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Rapid generation method of RSS fingerprint data in underground roadway

WANG Yongxing', HUA Gang', ZHANG Xin’
(1.School of Information and Electrical Engineering, China University of Mining and Technology,
Xuzhou 221008, China; 2.Foundation Department Computer Science Teaching and
Research Section, Air Force Logistics University, Xuzhou 221000, China)

Abstract: In view of problem of low efficiency of traditional sampling of RSS fingerprint data point by
point in underground roadway, a rapid generation method of RSS fingerprint data based on Kriging
interpolation algorithm was proposed. Firstly, theory variogram is obtained by fitting experiment
variogram with RSS fingerprint data of a few observation points. Then weight coefficient of Kriging
interpolation algorithm is gotten under the condition of unbiased estimation and the minimum estimation
variance. Finally, RSS fingerprint data of estimation points are calculated through Kriging interpolation
algorithm. The experimental result shows that the RSS fingerprint data obtained by the method are
accurate and location error is low.

Key words: underground roadway; RSS fingerprint data; Kriging interpolation algorithm; fingerprint

database

(N TR S S R (R 33 N N = 2| IV

FIF o BT RSS 48 80 1 L7 ¥4 R 2 A B B

HFAFEM BT R ER G EZAN O LB B BV S E A7 X R RSS 15 8080 %
AR B T CfE S8R E (Received Signal @ TELRB B M H AR E L. 7E B LM B B AR
Strength, RSS) 8 &0 i %€ 7 75 6 B A ARV REAE 2R M RSSHRLUE . A8 5 MR 4 3 28 404l 1 57 RSS

0 3

i

Y fE B EI:2016-01-05; 1= HHEA:2016-01-25; RIEHIE KT .
EEWA:ERARBHRESFBIA (61379100,51574232)
YEE B EARA985—) W g A A s A, EEBESE Oy 0 o A R UE AL A T B4 E-mail: wyx _783@163. com, M AFEH
1963 =), T ILHTLHI A B8+ PR 5 A4 S0, EZ RS m o W B A = 8 R % 4 IS E-mail: ghua3323 @

163. com,



2016 % 3

FAREE BEH T A P RSS 54034 ik & R H ik . 37 .

T8 OB R L RSS 48 808U B 32 5% W s 22 1) B
SENREE . b T 3R E AR B W ok
15O e N X3 4> 2 0 2 % 5, NS 1 iE,
S EE, BinE M ERE" s Q R TRIE
RSS 8 8U8 6 R AL W HEH P FE A S %5 4 LR
2 URBUE » 2R UK S B 19 S B (A A R 57 RSS 15
SRR E ) RE AR L SR T B A T s
KBRS ER  H5r RSS T Em TR S5 S
% A BORUR 42 B0 1 OB IE B 1% 58 38 AR
B RSS $5 8C8UI 1 ) I BCRAR . S AR SRR T
— B3 F Kriging #fi {57 1% 19 RSS & 2040tk 24E
BT 1% 7 ¥R T LAAE 24 20 8 00 558 RSS 48 2C
BOHE B DU 78 43 1 LI A5 22 18] LA B UL A5, 5
Rk 22 1) 1 25 180 M 6 1 o o B A T 15 46 A5 1 RSS
16 SO  AEARIE IR T B bR e ARG B A R L
p S PNGAIN 7/ DAk i

1 EF Kriging fH{EE A RSS I8 5 R RIE &
R TT %

i Z(x ) G=1,2,n,n JpWM S E D £
1AL s UL L DU A5 Al 6 0 AR H RSS
BECBEAG A Z7 (o) Sy 4 A WL INE B9 AL 2
A, B

7" (x) = D AZ(x) (D
i=1

FEE R b BOZSTE] 2 A5 o F 2+ h 286 IS
Z()M Z(x+h) Z BT 22 W N AE 2 k80, R IR
2wy}

Y h) — %E{[zu) 2G4+ (@

FESE s R s 42 SR A X (2) b B R M

W, wT LR A B A 8 A R A S 98 A8 22 R A, B

S A 2% PRBOCR i BLE AR 22 R A (RIS (2)) . S

1
2N,

AP NGO N AHEE 2 08 X B X 8= 1,2, -,
n,jFi,

S C3) TSRO w5 Hs XoF 1 ] B2 [ 52 56 A 2%
BRIECAY T 53 AT T AT RO 0 5 ) A B X T R
1) 0 A% O 5, R L 4 2K (3) SRS 5 8 22 R
B, R AL DX TR AR 5 i B R g 179 52 30 A
2% PRBCAE B B2 T T RO R (0 B R AR 25 R AT BR

y(h) =

DV ZG) —Zp T (3)
—x.=h

RASE R Fg B3 A 72 o R 1 A

N‘»—

0 h=20
y(h) =Jco+c<§ i—"‘— Z—j) 0<h<a
1c0+c h>a
4)
o Cy AR 4T B, o m S BBEAL S 1 A 47
Co #i/N . 28025 ) AH O M M s, B AL PE AR ST . C,
K s o) A e tE )N ML R GE s C it e, %
RSB PEZALRIER D Co+C AFEEGH, RS
BAEBE LR IR ;o WA, RRSEH
23 ) AH S PR R S S 2 550 1) AR Al 14 3 B RN
a N, 23 [B) A O P E B AR /0N, 32 /8 S 50 25 8] A8 1k
HEEM K, o MK, SHMEHEER B K. BRSH
) 2 1] A8 Ak o BE bl /N
TE DR UE TG AW 4G TF A e /ME T 22 AR R L A
A Kriging fi{H B ER BN (DO PR E R, H
b G Ak R

ELZ" (0) = ZCe)] = E| DIAZ(x) — 2 | =0
i—1
(5)
Krf Z (o) R Fi Al s 2 AL RSS 45 0 804 5
TAHE
ity 2R
oi (xy) = var[ Z(xy) — Z" (2y) ]= C(xy,20) —
22 70,C s + D) D0a,C(ay s x)
=1

(6)
o evarl « IR EREGCC . OB TR
¥ i Lagrange K%L .

F=var[Z(x) —Z" (x) ]=2u(D 0 —1) (D
i=1
Ay Lagrange BEUH F .

SRIG o3 BN A R e SR A S 7% 3% 18 Kriging
FRE

JZ DIANC(aiva) — p = Claynxy)
i=1 j=1
12,1, =1

FH T O T B A PR (1)L BT SR
PR 20 AbEY 27 (o) s SIRBER IE T 40 b 75
S0 RSS 45 5080 B T i

2 {FEXE

(8

2.1 FIBIAIE
B 2 1) ) b T Sy K 8 b i R SRS S TS 1 A



. 38 - I B3

2016 % 42 %

A1 B LA L DT 4548 R G DAL R AR MO L B
7 5 L SR S PR B AR AL PR I 3 9% By 25 3 R 40 4 A
FHTHRBEAREE. B2 MK, 5%, &5 5 150,
3.4.4.5 m, AR 25 i B9 KL 58 L i I A AR R s s
= it H T B S IR Y B R RN g B G N TR T LAE
P S BARTE v JRn = Bl By A8 fb . By 233
HA 3 4 AP(Access Point, 3 A &), AP, , AP, ,
APy 1AL E AL bR T D8 AL bR s, 20 90 o (T ys 20 s
(43,3,2),(97,y,2), E X PILAH 100 =%
SECRL 38 LI 5 A0 A Al 2D 2 % R 2 TR R S
15 mo A K Al 1 s

rll APz(f=43) fl‘

0YeYe ® © @ X K K -

000000 - 4, Ly w YeeOOOS®

L4 b4

AP, (x=7) U U AP,(x=97)

YAPRL SRRl * W R

I DAPS ¥ ]

TEAIR RZ Ty - [[/—42% 5 1 RSS it
SIANIA] o SRy T ORI UL IR T A A RS LI A )
SIRAE AP FEANTR 7 m) (R P9 R 6D B 5 A
T+ AR 5 X KA 1)~ (AR S WA
2.2 SR BHH

539 R AN TR 77 6 8 ST 3 Bl RSS 48 8C80HE T
O fEEM X P AL ST ETEEANSH A ER
4 RSS 8 808U 57 R RSS #8808 % © 18
100 22 s b B 20 AW Ao I A S5 v X
P4y 80 ASFpfli s HEAT AR BT 5 . 57 Kriging—RSS
BOCECHE s O SR 1T 55 — Fi L e i A 0 o {5
B—0 B i A & (Inverse
Weighted, IDW)E @t 7 IDW—RSS 45 20 $42 JE

M2 AT TR A O 6] 5 vE A 25 1 D i it
BT ORI RSS 48 S8 PR 0 E AL 50k 1T 1
iR 22, & 3k R K i if #F (K-Nearest
Neighbor, KNN)M M Hidh K=3(K 27~ % UK T
K A SRR s @ A 22 LB Rk . iH R AR THE S
LSRR 158 25 °F- 7 AL B4

H T AR RSS 5 8088 8 (9 7 A7 5 3k 19 R 7
PRSI AIRANE 2 . I 2 ATE L kT s
iy RSS 8 BUBUE e 04 2 7 350 12 45 B 19 ~F 24958 7 12
7574 2.255 m3 3T Kriging— RSS 4§ SU8UE 15 19 &
L AT B 52 22 °F 7 MRy Sy 0. 213, F- 3 5
RLiR2EH 2.276 m, FERNZH H FEMIRE S
BTG RSS 48 SUEUE 0 E AL 5 kA5 B Y E L
PR L — B T IDW - RSS $5 80808 1% 19 %

Distance

AR B R 227 J5 MR AE R 1. 165, - 24 & fi
WRZEN 3. 449 m 1E B E Al AL RE L TR 22 5 2
TG RSS 48 SOOI 1 B9 % A7 51545 B #Y & AL 2R
ZAM K. XIEN R IDW i {335 %A % 85
it 22 1 B4 2 8] 23 A A 00 5 18 7 2 P L 9 o3 A
AN Y T A TG R AR A 22 5 AR 307 A AN
5 RN 55 R A =2 T B AR R L O 2 R A%
I A5 22 8] PR ARG 62 B 8 50 R T T 0 = Tl ) 25 )
ZifE R

5 BT IDW-RSSHRSUSGR PR AL
—-- #:FKriging-RSSHE SR FE I s AL 5 1%
— %TE%RSS?&&%&EEE‘J%&%&

E
I0 IIO 2.0 3IO 40 5.0 6'0 7‘0 8.0 9IO l(I)O
B
K2 T ORTR RSS 18 20 50 W @ M A s
T VIR 25 S 4 IR
3 &

BEXSBER T A TR P2 T — PR AR i
RSS 8 8C80H 19 J7 12 %7 vk AT DUAE © 0D B0
I LAY RSS 45 8U8E B4 B0 T L 3820 AT 5 5
Al R 8] B AR A 23 )2 A5 B 25 A WL s 2
[F1) AR 0T 57 B S o AR Al 52 6 78 22 R B o RS
AR 2 R SR SR FH G Al Ak 3 A0 85 /A T T 22 9 ofE
WL SR % Kriging 4 B0 55 1 i AL T 28 K0 foe Je F)
Kriging i {55 %5 X 5l 5 A9 RSS 45 SO0 #1731
. SEER AR T2 15 B RSS 8 805
P T 5 AL I e VA JEE L P AR T S B R AR 1Y
RSS Hi& SUREAT ) 59 € ALK B — R B IE T A SCOO7
5B A R AR

SE K

[1] 4B, FKE. FTHES LB B A2 RSS 48 808
AEAILLT ] PR N TR 22 Be 2 4l . A AR B 2 i, 2015,
30(4):28-32.

[2] &V RN, 3T WiFL (9 F 48 QOB i
Sk TH A3k ,2014,40(10) :93-95.

(3] Rmsy, RE& T TR A0 A G A7 ¢ B 5 il Jr 1]
BUNECARLT] T8 A 34k, 2015,41(2) : 68-70.

[4] PRASITHSANGAREE P,KRISHNAMURTHY P,
CHRYSANTHIS P K. On indoor position location

LANs [ C ]//The 13th IEEE

with  wireless

International Symposium on Personal, Indoor and



2016 % 3

FAREE BEH T A P RSS 54034 ik & R H ik « 39 .

[5]

7]

[8]

Mobile
720-724.
SAHA S, CHAUDHURI K, SANGHI D, et al.

Radio Communications, Lisboa, 2002;

Location determination of a mobile device using IEEE

802. 11b access point signals [ C ]//Wireless
Communications
2003:1987-1992.
LAITINEN H, LAHTEENMAKI J, NORDSTORM T.

Database correlation method for GSM location[ C]//

and Networking, New Orleans.

Vehicular Technology Conference., Rhodes, 2001:
2504-2508.

SR AR K HE L R B DL 8 A e B 4 4 0 O 1
AT ] TR 222 4, 2001, 22(2) 1 68-76.

R S oy 1 B T R | R D B D T g e ok
LI R PAT i 5t 5 9T %, 1993, 12(2) < 42-46.

[9]

[10]

[11]

LI B H, WANG Y F,LEE H K, et al. Method for
yielding a database of location fingerprints in WLAN
LTI
152(5) :580-586.

BAHL P, PADMANABHAN V N. RADAR: an
in-building RF-based user
system[ C]//The 19th Annual Joint Conference of the

IEEE Proceedings-Communications, 2005,

location and tracking
IEEE Computer and Communications Societies, Tel
Aviv,2000:775-784.

CORMEN T T, LEISERSON C E, RIVEST R L,
algorithms [ M ]. 3rd ed.
Cambridge: MIT Press,2009.

et al. Introduction to



