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Abstract: The radio map construction is time consuming and labor intensive, and the conventional semi-
supervised based methods usually ignore the influence of the uneven distribution of high-dimensional Received
Signal Strength (RSS). In order to solve that problem, a semi-supervised radio map construction approach
which is based on the nonhomogeneous distribution characteristic of RSS is proposed. The approach utilizes the
RSS local scale and common neighbors similarities to calculate the weighted matrix. Thus, the weighted graph
that reflects accurately the structure of RSS data manifold is presented. In addition, the weighted graph is used
to find the optimal solution of the objective function to calibrate the locations of plenty of unlabeled data by a
small number of labeled RSS. The extensive experiments demonstrate that the proposed method is capable of
not only constructing an accurate radio map at a low manual cost, but also achieving a high localization accuracy.

Key words: Wireless Local Area Network (WLAN); Indoor fingerprinting localization; Semi-supervised manifold

Vol. 41No. 10
Oct. 2019

alignment; Nonhomogeneous distribution; Radio map construction

1 3|5

Bt 7 5 ELIC I B A e DA A e T HIL AR A
T E RS (Location Based Service, LBS) M)
55 RANWTIE K, S T R BRI SR AT 2K

Wk F31: 2018-06-20; ek mIFHA: 2019-02-28; PIZHR: 2019-03-30
*EAEEH: 2tE  lishibaoQupc.edu.cn

BEWH: Ex AR 4 (61972417, 61601519, 61872385), '
Je AL FEAR R 45 2 L I 45 (18CX02134A, 18CX02137A,
18CX02133A,19CX05003A-4)

Foundation Items: The National Natural Science Foundation of
China (61972417, 61601519, 61872385), The Fundamental
Research Funds for the Central Universities (18CX02134A,
18CX02137A, 18CX02133A, 19CX05003A-4)

KIE, o, JE T o2k kW (Wireless Local
Area Network, WLAN)FRE0E 112 52T 2k
N[ (BRI ) 22 ) s A7 B3 A B (B0 22 ) JE AL
FET AR e A 7R LG, 207 VER AR Aty vE
BERAR T HAN T RN, R B A Em
R R R, DRITIAS 20 2 Y

WLANA & 45 8UE AL AR T2 805y 2 84
KA RAEL AT BRI S B, 78
Ry BRI A 4% — s UNE ST T2 1 (Reference
Point, RP), &Ji&N2% i iT5 5 K48, #iE
A5 5 9 5 (Received Signal Strength, RSS) 7] &
L Ko 22 i 1A RS, A JE A i B i SO 1
SERFREPE (Radio Map, RM) M. BT o2kl


http://radars.ie.ac.cn/CN/10.11999/JEIT180599

10

RS BT R S oA TR 2 AR AL (K~ I 2% 50 A RE (AR SUR A i 2303

TAERE A, B BN AN RN G I 5
Wi, ERANZ i BRI B R —NEA ST (Access
Point, AP)IRSSAE 5 18 W K I H 52 2% (1) I AR K
P, TR LS 2% m B R R B DU R iR g%
PIRERE . (EERPYEE, K RAEFIMIRSSI Z il i A=k
VLR SR GO E S 3T ILRS, HEEH PR
A E . AT L, BEER B BOR A K e
AT ISR, BT N DI ECASFI S TR WG, BRI T FR
LUENIERIE o PRI, HrT A R b 48 SO 1)
TAERE, RUEEARERE, 192 7 ok B2 o # 1)
Kt o
N T BARTR SO ST RE, PN R T
FL TR R v TR I B E S 2 R
GUEER 70T Hor, B T AR R AR K Uy vl
Wi ECAHAPH AN E, HT 22BN EN
AR B s, SRV — R e MR A R FR AL
. mTHRaFEm AR, KETAICRSSE
ATLGE B AR o KA, SR TR, STHR (D)
s IR 2 S AR, /b & CARIE IR R SUEL
P AT A SRR R T e b s i AR e BEA TR
i, dE SIS TR U A A
R 2E S TR R 25 2 DT EEAMUR RS SE
M FE R AT e AL, 1 H 2% FERSSEHs 119
TE L G5 F AL, R, v BAA 43z R AR RSS 2L
P s B, SR e MR E I T e, B
RGBT ORS B, SR [6)18 B 2 I 57k,
FINAE AR HA R RSSE e 4, i A~ Edin 4 b
TR EHE (PO R O R, Mt R ERRAE 1) & (P AHALL
PR BN A bR B AR, AEZ X Fh 7 0 AR bR Al dis
SREOR Iy, T AR A N AT R S5 R . SCHR(T)
PEHEE T TR A I B U 55 TR a0 M it 7
%, I RSSEAE AT R R E A, 4is
Frac B 0 B ()RR B o sy 4ERSS AR, 18
T GLTE R S F5 58 A bRt B0 58 AR s R, W
FRAK T IRSUERMIE TR, — e R B ORE T A
KR
SR, A AN 3 S — e A A E N
N N N SN A
AAAA LA
AA A A , N
L
aaa fogizw
A A C I |
A u l.l u
(a) RSSEHE A i3 24

fmaity, 1 HAPATEALE 2, XMR RS
RSSEHR M 7y A 2 LR AR, RIAN A 225 s s
SIAEF R AT RRE . 3T BIRIE X 557
CEE P FRDRS R Ks 5 e S R e, L2 VIl R
M kiE 48 (k-Nearest Neighbor graph, k-NN
graph) ") R 2 A 3 AR RS, T
BRI TR — % b HLg % R B SR Hls R
WA AR, ORI R R 2 /N B 2% B R SS AR
FEE I3 AT AT A SRR, Jo VR A S e ey 4
RSSH 52 A4 1T 48 06 R 010, ANH T3 B 551
BRI R O AR bR s AL B bR e, HETY
Wi ‘s PN AL IR RE . BP0 B ), ARCSCER LT
RSSHEFF 1t 23 A e AE IR T R 55 48 S0P R i S0
1 I bR Id RSSEHs AR & H P Bk £ I RSSAE 5%
PEI AR A G A&, I 455 e [m] REAR LM
B JEATARSS B e B - (W e e &R, T
P o7 0y B 5 DR et 2 M B 2 ) i R S B
OB A EARE NI AR UEAE BT B I 254
T, SEIRE R SUE R

2 RSSEURIESTHED HEHERBX 71

2.1 RSSHHRIRSTMAFEREA

HENEM NG TR0, RS AP
o2 . BEAERARLZAZ, eI RSSIH
EERRIAP AN KL, X R e 245 U A7 1
L AERSSE 1M 4 Bl B oA 2RIy
ATFFHE . RSSHEFFPERFAE ] TR AERSSE A ] 7%
e RO R R A AN S, RARRBLAEAR ]
MIEHENEE A, AT R A RSS [ B H A
ZHEEAR AL S, Bk, TRz
[ B B AT BRI L

RSSEHE A AR s SR a1, B AR
RN AN R TR SS 1) 5, el 2 () 24 A 41
INAEARCE  Th AR RN, B (a) Rosm 4
) b 3 A AN ) R3S RSSEdhi s, [ 2KERSS )
Z B AR AR FSERSS M % HoAT ol 348 . 14 1(D)
RGN BRI S A R0R K,

(b) RSSHHE A0 AL 78 b 2 1

K 1 RSSARFFIEI A -



2304 I I =

41 %

RELTR, AN R A T B S RSS AR 5+ MEARFAE
2 FERNRIE R SSEUE A7 12 5 % e 2, By
SRR BB RS
2.2 RSSIEFFM D HEHERIE S

AN G5 9] B 8 R 23 b T 2 A Al
AT S e P 4 BT (Linear Discriminant
Analysis, LDA)X & 2% 50 IR SSEE 47 73
Br, 4920w 4ERSSEHE AN 5 73 A i) AR S PERFALE
SEIATNE pab /i A A SRR DA E Y E P

R SCHR [12] 52 L PR Bt g % B e 2 B0k AT )
B, pivtSan=A(1)

pi= D _x (dj — do) (1)
J

K, Faz<0oit, x(2)=1, EHLEHH T,
x(2) =00 dRREWTAE, HERE BN T
d AN EER R B % R B s o

M TUTHESESE . UllindoorLocK 41 L
MASCINANE AT 5 P RSSTR G, 1545 3]
B g A 1 o A B2 s, 3N ER AR 4 AL g
BIREIE10, R IARSSEE 1155 25 /- A YA NS TS
KSR RETUTEIE LM 2R 120N B % 5, A
[F] 2% f AL IR R FE R . UL, R[S 554
PG R S HOE R, BARRSS s £ IR
FEE B AL, HRfE—ESH XN, 24
RSSHEH HAT AR g% B B2 S5, RSSER AR
PR3 A B B B REAE B 4 e ERSSEI I AH G

- o o
g g et
’;i 40 |
;é H
=
?g 20
Exs
@
ot
0 E ] 0 i
TUT UlJlindoorLoc A
2 3K S RSSEH 7 25 /0 A
50
RN
Bl 30
&
B 90
(=
10

0 50 100
SH by

K 3 TUTHIEHR 275 M RSSH # T/

2B, AT 4ERS S B i T AL 24
SEEE (10 A . T LD ASE% UJlindoor-
Loc it 4205 34N b 18] 1) s A B9 AT A0 22, LDA
A W B I Fisher 28 M ) M AT 6038, %)
ANFIZE A B T A R R e )1, %R R e R
HOE R R R O N 2RIR) T 2 e KA 3 e
YRR . Hod, RNEUESy 53

[EIHLRE S g oE Sk
N
Sn=y 3 (ri—7) (ri—7)" @)

i=1

N n
TESNCORIICORIING
o
R(2), AE)PNERBH AL, PERFAT
RS R ECH B 4 B C 580 A0
RSSHMEM P RSSHEEE. v (j) RS H R
ifRER jNRSSH
12 B SERSS HO 0 (B4 L 3. RS
P oy T W3R, Ty HLAS R A A Bl AE AR 4 5%
RIS A AR . LR 3
RSSECES, Ji W2HRFiH . 0B 551 ) 1
R KB T 3P LIRSS ECRIOHIGHE, 707y
L OB AT SR B

o i)l
. v 512
H2 " W ALEN
il ‘et g
R v A
3;3 . vy . .n . M
> v LA AL U
®" LA vvl‘l v
VW WV v
9 97 v
V. VWY
L
—4 -2 0 2 4
EE N,

Bl 4 3455 R FIRSSEARTELDA 24 % 1) 43 A1

LR LA, SEAL S RS S B A e 44 ]
AR YE B 22 18] b 2 2 00 S ) AR 55 2 A1
fiko RSSEHE A 2 0 AILGAE 2 A E NI %
WAAAE, ARFFARSCYEAREL T ATEIRSSEods i [ A %y
AE, ARSCE AR T RSSEAE A 75 1k 3 A1 AH Sk
IR PR 3 B0k, S Mt B o 5 i A% b R AR g
RSSHE A7 B b i A HERG L -

3 ETRSSIEFM I MIFERIRIEXI ST

4ES Af S

AL — Bl T RSSARF L AL (12



10

RS BT R S oA TR 2 AR AL (K~ I 2% 50 A RE (AR SUR A i 2305

BB F5 5= N ENF UM B 5L R EdREl
RENEL, EE e XK ESH i H AN, £
S PR ERSSHUE A M, AP, K4
FITHRSSE R MR = (11, ro, o, ryvgay) o+ Horl,
7= (T, Tigy s Tin) , 1 € [L, N+ M), FIRLEisH
i APIRSSEE . R = (r1, 7o, -, ry) T F7R [
TS % MK ERRSSE M, R" = (ryi, Ty,
) BN BEHURAE R S U I RSS B o A7 B AL
PR RN P = (pl?pZa“'apN+M)T , Mo, Pr=
(1 Doy -+, D) " 42705 55 REFHX 4 40 5 1) 40 55 Al
br, PRI AbRICEAE ]G0 A8 bR, W B AT
B

oG, 38 HARCBdE R K bric BodE R4 ik
BEHIEF IR, WRIERSSHIE AE 75 1k 40 A FF AL,
I RE 2 0k it 1 38 N B8 2 A1 i 2565 2 P 30 408
B B AR B Wy, 9 38 5 3 R T 205 AH AR 14 4T 1A
B, 1FRIRSSTIL LT &5 kg B8, HIALEE &
G = {R. Wy} Jo, W Wk b h e,
I GBS 515 B AR bRl B AL B broE, 4554
U e R TR SUEE M . B JE, T ARG E
DCHC 7 i KNN S A B kvt
3.1 ETRSSIEFHESMEHEMNNEEE

IR B s R TR A B 2RSS B s H b
REATUNT (AR B 4 3 -

(1) Ry et ]RORE AR ALL R B ) e

WA ZE 2T TR, AL 5 b RS SE s 4 A
HAAEFHEMRFE, 10 i rss; &8 8 1B B A vH R
fIETE 5 S RS S F 55 M REAIE 1) J 38 JUBE T AT
¥, DRSS H

k
1
0, = P Z ds(rss;, rss,,)
m=1

p=1

rss,, € NNy (rss;) (4)
Hop, 6, & rrss; 5 HE AN IE A (Nearest-
Neighbor) £ 1) F-¥Jsorensenffi 516, NNy (rss;) %
Krss, kNI AR NS, ke Nt . H &R B A
JURE W 5% Wi, rss; 3l rss; 1) BR B9 I 4 b d; =
ds (vss;, rss;) /6;, A, rss; Flrss; I FE B K 7" A
dj; = ds (rssj,rss;) /6. — ML, YT EE TR A
d? (rss;, rss;) /0,0;, WIS Blrss; Hrss; [A] 17 ] 3 bR £
PR IR R AN

d? (rss;, rss;)
o <_ adid; > ’

rss; € NN (rss;) Birss; € NNy, (rss;) (5)
0, H¥

b, a2t m AL HUR R EE R 1. IR S
PR dy 5 d RN ST, () IR
B, B dAHXS 126, F10; 88 /NIF, rss; rss; 4 T
AEABL,  ORAIE T e 4 8] TP AT (s, S ess FAT A [F]
R SRR .

(2)FL[FI AT & AHABL

e 2 T AT R SS 1) A7 5 22 (1) 4L () 408 ft
s T BB b e ) TR ASARBAR S S fi) 5[]
MR RE, TS IR RSB AR

S (rssj,rss;) = NNy, (rss;) N NNy (rss;)| (6)

10(6) K rnrss; Hrss; AT A8 A AT LR
BENN (vss;) AT A8 1 S $% Hess, 1 25 KN TH 7 HE
A1, WIAELErss, Srss; P s 2 1] (1) (R348 R A2
Srss;, rss,, 2 A 3L [T A0 AN B TR], (H AR SR
U A8 R HE e AR 15 DL 5 FERSS Bl 1) 7
AILHIARATE S5, 49 255 145 Z 1) 3L [ AR B

S(rssi,rssj) :Z(k—m+1) (k—n+1),

rSs,

rss, € {NNj (rss;) " NN (rss;)} (7)

SCP, R 450 R 45 2 4 4NN (ess),
NN, (rss,) 0 6 B o 45 58(7) H— 12 JFAUAR
(5), 13 Frss; Srss; BE K/

( d? (rss;, rss;) )
exp | — s———— ],
W — S (rss;, rss‘j) 0i0;
rss; € NN (rss;) B¢ rss; € NN (rss;)
0, &

B 2, 193] BN R B A R R A R K]
G={R Wy}, Hf, REHEKE XL AW,,=
(W) (v by (v @

ARBCERE A E A R E W ES, 2, g,
2R IRINRSSH = i, WH (2,y) = ds(2,2) »
KI5(a)t, PIRRRSSEN HA AT Mg %A, M
TaeHyHBEZHILEAE, WRiEX8) kG HyiE
FERE T N E5(b) P AR 5 3 A 22 e BN
RSS#E#56, < 6, Ho, ~ 6, x50 RES =7
BOR, WHR(8)KkGr, (HNEEMER /N, 133
o522 MEER S, 2 (8) i, 153
AL 25 SR B A5 B8 o3 A e mt o

flij =



2306 B 5 A B %2 W B
Pr
LA AT
R PEI RN (e o ® o
ree% Yo o ) e /
L (LX) o ©® N [ ] e
\.ooo.o. ® L N u
- Neoeo e S
S 19— %Y ——
L ,-ii L -.;
L //;.. Tan B /l.l " . N
/ L] n | | ..\ \ u L \
L I EEN T L.
\.I.- - m/ \a¥n /
b N | |
SN r ~8 g% 2
L ST > T N R T T B R >
0 L, 0 L,

(a) RSSHR % A2 ELARL

(b) RSSHi# % Sk

K 5 Sk R

3.2 BT RUEE SIRHHFHORLER S
R AR BRI 0 R M RSS YL R AR 4E
%Jéﬁ“lxj]c (61, Co, -, CN+M) jJTff%}TJ:
BAIBHH G = (R, Wy AT T, A Ak i
RSSO R M R4 W3 A, A 331 A
WFEWEA M TG R0 R (R4S,
N+M
HAREY, e~ ol WS BRI, (71
N+M N+M

Z||cz—cj|| Wq= Z (cfei—2¢cicj+cjec;) Wy

N+M N+M

=2 E DMC?Ci -2 E C]TC]‘ Wd
i 1]

=2tr (CD4C") —2tr (CW,C")
= 2tr [C(Dd — Wd) CT]
=2tr (CLaC") (9)
Ferp, tr () RAFEMEIE, Lo= Dq— Wq, X
N+M
HEDa= 30 Wali,j), LaertRm iR
FERSSER LT, Con74E R LI IR
JE AR, BT &0 R P K X A R HE—
A, AT AR S (10) A T Rl ) H s e A
N
F(C) = argminZu e — pil|> + CTLyC (10)
c

i=1

WHiRZE, SRR 200 IE WAL L2
HI, s BT IR T

T
2 HC () o0 bisawin

i bR A it i ] DL ELR SR A, X 3K (10)
AR T LA 25 (10) (K B LA

—1
pwlp+ Ly Ly uly,
C = P 11

ﬁ¢,L:(??ﬁvﬁﬁﬁ%ﬁ%ﬁ%ﬁ%,
Wd_( thjfl vvl‘f/l >%%ﬁéﬁﬂé%ﬁﬁ$, W7 1AT

IH R 7R IC RSSH s 2 [ I A8 AR, G udT
u BRI B4 R AERS SEL U 1] 1408 Jim 3 B AL
d, W, RoRbdRSSE s 5 BE ALK 12 R Anid
RSSE AR AL E . I, = diag (1, 0o, -, ©N+ M)

R NRARAAFERE, Yrss B CAIR, @, =1,
HAEI T, ;=00 &, RGP C MG
MAT A ARFRIERSS B I AE Wl S AR F5 o

4 SCEGINE R M BE S AT
4.1 SEWIMEFMBIERE
HIGAEA S IR S M Sk i bERE, SE

Kol v FRBHELTRE, P wmEe, %75
NIMAFENENI S, A2 NI AE LR

Horb, SR IR TR S8 5 A 2 U A b (1) FEA, XK/ AT0.2m x 18 m, B XN
< 70.2 m >
Tl [
......... N ~N
g on I
«K)) %
T A, g B
....... 5
U EEREES l
i I N I
[X 451 [X 4552 X153 [X 154 X 185 X 156 AP

K 6 SR PRS-



10

RS BT R S oA TR 2 AR AL (K~ I 2% 50 A RE (AR SUR A i 2307

TEH A6 S AL X 38, S5 1% FH 55 ) TP-LINK-
WRSS6NIIAP, ffH## Android 7.18:4E R4
INKEXBATIREURAE, %ISR Re T HLwifiBi 1
PEfg, WOERSSE REMZE N1 Hzo SLHIEHL
I2NMHRGUT, FREUE L AT T K 1AM RS
[ I AR AL A2 _E 11454 T HIRSSEHEAF Ay A b
e .
4.2 ENLMHRES s
KITRRA T Tk B iR e, 53T
Ja 2 1 R N BB X 55 B% 9 (Locally Linear
Embedding Manifold Alignment, LLE-MA). &%
e W B X 55 08 A SR LE-MA T DL R A% 48 5 33
RADAR!MHY G 1 Fi8 S 78 % 22 1) R AR 20 A1
K. YEARZE 4.0 mit, ATk EN R 2
B4 77.5%, LLE-MA, LE-MA, RADARS %
() B2RNEAR 25 4 64.0%, 71.7%, 62.5%, AHX} ik
SPhEEE, KEE i TH13.5%, 5.8%, 15.0%, Hilt
ALEL, ARSCHTREE R AR e ERE . BT R
RS AE R A e i3 e b, AR5 1ER RS S E 4
A5 1 2 A 110 B8 5 25 A DG 1 AR A0 A 2 oz 7
B, 7801290 M 4ERSSEHE AR UL 4800 R o 4%
LS T = R S S R R s W4 ER e (A e S RS
P 2 PR MR

1.0 = aaaaaape e

£ 06
X
B e
4 04 | —— KXTTIE
" —e— RADAR
ﬁ 02 | —— LE-MA
—— LLE-MA
0k 1 1 1
0 5 10 15 20

FERLRZE (m)

7 AR E AV RE

KSR m R LD —E A o T, &
AR B ARG A8 4 3 i S0E A7 RS B R B L
MIRE L 80%, KNNKEJE FF4103%, LLE-MA
R T BE50%, LE-MARIUA SCHTHE 59543 3~ B
33%, 31%. MXTTAEGEIR SR Ik, AH
TEA] DAAEORFERE B A DL R KB TR S0 (PR AE
o, MEFLE-MAASCE AR RS G T A
WU e,

AN TR BB g SO IR I (RD VR A 190 4%
WAL G TR SUFERIE T, A T WHER G 53
W) 75 EAEREAS S 2 0544 TJ7 ) R AE4R &0, W %
1 Hz BN J5 RAE90IR, BT LR AE412 MR 8L 3k

120
—e— RADAR

T —— LE-MA
L —— LLE-MA
—a— KI5k

—
=
(=]

x
(=]

N
o

FEROREE FIEEE (%)

[}
o

| | |
50 60 70 80 90
TREEARLLR (%)

P 8 AR ELBIR S8 I E RLRETE T FREE A

40 Tl LE-MA

C Ak
30 | X] RADAR
[ LLE-MA

20 F

I #E (h)

10

E/ 7 7 7 7 7 7 7

02 04 06 08 1.0
RS HE

P 9 ANIR) S S H R AR I )T

i 2541.2 ho ASCPTRR RSO TIL, AEAEH
20% 540, BENMREUN DR 20N RSSHEA 4L
RS O B PEAR, BRI, R AL
0.8 h, KRR T RGN FHFE. RN, ASCH
AT RSS Bdls br i 12 S TRl AN L1 min, X
THRGUR R (K I [R) € ) LA AN

APHEE LR SUE AL IR VERER) — A E 2
P22, E10Z e 2 4 mivy, AR A R
FEHAPHURRICR . ET AR, 2 APER Y
I, bR AR SEE (R A B T . HARSCRE
DRFFAI LA e AL VERE . 1 AP B R 808 im0
oL F, SIAEE ZEALE B Rk 732 10T
Yo, EAR AR TS, F, EZAP
R T2 WAL, Hn TR, L,
AR SCIE S APREAT bk s 7 S 1 R e 40 BT o

1.0

R i

08

4\@

0.6

E| —— R
& 0.4

i —— RADAR
& oo —— LEMA
T —+— LLE-MA

0.0 = T T T T T
2 3 4 5 6 7
AP

10 AP 52 A7 T (K520




2308

BT 5 fF

% o a1 %

4.3 SEXEMBEEZWS

Pl 113 g 3 [ 0 A8 AL 1 40 Fm 5 Rt e v A
BRI B TR, MRS AN EON 13, E
DI P32 22 4 2.83 mEUAF IR U i e A e RE, i
BB, 3 B BR AR T E AT 2 AR AL
/N, ToEEUER AR IR RSS B (R AH DG RS AE, 5t 2=
WK M AREOE K RI19, EIRZER K 43.22 m.
JE PR AT ARE K, RSS I (] 247 56 % (1) 3L [A) 48
St SERE AR AR R OK, B B RSS £ 4 it
SEREE AL R B, S ERSSHE 1T 40 5 2 i
FERR, AR R I VER R R, S I R 4L
FERIEEREIE . DRk, ASCHiE$eE =13,

34 F

3.2 F

TENAEERZE (m)

! 1 1 ! ! ! 1 1
4 6 8 10 12 14 16 18 20
S RUEABAMUE 48 f= ik

11 CIFIAE AR AR BLE: r 40 Jos onk s o 4 fiE S

5 ZARiE

AL P FE T RSSAEF M 7 A RF A (1) 2 M 2
BN EN TR R EE, | T iﬂ
Y st P RSSHR i 5% AN ST ARSI A AR ik, AR
E%UFH?E‘:%RSS%ITE*fi@ﬂF%‘@%ﬁﬁ@%ﬁBRE
S S SE FRT A A A A A R ], B d
TERFEAZIERSS B [ v (R A AH A, SEIRFREL
PERS IR . SEI R W], ARSI LT i i
FREUZE e AL R0 T 48 )7 v L S FLA R e B,
[F I ORAE T RAR AR SRR IT RS . 0 TR
IRANRR IR BERI R RUE N FF i fEd,  HAhai e
5 ) (L W Hessian WU ) X4 ARSS Z4E i T 1)
JRB JLTREAE AP Uk e, 1 — PR TR B FR S
()RS B AR e M

1
0 2

& % XM

[1] MELAMED R. Indoor localization: Challenges and
opportunities[C]. 2016 IEEE/ACM International Conference
on Mobile Software Engineering and Systems, Austin, USA,
2016: 1-2.

2] AR, X, Ek. TR E AR AT R SO R
MIWLANE M HIL ] BT 51 B2, 2011, 33(4):
896-901. doi: 10.3724/SP.J.1146.2010.00813.

XU Yubin, DENG Zhian, and MA Lin. WLAN indoor

[10]

[11]

[12]

[13]

positioning algorithm based on KDDA and SVR[J]. Journal
of Electronics & Information Technology, 2011, 33(4):
896-901. doi: 10.3724/SP.J.1146.2010.00813.
KHALAJMEHRABADI A, GATSIS N, and AKOPIAN D.
Modern WLAN fingerprinting indoor positioning methods
and deployment challenges[J]. IEEE Communications
Surveys & Tutorials, 2017, 19(3): 1974-2002. doi: 10.1109/
COMST.2017.2671454.

JI Yiming, BIAZ S, PANDEY S, et al. ARIADNE: A
dynamic indoor signal map construction and localization
system[C]. The 4th International Conference on Mobile
Systems, Applications and Services, Uppsala, Sweden, 2006:
151-164.

OUYANG R W, WONG K K S, LEA C T, et al. Indoor
location estimation with reduced calibration exploiting
unlabeled data via hybrid generative/discriminative
learning[J]. IEEE Transactions on Mobile Computing, 2012,
11(11): 1613-1626. doi: 10.1109/TMC.2011.193.

SOROUR S, LOSTANLEN Y, VALAEE S, et al. Joint
indoor localization and radio map construction with limited
deployment load[J]. IEEE Transactions on Mobile
Computing, 2015, 14(5): 1031-1043. doi: 10.1109/TMC.2014.
2343636.

ZHOU Mu, TANG Yunxia, TIAN Zengshan, et al. Semi-
supervised learning for indoor hybrid fingerprint database
calibration with low effort[J]. IEEE Access, 2017, 5:
4388-4400. doi: 10.1109/ACCESS.2017.2678603.

WANG Jin, TAN N, LUO Jun, et al. WOLoc: WiFi-only
outdoor localization using crowdsensed hotspot labels[C].
IEEE Conference on Computer Communications, Atlanta,
GA, USA, 2017: 1-9.

CHAPELLE O and ZIEN A. Semi-supervised classification
by low density separation[C]. The Tenth International
Workshop on Artificial Intelligence and Statistics,
Bridgetown, Barbados, 2005: 57-64.

STEVENS J R, RESMINI R G, and MESSINGER D W.
Spectral-density-based graph construction techniques for
hyperspectral image analysis[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2017, 55(10): 5966-5983.
doi: 10.1109/TGRS.2017.2718547.

ZHU Manli and MARTINEZ A M. Pruning noisy bases in
discriminant analysis[J]. IEEE Transactions on Neural
Networks, 2008, 19(1): 148-157. doi: 10.1109/TNN.2007.
904040.

RODRIGUEZ A and LAIO A. Clustering by fast search and
find of density peaks[J]. Science, 2014, 344(6191):
1492-1496. doi: 10.1126/science.1242072.

LOHAN E S, TORRES-SOSPEDRA J, LEPPAKOSKI H,
et al. Wi-Fi crowdsourced fingerprinting dataset for indoor

positioning[J]. Data, 2017, 2(4): 32. doi: 10.3390/


http://dx.doi.org/10.3724/SP.J.1146.2010.00813
http://dx.doi.org/10.3724/SP.J.1146.2010.00813
http://dx.doi.org/10.3724/SP.J.1146.2010.00813
http://dx.doi.org/10.1109/COMST.2017.2671454
http://dx.doi.org/10.1109/COMST.2017.2671454
http://dx.doi.org/10.1109/COMST.2017.2671454
http://dx.doi.org/10.1109/TMC.2011.193
http://dx.doi.org/10.1109/TMC.2011.193
http://dx.doi.org/10.1109/TMC.2014.2343636
http://dx.doi.org/10.1109/TMC.2014.2343636
http://dx.doi.org/10.1109/TMC.2014.2343636
http://dx.doi.org/10.1109/ACCESS.2017.2678603
http://dx.doi.org/10.1109/ACCESS.2017.2678603
http://dx.doi.org/10.1109/TGRS.2017.2718547
http://dx.doi.org/10.1109/TGRS.2017.2718547
http://dx.doi.org/10.1109/TNN.2007.904040
http://dx.doi.org/10.1109/TNN.2007.904040
http://dx.doi.org/10.1109/TNN.2007.904040
http://dx.doi.org/10.1126/science.1242072
http://dx.doi.org/10.1126/science.1242072
http://dx.doi.org/10.3390/data2040032
http://dx.doi.org/10.3390/data2040032
http://dx.doi.org/10.3724/SP.J.1146.2010.00813
http://dx.doi.org/10.3724/SP.J.1146.2010.00813
http://dx.doi.org/10.3724/SP.J.1146.2010.00813
http://dx.doi.org/10.1109/COMST.2017.2671454
http://dx.doi.org/10.1109/COMST.2017.2671454
http://dx.doi.org/10.1109/COMST.2017.2671454
http://dx.doi.org/10.1109/TMC.2011.193
http://dx.doi.org/10.1109/TMC.2011.193
http://dx.doi.org/10.1109/TMC.2014.2343636
http://dx.doi.org/10.1109/TMC.2014.2343636
http://dx.doi.org/10.1109/TMC.2014.2343636
http://dx.doi.org/10.1109/ACCESS.2017.2678603
http://dx.doi.org/10.1109/ACCESS.2017.2678603
http://dx.doi.org/10.1109/TGRS.2017.2718547
http://dx.doi.org/10.1109/TGRS.2017.2718547
http://dx.doi.org/10.1109/TNN.2007.904040
http://dx.doi.org/10.1109/TNN.2007.904040
http://dx.doi.org/10.1109/TNN.2007.904040
http://dx.doi.org/10.1126/science.1242072
http://dx.doi.org/10.1126/science.1242072
http://dx.doi.org/10.3390/data2040032
http://dx.doi.org/10.3390/data2040032

10

RS RS

B TR 5 SR AR TR AR AL PR S B 27 2) S N sE A TR SR R

2309

(14]

(15]

[16]

(17]

data2040032.

TORRES-SOSPEDRA J, MONTOLIU R, MARTINEZ-US6
A, et al. UJIIndoorLoc: A new multi-building and multi-
floor database for WLAN fingerprint-based indoor
localization problems[C]. 2014 International Conference on
Indoor Positioning and Indoor Navigation, Busan, South
Korea, 2014: 261-270.

ZELNIK-MANOR L and PERONA P. Self-tuning spectral
clustering[C]. Advances in Neural Information Processing
Systems, Vancouver, British Columbia, Canada, 2005:
1601-1608.

TORRES-SOSPEDRA J, MONTOLIU R, TRILLES S, et
al. Comprehensive analysis of distance and similarity
measures for Wi-Fi fingerprinting indoor positioning
systems[J]. Expert Systems with Applications, 2015, 42(23):
9263-9278. doi: 10.1016/j.eswa.2015.08.013.

BELKIN M and NIYOGI P. Laplacian eigenmaps for
dimensionality reduction and data representation[J]. Neural

Computation, 2003, 15(6): 1373-1396. doi: 10.1162/

[18]

[19]

At

ETH -

089976603321780317.

HAM J, LEE D D and SAUL L K. Semisupervised
alignment of manifolds[C]. The Tenth International
Workshop on Artificial Intelligence and Statistics,
Bridgetown, Barbados, 2005: 120-127.

BAHL P and PADMANABHAN V N. RADAR: An in-
building RF-based user location and tracking system[C].
The Nineteenth Annual Joint Conference of the IEEE
Computer and Communications Societies, Tel Aviv, Israel,

2000, 2: 775-784.

B, 197854, BIESZ, W5 RS, ok bk
E T NI 7 P
B, 19944FE, TR, WS R TEZ AT RA.

ML 53, 19784, BIEER. W, WESTT A A ok R |

i

ik

PRERS

ZEREM.

2, 19804FE4, YHM. 4, WTST7 Mk T4 K e ™
%,

&9, 19934E4, Wi/l WS I B A


http://dx.doi.org/10.3390/data2040032
http://dx.doi.org/10.1016/j.eswa.2015.08.013
http://dx.doi.org/10.1016/j.eswa.2015.08.013
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.3390/data2040032
http://dx.doi.org/10.1016/j.eswa.2015.08.013
http://dx.doi.org/10.1016/j.eswa.2015.08.013
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.3390/data2040032
http://dx.doi.org/10.1016/j.eswa.2015.08.013
http://dx.doi.org/10.1016/j.eswa.2015.08.013
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.1162/089976603321780317
http://dx.doi.org/10.1162/089976603321780317

