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Geomagnetic Indoor Positioning Method and Performance
Analysis Based on Proximity Points Feature
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Abstract: Geomagnetic indoor positioning has been widely concerned for its low cost, wide range of
application and low complexity. However, its positioning accuracy is not stable, and the finger-
print collection workload is heavy. In this paper, a feature based on magnetic field information of
proximity point can be obtained from fingerprint data, and the feature range is 0~1. Experiments
show that the characteristics of adjacent points are positively correlated with the accuracy of posi-
tioning. The larger the proximity feature, the smaller the positioning error of the test point, and
the higher the accuracy of the positioning. The larger the average of proximity feature, the smaller
the indoor positioning error. Combining the characteristics of adjacent points with the method of
quick construction of fingerprint database can realize prejudgment of positioning accuracy of the in-
door area, and provide a basis for the selection of the indoor positioning method. In view of the in-
door area with large proximity feature, it is proposed to use interpolation algorithm to reduce the
collection of fingerprint database. In our experiment, only 29.6% of the original fingerprint points
are collected, which has little effect on the positioning error. The efficiency of geomagnetic indoor
positioning can be greatly improved by using proximity features.

Key words: Geomagnetic field; Indoor positioning; Positioning error; Proximity points; Feature extraction

W im B #9:2021-07-16; 11T H#1:2021-08-04
TEF A BEERL(1996-) , B BFgE 4k, EE N N E NS5 S5 | IF5E .
BEEE  ARRA962-) 5 LA SR, ZENF L EMEAR E N EN S T GNSS i 845 J7 11 1 F 5T .



T AR T R AR ) M R & N RE 8T 1 PR RE Y 101

Wit & R e THLI S S BRI & e, fi AR B E
LR BT DA F B, =S, 2
KB £ 5 (Global Positioning System., GPS) , GLO-
NASS. BeiDou % & i 7 8¢ A 4 AR = 19 & 0K B2, 7T
DI AT E fr s oK. BT LR S7E = N EE
HHZS by B B A Y, 2 Bk 500 P2 R 48 (Global
Navigation Satellite System, GNSS) %& fif £ K™ J¢ 2
Wi NN TR . AR REWTE TIFZ S NE
M5 H W ENE M B AR WiF A
SR 91 (Radio Frequency Identification, RFID) P i
i 7 (Ultra-Wide Band, UWB)™ Fil i #5745, 5 i
R RE 3 VG A DL R BEFE A0 A 1 29 28 N 5 or &
JEE R T, 51l UWB 4 % SR BE R o (H AR 5 5
RFID #Y E {045 B vy o {52 37 30 [/ s Wik Fi 5 i
EODRER VA N E (AR (ER R 9 i g R R B2 S N E D DA
LR SRR

F T 1 R G 37 0 SR ) 5 A8 1 5 e, AN TR 7Y
AL B A A A () A i 0 B X o M 1% 3 Y 7 oL
O 1 B el DA 7 K Pl N [ SO A 2 57
I A S AR FEAR L E AR BE R R BUE LT
o bt = N AL A E AL TT 3 S W) A 4R S B
WA AR E LG IR, SR, MG E AL RS BE AN
BERSE 7 100m* JE I, P B3R 208 1~5m, 1 H.
b 7 AN 32 5 L X B 3 5 i s M D e Bk
PR M 75 5 ARE E . S. Shahidi % # T —Fh
IR 2= B TG ik b 152 it 1) b R S 67 7 3 HG A
JERTIK 2. 5m, S, Yeh S50 i HTINMALR#E ) 43 i R K
T 4P (K-Nearest Neighbor, KNN) 8 ¥k 45 & ) #b %
TENLTTYE A R i T L N E R B — E 3R
B RIS B 0. 76m 1 58 A0 RS BE I 91. 7 V0 1 2 A
RS

W TG ) 2 AR T N RS b il e (i
w5 A E 7 07 SRS TR R LR . AR
KR AL HLRE  Wi-FL DL AT ASSULHESY (Pedestrian
Dead Reckoning, PDR) &% & 7& — it , M 1T $2 /51 %E 7 4G
JE. LiY. SUUARI T — Al RS WieFiL R F PDR
(958 AV S JE i S B TR B %07 v B A Y E A
HOR. Guo X. SF 83 T —Fh Ak F %/ Wi Fi/ PDR
MEZRREEMRGE, ZRGETBE L 6m 1V 5E
ROKS R LT HAb s —E 7 07 X, B SR &
PEIR DRI 5 5 g P DUl 5 B 1 ) A

AR5 SRk Y e 4%

JE AR M E AL, R T 5 A E T B Rl
B TR AT LASR A R R PR F A 1 S0 L R B
X R AL XA — S UL O ) 0 25T 2 PR
BREY A PE . DRI e AT LR s — A 23 P DX ) 5
R YL, Hu Tl 5 AR JE B 1) DX e R felE T M e
PR o P 3 Ao ) S5 ] A ARG R il 2D AN o
i AR 2 e E YRR

ARSCHR T — Bl 4 G R AIE B A A& L AL SR AR
A 5 SCHI AT SR A, AT LB A A DX A RS
JEARTL . 25 G 41 3T 45 A 0 R S A 48 S0 Y
T AT LA ) R s A AR R DXERT RE B RS B AL
R T AT E TR AL

1 B S ER BT &

T b1 78 A7 0 AF 5 R R T G 37 5 R R
FEIE N IR G 3 A8 LR . R, o L
W T g S O AR AR I il R B R A X 3 R 07 1% 22
B BE . B A SCHE R T — 5 A B I A
e Fe B W RE S A —— AT S ARAE
1.1 4R R4S

FHAB S5 PF T L 30k B X B B A /0 1 0 0 O e
B RE A A5 . (EAE S B 58 o H R K B /N A % 3k
SR AN LR A, T R R R B /N K
A 8 L TS A 35 5 o T B0 2 (A B B 0 T e
PAEEMNAER KRR, MRBEESETEE
F14) kg B a1 R 205 AL IR A TGS R IR 3493 2 SR
T AP b e g SR, IR, T ST — A
SR HRCAE 3 s B TP R A8 A5 AN B T E 7 2 SR 5 )
IOESSE7 s I

Pt B T — P 3L T R )RR AE 2 3T AR
FEAE  ABORE 1 0 W . B S B B — AN 4R B AR
RS 3 D TR A5 HAh (N — D AR 8L
SRR R
L, =

(M, —M)? + M, —M)? + M. —M)H* (1

o, M, M, FIM . & A 2 W i /% %
fFE ML MY FTML R ¢ A48 805 LR T UL Y
WElE R . RIG . 8 K AR B i/ B 18 808
VE M5 5, B 20 (2O 1B K A ik i 5 I3 A
MISEPRIEES o o) WIYERE 1 ~ K.,

d;=J/(X;,— X))+, —Y)* (2)

Hr, (X,Y) 2k 0 f SE PR A b5 s (X ,Y))




102 S A S R

2022 4E 5 A

AR S PR AR A, X B — A A
a s DA o i 8 5 R bR B ., A
d; <a W D; =1 0K j ek miE il SOk
HAF T4 30 55 A v W 7Y E AL 45 2R 5 B 22 ) i S
AR T @A, D; =0, TEILFRE N, 258 2 1 %
S SR VA K (=l o I D DA (L N e B T S R 72
BERl D; BIRS KB E(E AR 2 483 s R AR (Proxi-
mity Points Feature, PPF) , ¢ iEJE Rl & 0~1,

lydj <a
0sd; >a
K
PPF, =(>,D,)/K (4)

OB 45 SO 0 B AR R I B AT SR R
AL E 1 SR8 T SS R AE . 3 kS AT T AR A
TERY oA A LA Ky 22, a] L0 & A X80 o8
PG EER B . DR R 40830 i AR AE T B30 1 2 ik 3 o5 4
TR AR SRR S K W EGE BT DL K %/ T4 T 1
JIER(ENSE R R ST U G S = DA S - A K i W R
IR RO 4y =R T A RS )
S a =2 TR AT 3 A BRE P a5 S B S 5
A CNEB AL A 8 A, B 1 BT R g = A4 S s A AR
RUPIRE . K Y 28 BN 1%/ T 48 T B (83 [l 9
SUPECE . AT U M A A A L AR ATURE
TE 23 D = A SR T AR K (H . A TR 8
K =3, 1% 5K K=5, &L K =5,

9 0000000 e0|0
OO0 0O00 000000
(Ol oNol (0RO NCIIONONONONG)
(ONoNol OV NCIIONONONONG)
(oNoNel (oo o] (o NONONONG)
ONONCHONONONONONONONS
CO0O0O0O0OO00O0000O0
O00OO0OO0OO0O0O0O0O00O0

B1 =#iEg=
Fig. 1 Three fingerprint points

1.2 REMEISLE

T 078 W) A A 0 R O M R A N E 7 )
ZH A REHNE — A EE N DR R 1 RE AR
ARBL ) 2R B R 10 4 S0 DA I B
LR AR R S0 IR RS R B R AR Y I [E] A
NI

B SR B R B N ) A DR R A — A i SRR

B BN R R ERIFEE . BT kX
—BRBE AT LR 3 8ok 5 2 A 6 SUA B 1 O
. RWITERFRRED & RS E AT E—
SE WY R RS AR5 4R A 0 1 37 15 1 50 b 23 ] 213
HE LR N RG . B RERTTE—ERE
BT DR R RIS SO T k. BT X
FLA 21— Tl DR A AR SRR T T

B AU N X 2 A AR ATk AR
G R R ERYSR SO B . KA R AR
FRERE VA BB AR A AT E, IfF e *TIT iR
SR GE Ri . LUTR BE B 07 3 R 4R B A7 L2 A2 1Y
WmEE . & e AR LRENTESE R
- 2450 B B AR 09 45 4 S0 KRR AT AR
AR — A DR R SO . L R R AR B 1 5
WL AT LU T 20 B R AL, {540 2R 28 1] T 52 A 48 S0 1Y
F st R S A B

T ol bl AL S 5 S0 B O 1 R A 0R 4 OF
YO BE R T . SR PR R 5O R e A IR XE A
JEH IR VL F AR IX B, P, 7T LIZ2% PDR il
PR 20 50 DU B A S Lt 37 1 B A3 L. e b
He T A BROR S LT 22 19 58 3kl LR BT O I g —
A LB IR AR R . RV b S S T
XF O 25 AR Ji 41 v i Ik 220 XoF 1 A 1 37 1 B AR D 4R
SurifF B MR TT Rk Al LA — 2 R R L R o) AT
A Y )

2 SRIERAFAESERR AT

AR R 4 AN TR SR 5 7 X 388 A i s 2 o
BE LA M AR SR S R R . L
()28 N SE 57 37 5 M T I DX R B K 0 S JE . 4 A5
55 37 b 4 A7 T v [ M K A R A DX, SR 7 1
NFRE I 2 B E . K 40. 8m, 98 2. 4m; LK 7
2 (7T 5 SHERE CIX 4 #GEE, K 39. 2m, %%
3.2m; SEER M 3 T 4 SR AB X 4 B, K
14.4m, 58 6. 4m; LW 4 7 T 1 S C X
4K 12.8m, 58 7. 2m, 4 AN T2 I M Y 38 S0
By 170,147 144,144 A, R T SE6 57 8, 78
e BUR L B R AR AR R R B . R
FEBEAE /K 8, SRR 50Hz,

2.1 ERXEBMEMIRESHEHE

TER TR SOEBAE G A 1.1 4R B0 )5
TR S0 B AR RURRAE , 4B T s FRAE 19 9 [
JE0~1, AR5 .8t KNN Bk oR 154418 8t



%5 3

T AR T R AR ) M R & N RE 8T 1 PR RE Y 103

MRS AR 2 . R 1R R 4 A S5 X 8 7
P2 DR 22 AN 2 400 mURFAE
R EMIRERFENE
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Tab. 2 Accuracy of positioning for different feature ranges
SE AL HER R/ 0

0.2~0.4 0.4~0.6 0.6~0.8

0~0.2 0.8~1

S 1 32.08 66. 67 67. 86 100. 00 87. 50

Sy 2 55.17 68. 42 68. 63 91. 30 50. 00
S 3 29.41 46. 34 61.11 59. 26 86. 96
S 4 40. 00 80. 77 80. 00 96. 55 100. 00

HY 3R 2 WAL, 4 A 520 rp RRAE S FELBR R 1 ) 4k
RUE DR SR LS00 1 1Y 0. 6~0. 8 FISEER 4 1Y
0. 8~1 i Fil £ &= ] LIk 5] 100 %0 i 8 S AERf 5. ik
A CHRRAEAE AL T 0~0. 2 B, 58 o BRI AR B
AR 5 B B 5 DT IC 65 0. 6~ 1 A4 4R 4 Y0 LA 45 SR A0 1Y
E L HERR R
2.3 ARAEZENEMIRE SHEHE

NG5 B YR RN ML 2 2T R AR
Xof 5 PN VRS B v /N LR B 4 B A v T D
I 4% (Nearest Neighbor, NN)  KNNY  JnAY K % i
4B (Weighted K Nearest Neighbor, WKNN) 4 55 Jjj1 #2
K & i 4B (Enhanced Weighted K Nearest Neigh-
bor, EWKNN) " |l 2 B 6] 4 #% (Dynamic Time
Warping, DTW) " 45 i BB 1L A 5 UL A9 58 0 7 1 .
FEASTR] 1 58 A X AT 36 R TR 38 A 1 5 o 550k
T 2 B AW 28 Hh L SRR IX 4808 B NN 2 A DTW
L R ROE AR AR RS DR S A 5 0 8 ARG
JE RS E AL HERR RN . T R X S B WKNN
SR EWKNN 583, 35 AT 38 BI85 a7 1Y 2 0 Hg B Al
WM, £ 3 Fianh 4 5K X NN, WKNN,
EWKNN = FUAS [7) 72 07 535 1 58 i iR 22 R 30

3 FRESEEMEE

Tab. 3 Positioning errors for different algorithms

FELIRZE /m

R

NN WKNN EWKNN
S 1 5.34 6.03 4.11
S 2 4. 14 5.07 3.59
S 3 2.52 2.13 2. 07
S5 4 0.98 1.29 1.17

F3h, o 1.2.3 7F EWKNN 2 5 T U8 5
EENIRE . EWKNN Bk 2 — M Akt K
A KNN Bk, A TESEBR E A H X AS 6] 03

R K A A fE s B et 07 2 8L, T DL — 2
i XIS H EWKNN 8k, 5080 4 A8 NN BIE T
AR B D K B L 32 DR g 2 6 4 T O O BLAE
B4, — Mok B, WKNN 23 1 58 18G5 2240
T NN B BRI 4 4SS0 b A S50 2 J2 3 Al
B o 3 S DR R B 2 P BE X b T RE LR T A K L
Sy R R A v 1 M A R 5 E NIN B TR A
JNE 2 R SR ] WRINN B0, 5 158 25 06 i 4
LTt

K5 FiRN 4L ARA L FHEMiRES
SR R E B A A . TEAS RV BT, S0 X
(18 5 V7 15 22 4T 4R 5 HL 4RSI A R I B — > M C 1Y

—NN

~

Error/m
(98]

I 2 3

Experiment
Bs5 AEEFEMRESHENE
Fig. 5 Positioning errors and the feature

averages of the different algorithms

2.4 INES

UL B8l o B FEs 2R mT DAAS Y DU 4518

1) GRIT AR AIE 18 (888 K 5 7 DX 3R 1Y) 7 i 1% 22
N5

2) JT i) DX 8 408 30 R I 49 (B R T iR X
Il S 15 2 /N T R DX J 5

3)LL 0.5 AHFAE BIAE - KT 47 AE B AE B P 3
A A TR 0 L B 3R RN S N 1Y S R 22

A4) 408 30 AR I AR K I e R A7 A A 2

FESEBR A A, 7 TR DX 38 B b e R B
ERM2ZE R, M TAEW R T INME, fln. &5
R B R AR T e B, I DX Bl W 6 RS EE AR
22 5 08 T b 1 LR B e Y XU AT 2 o 2 T
By i G, i B IR 2, S AL AR SO
LI T AR AR SR BRI P 9 AL i b 1 AR SO Y Uy i AT
DATE — € R T b 2% fifk X 28 [R) 48 5 € o X I
AT By 1



5% 3

T AR T R AR ) M R & N RE 8T 1 PR RE Y 105

3 ETHANEYLEEN

FEEE 2 A ep 3 g S UE I T AR ST A5 AR AR 5
PriR 2 2t — A A OC R . AP ASUREAE W] LA X b
e 7 VA R 2 AT UL 3 Ao 3 Al R O L AR
PERE L TAE . HRRAE SR BBOR & , 48 3T &0UFR A 7T DL
WFE 20 5 HAH SR F8 B M G 5 B AL . 4P
T ARRAE AR 9% a5 5 LR A0 i B0 A 1 B AH A
FEE R, L 3 RN 4 B RARIE AR SO A
50 v S R AL BE W 5 7 DX I8, 33 B SR P — 4 4 {1
2 AU A SR R AR TAERE .

AR T A S50 DX I T e Al R 2 R R XA
1S3 CIX 2 #0080 5. 5 o7 X S8 9 31 [l
J& 7. 2m X 12m, LA 0. 8m A RFERI PR R4 T 135 M8
U B8 B0 R AR B ]S Smins B S RE T
130 AN, o A A W03 0 %) SR R B ) 2 3 AR TR 5K
B R AR BE A /IR 8L SREES L 50Hz,

SR 5 AR SRR A B 6 i w L AR
B F- 35 408 3T 5 R AE S 0. 74 MRS T 4 1
0.70, F 4 FrR ML 4 F5 MENRZENT ., 5
¥ 5 BENIR 2N 0. 73m, B iR 22 4 1. 40m,
BT 5250 4. o250 th i 2 4B 3T o5 R AE 5 5 17 1R
LML R.

6 SEIG4BIE SHRES
Fig. 6 The PPF distribution of Experiment 5

K4 LB 4F53FLE

Tab. 4 Comparison of experiment 4 and 5

Z R ENLRZE/m RMSE/m FRAE (8
S 4 0.98 2.08 0. 70
S5 0.73 1. 40 0.74

SEE 5 AR s RR AR B i LR G AR AL
B A AL X, G R SR A ) R R il 2D
RO R TAE R, B RAE AR K3 1. 6m,
AT BER AR 40 NN, B IF A RERT 29. 6%,
SRIG ol P AR 5 e A Yy H8 BSOS A ok . X

BT A 2 Matlab [ 4 (9 5% 48 3 4 {6 (nearest) |
ANMEAT A (linear) . = W7 7 /i fH Ccubic) A =
RAfiH (spline) . &1 7 BT by O Fofr 4 {8 550 12 o 44 48
SUE G W E iR 22 R

Error/m
—_
in

—_

0.5F

nearest linear cubic spline
7 HBYUEMBEHEMIRE

Fig. 7 Positioning error after fingerprint reconstruction
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