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Power Control Routing Algorithm Based on Overlay-Underlay

HUANG Yu-ging, WANG Jiao, and JIANG Hong

(School of Information Engineering, Southwest University of Science and Technology Mianyang Sichuan  621010)

Abstract Based on overlay-underlay spectrum sharing model, a routing algorithm for hybrid cognitive radio
networks is proposed to improve the existing spectrum sharing model and to solve the deficiency in processing
interference and delay of other algorithms. Taking shortest path and link state as routing metric and minimum
cumulative interference as channel assignment target, the algorithm uses coloring graph as routing analysis model
to develop an end-to-end path selection and channel assignment method with power control. Simulation results and
comparison with existing routing algorithm show that the proposed algorithm can improve network throughput,
reduce packet loss rate and end-to-end delay.

Key words channel assignment; hybrid cognitive radio networks;
spectrum sharing

power control; routing algorithm;

INHITEZk Hi (cognitive radio, CRY&Z—FHERE MRS, O ZEBRL, phosEBR, ¥

e ARM, H AT A CRECAR I 78 3 B4 rh 72 45
VRN L IS T UL R R A D T B T
FORIHE— BN, T CREAR ML M i SRAR G A2
200, T % ER AR AE I RG22 (CRIN) [ 2%
BEAR, HOFRAAEER L.

IWEITZ BB R R 0. A5 IR
Ha, TR A OB AR & AT 1 s, N
(AP ENE FAUEE, HReRE TR,
J& TG S A A o ) R B L AR, SR TR A
CRN. i B LR 55 Overlay FlUnderlay 7 Ff
7730, Overlay 77 30 R o VAN FH PN 25 IR AU
i, FRP SR ER A E S, fiUnderlay
77 SAEUEA T 32 H PS5 a4 N BB A4
BUEIE, S5 3 P L R — B . 7R 2%

Weks FI . 2011 -10-01; f&[EIEH#A: 2013 — 04 - 06

BB, A BRI, g R A
AR 2l

5T Overlay 5t i 3 B () % HBF AL — €
PP, X7 ZRAEAE S ST X S 0 4% S 15
ReB RIS, PAAOAEH P R el H = N AUE
R IRE . IR T S S, R H Underlay 43
Wt sy R, SN R SR e T
B E ST, SEBL— Rl Underlay 4% L
T, HETARFEEEH P RITURMFIA . &
R —F L T Overlay-Underlay Silig St 4 1, fi)
FH 5t B R TR A RCRNAE 18 49 e A i e %
BT, D2 % Overlay 4 S 52 05 e A28
WHRAGEIE, UAFETSHNEREER, FH
Underlay 53t 3 = 77 i N JE S NI AUE 1, LLgE

BEETH: FER ARSI (61072138); VU114 RHL T R SERIT 75 H (2010jy0173)
TEZ A HERL962-), %, HFE, FENIAMTELEA, EHRE KA T A,



550 SRR S N 5 A N =

42 35

B 2 ORI G BRSO IR 9 S BRSSP 928
ARG RAT o B B . 1207 SR N2 PR 4%
BUEE, WA IR DR IR F 54
H1E, $Em 7 HEA R,

1 RGRENL

1.1 MERRNZT
TR & NCRNI AL AN 1R, B35 7 2%
FOUNFIH P 0 25 28 Rl

— =
Vs GR

8 B YN,
(o 05 oA 8
8" 455/

\ z%%% RN E 3
<8 N
\\-’

P

K1 CRN L

o, FH P 4R IEAE AR 3G R E P
Aab T2 AR B HETE R EH Y W FIH 7 4%
NI PR R 2 % . A P A B A Jak
Hls AEE DN R BE IS sh Y, GBI BENL T
RN FEH P REBUSIE . L] L& R T
W W 3E L, ] UZWLANRISEN &S, BT A
BREgGEWMIIRES, & BEANRII6E, ke
LA, SRECGAFH M ER A ERELR, &
INETH P BB B2 N . R T INE, BRSA R
iy 38 B 455 FH o AR IBE WA R FH P DX 288 A7 5 A T RN
P a1, B HMEE N e 1R AUE E R A
HRI R B I, BAROK 178 a5 3 R AR AR R A
MR, SEEL AR EIE DR . BRSO AR
38 T R RN B AR W 21 [ AT AU I
12 EHEERKARE

TEE UK R B R () Bkl b, 5 NEE R
B, & BB N T CRNAS 18 4 B A% | ik
Bt Bl CRNI#E (2 [B1G=(V,SOP,EC,WE)
Lo, HA, TAEAVERIMEH -, SOPERIA
HIH AT UG B 5 & (URRHL2 4TS, 15 A
ECZR 7~ HoAAR J& 15 s 0 PO 0 A P o] 3 Y 1) 352 AL
S8, ARG E)HARSESRL, LA ESE
HHWER R, RECRNH ] EIEHCAN, NEE
BEGH, Bitakriis{EiEf, 15iEfeSOP, A
B wgj, R PINEIH P A B PR B 15 B 5 B vk
B, iMPAIA A P . B2 E B RERRE .

— -

f ——
fp——-

 —

K2 EHaEpARER

1.3 SEHZERIEFIRE S0

SN A P R R P R R f
SR jHATEE, 0Bk WEAE P
B P, T BRAA Py » B
Pij(f)GiGj(hiz hjz)

d;

X, BY I R ARSUR R R P, EARthR R TTIR
Pl MU EARERIR YT B, (F) VEERRG, j)fI A%
DI G5 Gyl s sl i) R S R GG 78 5715 1
AIRESOR 238 1, =4 R S MISOR 2o 4 Th) R 2R
GiGj=1:  hyflThyZ3 73l A 5 AUFI AT A I R 2
F s AN RIS T R A RBE RS A R
, —MA €241, Q)T IARTT SRR
EIIZRN:

Psru = = Pstﬂ 1)

Pody
GG, (h*h?)

TR0 P B NSRS TEAS Rkt 3 P 3 ik
AETH, B FHGER 3 8 2R T30
IPS, A A TR B Tt sh e TR A 1p0, ™, 1Pk
NI, FhreRon BRBUE, EAsthRos[TIRIE,
TARPURREH . 2L IPY =Py, H, PO A
FH P IEHEREHR IR TIR, 7 A THRIIE]
PRA%, MR HA:

P =Y Rj(f)Gifj(hi h{)
i,jeSu dij

M FE PRI RS TES R RV — N e
() NG P D= |0 O N2 w3 Y S

P () = IPFETJdi? _ UP;Bdif )
! GG, (h’h’) GG, (h’h’)

AR 3 FH P B LA S AT A0 FH 7 3 A
fHH, AT R B P ST BN,
Bl . fe(SOP,NSOP;), M, SOP 5 SOP, 7l
Fon AR PSP A . E P S
PRI BERR (i, ) IAIBAE i AR X (F) =1 &
SCNITIE T T AR R A, — BASIE f g
FF 32 B8 I i R B U, e N B R

R ()= ()

)




gL WA, &

FT-Overlay-Underlay ) Bh 245 1 i H 53092 551

FF- oAb SR TR R SR A4, B
Dox()+ Y % (=<1 )

JeTi(f) keTi (f)
A, T, (F) FoR A 15 AL R Y B (i
RS . RIE(Q2). K (@) (G) AT MK
B G, )R A DDA S BB A R

Xﬁ)z{Pu(f)e[R?“U),R?“(fﬂ

P (f)=0 ©

2  EHTFOverlay-Underlayf B8R & 3%

21 RgR5ENX

N T HE N 2% CRN 2 €8 [ s ph A5 70 3 R I
R EE, B AR ANE .

1) fBRBER A CRNEINAN &I P FIMAS 3= H
PR TGRS F P AR RS BR 3 F P ) AL, LT R
FHPHAM,, , SEERERIEAIM -M,, . H
SURRNHH &4, PURRERFES, PU &K
NIERER PSS, HPU,, cPU, A f FxFEH
FKIFRUETE . BOAFTH F IEE AR, » £
M R S R R (P I0EAR) A Ry

2) SOP, &~ W\ A1 H 15 sli vl 48 FH 145 18 4R
&, WYL, i=1,2, -, N.

3) r RmNFIF i MM R, B

[t *d; <R, HSOP, NSOP; # @ ,
m_{MfEMU>RwﬁESORﬂSOﬂ:¢> ()

A, infRORBERR AL dy R AR 2 1A
PR, A@FEW: L HACHH S RN
THEE R, HefzEbk=—&n EER,
PIAN NI P Re i b B @5, T AR 1Y A
HONAR RS . FHNB, -1 A4l a5 s 5 4
1<i<N.

4) X B NHH P BERE G, )BTRS, sk
BERS P I RUCUET IR R R B B R, MRS A
oo, BT ERRE, FonmA:

x=¥ MEEES G, ) TITORS @®
V0 HERERG, DT IRRE
5) w, F A EERS G, )AL, B SO EE
P IR A 5 B RS R AR, BT
W = aly +ﬂxij C))
LF, ae[01]; Bel01]; Ha+p=1. NT /N
i B S I 4E , e 3% BT S/ MR R BERRAE N
BISRminw; AT#5 L i -
6) I;(f) o ihan i BERR G, j)BEAEE D 2

F P& T3 1P (F) TRk H P HAUE ET T
IR 1 (F) k50725 @) ML

7) e(f) TR MIETT A SEIH Ainfb i 1z b
HA A A B S0 (5 8) 2680, nde EI21¥SAB
e b, HASRSHANEE M EREE fENEERE
TH, SR SAS BB IR f AN f, o WiiRIESE
S f,, We(f,) =2 W RIERE(EIE f,, We(f,)=1.
N T R/METER T, B e(f) [EREEE
NEEHGBEEIE, T S ASBRRE M LR f, . B
Kmine(f), IR EMGEILEEE.

8) p(n) Fm MBI ASHIT Minigte B, Fkn
(1) EET R

9) c(p(n),n) 7R MIRFT AT S EIFT 255 fE B 45
By AT NS R AR R A 1

10) pw(p(n),n) &7~ MR T AL SH T iR A0 %
12 BN HAZT RUBERE I R IE D)2

11) path Fom M ASHE] H 1T DR,
AR NIZIRAE P TA T S A .

22 BAESRE

ASCEFE UL S Toverlay 530, B 25 M (5
e AR R S EE N SAFESNGEIE,
M JE T T2 T A I Underlay Sttt 5207 K, @it 1)
REEHSLI R AR SEE ST . BRI

1) WEEAE IR SSHHUG, H path =[S]1#£ R,
e, THE AR P SRR AUE E A (L2
P 1) SOP, (i=1,2, -+ \N), A LL 3% 75 iy SOP, =
{f.3U{f,}, kiePU-PU_, keePU,, {f}%
ATNEE, {f}RRAEENEE. RERE ST
AL E A BAISOPAE B, 2B Bl 501 k9 2% 1) 35 €0 1
G, JFitHEBEEWG, j)=w,;, Vi, jeSU.

2) (EECEIGH, FIFH TR B i
PR AT R), L j=argminw, , jeSU
jepath | iepath . w, RIEEEH B SRS, H
FOVHFE o« AN m s v o T R, Y
MANMEI A, W3RN path = path U{j} . BERSiZ
HEPRIR R, TR

PN R FOAS T8 3T pi e R S TR

O AHFEAESNEE, EToverlays X, HF
EEGTET S NEIEE S {f 3 P BiEiEs: e
Zikmine(f), fe{f.}, Hisex /& R
U IPS, e /NESR . IS ETE f Sl AdA kn
FUER, WL ZRIEST b T2 R, Z5b.
1 i 2 20(2) 5 (@) A I Th 2 R IEHE , 5 A
ige I FEESCEE, HoPIR3);



552 SRR S N 5 A N =

42 35

@ HAFETHEEY, BTHERILR
Underlay 5 2, {f 3} 7ERT G EES {f 3, ©®#F
fEIBTRM R 29 mine(f), fe{f,}, HIFH
R, 1 i LA 2 20(2) 5 3 (4) 2 R I T R Rk AL
P&, TR 2 Th 2 PR i 2%«

D)+ 1;(F) < 1P (F) (10)
e, D I(F) 30 DB A path b A 5 e 32
PP AR 1 (F) RonBERR(, )i 5 18T
YRR PR, D IRS);

® WME R EEBATE, S50%2)-@ L,
E{sz} *?ﬂ%ﬁﬁ%%@ﬂ%ﬁ, W%E%Jﬂi mine(f)’
fe{f,}, HEEEH/PREZT, THMRH&R L
F(10)s AT A AL DR 2 0(2)s P IR3);

@ WR ERFEEAAAAE, WRE w, =inf ,
infRRNEEEEAELE, EHEAEG, ¥AEIR2).

3) MEHAMY S Depath, HHi=i+1, b
BR2); Wik D epath , WIHEILLGEHR, P15 HSEH K
W1 DB S path . B% 4% I AIE (51518 channel
DL R S Th 2 power 7] 2351136

D — p(D) - p(p(D)) > —>S

c(p(D),D) —c(p(p(D)), p(D)) >+ —S

pw(p(D), D) — pw(p(p(D)), p(D)) —---— pw(--+,S)

3 HE=W

31 HEBHRSESH

SR a0 B3R /R IR N 4475 B3 5%, K
A P BENL /A 7E 3% 52K/ 1 000 mx1 000 mit)
W2, ARG INRIH P JETERE P SR A
B AN P B840, R ECNS, H R L.
3. 5. 8 TEAEIRAS, B RWEEREM .

1000 ez 703430 21196
0 ]
.1833 " @1 *27
800 9
24
2 * 13
*7'%5 01%17e30 *26 20
o0 SR | PRTVTITS
2| 7
£ 2a Sz
= 19 33l XS
400 4 ..298 1|0 iEik 3
5 "E 5@
2 3o
200 03 q1 6 5
* ]
4 @8 3
200 400 600 800 1000

X/m
K3 i Emsu(Mes i)
sl A NCRNR. H 1 5 5 T g 2% 1) T
—RIGLIE RGIXCI 2% (WN3GEAG N 48), i H )
S ERPRAFIHES, WFHP BT L EA

Hedi v 55 1) FALH P AT DL FAth Jo 2 A5 2
) 285 A FR AR TS T A PR AR B, DA P BROA T
fEALHmTEE R, =250 m, THEH R =550 m, &
BRI G, =1, FCREN 4 G, =1, RS R&wm
FE h =15m, SR EE h =1.5 m, Tk R Ek=4,

R TFHUE S B R, B SRR
R R UK LFTR .

£l FHIESEESHEERZENXER
THUE T M THLREI#/dBm
5 =>-80 (+2)

—-80~-90 (¥2)
—90~-99 (¥2)
—-100~-101 (£2)

~102~-103 (+2)
<-104 (+2)

oL N Wb

NARIENET P 22 (8l &omE, B e s
FA AT SEBRCEE (145 5 5 B B AR 3A WA
I Th 2 PR Py =—94.4 dBm=3.652 62x10 ' mW.
[FIS, T ARIEER P IER B, BedEHpid
1T TC RS BAR AL AE 5 5 B A%, = Bl
B R T AT K %1/10, RIF
MINEITR R B n =0.1. WRIEFRLTE, FHUE 558
FEIE Bk I, AR 2D N P = 80
dBm =10° mw, W3R THRSh R TR RS =
7P =10° mwW.
32 HEZRS5HHR

N T B8 UE AR SRR A A AR AT 1, R
Matlab MINS2 T .43 51 S F 55092 1 1y B AT B AN g
i B, IF 5 SCHER[B]4 H A5 3 4 e A R 45 0 %
(CARS) 34T LB A3 HT

1E BB R I g s, ARBEAEE NN - 4L
PS> 12 5 5127, 7 BIF HCARSHIEFIA
SCEE BRI S v B v L BEE% EA(EE DA
R RS T, Matlabfi 45 R anZR2fs . i,
PathXfRi[5, 31, 3, 8, 12], KimXT AR #& 1R 40 i (1)1
H45: channel Xt [2, 4, 6, 2], FTnHMNAB KT
S5 1E % 5 s powerXf [3.697 5,0.292 1, 4.234 3,
0.507 4], FonXtNidBL 42 AH NS 18 1) TR (AL
AMW).,

F4fE Lk Matlab i B 45 2R, R ANS2 T2 75 m
(1) 2 {5 1 Manual & 25 2 B B DO BV AT 1t R 0
w0, ok, FENS2eR g ST 0 B3R (N 4% 37 5
TCLIAA, WEMERHEBRA ML, MACH)H
WNRTSICTSHI £ {51E802.11 00, Ml
Manual ¥ i, {5iE7% % N2 MB/s, HiE 4R



gL WA, &

FT-Overlay-Underlay ) Bh 245 1 i H 53092

553

512 byte, a5 NCBR, 477 BB (5] 25100 s.
TR R 215 005 3 45 RAETCLI A i B P 2%
WHIFH PRI S > 12 M2 > 7, LLRAH B 1) 3 £
ik FIES D% T RUEIAEIH P2 [ iE
{EF42250 m, XTHRA AT DI E S|P CARSH

K 4 —15%0.281 838 15 mW. i % EiE i
5—12 7E5510 sH AL, TMEFRR 2 > 7/E520 s
Fruatet. o, @i HTNS21 F i Trace L3R
BRI B4R, ARt E. ZaEM
ity 2] v I 4iE

*2 BH. FESHERHAEER

Hk B 7 30 HhE i ZH iAER
path [5,31,3,8,12]
512
N . channel [2,4,2,4]
CARSHZ: Overlay 75 3 . path [2.1287]
- channel [6,7,6]
path [5,31,3,8,12]
512 channel [2,4,6,2]
ey ] . power [3.697 5,0.292 1,4.234 3,0.507 4]
EN AP S Overlay-Underlay /7 =t path (219,22, 7]
27 channel [7,1,8]
power [4.693 9,6.946 1,0.222 4]

P42 CARS VLN A S BVE RS (1 I 2% B2 AR
it LA 1] - CARSHEPLE 72 Overlay i 3 52 75
TR BRI R, A CH L RERET
Overlay-underlay 77 2 345 (1 /9 28 R A &

:LE

|

[

[
10} — —— =

[

[

0.5

FitZE/Mbs™!

—%— CARSH#: |
I —0— AR5
| | | |
0 20 40 60 80 100

i ELI5F A /s
4 g RARERIT B R

MEATT LB, 7620 s Bt A0 i i 36,
I 25 SRR A I Rt 2 3G, (E G N PR R B EAN TR
A SCRE AT W 2 AR ik B 0 R R T CARS K
i, HIGINFE B BT 46%.

P51 P67 31l A 7 ot 9 A 110 I 24 5 B R A
iy 1] ity ~F- 5 B 4iE o

ZAFI(%)

—0— ATk

0 40 60 80 100
75 BLIF [8)/s

K5 Mz ERRE
i 2 P IE,  BR T ARHI IE . HEPAR EE
IRBES SESN, RS EER VIR IE. A IE5HTE6

|
H
|
2k 4 —— —%— CARSHE ———
|
|
2

AL AERANMRERET, RAFRRENEAR
A 3 3] g FF SiE B CARS B 32 B A 10 8 52 73 79 #2300
33%#+146%.

i B33 I 2 /ms

|

|

|
0 20 40 60
Vi FLS /s

P60 2% i 8 i T~ JE I S LA
P72 B AR P 5000 37 48 o 79 o B9 2 ) 3R
T2 P A ik B BT RT RN, B A it
s ARG 1P 2 P 2 Ay ik LECARS K,
ST R IN43.3%. T, AR SCEE ] DGR i
P T B8 A 3 S ) A 4 4P FE IR T

2.0
T 15
o)
=
B L —_ ]
T 10 -l-
i I .
& 05 < — - —— ARSI ——
| —O— K5k
0 | 1 1
1 2 3 4 5

K7 BRI AR R Y 0 2 A ik
R 0 3R A A I O R P M
o AT IR SRR RN, AEM 2817
s HAMSHAFRFREL T, &84 1 CARSHIAL
SRR FITEER P OR SRAG M 28 B B



554 R N 42 %

L5 i i i [2] HUANG Y Q, WANG J, JIANG H. Modeling of learning
_ I I I inference and decision-making engine in cognitive radio
2 O — - —— 7 —— 7 [C)//The 2th International Conference on Networks Security,
% I I Wireless Communications and Trusted Computing. Wuhan:

Il [ | [ IEEE Computer Society, 2010: 258 -261.
s ity eining. Su [3] CESANA M, CUOMO F, EKICI E. Routing in cognitive
B —0— A3UiE | radio networks: challenges and solutions[J]. Ad Hoc

0 L L Networks, 2011(9): 228-248.

0 2 m,ﬂf‘i . 6 8 [4] KONDAREDDY Y R, AGRAWAL P. A graph based routing

K8 By Rk 32 P AR R AR I 2k i

MEIBH AT LA, [l VG Bk 3 FH P £ 3
CARSHIEIRAG AP 25 73k B fil 2 B, X2 i T-BE
FERRE BRI, R P aT S A
W, PR T s k. AR SCHIE DT
Overlay-Underlay it = 752, AR 3 20
RIURBNFZRUEIE, e PSR E v, M
25 B2 TR R T AT A BRI A K.

4 & B

AR & UCRN, AL H T 2 T Overlay
-Underlay 4 it 24 2277 S oh 2yl B th ik . DA
R AT E R PSS S R SRS AT
WA P 7R NI Thae sl 5 SR F R 205, F
FH D 548 2R SR i B vl (5 E B LA B AR
P i 42 DA L 4 E (S, (R oh 245 )
BEARXT F AP AR E T NS 4R R,
L CARSHFEAH LY, AR SCHIEIRAT I X 2638 15 14 B
BORHIHE S, MZFmtsEitm 7i43.3%, ZaEA
S 1) By P 357 B E 43 1) B A1 1 32 33%M146%, R B T A
SRR R, B E AR A CRN.

2 £ X M
[1] MITOLA 11l J. Cognitive radio an integrated agent
architecture for software defined radio[D]. Kista: Royal
Institute of Technology (KTH), 2000.

algorithm for multi-hop cognitive radio networks[C]//
Proceedings of the 4th Annual International Conference on
Wireless Internet. Maui, HI, USA: ICST (Institute for
Computer Sciences, Social-Informatics and
Telecommunications Engineering), 2008: 63-68.

[5] ZHOU X, LIN L, WANG J, et al. Cross-layer routing design
in cognitive radio networks by colored multigraph model[J].
Wireless Personal Communications, 2009, 49(1): 123-131.

[6] 2%, BET, 5%, INHIMeshRLEHIzNES BEES

R R EEREN. BFS5EEFR, 2009, 31(8):
1975-1979.
LI Yang, DONG Yu-ning, ZHAO Hai-tao. Dynamicayered-
graph routing model and routing policy in cognitive radio
mesh networks[J]. Journal of Electronics & Information
Technology, 2009, 31(8): 1975-1979.

[7] GALINDO-SERRANO A, GIUPPONI L. Distributed
Q-learning for aggregated interference control in cognitive
radio networks[J]. IEEE Transactions on \khicular
Technology, 2010, 59(4): 1823-1833.

[8] DING L, MELODIA T, BATALAMA S N, et al. Cross-layer
routing and dynamic spectrum allocation in cognitive radio
Ad Hoc networks[J]. IEEE Transactions on Vehicular
Technology, 2010, 59(4): 1969-1979.

[9] SHI Y, HOU Y T, ZHOU H B, et al. Distributed cross-layer
optimization for cognitive radio networks[J]. IEEE
Transactions on Vehicular Technology, 2010, 59(8): 4058-
4069.

[10] CMU-MONARCH group, Carnegie Mellon University.

Cognitive radio cognitive network simulator[EB/OL].
[2011-07-27]. http://stuweb.ee.mtu.edu/~ ljialian/crcn.Zip.

woH OB 4



