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Abstract: In complex indoor environment, the measured Received Signal Strength (RSS) values will fluctuate in
different degrees, which lead to inaccurate characterization of wireless signal propagation model. To solve this
problem, a universal coarse grained localization method is proposed based on the Wi-Fi ranging location model.
This method gets the signal propagation model by fitting the measured RSS value. On this basis, the distance
between the unknown node and the Access Point (AP) is calculated, then the location of the unknown node is
realized by the beetle antennae search algorithm. The performance of the propagation model and the

effectiveness of the optimization algorithm are verified by simulation.

Key words: Wireless communication; Channel modeling; Beetle Antennae Search (BAS); Universal localization

Vol. 41No. 7
Jul. 2019

1 5I8

B % S0 78 i 4% RN G 2Rl A5 B A N 2R A 77
ATE TR TIZ - R, A ORI (T T
WAL, WA 4, RFID, A, UWB,
W, Wi-Fi, FM, A%{E 5, ZigBeeti R%ESIHL

Wk 1 2018-11-06; SUnlF ). 2019-02-24; PR 2019-04-02
*EEEHE: X5 lycommunication@126.com

EETH: FHEARRFAIESETIE4(61601213), L THAUFT
— B H B4 (LJ2017QLO13), 1L T8 LA 85542 (20170520098),
rp R T B3R 4 (2017M611252), 1L 5448 B A A S RF LRI 200
H (LR2016045)

Foundation Items: The National Natural Foundation of
China(61601213), The Project of Educational Commission of
Liaoning Province of China (LJ2017QL013), Liaoning Province
Doctor Startup Fund(20170520098), China Postdoctoral Science
Foundation (2017M611252), The Project of Innovative Talents
Support of Liaoning Province of China (LR2016045)

ENENL . SR, BEAE Wi-Fil 25 (1) 5 F s 18
Ji&, AR T Wi-Fisis BUC & fil ) 5 N 58 00 32 1)k
K2 OCTE, I HIUS TR 2 S0 BOs ik g
TR LLEAA LT LA,

T WI-FUE MR T WI-Fil=
WaEALH, WIi-Fifg 50 & I [8) (1) 7 g A R,
A5 5 58 (Received Signal Strength, RSS)J& T
MAC/JZIabR, %IRRT E % N e AP Al )™
e, Bt b, GG Sk bE
PR PR3 04 T R B S I E I RE R, PR T
FFE—EMBREY, B, Y3845 5 A E
MR PR BB AY ] DAUE S AR R PR R . fE A BER
T, EAFBE NI, 55 mE SRR
) 1) 6 R AT m] il N B B R A2 . Chanf$i 2y |
KHEOE A AR . Keenan-Motely B 4%, FLF
DAL 22 56 B8 ] 4 A5 H 02 Ao 1) 42 N R (A ccesss
Point, AP)MERE, 5 =il &5 7%t


http://radars.ie.ac.cn/CN/10.11999/JEIT181021

1566 M7 5 F

SO 4 84145

oo AL E, b ST APRIALE AT BLTI
BOEEE BT

BRI A5 N o AT A v B R A I
% JENANEEARBAT T /b a s, et TEN
WIS, R8s TRSSAALmd T, &Y=
R AE R R R, 3 B PR B 15 5o
G RAER M BENERA TS E I, R, He—Fhe
WAL AR AR AEAE R > M N PR, X5 B
A THE ™R Pk % . RSSUT S B BAI 24l i
i B A AR, RSSIEE kA . 4
U HE I — S0 R R HEAT B ) e A TV,
i, BAHLAE APIEE T % N WLANIEE N 245K
GO, WE AT R . AP
B 5 M 7] P S i s s BT AT 20 )
KEG A S HOR A i B AR AR B RS VP o Bk
W 25 N T AR 5 R IR 5T ek L R S O
T A T, 3 R A P /D S B BURS VR T e A
SAERERAY, 2R iR S e T R B 3R A
B B HOK PR M 2 g B T (R R 1, ol
WmE st 5, RS Lim&F AR AW
FAE 3 H R (Truncated Singular Value Decom-
position, TSVD )R #EAE5-FE 2GR K, 11 SCHR[S]
WK H T 5 AR I 5 4 BR 7% (Ray-Tracing
Model, RTM)K 4 2k 3 [& I BEUIR KSRk
TR S B T AR RS ) 5 A vk BE ] T
L R B R AN s e AR BE A T
PR eI UL AN &l

T EfRSUNWI-FiEfr: RSSEr T4k
MR Ak, L2 HT “FR807 . FETH8Un
5E A7 (fingerprinting-based localization) 774, FIH]
RSSTEANFIAE b3 8] 22 e, iAo - R 4l
KRB, QS B B B3 FE RN 2 [ B
P IEE . B Z B B ) i SR UER FR L A LA
P b ¥ 50 7€ A7 X HEAT 38— R AE I, A0 =
g BT EOR . ARIMIAEG 2 S &L, 2[R —
8 B TCE TR 8 B &M BT RN fe U5 14k
B BORAR AR SUFAE R 72, IX PR SGERITT i
AREIE NI S SR, FEARLOE A AR HMEHE
) SEPR N o AR B B EVF 2B R AT
BN I By G880 7k, N R g A
R R0 ] 7 1R ) 2 S A0 26 SR B PR 50 a0 R Ay
S AR A R 1012 IX S Ty vk A I I D ) R
WA ZEE . &R A P #3)
WA E RIS . fEfRgUeEnit, RE¥H
TR I LA 7 2 T7 R IR AN PR AR AN, 3 BUE A K B2
NP ] AR, TR T AR A B

), T B K R O B s e o, AfEDUAR
WEFH P IBERA 4. BV AESS ) R, sl hin A T
SEHb S 1 T AR R A I 2 A e Ay g X
P R T IR AR S B e MR AR, DL
TRAUEFRSUE PR B

ASCHE I F R A2 4 2R R R 5 7 30 =
WIENL 718, ATTEBRIAELL F3/N T (1)X)
APHCRRAT IR, AP AT LISEIUER; (2)%
SEI AR T AR IR R AR A 18 N N RS, JRA
TATEIGAE;  (3) AL R At FEICSIOE P
2 ERFETETXEMIHAINEEE M

ik
2.1 REGHER

FF IR Wi-Fig i FE 4y WA or: &6
1384y, Bah&uhd¥ S nTHAP; 235y, Bahsk
i A A SR ECAP IR SSAE : 553864y, AR
RSSAE A A5 T A WA L 57 PR B (s 55438
gy, MR AR 3 AN CL AP FIRSSE vl 4T
7o o, RSSHI KM FE 1) £ K [l 51 A 52 1R 5 52
B, —J7 = MBI S A fRiE 21t =
WAETH, SFEA SN E S F B A T E
M H—mfe e s, MAPEER /N T34
TIE AL A ST TR —FEH T E N
fff e VEAS S AL RERLAY,  7F P BE A I g 37 35 N JiE bR
B, SEBUE TR, DAMORRANI AT Wi-Fise A7 (1)
NI
2.2 BERELMRFERE

FETFRSSHM PR, A OB T: {5
FEREIE AR, s 5 o 2 A A R 25 )3 n i
W IR S A A R P 0 TR e I B T B
58 HEK 20503 0 5 R A 5 (AL 50l 2 %)
F-BH B E AR R, R S (1) Frs 1 R AR B RE
PR R T A B 1

Pr(d) =P (do) +10nlg (%) +X, (1)

o, Po(d) R KHE5 20d BE 2 d2 ik Fa 0 5
HBLIAAAE, PN N dB; Py (do) %7 BH B K% A
do IR ER AR ARAE s noh AR PRETR A X, RnIME
H0, taifEZo € [4,10] mi A BEHLAS & .

N TR (1) MORHEYE, AL B1AAP,
WE A3 KA RNAPK W RSSI A, Wi 1T
N FHE L (a) RN KA RUEE B AP W 5L i PR I
MEAERSSZ I ICHR, El1(b) 3R/ KA P By
AP 5L bR R 25 54057 BE & 2 )oC R, BT
DU HAZAB T I AN AR g i s e H 15 5 30 S5 B



A NIRRT R ARSI E T i 1567

571
10
8T % ***
I
Ny
Ll %
* #*
2
B g
0 A . Jx ¥
-60 -50 -40 -30 -20
RSS (dB)

(a) ML 55 AP Z [ RSSE ANEE B4

it EE 2 (m)

*
W%ﬁ#

0 2 4 6 8 10
SEBREE B (m)
(b) WL 35 AP 2 18] f S Bk 8 126 AN kP 5

1 RSSHMIFAA

PR FR, I HRFE SRS APKIE, Al ih s
SORPRPY &y NP P 1S o d S VA B 9N = v R S )
APZ Y EHL,

7% NI LR FH 4850 ) H- B 2 i AR 4
FER BT RE B A T H AR O IR 22 BRI, AT
HERf bR IR = N EREE, A SO S B EREE b 1 A4
PIATIAG A T A 5 A FE B (Determ-
inistic Signal Propagation Model, DSPM)1,
L)

d = p x RSS*+p x RSS*+p3 x RSS+ps  (2)
Hrp, dR RN S APZ MBI E, FAim;
RSSHE /R w2 B AP 5 5 58, HA7 dB,
p1, 2. PsRA K p NG TR S H . I e PR A AH
EE T 1 EH 22 1) ) B AR A FEASE 2R ] DA B B S g e >
UPAEE N5 5 AR RS L

MR B AL AR B R v o R B B K
APZIRINER S, #8) & dse /D R A3 AP 1Y 1L
{518, 18 FH =3 ey sl KA ARG T2 m) LTS 2
5 8)) i AN VI B (2, ), AHJE AE SR LeRR R A
N, BLER2MISVESTOR, il 2 B 2 i Rk
e 2 14> 22 AP RN B 2 I R R 2 ORI .
Rl A SC R 3 T K 22048 22 1T (Beetle Antennae
Search, BAS) M H & A7 vk, & — P &I i
ik e ARINEATERREE B, A T7 L2508 s )
HARTE AR A Se Bl 500, Ho o s SRR R
o WRAN T iR 5 67 B0 2 B K ) it B DA A A
Wi-FiF B NI AT 2 2 AP SEBx il Y]

2.3 BAS-DSPMENEERIE

TERS Bl 2 S EAT 78 A0 I AR SO IR 2R 48
R S5 R, RAIUE —FP s 3 A Re Ak
Fk e RS R IR B MRS W)k I 2R 55 2K 0t
T, RAEAMWIEA, R il e ) ) R Ee Ae
Al F R )RR EE R, I8N — P RA AR U
A&, BN E . X B R EAT 4 T
PRAL, XA R AT Y () B SAEE AN, R

BT BLRAE S TP SO, KA
(R A OO G I A SR 2
SRR A, S B B T
SR ET, AT IR B T 5T
AP 5 5 22 BB, R F bR
A i 3 B P 5 R R B A AP 55
B fim -+ (g— 9 R R WA
AP i, WIBASH HARREE, A

Fi:;(fi_di)Q (3)

b, dmT DA ok 15 B0 A e A A i 5 AP 22 7]
RSSTH, FHAQ)HHEHES, Eid st Eis
PRI 7 AR E Ly RE AL e U . H b 2R
B (PR /I 000 kg 2 SR AR 1 2 17 AR R

BAS-DSPM & 755 () AR AL D W F

T’ 1 fEE A Lm i APSE S RSS;

Yk 2 MR APHE SRSS, AR
(2) 3K H A 07 285ty 21T 28 A AP IR BE 5 d 5

T3 BHEEARAK(3);

T 4 RREF,, B e A B UG
1 ABEH L ;

Y5 AEREAS T, R &t AT A T 1)
AT IR N

rand (k, 1)
norm [rand (k, 1)] (4)
Hdr, rand (k, 1) WBEHLHE, PO RSk ) &
AR, PR AR A= 22 25085 ) A 200 (49 ) A AT 3
(), By CALal LA —ANBEAL I & R w T — 2 07 )
ERIRYERE, ASCHEFURF e AT, DRIt 24t =
], Rk =2,
BB 6 MR O E e A e AT R TTRE N
A= A+dy x /2
A=A —dyxt/2 (5)

b, ARRERE A IR IR E AR [z, )" do o

t=




1568 M7 5 F

SO 4 84145

I T B RE s AR S EAE T XA 2220 AL &
A GRS X IR A AT

TR T RIEREF, SKRIUR EAL 4 Ao
TVRSREE, 8 T — A A i A A

A=A —step x t xsign (f (4) — f(A)))

(6)
o, f(A) KR m g, f(A) BRI A E:
stepF N MK, step =c x dy, coe W H; signh
Frg kg, WS (A) < f(A), A= A+step x t+
Ixrand (k,1), BURA () 0007 ) #8), nik
f(A)>f(A), A=A —step x i+ x rand (k, 1) ,
B R A A 2007 e 3h: 1hBEAT E K

Pk 8 A ST AR AT R
Fith, HAERIF N EAE;

A4 AL A RN AAPE S, A
fo= (@ — ) + (5 — ) PRI AL, 3LH AR
BB F=(f1—d)* X% sk 5 (3)
I, TS AR 92 NAPSHE
fri, ¥ 2 A AP BRE 155 8 A7 28 0 (R ) B &
0], AP ECEN T A7 45 R ) 52 W 1 07 2045 SR AT
VAR
3 HESH
3.1 KHgE

T RARAS S AL R LA AR T VR B RE
f# JHMATLAB2016a%i 5 T H X A ST ik kAT
PrELor AT, AESE AR b I 46 0 i P A el Ak s T
I3 TR AR R 2 2 R AR 7 30 (testbed
west), “FITEIWE25T 7R 7EIX 280 3 X 3 4 BE AL
AR (0, 0), (4, 4), wZAZRI4AANAPHY
G5, ANAPHIALE AA(S, 5), B(5, -5), C(-5, 5),
D(-5, —b)KE k5L 1) E AL BE -

3.2 ik (ESEBREIERE T
3.2.1 DSPM{4EEST T

AR — M PR R (S AR,
TR AL R R YE, 2 AR A B
WIEIEEESAP N2 m, 4 m, 6 m3 MWK L, 7

1 [l |
118 [EIT11™®

|

K 2 ik st

BEANIUAR 25 SR AE 1007k, I B 18] 1A) B2 ms .
FR 315 2 I 100 RAEAE R FH 2.2 1y =X (2) 48 v
FEESd, Mg R mE 3R . LR ILE 3 Th RE 4
Ml 2 I — e s, XA R &
PR — AP TC A5 5 & Bl (0] kA8 1k, 33
10OV & &5 AT — 2 10 22 5 o MBI o5 i
FAPN2 mif, PSR RZE80.05 ms
PRI IR S EE BSAP A4 mibF, IR B e~ 1
7£00.36 m; HIEEIRRA SEE B AP A6 mi, W
A R 22 00.43 me PRI, 10 PRSI (1)
SR P i P IAE T mEA Y

11 F —2m

BH 2 (m)

0 20 40 60 80 100

P& 3 DSPMI 45 FLAH

TEAHFIIREE T, 28 30 0 B AR B A 20 45 3]
ffhvh g R 4 g R, BRI R 24 22 23
M: 0.85 m, 1.14 mAI3.22 m, I, KL(1)F2
Hdy=1, A Am; BAEBFER L0 =3. NES3
FEIART LA, i Z e B AP, PIRPE
o AL AT I W R R 22 AR ARG OK, BRSO R
DSPMHEAf 2 ZEAL 10 4 H B8 AR S FE R Y

FHE (m)

0 20 40 60 80 100
WL

4 (1) W ELRE

3.2.2 KEDSPMEH M ELE RAF M
BUEDSPM T IS8 p, po, psFipdl, 3FIH
Mg R Es PR, Hrh, El5(a) &bl s
Hp1, po, psMips i, MFEESAPR2 mi, W& 0E 2
FIFR4R 220017 ms BEESAP g4 mivf, & 2
(PR ZE N 1.62 m; FEESAP A6 mitf, W& 2



ENET PUNS 23

HE NI ST RS

& B TT 1569

17
B
13 T
1 f

(m)

= w Ul N ©
.

ikl

0 20 40 60 80 100
REL
(a) p,=-0.0002, p,=-0.0075,
p;="0.1523, p,=-1.1240

---6m

2 (m)

—2m

4m (b) p;=-0.0009, p,=-0.1832,
ps=11.3900, p,=230.800

K 5 SAEDSPMZ Y i 15 21 il & 45

(1332 22 50.45 m, E5(a) 5 EI3AH HL R 222 AL
SRR 5 (b) &R BUF R E AN B 2

BT HAOE R K, MEE AP A2 mi, W&
PR R FIRZENT.T m; BEEAP A4 miy, P&
PEE P40 22 1,16 ms BHESAP 6 mis, &
PR B B R 22 45,72 m, RO, R SR i
SRR LT B E DSPMZ
3.3 BAS-DSPMEIEEMERED IR

BASHiML i iks ik E: L air(6) 3
Hstep FHUR/NIEEL, DL AP & {7 P RE )
REM o B AL I IR A % S E AL 1000k, e JE X
100K SE AL i T SAME A Ay 5 DR A5 A

(1) KAE: B ER2E 0, Wit
SEE 2 P Kestep FIUIAE, K6 /~n. R A
step I3 IS 1% ZE A G Tstep T 214, Hstep = 3
1=0.0108%/=0.120 BASHEAC R ZEAHX A . Jl a7
Bl LA, step FIT I AE 5 52 A (7 78 55 X 380 f
Ky IS AL R IRAE T JLOK BA R AN aZaE A,
s D EEORR AN E P, (HEWI-Fif B
YL — A LK o RIEA S RS Fstep = 3,
I=0.0108 H&3E.

(2) WCSGESE . BASHEE & A7 Sy SR F T,
T AR I AR10~ 30 5 it 3k A AT LA S 2 fe A A
H, BB EMROR, wE TR, WET(a).

0.08

0.06
=
< 0.04 |
i3

0.02

0 20 40 60 80 100
IEAIREL
(a) 1= 0.001

— step=2
- step=3 ,
I --- step=4

BASHRAGIRZ (m)

0 2 4 6 8 10 12 14 16 18 20
BEFLID KT (%10 %)
6 /N [F)step HUE E A7 2= BB HLE K g (2210

BI7(b) ol LUE Y, BENLAE K HE I B HON 15 A4k
MK, WSO B A S RDE KA Kifikde, DK
SRS 8 R A — R I 52

(3) APHURXTBAS-DSPM & {7 5 M g (1 5%
W IR e A AT, APIIBCE AN
i e PERE M S, WRAPELH >34
RN ASCEAT B HTEAF APEH IS, DSPM
R ZEX BASAL G R, RS R AT T
100 E AT S O IE, -8R, LAk bR
FORDSPMiRk %, fE3.27 Hh il X DSPM1)j 545
H, IABIRN08% 1) i A 45 Rk = # /N T4 m, PRk

FEAR AR R 52 Jyds DARAR R S AR 25 .
KISHH1APIEIN S % i A, 2APEIN S % 55k
0.4
0.3
0.1
0 20 40 60 80 100
BRI EL
(b) 1= 0.005

K7 e



1570 m 7 5 F B

41 %

BASlALIR % (m)

BASHEAL R ZE (m)

-©- 1 AP 0 1 2 3 4

DSPMi% 2 (m) I 2‘ ﬁi DSPMi# % (m)
(a) MK £(0,0) -8 4 AP (b) Mk £i(4.4)

Pl 8 AN APHH H e fr i 220 Ll

AFIB, 3APIEIRZ % fiohA, BFIC, 4APIEER 115
ZRNA, B, CHID. Il sSSP S APEE I, &
PRz, WE8(a), E8MD)HHIR, HHA1AP
B, AR A (4, 4) R ZE /DN FIER (0, 0), PRIA S
FRACIE NS 2 A ik B e RN APAS S1E R
Z7% e IEIAP BRI A R, AR APEL
=N, RS R T, WiE8(b)H3AP
FIAAPIMZE TR, JEAEAPEE M Z WLr. HT
Wi-Fis2 18 5 P 25 10 2 mm, K a5 20 25 AP dioze #21
FIPfESEARE, HZRMTHdmER, Fik
AP 5K SR EE B DL K AP 1 B 147 4 52 0 8
L BRI, T AP 3% U FE A ST 5L
T2

T A BAS-DSPM & A7 S A 24k,
HPSO(Particle Swarm Optimization-DSPM,
PSO-DSPM) Atk J7¥2: . PSO-£8 il i ps 784 J7 vk
Txtt, RF1FR. NE1ATH, BASEPSO
JTFAH LEWC SO B R KRR =, 2 — Pl 2 R Re A
ik, BOE TR & AL £E3.275 1 5T
3T P43 H DS P M R AR AR AL T~ 28 B I R AR AR
KNI BAS-DSPMAIPSO-DSPM J5 %1% % /N FPSO-
S PR R B R 22, A R EE AP Y6 mib,
b P 6 0] 1 R 20 0 PSR I PR R 223,22 m, T
FPSO-28 S B (R ZE K
3.4 HIERBEZE S

ASCRE R TR S 2 B el P oy e, BRAT
A5 p 5 AP [A) FR 25 v BRI (] 52 2% B FB ASAR
AT IS TR] 2 2% BT o A 8 67 X 38 P A MAS S AT
s AR R SRR O (n?)

MERR MUHIBASHIZIEATOALIS, EoGH A
BF A, BBOEAnik, LRI NAPS €
LTS B R O (n) s FLIR, h T S e AL 4
RERGENE, AL A L2 L m I IE,
B E AN O(nx m). KLEEFLm =n,
It BASHII R 2%

O(n x m+n) =~ O(ng) (7)
RS

R 78 AL R 5 AP 2 (R BE B TE SN [A) 52 R 2 Ol
O (M), WFRMAERLT w7 I BEAT EALH, (A
SR O (M x n2), (% T4 A BN £k bt
i HnIE 3 S A E . R L B, B T —
AR SR A SR IO LS ZRE ) O (n?) «
4 LHERE

ATCHR T — i T 0 R ) A o s N E A T
5 SEHLE E HSCSGE R, 0 TR AN E AL
LR BT S AETE ) O (n?) o A7 3 T ¥
H Bl 2 S e o, T a3 B) 22 I Wi-Fi
W5, Bl 28 S B0 A 3 o B AT SRS %S AP
T R, BBl R I B 45 T o B A
SCRNT IS SAERR BT S 5 AP LA R B
B o I RAZTIEBAT A, AT H B B 2 0 1)
FrE . SEREAIRERY, ACEENFHE S EAPH
AT LASEIER Gy B SE AR BE AR 8 A7 74 e B
AP HIMFEALT R 22 1 miy, @R 2R #in T
1 m, SEMBALSGEHET- IR R 22 ORI i, PRt A
PEACTTERIE A T IE 1) N e HREARTTEP
T PR ER AR AN BE e 4 HIE N, R — T 9T

® 1 AXEESEAFEIL

BLIE A 2% (m) W Sk
BAS-DSPM (0, 0) (0.7123, 1.4437) 1.6098 ARQTIGE T A
PSO-DSPM (0, 0) (1.3654, ~1.8031) 2.2617 ERL08VKIE T34
PSO-28 L Pk 1 (0, 0) (-2.0462, 3.4623) 4.0217 RIS T FE




7

PURS 7 T

PRI P TR AR 200 ) R 07 3%

1571

W
— BN BRI, Ayl R A A I A

o7 FHASHE 5 o

(1]

2]

B3]

(4]

[5]

(6]

[7]

(8]

& % XM

MA Lin and XU Yubin. Received signal strength recovery
in green WLAN indoor positioning system using singular
value thresholding[J]. Sensors, 2015, 15(1): 1292-1311. doi:
10.3390/s150101292.
SEN S, LEE J, KIM K H, et al. Avoiding multipath to
revive inbuilding WiF1i localization[C]. Proceedings of ACM
11th Annual International Conference on Mobile Systems,
Applications, and Services, Taipei, China, 2013: 249-262.
doi: 10.1145/2462456.2464463.
WRoK, #/0Ee. — TP TR 22 5% P I WL AN N € A 1) 55
R[], T S1E BAER, 2015, 37(4): 855-862. doi: 10.11999/
JEIT140661.
CHEN Bing and YANG Xiaoling. A WLAN access point
localization algorithm based on probability density[J].
Journal of Electronics & Information Technology, 2015,
37(4): 855-862. doi: 10.11999/JEIT140661.

G, PVKEE, LEUNG V. o2k M4 5@ 25
, 2016, 39(6):
2016.01237.
QIAN Zhihong, SUN Dayang, and LEUNG V. A survey on
localization model in wireless networks[J]. Chinese Journal
of Computers, 2016, 39(6): 1237-1256. doi: 10.11897/
SP.J.1016.2016.01237.
BAHL P and PADMANABHAN V N. RADAR: An in-
building RF-based user location and tracking system[C].
Proceedings IEEE INFOCOM 2000. Conference on
Computer Communications. Tel Aviv, Israel, 2000: 775-784.
doi: 10.1109/INFCOM.2000.832252.
MRI&, VR I, Maid, 5. BT = RPR AR I TE LR 5 o
AR RL[T]. WV K224 T240R, 2011, 45(9): 1521-1527
1538. doi: 10.3785/j.issn.1008-973X.2011.09.003.
CHEN Ling, XU Xiaolong, YANG Qing, et al. Wireless

signal strength propagation model base on cubic spline

B[], THEHL
1237-1256. doi: 10.11897/SP.J.1016.

interpolation[J]. Journal of Zhejiang University: Engineering
Science, 2011, 45(9): 1521-1527, 1538. doi: 10.3785/
j.ssn.1008-973X.2011.09.003.

LIM H, KUNG L C, HOU J C, et al. Zero-Configuration
indoor localization over IEEE 802.11 wireless
infrastructure[J]. Wireless Networks, 2010, 16(2): 405-420.
doi: 10.1007/s11276-008-0140-3.

JI Yiming, BIAZ S, PANDEY S, et al. ARIADNE: A
dynamic indoor signal map construction and localization
system|[C]. Proceedings of the 4th ACM International
Conference on Mobile Systems, Applications and Services,
Uppsala, Sweden, 2006: 151-164. doi: 10.1145/1134680.
1134697.

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

X1

(ERSLE

B

JUN J, HE Liang, GU Yu, et al. Low-overhead WiFi
fingerprinting[J]. IEEE Transactions on Mobile Computing,
2018, 17(3): 590-603. doi: 10.1109/TMC.2017.2737426.

ZOU Han, JIN Ming, JIANG Hao, et al. WinIPS: WiFi-
based non-Intrusive indoor positioning system with online
radio map construction and adaptation[J]. IEEE
Transactions on Wireless Communications, 2017, 16(12):
8118-8130. doi: 10.1109/TWC.2017.2757472.

WU Chenshu, YANG Zheng, and XIAO Chaowei.
Automatic radio map adaptation for indoor localization
using smartphones[J]. IEEE Transactions on Mobile
Computing, 2018, 17(3): 517-528. doi: 10.1109/TMC.
2017.2737004.

AHN J and HAN D. Crowd-assisted radio map construction
for Wi-Fi positioning systems[C]. Proceedings of 2017
International Conference on Indoor Positioning and Indoor
Navigation, Sapporo, Japan, 2017: 1-8. doi: 10.1109/IPIN.
2017.8115872.

LI Qiyue, LI Wei, SUN Wei, et al. Fingerprint and assistant
nodes based Wi-Fi localization in complex indoor
environment(J]. IEEE Access, 2016, 4: 2993-3004. doi:
10.1109/ACCESS.2016.2579879.

ZHANG Wei, HUA Xianghong, YU Kegen, et al. Domain
clustering based WiFi indoor positioning algorithm[C].
Proceedings of 2016 International Conference on Indoor
Positioning and Indoor Navigation, Alcala de Henares,
Spain, 2016: 1-5. doi: 10.1109/IPIN.2016.7743641.

EMH, BN, FhEE. T E AL E RS & P PR E AL JTVALT).
JEm Tl K224, 2017, 43(2): 224-229

WANG Shuopeng, YANG Peng, and SUN Hao. Indoor
sound-position fingerprint method based on scenario
analysis[J]. Journal of Beijing University of Technology,
2017, 43(2): 224-229

X5, B, AN, SR R AT CFSFDPH 138 % 4 e A5
1) {55 4bEE, 2018, 34(4): 465-475

LIU Ying, JIA Di, and WANG Hezhang. Adaptive indoor
localization algorithm of based on CFSFDP in complex
environment[J]. Journal of Signal Processing, 2018, 34(4):
465-475.

JIANG Xiangyuan and LI Shuai. BAS: Beetle antennae
search algorithm for optimization problems[J]. arXiv:

1710.10724, 2017.

oo 2o, 19834, YR, WESUTT RO TELENL, ARE LA

ARG,
B, 19574, BdR . WLE SN, WEIT 1R k3T
M, D2D, Wi-Fi, RFID&JCLE M %% il A

i 5, 198284, RIS, WU EGRAEL THEALIL

5 AR,


http://dx.doi.org/10.3390/s150101292
http://dx.doi.org/10.1145/2462456.2464463
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/ACCESS.2016.2579879
http://dx.doi.org/10.1109/IPIN.2016.7743641
http://dx.doi.org/10.3390/s150101292
http://dx.doi.org/10.1145/2462456.2464463
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/ACCESS.2016.2579879
http://dx.doi.org/10.1109/IPIN.2016.7743641
http://dx.doi.org/10.3390/s150101292
http://dx.doi.org/10.1145/2462456.2464463
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/ACCESS.2016.2579879
http://dx.doi.org/10.1109/IPIN.2016.7743641
http://dx.doi.org/10.3390/s150101292
http://dx.doi.org/10.1145/2462456.2464463
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11999/JEIT140661
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.11897/SP.J.1016.2016.01237
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.1109/INFCOM.2000.832252
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.3785/j.issn.1008-973X.2011.09.003
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1007/s11276-008-0140-3
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1145/1134680.1134697
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TMC.2017.2737426
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TWC.2017.2757472
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/TMC.2017.2737004
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/IPIN.2017.8115872
http://dx.doi.org/10.1109/ACCESS.2016.2579879
http://dx.doi.org/10.1109/IPIN.2016.7743641

