M B B RN by 7RSSO
%5 (BH —ERT R B —Hl 55 ) B |, 3 AR
BBz, X LR o5 S, a4k Ty AL R, B Mk 55 2 AR
M Z I SEFR A5 AN 5% Aol 552 AUARDL L,
D B LR M AT SASE 5 5730 s Al 5 5 ol 55288
RUAREF (40 7 3 U0 A2 Bl 55 H 46 AR A, 5%
FARBRAE S 55 JHR Hhm R ) | X321 i
TPl akdES (X (4) RSN Ap,, 28R AE
i1, NI Lk 79 54 AR L SE BUAS T BT, 38 B
BEAEE R FLA R ) kA, X (3) H Y A On
AT 2 s B HRAMY by, 45 B, S AT LA AR B
BB, I AR 8 B AR Y s TR 43 B TG 2R
Mesh 2% {58 FE U6
2.2.3 BEDR

Te4k Mesh 28 (538 5 SAE () B30
Sanr .

BN JCZE Mesh IZS RN | BAIE4 45l 55 25 Y

iy AR B S B A R

1 fori=l.m //m AN PGB B 6 AR

2 CollectTask (i) // W4 ALl 552570

3 BroadcastPrice(i) //J #EIRA

4 end for
5 forj=1:n //n AHYETSARKIRM

- 269 -



www. teleonline. cn

R

2024 4F

// IR REARIBUT WA AR
/)RR

6 GetPrice(j)
7 BroadcastPrice ()
8 end for

9  AllocationChannel( Qn)  // 1A FH 4 EEE
/ /%% AR L 55 e

11 for k=1:m+n //%F n+m A0 S SEATRES 8% S+
12 if (IsPunishment (k) ) //J Wi B AESH &4

10 TaskTransmission( )

13 Punish(k) /%15 fUABCH G
14 else //3 At

15 Pay(k) //% 15 ST AT
16 end if

17 end for

TEHL IR A B, N A0l (5 5 e & 2L
LRHT T AR HE R S AL B E, MR T —
Mesh W25 Y75, IV 2 3530 & 00 JG 28 Mesh K
L8NG [ 2 | A4 I AR A 55 AR il
5 %o 38 A 1 T 0 SR AR R [, R Bk T R4
RIS TR+, ER IR e AR 8 &
v 55 A5 iR 1k Mesh M5 4R NS AL SRR 00, T3l 2
PRI LI 21 X 45 iR 55 AR e

3 AESW

3.1 (FESH=HE

D] 5 R O ) 7 3 T BA 25 5 T B P oA
FL T N AR R GRS R b X e 66 R A
M FPRFN % Mesh & EE NS HRENHS
$, #E Mesh HLALM B 10 7 (5051 A KW Bk
JTREEDLAE R K 4 BRI EE L SE LT R IR T Eh,
i 3 FE 4 iR) . MERRPIER 10~20 &
(3 K245 1/3 HFMLEE A F] Mesh 1% £ J5 15 4%
S,) B B A B2 55 (AT AL SRA S AT
HL) A G P, BB R 5 RS 55 (AN g
EEER) LA P, B R 3, — RS S5 (n
BT MR B Re L2 AT A% Py
WEN 1,

3 BEWLERL Mesh BIE RGN (T EMRE)
Fig. 3 Topology of randomly generated Mesh

network ( breadth first)

- 270 -

4 BEHLERL Mesh B1E M &M REME)
Fig. 4 Topology of randomly generated Mesh
networks ( depth first)

TR IR, 5 — R RRIA AR, 1#] 3 il
Bl 4 1 S5 S (BB AR 5 D) BiTAb 457 B A 1 2 i
T4, LRGBS T RE B AR K FE I O,
WL RP T 9 88 R RS FEASER 437 7E 7] — 4> X8l (K
FIG) |, WA 2243 HOE T 250 D B 360° X35 Y
A A A e B A, 11 3 FTA 4 S, BRA AR AR (H
AN F R — 25 HE R B (AN 3 e, , Fl ey, Bl 4
ey s Al es_g) , R R4 BN [R] )4 8 DAk B3
3.2 HELERESH

HRAE R B 055 8 E T AR E el 55 5 48
FIE T AN TR ECARE I T, PR 2 FpT ol
S5 K2 BN . FEUCER R Y s | gD ol
G5 AA AFTE SRAF ARG ER R, 2 0E 5 15 1 A el >
B AR AR SO vk DA R SRR 7] SCHR[ 13 ] ik, 157
NGO G AZ A5 E T m i B e e &80 b2
[] (1 0GR B H A R N 5 AL 6 s

100 —
R [7]

I R [13]
P& -

|| |

21F25% 3R 4F1R S4F
BEHEERER

B5 FEBRASKRSBEEREHXR (T EMRE)

Fig. 5 The relationship between the channels and

o
=}

=N
=]
T

IEH@fE &5 G %
N
[=

[}
=}

serviced individual equipment ( breadth first)



% 64

FEDE IR T, A N RO R AR S Y IR IR R vk

55 2 1]

100

80 —

60

40

IE #3815 43 &5 /%

201

20F 13K kY:aE N 417
BEHERBN

6 FERASRSBEKFHUXR(REMSE)
Fig. 6 The relationship between the channels and
serviced individual equipment ( depth first)

BEAR 2 AR T R AR A BILR R SE B &
VETEZE U5 0K A T8 il B LI 4 , 73 73T
B TREYL, fFE RS RS F R I
55 2 [8] A3E e O& R A EER AL, 4ni 7 B

I % 7 5

ni

TRtk Rk RERE EERE
kYIS E N 28F28K 35F13F 28F13R
D L

7 ARFEEHESRSEERSEVXR (LT RAEN)

Fig. 7 The relationship between the number of available

100
[ Epudi

IEH B 40 5 /%

channels and serviced individual equipment ( no punishment)

PRI G R0 2 T A T O 8 2 (i
5 AR 5 AT THLEIE) | TS AR SR R R] Y
FIE T, P B A K REREAR B i 2R (1
Rk S5 o ARG TC T PO 1 R b, s A1 SR B %
RIS A 23 AR ) 45 18 BRI, BT i B i) -+ 0K e
R (5 S5 B, HEL S R 6 ml WL, >R A
Jr AR T SCHR D7 1R 13 ] J7 ke S AR X T 22 1) B
TR RIS

4 & it

ARSCHR T AR A VR REBR R I B IR BT 5 e 0
R8T R T — U SR R G IR AU
A H AN [ B SR A 55 2R RS (5 5 5K, O Mesh

2% rb B DR AR AR AL TR d Y R AR
Ay =l 5538 15 =19 s AR AL i PR b 4k AR
TR AT P, 5T 15 18 B IR 23 e B & B 4R A1t
ST, 3 G 45715 KD S 1 ARD A X R 4% 30 £ B R Y
GG, SRS 4507 SHR IR S
TR R B RS I S S TR

SE .

[ 1] %h&Uie, FL07% 3T 56 RITC AN BE 4L R 2
AFHALT]. B AR ,2020,60(11) :1290-1296.

(2] W, B, B7a iR A sk RS
Gl [J]. I8, 2010,31(7) :54-58

(3] BREER, XU, Ak, 45, 3 00 N 2 di 15 R a0 sl R 1)
[J]. B4R 2022,24(1) :11-13.

(4] SfRUE, S BT 540 20 I A v g 7 2 7 PR B A
FEL] R B Sl fEHAR ,2020,18(7) :46-51.

[5] M5, #hvE, 2 —de, BT ok o dm IR 5k 1 TTL
Mesh 2683 B & fFE A EC[)]. 7515 B2,
2022,44(12) .4265-4273.

[ 6] Hhifply, B8F82, 5Kk Ioe. —MhahZig o men) 2 2 Mk
HOREET D] IR A 2022,62(7) :922-928.

[ 7] 5K S4E3C FNEA, 55, 8T BE % 01 3000 R TE4k
Mesh W& IE 5> BL 535 [ )] T HOR A, 2016, 42
(5).82-84,89.

[ 8] akedfidf o0, mIENE, 55, TR IE I TCL Mesh
PO 2% % P S5 AR E Ar FCHR S AL B [0 ] AR
(T2 ,2018:48(3) :887-892.

[9] MOHAJER A, DALIRI MS, MIRZAEI A, et al.
Heterogeneous ~ computational — resource allocation ~ for
NOMA :toward green mobile edge—computing systems|[ J].
IEEE Transactions on Services Computing. 2022,6:1-14.

[10] . RHTCL Mesh W2 B BARBISE[ D], dbat.
JE TR HL R 2%, 2021.

(11] Jride, FEBEE, T4, 4. AR REE BRI T B e
HL T 15 T o 4L 0 20 ety K W T (0] i SR 2 S A
H,2015(3) :511-518.

[12] FRfe, Feia, AR . 2T B0 3 41 2] 3k i ] 1 T
2k ad hoc #li ZE ik S 55 [ 1], THR AL HT 5 8P,
2021,38(9) :127-132.

[13]  FMEAS. FETFICLk Mesh 4415 18 B 5 43 Be M =5 30O
FRGBRFE (D] R - H T RHE R, 2016.

[14] Z g MIe BB M]. dbat. AR 2 i Rt
2007.218-259.

[15] ANDEREGG L,EIDENBENZ S. Ad hoc-VCG:a truthful
and cost-efficient routing protocol for mobile ad hoc
networks with selfish agents[ C]//Proceedings of the 9th
International Conference on Mobile Computing and
Networking. San Francisco: ACM,2003.245-259

- 271 -



www. teleonline. cn

R

2024 4

[16]  TEFE ARE] 20K, 2. L T ARG AR R A O 4 M 2%
LRI BT [ D] TR PR, 2009,32( 1) :54-68.

[17] WANG W, LI X, EIDENBENZ S, et al. OURS; optimal
unicast routing systems in non-cooperative wireless
networks [ C ]//Proceedings of the 12th International
Conference on Mobile Computing and Networking. Los
Angeles: ACM ,2006:278-289.

(18] Biu, XU, ok, 45 | ) o 208 15 AR S8 i e AR
[J]. 2 4R 2022,24(1) 1 11-13.

[19]  BEZME B30, N 2GE (5 46 8 478 /L ) R 58P ik b
MHrLT]. B R GEE4,2020(22) < 17-18.

[20] WAZGE AT, 55 45 ZHE I TCE mesh 281 {53H
23 ApBE )] R4, 2011,34(2) :26-31.

EEE T

2 K B,1983 FH:FHEHIK,2015 FIR T A1 12
07, B8R g T AR W, 2B 5 7 18] o0 L 03845 I A sk (&

- 272 -

N YN N A A= el

OB 55,1980 4EA4 F At T, 2006 A 3R T A4 A+ 2
A, 3N TARIW, FEZEWFFE 7 [0l 2 B 738 A5 M 2552 17 Bl

ZFE 5 ,1996 TR H, 2021 43K T2 W+ 247,
FEWFSETTI0 9 ) 56 s B N A,

FOE F 1988 AT WAL 1L, 2014 AFER T 24+
S, Iy AR, A5 T n) L ) B GEAE \5G L )
Tt M5,

FERN 51982 A FILTIH, 2007 4238 T4+
S, B TREVIE, 3 B 5T 7 0] Ry H 038 R M 4R S
B1T,

BYIB B, 1974 FE FILHEHETT, 2005 3k T2¢ i+
2L, BN IE S g TR, E A 55 7 oA B (F HoAR
FIBAFE P4 HLR K RGBT,

X 551982 4EAE TN SE I IFAR DR, 2007 4E 3K T
SR B R TR, B SE 5 M AN TR RE MR
BALHIE N AR RS,



