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Spectrum Allecation Algorithm Based on Hybrid Multigroup Evolution and Particle Swarm Optimization

WANG Jun-ming LIU Jia-qi CHEN Zhi-gang GUO Lin
(School of Software,Central South University, Changsha 410075, China)

Abstract In order to solve the spectrum allocation problem in cognitive wireless network, a spectrum allocation algo-
rithm based on multigroup evolution and particle swarm optimization hybrid was proposed in this paper. It uses graph
coloring model,and makes multiple populations evolve independently by genetic algorithm in order to improve global
search capability of populations first. Then it selects the optimal particle of each individual population as a particle parti-
cle swarm optimization, and controls the direction of the initial velocity of each particle to speed up the convergence
rate. Finally, the maximum benefit and the fairness among users were taken as the optimization goal to compare with ge-
netic algorithm and particle swarm optimization by simulation experiment. The experimental results show that the algo-
rithm is better than genetic algorithm and particle swarm optimization in convergence speed, cognitive user access fair-
ness and total system efficiency.

Keywords Cognitive radio network, Spectrum allocation, Particle swarm optimization algorithm, Genetic algorithm,

System benefit

1 38

A2 ETR R, A3 T B R 5 0T SRR W
W, T AT B R BT R + 40 A R » Miitola % AT 1999
R AL B S RS R IEF R R TE
BHBRT . EAAELKMET, EZEUR P GBFRAA A
FEREKHAPOEFRBRIA P WHRERPOFASFERTHR
BAR P EREEAET 7 ASh A S RAGE AT
REERFENFAR. B, BrEaEoE R, %2
FAP&R BOAARITCE P 28 B — A PR R A

A T RPN TR P4 895738 4 BE R, B AMF 2 %
HHEEBT KERNIIE TE, § 5 — L2 M BEE M
ZTFFMER R TREHESRER . B M7 2 B
A BRSEAY MRS  TREEERC R

RS B $:2015-06-10 & 4E B B .2015-07-28

WEOERIE, MRS BRI E M SRR B AR EE XTI
EEREHTERFNEL ERFEEAPEERR S BT
HEEE, BigE ARG AR T B §FHE 2B 6 Sl g
BT A B ) 3 £ [ R, BUAT AR R Eh e 1 B, LRSS
B, EABSRNATY B, HER, FLEEg e iy
BEHFE RS ABIA A JE 4k B A S B ) R R, I B
w06 ERRE BT B AE B (Genetic Algorithms, GA)YB! /%7
FEEE B (Particle Swarm Optimization, PSO)™ | A T35
E%, CER(8]R BB S AR S B+,
XA RERENR, BREMEERS. XEOIRHA
TR F B R RIIE B ) R W SGE I LR B R B B
FBARTBRNME. XEHEEHZRSEENINEERR T
O & B 20, R METE B4 RO B B N R BB ALAR

HFM, A SN TFRHEEMBEERNRS BET

FXZEFR A RBHEFES (61379057, 61309001, 61379110, 61103202) , B RE M EMBIR &

JRATR1973 31 (2014CB046305) , M B I A B S FHUMA(20110162120046) , PEf A2 h R E SR I F B & T S (201522ts232)

BEEn.

FHER(1992—), %, B4, FERFE W R IAF T W 4%, E-mail : 2471790354@qq. com; RUEEH (1983 — ), 2, I, B+ 4 G0, TEHRHF
FW % 5EITE AR RS, E-mail: livjiagi@csu. edu. on; BRERI(1964—) , B, 852, B+ 4S80, TEHR AT EHE . MESHHER

HEE FA990—), 5B, W4, FEHFEITEAAMELME,
. 28 -



— T T B R AL 58 T B AL IR & (hybrid Multi-
group Evolution and Particle Swarm Optimization, MEPS) #)
S Sy BC T ¥, AR RS FRBX B 18] P AR A3 A 0 TE 4R s B0
BRARIR. (EXBRYE, MEPS B RBAMELE
4% B4 3185 43 IC (R RE i 5 L R R 380 d:

2 IAHFT LR MK o B 5

2.1 AL R H il B SR

FEXAMTER N E 3R IE S BN T ESE 3 M EARE
B DINFAP BRI P O TG 2R e ZE e T
5 DB TLR R G B s A BT A P E A,
25 SCHETA IO LR P 4 00 33038 43 B o) B 3 D B o R () AL

BEE— X Y @V E X RV E P A
FRNMEAP, RMERGET S HE MATLELKNTT
HSE AIA P AR AR (BRERA P A SE
FOFPEETIRAER T T LR AL 0. B »
(p=1,2,3,, PYFHARIAF n(n=1,2,3,+, N m
(m=1,2,3,, M) LB EX BB H FHE L dpms
B dnp RERHEAE KiK. B P2 TR SH
EEE Y, AR P o FHARR P £ Q<G FERAIE
LR %R BRI n Mk ZEFET
B, BHARIA P » 0 & REEFE B A NMEE . WE 1R,
MERHP p A HTEGEN , AHAFP 1L ABEP 35
FEIHB S 2 FikmA R 3 #A LAR B A ST m, WA
AP 15 aARP 2 R ARG m s TR,

EH1 ARTEMEIEES

U LB RENECRERERX MR E G=
(V,Ec, Lo OMER,VRERG WL, BIAAMIL ML HIA
HMAPRNESE RENANES BFARRINNEFE
EAE SN SERSHP ZEBTRARKE; Ls AR
AR MBI AT RANE, Fm A5 X e w] B
RHWARIE,

2.2 AT RS ASTIH S B IERE

RE EE ISR R A N4 s P48 B SR 4 B AR
B, A XB|AT W HFSERE L(Leisure) Y255 % B(Bene-
fit) . F 46 B C(Constraint) . T F I B4 E A (Alloca-
tion), {RULHIESBCAA X TR AL A BIMRE, 7T LA
INHEESRARAE M EFERRAE BRERXPIAE N
MAFBEF MAT . SEFEXNT.

EX \(ATRSRISERE L) i 7T RS0 48 R i AT
H5iNARAPZETRRR, 7 RIS EREE XA

L={lum [ lnm € {0, 1} }nup» SnIN L ISSM<IM

Lo =0 RN m AR n AT RZ bm =1
IR m SN » RATHE.

EX 20 2B5ERF B) WS ERER BRI n
A<a<NERRF 87T FISTE m (Q<m<<MD PR R 9K
. BARESCH:

B=A{bnm | bpm==0} n.m

FHINAA P TR m, B L., =0, 5F b, =0,

EXICFWERE O XM TR AT m, RFE
AR R AT BB RS X R UR P Z AL T B 7=
AT, TUAZSNTRER: CRRRADAPZENT
ﬂt:

C={cuim | Cabn € {051} I vanam
Hi,copm =1 BRAINFF n FIARH P £ [ BH6E FI40
Wom LA FR RZ ) corm =0 MBRINMAS n 5 R 7
AR E R m AR S=E T, Hob, 4 n=k HIRiE
m AR n 7 E X cuem =0,

EBX AETHAEERE A e BT H KRS
RAWAHEP AL TRSBRER A BRBEANSELER,
BAARRR:

A={asm|ann € {01} }nem
A a,,=1 RRBE m ARANRAF » EHA. i,
T RAEERE A LR THRERE C 8 XA KM

A * Aomn =0, 1f crpmn =1, ¥ n e<<N,m<M

SrHTLA_ERE SCRIER AT, W ER R4 B ARR
£, 8 AL, O n RN W 2 53 B PR ) 2 A4 09 X T 4 43 B
EHFEA MRS, FESEEEREERE - ENSEAEN
FEBRR N AL, O v PR BAER RS 4 B )5 %, BIE 2
BT THSEER Adm. Z3CHET T RAEARE
B ANMBT R KR R BT T BUERE

DERAERGE S, K BRRERN/DRAFEA
R P BRI EE BORB R, REAEATRR N

U=3 5 aum % bun W
W gy B B AR T BTN -
U =max 3 3 guun * b @

=1m

DB|AAL P, B RRRIESRIBFARNEIZ
ER AP, APRATEERREFTRA.

N M 1
Ufaz'r = ( 1;[1 ;lan,m * bn,m)ﬂ (3)

3 ET MEPS EiZayiAm T &5

AT MEPS Bk B—FET SFHBEL SR T
BARALIR & B, AR TR PREE QRS SR
BB AME, LR E 8 8 & BB, &5 D&%
IA] LR B AL — 2R B S FRBE, B PSR B — S AR
B AT S AR, i A R B R B AN
REREE LRI RIES R85 X 2 H R E AL R,
YR RER PR FREB B L IR R B M SRR
3.1 HmEHR

2SS B D R PR SR, T L B LA B AT
D, S RO OS5 RS , MRS T R T &
2R FIRE SUIR S T BB BT REN, BA R F A2 [

e 20



F. ARELEAHET ML HERESEEHRITR
(A STRPIL N N s e Ty

B RENLRI AL Z AR S = R T BT iE
H xi(i=0,1,2, 2= 1) , AT RIFE— L5 BITH xu (4=0,
1,2, D— 1), FEREE BN T HEEE LR PHREK
ERAREEHN T, 8 R FREERNDTRME T HHE T
BoiE) B — AT TR B F o MR EEREBRRN X =
(@22l sy i1 )y 1€ (1,2, 3,0, T) SR ML S S
NLEEE IR/ . FEEAR A, BERFEE PG &£ B AL AT
1, FAERIEAER 2.

3.2 EMEREIET

BB GENE R R BB PR AELL W
HERR, REM KRR G AR , 3E L R BRI R
HEWABENWSERE L RETRIARIE.

% B BIA SCA R T LR P48 5T 4 BE it B AR R ARAF Bk i
ARG B IFARIER P B4, B o RS SR R
BRRAPAVHEERM RN T x #YE N B RBE SCA -

F(x)=axU+B*Ugi (4)
3.3 BAENERKERIE

BAEE PR 3 MR B EARE U HRE L
e, EERMERBREC AN THENEERIELT K
B — R B FU0 5 R0 1 B R MV E D TR . XX
Bt mh R A S R FR S G5 M i DARE e, A RSB
MERRLAR , e A PR B O VE R, BT 32 XUTT AR D it
RHEENLRERES . ERBERBARREN ST
BBk RRIAR, RE T REHEENRIBEIERE
HH,

B 58 S B R s R RMR BN Z SR, BT B9 3E B
FBEAERK, HBA PR R R, € SORF =, $ik
pi R

__F(x)
ié‘:]F(xi)

B B P AR T 2oz BEATERIESE S, A AR — X
BT 2z RABEARZE X R, A L — BT 7T 1A
EXRAEFEHTER. ERZX BT -

' =A% ;1 *

2" =A% 2 (1=Q) * z;
Hep, YA REEN, A TBERTL, 4 2 BEERRLK
AL, B IR S BAREX .

BRBERFETER, ER—MILEEANERET,
HA ER0 R E, 7T LI AE F R ) B IR X B AT B
BERY, HEHEROEETH, ERE—N/MERES,
FEDLEBUE TR ME 2 =[x 20 s 202 s *** s Tico-1 1 B
& DAMRMIE N 0. FER 0,.(d=0,1,2,+,D— DI ES
SAERIRENA R N(O,o) , BETERHEINT

Xy =xy T+ N(0,04) ¥P)

FERBRER TG SRR P BRAAE, R E®
X8I B KT 7 S AR A AR B3 L BE AR, T B I s e
HBGEREE po s ENBA [ oY P ERE—1
%

e 30

(5)

(6)

3.4 WFBEERGHRE

ERTFRRAEED, EMERIRBRLSTR FHER
B ERMME [, URKF x; 164 91k BTk Bl i B LR
pio [EIEE, T IR EE , MR FREE B T — 2
Bk, WHRLF W IR AR, R B4 B B X R [V
Vi ]V in Vo 53 BIFR AR T B2 /1N BE FORL T B KD » i
A KL 2 B B 5 — 4 7 1] [R] B S TE B[R] O 4 B )
BT ZELO) Vi JERE L — Vi, OJBITE I 9, BB 23X BRI T )52 B
KAt A Km/, BAF TR FEME TR R R R,
IR AR SGE BE , AT B R R Bl & R B LA, BB T
i BEERA N X =X Xo s Xy s Xup—1 1, BB V. =
[(Vio sV s Vi s s Vio—n 1L, ZEH B UL L 4R G E BT, 3648 ¢ K
SRR TR S B EH AR

v =wtly 1 8Pl — )t Pu —xa)
2 —al

Hrh,w RRERE, o A TIRER B 51248 IEFTA B A
AR RALE R B, oo R T BR BRI I S R AR O AR R B
&.n K00, LIS T B BERLEL
3.5 HUEMEFLH

R SCHTA R TOLR P 45 331 4 B [ R4 58 S - ZE B AT A
WHERE L R4 B THAERE C WIE BT, ey 4R 2 B
AT BFERE Afm BERARF P Z AR AF 1 &R
FBKEBWER Unen . FICRITHIE T ZF B SR T RE
IR & E LIS SRR R EAR LRI

B Fhi. FEELRIEAAL N DML RRE, BB
HIARSE SR, A R T AR AR LR AR B FITHRAERE
C.

(8)

P2 mEEEEL. BN REE R AR
i TAL ARG =R (D 7 HIHAT XL R B,
HRAKXOHERTFHE N EME.

LT3 RTHEEMGL. BEEEEN T RUE,
BUAg A1 SRR P B L TS /M £ R ok T B DL (L B R 4K
BIFNRE , AT & OB A4 B0 2K (8) X i3k ok - F) S B RS B 4
k.

B4 ORI TREE RS, XD SRR F
BT BE B IR 1 — RE RO ARK A0 2R 45 578 B e B8k
R MARGEF /ALK I, f S BT R X T4 i
AL BEERIEES.

HRS  FEVLMAR R T REOU AL B B AL /5 R o il
B R AR T B AP S8 B AR, B i B A S S R P B
hAMEREREIBR 2.

4 HEXEEERSH

4.1 BRSEER

T B8R AE K 8 DA 0 TC 2R W 4% 533 43 B 5] B 8 MEPS
Bk B, A 3CEE Matlab R2014a ¥ & FifTIH ALK,
SRHSCERC4 1P B R B IR TG, 53 A B R SGEE A A
FAFREANEHE . REEWE 3 MNFEAF, 5 PSOBEM
GA ByitfTxt e, B SWEE AR AP 8 AR5 5 A
KODOARB)FHE., LB+ MEPS BEEMEBH «=0. 1,
£=0.1,A=0.5, A K& AT B PSO BikH GA Bk &
BAT 15 W, B FHME h=2, EASHIREBNE 1.



#1 HESHK

s%4 3.0
KR AHDD 8~24
% R H (M) 10~26
B AR BRD 20
HEANAHBERTH 25
TRAMHEN L MALE RS 01 R
W HERB EHEPEATERMEA0,10]2 My g K%
FHREEC n=k #ic,  n=1"lom  KETEHHEH LK 0,1
BAARKHKT 200
BUNE o 0.5
ﬁigﬁ C1+Cy iﬂjb 2
Vinsx 5

4.2 IMERSHH

Hi N=12.M=24 it GA B} .PSO BiEf MEPS &
HEHGEAEE, I 2 R, JFERET, REEA B R A
WH I B TTE K, MEPS BB 7E 60 fREER M, RIS
BBNEK, BIRL IS o AR TCLR R 48 93135 43 BL (R RR By S AR »
Ja ARG e a JLF A ES 0 T GA BiEF1 PSO Bkl
BN 105 ALFN%E 75 T RE BB A R BIBKE, B HE
TR A MEPS BiEmt RS B K E. XRHE N MEPS K
BERT GARRMERERIES M PSO B ki W SE K,
AT LAkt R BB R B & /B, WEBETHET
PSO B EMFIHEE , W IE RSB £ R it.

FRAH
g 8§ 8 K ¥ B

25 80 75 100 126 150 175 200
BRAHK

B2 3R B B L

% N=12 &, BEE T FFE R 8, REE Sk F
FHEMA T IME 3B 4 BiR. BE 3 ATH, 7 Mg
FoEmas, FF ZEETHE/N, RER S siRE 2 s,
HRA MEPS B Bl RINVAR G BB X TRA
GABEEMPSOREH SME. EE 49, REATFHEEE
ARSI INTAE R, B MEPS BRI RGN FHKRT
GA B PSO Hkk. KWEREW, Yy RBUEHOL e,
BT MEPS B RS MR Bt (L, B8R 388 N E R
B ROR AT R R S, R RS S RGN FAER
GA B PSO B %, B it MEPS Bkt GA B3 PSO
BEE AR T LI EL M RGN PR 0 R
Pt

-a-GA
50| o yaers
5 = P
;] P
% A
100} =
10 12 14 18 18 20 22 24 26 151012141615”?22‘26
RN AR
B3 ATAMEBENRSELAR B4 TRABEENREAF
bl A e iy A

% M=16 i}, RE DML RGN PSP R E
UK FIE 5./ 6 R, HAHMAPEE NS, RELW
AWK, ERH P Z R T8t S B P S in
HRBTUANE 5 BN, REFR LB SFEHE F - $a9sm

TSN {53 10 A o R R 18, B T MEPS B2 R
RS, H i MEPS BRRMR SE7E IR KB R RS
Wik . S EBOREE, F P SO met, P 2 E R e ek
R AP Z S TR K, R TR, fuE 6 BT
7o BT MEPS BEH LA s 0E i B E R R AR 7 KA
RSB RTER , R R RMIER T RE W LIRS
RTREHEES PSORBRKATHEER, TREREN, Y
INFR P S neS , MEPS B8k th GA B F1 PSO B E A
T RIINHTL M 2% RE KA TR MR AL,

0 12 M4 18 18 20 22 24

8 10 12 14 16 18

W P ¥ WoRPH
5 AmAPStRGERlE B6 WARAFBRNREAT
iy A R A

BRIE  MAXHARITGLR ML R BUE AT A B B
ABRZIABNSHERABRIRE, AR SCHRE 5B 5
FRA—ERE G, RA S MBS, T AREE %
AL F A M R SRR R, 11 Y —Fh 237 S S Bl
TR A SRR R AR FRESE 3 M E#T I,
PIE LR ER R, R XE R LI TR L 5%
SR AR EFRERE.

2% XW®

[1] Niyato D, Hossain E. Competitive spectrum sharing in cognitive
radio networks: A dynamic game approach [J1. IEEE Transac-
tions on Wireless Communications, 2008,7(7) ;2651-2660

[2] Huang J,Berry R, Honig M L. Auction-based spectrum sharing
[J]. ACM Mobile Networks and Applications, 2006,11(3) :405-
418

(3] Clancy T C. Dynamic spectrum access using the interference tem-
perature model[ J]. Annales des Telecommunications/Annals of
Telecommunications, 2009, 64(8) :573-592

[4] Peng Chun-yi, Zheng Hai-tao, Zhao Ben Y. Utilization and fair-
ness in spectrum assignment for opportunistic spectrum access
[J]. Mobile Networks and Applications,2006,11(4):555-576

[5] Liao CL,Chen J,Tang Y X. Cognitive radio spectrum allocation
algorithm in paralle [J]. Journal of Ectronics & Information,
2007,29(7):1608-1611

[6] Koroupi F, Talebi S, Salehinejad H. Cognitive radio networks
spectrum allocation; An ACS perspective[ ]]. Scientia Iranica,
2012,19(3).767-773

[7] Peng Zhen, Zhao Zhi-jin, Zheng Shi-lian. Cognitive radio spec-
trum assignment based on shuffled frog leaping algorithm[]J].
Computer Engineering,2010,36(6) :13-15(in Chinese)
iR, RS, R, B TRA SR AN TR B S
B[] HHEHL TR, 2010,36(6):13-15

[8] Wang Xiao-fei, Zhang Xi, Chen Yue-bing, et al. Spectrum As-
signment Algorithm Based on Clonal Selection in Cognitive Ra-
dio Networks [J]. Advanced Materials Research, 2012, 457,
931-939

[9] Zhang Bei-wei, Zhu Yun-long, Hu Kun-yuan. Spectrum assign-

ment based on particle swarm optimization for cognitive radio

c310



(10]

[11]

[12]

[1]. Journal of Computer Applications,2011,32(12).3184-3214
(in Chinese)

Fedbs . k=, IRIT. TR F R B A A R LR il 4B 4
WD HESLRIA, 2011,32(12) :3184-3214

Wu Jing, Li Yi, Liu Gang, et al. Joint power and spectrum alloca-
tion in multi-hop cognitive radio networks [J]. The Journal of
China Universities of Posts and Telecommunications, 2014, 21
(2):9-14

Tian Xiao-mei, Gong Jing. On Overview of Real-Coded Genetic
Algorithm[ ] ]. Journal of Hunan Environment-Biological Poly-
technic, 2005,11(1) : 25-31(in Chinese)

M/, 388, SERRISEEE KA RRIT]). BIR R YRR
HAREBEAER , 2005,11(1) ; 25-31

Yang Tiejun, Lin Pei-pei. Spectrum Allocation Based on Im-
proved Genetic Algorithm in Cognitive Radio System[]]. Com-

[13]

[14]

[15]

puter Simulation, 2014,31(2):250-254(in Chinese)

SR, AR 3. BB R R A SR R R HE
YL{H & ,2014,31(2):250-254

Zhuo Zhi-hong. Spectrum Allocation of Cognitive Radio System
Based on Catfish Effect Particle Swarm Optimization Algorithm
[J]. Video Engineering, 2014, 38(7) : 145-189(in Chinese)
HEE ETRANTHRERMAAEEBMIESEEL] Bl
HR,2014,38(7) . 145-189

Zhang Li-ying, Zeng Zhi-wen, Chen Zhi-gang, et al. Spectrum
Allocation Algorithm Based on Constraint Operator of Binary
Particle Swarm in the Congnitive Wireless Networks [J]. Jour-
nal of Chinese Computer Systems,2013,6(6):1226-1229

Wang Bei-bei, Liu K,Ray ]. Advances in Congnitive Radio Net-
works; A Survey[ ] . IEEE Journal of Selected Topics in Signal
Processing,2013,5(1) :5-23

(L% 670

(33]

[34]

[35]

[36]

(37]

[38]

[39]

f40]

[41]

[42]

Xie Hong-wei, Gu Tao, Tao Xian-ping,et al. Mal.oc: A practical
Magnetic Fingerprinting Approach to Indoor Localization using
Smartphones [C]//Proceedings of the 2014 ACM International
Joint Conference on Pervasive and Ubiquitous Computing.
ACM, 2014 .243-253

Adib F,Kabelac Z,Katabi D, et al. 3D Tracking via Body Radio
Reflections [C]//Proceedings of the 11th USENIX Symposium
on Networked Systems Design and Implementation, USENIX,
2014.317-329

Rehman W U, Lara E D, Sarotu S. CILoS: A CDMA Indoor Lo-
calization System [C] // Proceedings of the 10th International
Conference on Ubiquitous Computing. ACM, 2008:104-113
Qiang Xu,Gerber A,Pang J, et al. Accul.oc: Practical Localiza-
tion of Performance Measurements in 3G Networks [C]// Pro-
ceedings of the 9th International Conference on Mobile Sys-
tems, Applications, and Services. ACM, 2011.183-196

Li Fan, Zhao Chun-shui, Ding Guan-zhong, et al. A Reliable and
Accurate Indoor Localization Method Using Phone Inertial Sen~
sors [ C]// Proceedings of the 2012 ACM Conference on Ubiqui-~
tous Computing. ACM,2012.421-430

Qian J, Ma J, Ying R, et al. An improved indoor localization
method using smartphone inertial sensors[ C] /2013 Interna-
tional Conference on Indoor Positioning and Indoor Navigation
(IPIN). IEEE, 2013:1-7

Torok A, Nagy A, Kovdts L, et al. DREAR — Towards Infra-
structure-free Indoor Localization via Dead-Reckoning Enhanced
with Activity Recognition[ C] /2014 Eighth International Con-
ference on Generation Mobile Applications, Services and Tech-
nologies. IEEE,2014:106-111

Lan K C, Shih W Y. Using Smart-Phones and Floor Plans for
Indoor Location Tracking [ J]. IEEE Transactions on Human-
Machin Systems,2014,44(2):211-221

Dang C, Sezaki K, Iwai M, DECL: A circular inference method
for indoor pedestrian localization using phone inertial sensors
[C1//2014 Seventh International Conference on Mobile Compu-
ting and Ubiquitous Networking (ICMU). IEEE, 2014.117-122
Liu Y, Dashti M, Zhang J. Indoor localization on mobile phone
platforms using embedded inertial sensors [C] // 2013 10th
Workshop on Positioning Navigation . and Communication
(WPNO). IEEE, 2013:1-5

0320

f43]

[44]

[45]

(46]

[47]

[48]

[49]

(503

[51]

[52]

(53]

Azizyan M, Constandache I, Choudhury R R. SurroundSense.
mobile phone localization via ambience fingerprinting[ C] // Pro-
ceedings of the 15th Annual International Conference on Mobile
Computing and Networking. ACM, 2009.261-272

Subbu K P, Gozick B, Dantu R. LocateMe; Magnetic-fields-based
Indoor localization using smartphones[J]. ACM Transactions on
Intelligent Systems and Technology (TIST),2013,4(4):99-103
Mirowski P,Ho T K, Yi S, et al. SignalSL.AM; simultaneous lo-
calization and mapping with mixed wifi, bluetooth, LTE and
magnetic signals[ C] /2013 International Conference on Indoor
Positioning and Indoor Navigation (IPIN), IEEE,2013;1-10
Shen G,Chen Z, Zhang P, et al, Walkie-markie: indoor pathway
mapping made easy[ C]//Proceedings of the 10th USENIX con-
ference on Networked Systems Design and Implementation.
USENIX Association, 2013 85-98

GaoR, Zhao M, Ye T, et al. Jigsaw: Indoor floor plan recon-
struction via mobile crowdsensing[ C] // Proceedings of the 20th
Annual International Conference on Mobile Computing and Net-
working, ACM, 2014 249-260

Robertson P, Angermann M, Krach B. Simultaneous localization
and mapping for pedestrians using only foot-mounted inertial
sensors[ C] // Proceedings of the 11th International Conference
on Ubiquitous Computing, ACM, 2009 93-96

Kuo Y S,Pannuto P, Hsiao K J,et al. Luxapose: Indoor positio-
ning with mobile phones and visible light{ C] // Proceedings of
the 20th Annual International Conference on Mobile Computing
and Networking. ACM, 2014 :447-458

Hfthekhar M S,Mondal R K,Le N T,et al. Simple method for in-
door localization in OCC using smart phone image sensor[C]//
2014 Sixth International Conf on Ubiquitous and Future Net-
works (ICUFN). IEEE, 2014.55-58

Niu X, Li M, Cui X, et al. WTrack; HMM-based walk pattern
recognition and indoor pedestrian tracking using phone inertial
sensors{ ] ]. Personal and Ubiquitous Computing, 2014, 18(8):
1901-1915

Naguib A, Pakzad P, Palanki R, et al. Scalable and accurate in-
door positioning on mobile devices[C]// 2013 International Con-
ference on Indoor Positioning and Indoor Navigation (IPIN).
IEEE, 2013.:1-10

Huang W Ch,Xiong Y,Li X Y, et al. Shake and walk: Acoustic
direction finding and fine-grained indoor localization using smart-
phones[C] // 2014 Proceedings IEEE INFOCOM. IEEE, 2014.
370-378



