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Abstract

ges of open access and high accuracy. For the shortage that matching features do not consider the current environment

Currently, WLAN-based indoor fingerprinting positioning system has been attractived owing to the advanta-

variables for the reference environment in positioning stage of traditional indoor fingerprinting positioning systems, a
novel CSlI-based adaptive correction model location algorithm was proposed. The algorithm is used to indicate sub-carrier
fluctuation level with the increasing of the number of people in indoor environment by introducing a indicator called
PEM(Percentage of nonzero Elements), which can measure the changes of current indoor environment. At the same
time, the algorithm also designs a new positioning correction matching model to compensate fingerprinting characteristic

attenuation caused by multipath. Experiments have fully demonstrated that the new positioning scheme has an accuracy

improvement of 30% and 15% respectively over previous fingerprint positioning system FIFS and CSI-MIMO,

Keywords Fingerprinting positioning,CSI, Adaptive correction model, PEM

1 5l8F

A&, AR E A BAr A B R K B 25380, &l tn
TERBIE G R @ RS XT A P -ER IR S 5
e B e o sE it R I LB B S IR A Z B R, L
RAEF T @S TR SE AT (S AR R L T Db v
BEITHES. EHIHAEHENZENEMERF SRS . B
WERURZLEREFHREEEMNILEL.

MEE LB I R B L B, R BER (WLAN) © 2%
IR REEREZERMSLAEN, ECERNT XL ERNEM
HARM—FE 1T E, WLAN @1 T B8 FF a0 15 0] #4% AR
R, A8 WLAN IEEE802. 11 1% & TS Y
FENEMBETHE, BEET WLAN WEHNEMNRLK!Y
FIR“FREUHERFAR TRFWEMERE. BiEsCEn
F % 7, RSSI(Received Signal Strength Indicator) & #% W 5

0§ A #: 2016-06-02 R 4& H . 2016-09-21

BT IZ IR BURHE . Ho A - RADARYY 2 ey 88 0 9 B2 B BT 5
ARRHME T ETIRIUENEMRE. MIFRAGES
SREE RSSIM P EME N BRI EE T 8RR, AL B
R P KNN B HUARUE VAT, 58 A7 45 R 9 F 2R 25 7E 3m
A HEE DR 2 K¥EH Youssel 85 AM4EHER 1 T Horus™
2 AE 3 R G X HsE AT B A AT DL o 40 s B o UM R
BRHSE GIEAREMT M E, SRR RE TR
24 2m, ML F RADAR R, ZRGEE—ERE LIRET
SENKE. MWANEAH — LRGSR HT RSSI#HITHEH
TEAL .

S RSSI B8 1 A B 2 9 7 B 5T o, (R 5
TR ZE A L RSSUBARA B IG . 15 42 R 2 i i i F X
TEHBEY G T AR EZZRBMAEFHNET RSSIHE
Siga At , B RSSI £ B E S R EESIRPREMR
T TEVE T 71 B A2 42 T 8 B 5 0, DA T R AR T ) B

AXFERFEAAPLESE LHH (61472272), LT AP E R A S FL 2B E
(2015091003-0103) , LI FG 45 [l E B8 2= A BUBMBR % BOIR H (2013-049) %8 8.,

EmB1993—), L, W4, EBHF W R L&A REEME . E N E L, Email: 1226973274 @ qq. com; BF R (1966 —), &, {1, #42,
B4 SIE,CCF R ER, FEWR T A REEBREME AT EE . SHNENS, E-mail; 1497683788@qq. comGAFIEH) .



80 WO N R 2

2017 4E

KR X R R R RSSIEEEARERABES
&M, ERES BTN EER N AR , B 7 R
TR B BN ] B 2000 B ) RSST (B th & & A 8K A8
1k, RSSIX BN GUREEZ W T &0 R, B/l g
1 B EE B e s AT 1) 15 5 VR FE B O MBI — BB (R A9 RSSI
B SR EREB PR R TE L. FH, X FppEAT
Ml FNZS R A AL R B K 0 RSSI A 4 5 38 sUA 7T 4l B 10 8 4
RE, :

T EREZENEMEET R E R R e ARk
T BL5% 242500 f /MO B b 2R A LB . BRiEr
ZAR BN B OFDMEASH 53+ 8 FD Z 400 » B 88
ARSAEN Z R FRE R EE. XT8N FRERNTS
AR — M E T B A E  BIF 3R &5 B (Channel State In-
formation), 3CHK[ 81X+ CSI i RSSI i#47 T Xt bb. — F i,
CSI BB 7E— B4R £ o [7] B ) B 22 4> F 3080 A9 90 3R I 7
T AN 2 40 28R U0 A ot ) A I8 57, A TFT B 10 400 3t %20
B T 3RS B (RS ; 55— i, CSI B AT AL B B4 TR
FINEE R AT I B A F RO E R, CSI W REN
RSSI 4 J& Z 5038, 3 HL My 7 A G458, WS b 2 o4k B%
MR TENES AREMNEERSFER. BRHK TS
AELRAE—4 RSSUE, T ATTAT L — R 34§ £ A CSL{E, B
CSI Ffint [ i k. XL Sl CST B A S i 42 0 R
HEHSBUEN R H,

i in . e FIFS®VRGE b, 8 1 F 30 3R 08 40 S 07 FEHy
FEAS S 4 BURFIE B T 308 B R DU S B K R G T B
BSCH TSRO E AL T B, ISR R S R p=s 1) 2= R R o
AT RE L MIMO 5 K % % 7 B2 F 21 22 9 5 A0 » ) 4o
CSIFMIMO™ 45454 T CSI 75 8@ 4, %t FIFS R4 i4T
T Bk, HEAH AT R B AR 0 2 AR 0 2 0 L R A SR
A 5 ME 580, ST T L FIFS BERERA (L .

B B RIX L L AR R B T AR BEE N A
BHMMER, &AL EBE M B EANHIEE LR E, B
EMNHBENEARESERERTIANIFEXS], LEER
WEANMAEE T THOBRE, BEZ AR Z0E
BT HEATY A AL WA BEZE A B 2 5 B K B I
TR AR R A Gy AT IR BUIL D, B AR MR A
HEA, HER RS KR RE R

FT R F A SCIR 1Y T — FloB A4 B E N AB TE AR R
EMHTEZFTESIAT FEREARAFREELATER, FE—E
B LITR THASMET CSIISCE ML RER , 7T LAE A F4E
AIZE AR T WELEN.

BZ AXNFEMEERUTILE:

(DEEBIAT —FRAFRIE B SVEE KB PEM
(Percentage of nonzero Elements) , BRI A/NEFEFRERE L X
BT ERFEREREN. ¥ PEM E AT T R AR5 8
P T, 7T LGS BRI B R R AR BURIE R B 1 .

(DOHEK BB T —AHH A E NS EER, 75720
VL B 22 Rl S0 PR R ot B U B 55 T AT B VIR AR (5 IR 8L
WESTIEE R B AR BENEER S E BT R 55
{4 A R LA

(DFE802. 11 WM £ FEER TR B WEMESE, HAE
EANREFHTT KBRS, 25 BIFAR D B IE T RH
BRRBTEMKEE,. WET Z2ENEAHEEE,

2 MXTIIE

HATH A WiFi & #ITERRLEL T LRI HAE,
HET RSSIWFEENETSLREH R Z 5
FI, 4R RSSI %5 5 52 B R 85 2 12 1) 5 vl T3 168 5 o 485 SR R o
4, CSI B v T N 00 0 R R 2515 B BB e g 1 2
BT RSS2 R B .

HANFE FILAMY R i, T CSI #3715 S8 1A
IE SR, E R — N FIR CSIARAR 2 5 i v S 3B AR AL
ARG, RS —KEE CSI BMR 2 5 A58 | 2 F AR )
BESHIRENRG. KRERIES ML FET RSSIKY
FGL,FILA BetR A B0 52 MR . SCRR(12-14 )83 447
CSLEYfR B 5r A LB T X 5 A MR FHIE IR A X e
R T CSLEURTR B3 BLRY A 16 o i BAR R A

A4k, CHRLI5JHR M T FCC 248, AR T CSLB
BUMERDTZENARLRS PEM fBIR 00 RIEC R, #
AR T = A AR BH0R ; PinLoc™™ 2 4t th i i Al 4
HEGFEREFENFRERRIT T K0 E MR

PR BRA oK sd 2 ) Y CSTHE4T IR 53T, DA T 35 B K
W AL H .

3 CSI ik

BT MR CSI LI K OFDM &Gk H 77 2, X &
BLALER B BERL

802 11 a/g/n WM, HENEHEHANE
Orthogonal Frequency Division Multiplexing(OFDM) i ] 3%
R. OFDM RG34 5 S HE B R 2 FREFNER. 55
EEERA BT ZIAFRBRENZRAES, XHERES
PR, HI, Bl i 15 S 98 5 vT LU B & 5 o 5 4
Yomey 5B E, XM EERET LAY RRFEBHEE
REMFE(CSDFHTHE., BHR CSIFRT 55 rGHH
B HIRR TE S AR D Z U S R E H,
BT LB CSI %@ A5 8 B 5 R AT 4047 AR A
THEHE.

AH LT RSSI, CSIA] LAy — R $2 A4 B MRS 4 (1 (5 18
FE.RIFHTREINBEEFGINEFERSHFER. H
B st B AR SCEBIE IR

1 [FEREER

¥EER B

Bfee_count BEAHUBE A ERRELR P RH
Nrx B4R %t 3B (Intel 5300 W K& # 4 3)
Ntx RERG WU E

rssi_a, rssi_b, HEANEURBHBUETEE

rssi_c (asb,c AR F 3 NMER KL
rate ENFRONERER
noise ¥4
csi CSI $ 4 A 5, & — A Nrxx Ntx * 30 By = 4 8 4

£ OFDM R4 7, 23 ZR(FIEZ 5 RIS 57T LU
HDOFER:



BTH

HFREC, 55 : 5T CSI#Y B &N B IER AL E 3k 81

Y=HX+N D
Hep,Y fi X R RASERES mEMASFESmE HN
A3 1) 7 5 T R I RN 4 PR 56 L R

XA, TR TR CSLAT LA R -

=Y
H=~ (2

ﬁ?,ﬁﬁﬁiﬁTﬂ@{%ﬁﬁ%ﬂﬁlm CFR (Channel Frequency
Response), FIFHF#Z IEEE 802. 11 a/g/n XL R F Intel
5300 BIA] BB HE IE B0 T AR B — S RE A B9 — 4 CS,
illlys

H=[H\,Hz,*sHes*» Hy] €))
He, H R T8 e NFRBH CSL, @B E KT
KO8 WIFT & T AKAS 30 MESSFEHFHE L
B CFR E#E, itk N=30,

HH CSI REF—IEH 5B F (OFDMD 1 8 B R 18
FAHAL

H.,= || H, || e/4He 4
Her, || He | #1LH, 53313808 £ AT 8BHI R B AAH L,
B A T ok S I b R IR B B BT B Bk
W ARS8 43 B BRI 7E — B (8] Y B R AL AR

4 KBWHE

REUEN B E 2 AP  BRINGH B MELE
PIMTER . BELRBY By R 4R QU FE Y B SL AR, SCaR[9-10 ]+
5 FIFS F1 CSI-MIMO F 45l T BB IRE i 7 fn 5
FHERF E U I IRIE AR (L2 B S — R A U ME— AR iR 7
LY BRTG LR B, B HT R IR SUIT R ER K
EARE S BRI EE AT HENEEE.,

4.1 PEMizhETF

YN S BL, AT E 5B B4 BB AR08 1) B AR
H—MRERR. RRFE MR LURSR CSLEZAAR
[R5 T R IE , X T AR /DA R Lol IR
RN 457 CSI pyAE4k, 7T LA iz B 2 P4 (R A 0388 22 1 2 R 19
ZRBMEIE . X8R RRITREZ BT T IR
TR FEF.

SCRRC15 4R T — 4 # &——PEM(Percentage of non-
zero Elements) , EG AR AR S E N ABRBBWEBE LR,
FEE = ABRM, PEM th 2 — & K%, Bk PEM
E—ERE LA U E N ERE O, W aE R st il
CSI ARk E. PEMMAERESBWT.

%2 PEMARERE
function PEM=get PEM(Cy,S,P,C;,C,,M.,D)
for i=1:5

M=zeros(M.,P);
for j=1:P
k={floor({(C4(i,d —C)/(Cy—C) * (Mc— 1)) +1;
for u=—D:D
for v=—D:=D
f((+w)>=1&& (+w<=PR&&(k+v)>=1&8&.(k+
v)<<=M,)
M(k+v,jtw=1;

end

end
end
end
Ones=0;
for I=1:M.
for m=1:P
Ones=0Ones+M(,m);
end
end
PEMU(, : )=0nes/(P % M.);
end
4.1.1 HEah

PEM 4 jRE i £ 200 3 28 o CSHIRIBF N —4E5E
B RAERTEETITRNE T,

PR, Co RRALERIEJE B CSI 4R RE (30 = P), o
BATURARRE; S RTRENHE, XE R 30; P 2HEIK
B ENRE, CRESMEAREESWET Smin K5
P& T PR AR E R 600 MRIRENEEA;C, MC £
CSTE ) Co B9 B RAE R B/ IME M. R B S FEHAT;
DEY REH.

B, EM + P WEREM, PEETREIHELN 0,

st i G LDt a=| SLAZC L g —1) |41

B N B RIEH M, hE LITH; SITERER 1. XHF
BIHE A1, HKERER 0, BB, Y CSIHHRELR
A B RART , 4RSI IR T TR BT AT EE RS LR

RIEHITHEENYT B, EFSENT RASE 1FAED
EEANAEGIRERN 1L, EY RZE . CSIMHERE M, #
Ry RAERE M, T LUEH 1 EER M AE CSI
BT ER BB R

BE HEBANTFTRENY REESGFEZLET ST
PLIGE i A FEBEW PEM), RENEEXHEE, £ B
FEMPIETRITRE B, Bk PLIIRRGEH R CSI F#
BRBAER, ERMBE X LT URREABHABOER,
WHAER T ZEHNRZRIER .

XEET] ARG MR S Y 30 M FE R PEM 4 RE,
WX G R

P=[PEM,,PEM,, -, PEMy ] (5)

E CSl i E— T EHEH TS R— 1 FRENIRIEM
HMRIER, Y2 FHREAARBRZ SRR, &2
BB TRICE B T ME— B IREFAE AL, BT LUA] KA
B EAFE RN BT A N B B iR E , O B 30 S FE
e PR R P (B AE R A D — M B RO AE  J=R(6) BT

H=[[|Hi [, | Hz Il s>+ | Hao || ] 6

SRR ARG ESERE R PEM R b B —MEA R
FRIRME— WS SUFIE F, (D TR :

F=[H,P] D)

Ba FRR e 77 N A Z B SIS SUBUR
4.2 BENEMBEER

Bt FIRBIESUREZ ST 7E 2 LB BT LA B A AR
(&) 5 5 & HF 2 5 v A5 A0 K B BE 3, AT 8
KNN B 5 3R 2B B i i s AT E 42 .



82 WO R

2017 4¢

Eue = V2 (Hpye —Ho ). (8)

1EL 2 B0 SR ST A B B B R B 5 4 SO S ST A Y
FREE 2 R, kSRR 7 BT IE ISR, A 45 R
RAWERY, WEBEETARTRNEAIRGEREY
BHE S E TR SRR AR M A — SR EARATIHME
LT IR AL M BE , S BN FE R R B 2 N ER 3 T WO 10
BHREAGEEEIHATICE Y.

TREANEMS ARG CE R A PEM 18 Rk sh A+,
SIABEEEX EAME W, B S0 E LA PEM 4%
fiE, B4 € M AT ZE NI EN S REN , HSEHRE PR EE AW
PEM #4738, LU 8925 58 P ok SRR AR A5 O R BB AR AF 47
AR NS E TS MR SRS IR, B E
53N A TR B AR S IR A (B A B R B B

LEH TR R BL— U R — R L B
IR EF PEM gy, A F BRI MR ELE —ERED
B PEM R , %R F 238 B3R 8-t R B FRAIK

ETXFEMRI, IR T BB EMBERER,
() R XS RF F PEM Y56 S 89 IR I8 4510 718
1E il BT SRR T B A R S O SUIFE

H.por =Hpic +0 % (Ppy —Piic) % Huge (9
HoA Pue 71 Praic 53 51 32278 032 25 FVRE 25 26 o 5 10 PEM 4H
R 5 Prose — Prasic W 1E 570 T B 8 b 226 7 o5 A4 8 B 05 70, LR/ AT
RBR R ENIFEE T CSI R 2 5 5 Huu TR
M) 30 N F RN IRE; Hepe (UEFHZ)E N B R E
MR

Hb, 28 o NEAEHE, RRINENFE o AR
&, % FAEMER S .o WEE T HES FERERYE RN
BEW ., WIEBSESY WERRENEREN, o il E N
ILMEZREAUERERN DA LREHHH o FRHE
EWIBLREN 28 3, ALBBIETEMIRZMFEITRL
Kot EH 2,

MENIRBE ALY L E, CSI A AR {6 I8 BEW: B B 3% 5% , 48
I3 4, PEM (0K 52 22 A8 A, DL B HEERIE T 9 PEM HAR i,
MRFE T PEMAE NS E 7, BN EHER®R T EN
RSk, th PR M R T AR B 0 A BOE . %4 TE AR Y D
it PEM #2A8 bk @ R iR R IR B /b,

SLH P OO X B — AR AR IR o S A SRR AT
8, B 5 B A X T 7 S R0 TR A A AR R T
8, R AR SO BRI E ARG IR IEE R 5 SRS
FRRAEE KRR R BR B , B )5 (6 F KNN B8 8 5 e AL A8
M E,

5 ZBER

SEHRA TP-LINK B 588 APE R E S, — 6% K
Intel WIFT Link5300 W& 0 A it A zlis . SE90 7
— 8+« IO MERBEBHILREHT  ZNERTEER
B B 1S EEAREARE, EE T HS 23 M B
RV &L EETA TN R BAEFAL T NE ML
ST Smin B35, B2 T AEM B8 SUSIE SR R B B
EW 10 MERM BRI S #ITEN.

Bl ZEHFFERRHE

51 ¥FREMXIE

K4 PEM RET¥ R H CSLEM M B FM, it Y &
BRI RS RA P, B 2 R S8 DER
FEEOLT BE M ERER PR,

FHEE/m

35
] l_I I I
5 10 15 20

¥ REAKD
B2 PRARENEm

ME 2 AT LAE H, %Y D=15 if, L HIR 2Z X B RN,
RREN Y Dl Reiad/hit 8RB PEM H2 R HE/D,
X R R BT A B0 0 BT 3 LK) PEML B3R fb L HE AR/, R 2R
T B AUE IE I 4RI SO B B IR BN 2 KK IS AR BRI
BIERCR B A M T A E AL PR R . B8 e 7E /8 SR i ST B T
BPESH DRER 15,

5.2 kNN EZESEHIHN

ALY KO AR (NN RABK [G B B 113048 SO A 1Y
HIBLEE , BB LUE R 3= 1 & M8 S B P EERTFE
PR BT E . ISk G PR E L R RE A R
HENEWR. B 3R TEREEIERTE £ BUEARR MFL
TREMKFEIRE,

#&;ﬁt

K3 kNNBE®RSENEN

M 3 TR . 2 =3 B, RGBT iR 2 B,
ATLAAE) 1. 3m, i H&0d A G EEB IEE MR GE iR E
3 WA IE AT B HE A IR B/ X R B 4 B IE
RERIBSCRE B T 0 G DG BE I ROR
5.3 AP HEHIFm

ENIEF AP ERFES RS mEEM LR PRES
RRERNER, AP WHBX EALREBAEENEME. & 4
AHTE AP MEOR R BB T % B 3& N AE A R L9 F 58 fir
wE.



H BB, % . 2 F CSI § BiE Mg IER R E (L Bk 83

28
26f e e do b do bbb
G TV
R N e s ak SET R A BT R
S~ i 1 t 3 ¥ 1 i 1 1
W 22
® 2
¥
B
A S e y
R

1 15 2 25 3 35 4 45 5 55 6
APHAR

B4 APHEEIEN

ME 4 FTLUE Y BEE AP SEAHE I, RGP HiRE
A TRk X EE N AP ML, B [EERAEBRE
L EMERMRE. BREY AP KNI —ENEE, ki
5860, RRIRERAHEHE T, 2IMARKRE. B
P, 2B A DASE M I AP (%R LUK 2 LR 2,
ARETFRE AN, B W B BRI A AT R,

5.4 BRgEikitak

A4 B IER R s 5 HoAth 3 BUE ML R G MF 3
REL Kk B i REUE R AT & R A E N ERE.

B 5 7% 3 AR ENM RERK V1R 2%, K FIFS &
SCERCOTHR R BCE N R A VI SR B B8 T BRI IR 1B £
T FOLE A HE BURFAE , 2 07 B BER B DL S A 2 vk R AT 18 X
AR{BLRE DLAD s 7 CSFMIMOX R g5 2 Xf FIFS Ay sk, efF
FBTA F 2 I A T W8 R A 43 22 18 A 8 BUHRRAE , [R1RE R A DL
AR EMNH AN TSN ERANEER, TRERE
T TE 3N EM RS R A M R E L IE
IREATLLAENER /D, A 1. 3m, A Lk F FIFS 1 CSI-MIMO %
G, KPR E S BIE T 41% 1 28%, T HIEM B IEHE
RV v B W R MR, W LR R R R B R RE.

25

2

15

1

FHRE/m

05

]

FIFS CSI-MIMO S ERD

Bs5 ARRETHFHRE

o RBEMAE RS T IX 3 MOFEiRE Rt
BREUE B 6 n i 20 MR E IR E G AR .

: i

A EHE/%
-E28ERG R

B6 R4 R

ME 6T UEH, FR BV AENEEER S, 82
90 % IR S M E AL IR Z /N T 2. 1m, i FIFS # CSIFMIMO
435K 3. 4m 8 2. 6m. A X HEBR W EMEESHNEB T
38%6F0 19% , /] WA MR B IEFE— E R JE b AT LA 5
RLBIR 2 ;T BB IERRE T, 50 % Bt R 2/ T 0. 9m, T
7£ CSFMIMO R4 iR 2/MF 0. 9 m MR R A 3K 3] 35%,

FIFSZ M Rik% 20%, A X MBMAERESHEST
15% 71 30, XRZEA CSEMIMO /T BrA 30 A~ FHB
HITRIBFARO 4R AE B L T & 2% 948 8007 1R T FIFS UL 6
HT A TR BB RENFERL, BT NEE
B EIIMRIF RN FEAERENELREE AR R B
BIEERZEET L RWMHREMEE, XA T HENEL
HE, B AAEFHEERTE.

MEL R REE . BE N 15 EAERE A A CSI
HREMSHERBUENENEG M EWRT 1
BB AT ERKENR IR T . FRERATRNEGE
¥, 3518 T tk FIFS 1 CSI-MIMO R 4858 i iy s (i M BE

GRIE FUAREYHEFEERSEBOER o
THMENEMMGRE, BE T —MFHHET CSIH BEMN
BIFERE N B, ZERSA T UERFERE YN PEM
bR, BB IEAME T EERN AR THE R EN TR,
WA T AT BRI R, SRERERSRRT AR
H AT EE BB 35 B L BEAF O MERR R, 900 B IR 2 R 7E 2m L)
WXL ENENREPRAIEZY. MAMLT
ZBTHITEELE A1 5 FIFS #1 CSI-MIMO, B4R #5578 5 v ¢
SYHIRE T 30%H 15%, X 4 AR 2ad 15 IF A B B 8
PIRTLAEBE B MR R, YR UNRENREREAR,
FT—HRANEFABZE, LNMTRPAUZEEN AP S
SRR, BAMBAT UM A S K& M2 Ao N E R LBE
IERE 8RN ENENL.

2 % X W

[1] YUAN Y,QIU C,Xi W, et al. Crowd density estimation using
wireless sensor networks[ C] // Proceedings of MSN 2011, 2011
138-145,

[2] XU C,FIRNER B,ZHANG Y,et al. Improving rf-based device-
free passive localization in cluttered indoor environments
through probabilistic classification methods[C] // Proceedings of
IPSN 2012. 2012:209-220.

[3] BAHIL P,PADMANABHAN V.RADAR:An in-building RF-
based user location and tracking systems[ CJ // Proceedings IN-
FOCOMO00’ ; Nineteenth Annual Joint Conference of the IEEE
Computer and Communications Societies. IEEE, 2000 775-784.

[4] YOUSSEF M, AGRAWALA A. The Horus WLAN location de-
termination system[ C] // Proceedings of the 3™ International
Conference on Mobile Systems, Applications and Services(Mobi
Sys’05). USA: ACM, 2005, 205-218.

[5] ZHANG D, NI L M. Dynamic clustering for tracking multiple
transceiver-free objects[ C] / TEEE International Conference on
Pervasive Computing and Communications. IEEE Computer
Scoiety, 2009 1-8,

[6] KAEMARUNGSIK, KRISHNAMURTHY P. Analysis of WLANs
received signal strength indication for indoor location finger-
printing[ ] ]. Pervasive and Mobile Computing, 2012, 8(2);292-
316.

[7] CHAPRE Y, MOHAPATRA P, JHA S, et al. Received signal
strength indicator and its analysis in a typical WLAN system
(short paper) [C] / IEEE 38th Conference on Local Computer
Networks(LCN). 2013:304-307.

(F#%£ 115 T



57

)

B, % — MR R R A S ST B DU GE B

115

(5]

(6]

(7]

L8]

cation Protocol Based on PRF[]J]. Journal of Computer Research
and Development, 2014,51(7) :1506-1514, (in Chinese)

&UkPl, R, TRR, % £F PRF # RFID R & Z0AIED
BRI RV 5K &, 2014,51(7):1506-1514.
SHEN ] W, LING ]. An improved ultra lightweight RFID au-
thentication protocol[ J]. Computer Applications and Software,
2015,32(2):304-306. (in Chinese)

e, i — MGk ER R RFID AE BT HEN
RLFES 8 MF, 2015,32(2) ; 304-306.

GODOR G,IMRE S, Hash-based mutual authentication protocol
for low-cost RFID systems[ C]// Proc of the 18th EUNICE Conf
on Information and Communications Technologies. Berlin:
Springer,2012,76-87.

SURESH T, M R. Mutual authentication protocol for RFID se-
curity using NFSR [C]// IEEE International Conference on
Communication Software & Networks. Chengdu, 2015:255-259.
PENG P,ZHAO Y M, HAN W L, et al. An ultra-lightweight
RFID mutual authentication protocol [ ]]. Computer Enginee-
ring,2011,37(16) :140-142. (in Chinese)

ZH.8—, 555, % —FERER RFID U5 AERY
[0 3HEMLT#,2011,37(16) 1 140-142.

9]

[1o]

[11]

(12]

[13]

DU Z Y, ZHANG G A, YUAN H L. Crossover Based Ultra-
lightweight RFID Authentication Protocol [ JJ. Computer Science,
2013,40(11):35-37. (in Chinese)

M, ERE,ROK BTREXMZEMERE RFIDAE
B0 HHE LR, 2018,40(11) . 35-37.

LIU P,ZHANG C H,Ou Q Y. Authentication security protocol
of mobile RFID based on Hash function [J]. Journal of Compu-
ter Applications,2013,33(5):1350-1352. (in Chinese)
XIS, B %, BRT. # T Hash BREHIFE sh 5 5HR 3 H GIE
TL MR ML, 2013,33(5) . 1350-1352.

FU X,GUO Y. A lightweight RFID mutual authentication pro-
tocol with ownership transfer [ J]. Communications in Computer
and Information Science,2012,334.68-74.

NIU B,ZHU X,CHI H,et al. Privacy and authentication proto-
col for mobile RFID systems [J]. Wireless Personal Communi-
cations, 2014,77(3) :1-19.

TAO Y,ZHOU X,MA Y P, et al. Mutual authentication proto-
col of mobile RFID based on Hash function[J]. Journal of Com-
puter Applications,2016,36(3):657-660. (in Chinese)

W, AE. DEW. % T Hash oR B A 30 BRI E BHY
[J3. &R A, 2016,36(3) : 657-660.

(L% 83 7D

L8]

(9]

{10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

YANG Z,LIU Y H. Wi-Fi Radar: From RSSI to CSI [J7]. Com-
munications of the China Computer Federation, 2014,10(11):
55-60. (in Chinese)

B, X =¥, Wi-Fi ik A RSSI 2| CSI [J]. rEHENES
HIR,2014,10(11) ;:55-60.

XIAO J,WU K S,YI Y W,et al, FIFS; Fine-grained indoor fin-
gerprinting system[ C]//21st International Conference on Com-
puter Communications and Networks(ICCCN). 2012.1-7,
CHAPRE Y,IGNJATOVIC A,SENEVIRATNE A,et al. CSI-
MIMOQ: Indoor Wi-Fi Fingerprinting System[ C] // 39th Annual
IEEE Conference on Local Computer Networks. LCN, 2014:
202-209.

WU K S,XIAO J, YI Y W, et al. CSI-based indoor localization
[J]. IEEE Transactions on Parallel and Distributed Systems,
2012,24(7):1300-1309.

KAMRAN A, LIU A X, WANG W, Keystroke Recognition U-
sing Wi Fi Signals[ C] // Proceedings of ACM Mobile Compu-
ting & Networking, ACM,2015;90-102,

HE W F,WU K §,ZOU Y P, et al. WiG: Wi Fi-based Gesture
Recognition System[ C] // IEEE Conference on Computer Com-
munication & Networks, 2015,1-7.

PU Q,GUPTA S,GOLLAKOTA S, et al. Whole-home gesture
recognition using wireless signals[ C] / Proceedings of ACM
Mobile Computing & Networking. ACM, 2013 : 485-486,
XIW,ZHAQO J Z,ZHAO K, et al, Electronic Frog Eye: Counting
Crowd Using Wi Fi[C] // IEEE Infocom-IEEE Conference on
Computer Communiations. 2014 .361-369.

SEN S,CHOUDHURY R R,RADUNOVIC B, et al. Precise in-
door localization using PHY layer information C] // Proceedings
of the 10th ACM Workshop on Hot Topics in Networks, ser.
Hot Nets-X. New York,NY,USA; ACM,2011:1-6.
HALPERIN D,HU W,SHETH A,et al. Predictable 802.11

(18]

[1¢]

(20]

(21]

f22]

[23]

[24]

(25]

Packet Delivery from Wireless Channel Measurements{ ] . Proc.
of ACM SIGCOMM, 2010,41(4):159-170.

HALPERIN D,HU W,SHETH A, et al. Tool release: gathering
802. 11n traces with channel state information{ JJ. SIGCOMM
Comput,2011,41(1):53-53.

LI D,ZHANG B X. Fingerprint-based Indoor Positioning Tech-
nology [J]. ZTE Technology Journal, 2015, 21 (6): 31-34. (in
Chinese)

EX KER BFHEMENEMUERI] P2GEHEAR,
2015,21(6):31-34,

DAI H Y,ZHANG G. Based on IEEE 802. 11n CSI-Tool of Wi-
Fi Interference Studies and Measurement [ J]. Informatization
Research,2014,40(1) :59-62. (in Chinese)

e85, % 5. &7 IEEE 802. 11n CSI-Tool # Wi-Fi T4RBI5R
FWMBRLT]. 15 B 4L8F5, 2014,40(1) : 59-62,

ZHU R,BAI G W,SHEN H,et al. CSI Indoor Positioning Me-
thod Based on Bayesian Filtering Method [ ] ]. Computer Engi-
neering and Design, 2015,36(3) :567-571. (in Chinese)

R, EDBH AL, & BTN iR ke CSI BERE Rk
0] HHEHL TR S, 2015,36(3) : 567-571.

YANG Z,ZHOU Z M, LIU Y H. From RSSI to CSI: Indoor Lo-
cation via Channel Response[]J]. ACM Computing Surveys,
2013,46(2).1-32,

YANG J W,CHO G H. Utilizing CSI to Improve Distance Esti-
mation Precision in the Indoor Environment [ J]. International
Journal of Software Engineering and Its Applications, 2015,
9(3) :49-56.

CHEN Y, LIU W,XIONG Y, et al. A fuzzy similarity elimina-
tion algorithm for indoor fingerprint positioning{]J]. Internatio-
nal Journal of Distributed Sensor Networks,2015,2015:1-10.
LI H,SUN L,ZHU H, et al. Achieving privacy preservation in
WiFi fingerprint-based localization[J]. Proceedings-IEEE INFO-
COM,2014,84(1).:2337-2345.



