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The RSS fingerprint positioning of BP neural network was optimized
based on the improved gray wolf algorithm
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Abstract: Indoor positioning technology. especially the Received Signal Strength Index (RSSI) -based fingerprinting
positioning method, has received extensive attention due to its low cost, wide device support, easy deployment, and
low computational overhead. In order to enhance the mapping relationship between RSSI and the actual physical
distance and improve the ranging accuracy, this paper proposes an RSSI ranging algorithm based on Improved Grey
Wolf Optimization (IGWO) algorithm and Back Propagation Neural Network (BPNN). Compared with Genetic
Algorithm(GA), Particle Swarm Optimization (PSO) and classical Grey Wolf Optimization algorithm (GWO) . the
improved GWO algorithm has significant advantages in positioning accuracy and global search ability. Through
experiments, the root mean square error (RMSE) of IGWO algorithm is reduced by 21.3%, 15.7% and 14.6%
respectively compared with GWO algorithm, GA algorithm and PSO algorithm. IGWO algorithm shows better
positioning performance, and is superior to the traditional methods in accuracy and performance.
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Fig.4 Prediction flow chart of BP neural network optimized

by improved grey Wolf algorithm
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Fig.5 Experimental floor plan of bluetooth beacon distribution

AR SCHEIR 3 A% 22 15 bR VTl A5 Y T RS JE

* 167 -



948 & 2 F o

T # K

(32)

(33)

340

A MAE J2& 35 46 % 1% 22 , i i 2 B (e 5 B i =2
[B] B2 4t 22 5% . MAPE Y3948 % 5 43 b ik 22, Je i ad
TR AR B 22 5 LSS A | A L 5 1 5000 ) AH
iR, RMSE J& ¥ 7 R 2%, 7 & (% 2 B {4 5 B SE il
ZHNRZEH HF MR, vy, NESTE, v HBEWE. N R
AL,
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TEA AU 2 BPNN A58 5], 8 2 5000 35k 488 o A5 0 11y
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R1 BRiESH

Table 1 Candidate parameters

®2 SHIMER

Table 2 Results of parameter optimization

#ARREL 2 ) H Wi iR RMSE
80 0.01 0.000 1 1.356
80 0.001 0.000 1 1. 263
80 0.000 1 0.001 1. 348
90 0.01 0.000 1 1. 333
90 0.001 0.000 1 1. 275
100 0.01 0. 000 1 1.232
100 0.01 0.001 1. 241
100 0.001 0.000 01 1. 249
100 0.001 0.000 1 1.236
110 0.01 0.000 1 1. 294
110 0.001 0.001 1. 334
120 0.01 0.001 1. 304
120 0.001 0.001 1. 346
130 0.01 0.001 1.335
130 0.001 0.001 1. 315
140 0.01 0.001 1. 353
140 0.001 0.000 1 1. 424
150 0.01 0.000 1 1. 410
150 0.001 0.001 1. 371

ZH 4 Fienil
e KB B [80,90,100,110,120,130,140,150]
22 £0.000 1, 0.001, 0.01, 0.1]
IR 2 [0.000 01, 0.000 1,0.001, 0.01]

P AL AR S A A AR DA g3 R R 2
(RMSE) , & % £ RMSE &/MUS A SENRILS
B, FEERINE 2 PR,

RGO F A SO E e 1 S 80 A o ok ak R
YO 100,22 3] % 0. 01, W BHR 2% 0. 000 1,

% B B A T RUBR R B AR 4 3K (28) A3 3 I {E v
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FREAT T AH R ik B, R0 N S50 1 8 25 T ok 1)
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A A R B BR S R 5318 REGE 5 tansig MREL, I
EUAARLR RS RE Ty . 7 B U2 S A 2 A0 15 3 R B B
purelin FREL . 12 PREAY 4 M 5 M: 1fF EC A8 0 i 1 A 308 1Rl 1Y)
BH FEARSCNT R R & 2 5 tansig ESIA T 2 8%
HAE L M b R0 purelin MR BCHE 1 52 JE 48 M 4R AE 19 IR
B, 5 PR 7 4 B0 ok R ok b i % YU R i R 0
4 B 1 B A AR SCRY SR .
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Table 3 Different numbers of hidden layer nodes

correspond to MAPE values

FREZEWES MAPEE REEWSAE MAPEHE
3 0.119 56 8 0.052 096
4 0.092 583 9 0.072 837
5 0.091 848 10 0. 068 574
6 0.072 453 11 0.052 448
7 0. 085 005 12 0. 045 387

ol R N R g N g R R P 2N S A S
RSST B HEAE R i A L 20k A bR VE A . 2832 BP 1 4
I 26 1) S A1 S N3 4 T

x4 SHEE

Table 4 Parameter settings

SR {IE1

R EK A 100
ST 0.01
W2 0.000 1

i A2 B B 2 45 b iR tansig
B 2 B i 2 A% 3ok bR KR purelin
B 2 B 12
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Fig. 6 Experimental data 1 predicted results
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Table 5 Comparative analysis of experimental data 1

standard deviation

ik A Ak 3 P {8 b
IGWO 0. 040 0. 030
GWO 0. 060 0.043

GA 0. 062 0. 044
PSO 0. 046 0.033
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|'2 E332, 55 6 SHIMER
e |.0 Table 6 Results of parameter optimization
m YT
Zos | ERYH % T RMSE
06 F 80 0.01 0.000 1 1. 007
04 | 80 0.001 0.000 1 1. 073
02 80 0.000 1 0.001 1.033
0 S lGWwo  Gwo _ Ga PSO 90 0.01 0.000 1 0.972
NGRS 90 0.001 0.000 1 1. 041
(b) RMSEXt Hb
(b) RMSE comparison 100 0.01 0.000 1 0. 888
012 ¢ gﬂ‘:&bﬂi 100 0.01 0.001 1. 117
20 vy
010 L 0.098 T 100 0.001 0.000 01 1.219
' [ ooy 28 0092
o8 0083 [ 10.085 100 0. 001 0. 000 1 0. 990
@0'08 ([ ooz 7 110 0.01 0.000 1 1. 020
2006 - 110 0.001 0. 001 1. 029
=
0os | 120 0.01 0.001 1.174
120 0.001 0.001 1.042
002 1 130 0.01 0.001 0.978
| 130 0.001 0.001 1. 054
IGWO GWO GA PSO
LRSI 140 0.01 0.001 1114
(¢) MAPEX{ Lt 140 0. 001 0.000 1 1.121
(¢)MAPE comparison
. " 150 0.01 0.000 1 1.199
7 S I 1 (O ﬁ\“l_ll 15 > A
& SEECHE 1 FEAL 50 YHUM iR 2 1 (EH 150 0. 001 0. 001 1. 082

Fig. 7 Experimental data 1 mean prediction error of 50 random times
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Table 7 Different numbers of hidden layer nodes

correspond to MAPE values

RO A MAPEM  RUSZT A% MAPE(E
3 0.088 421 8 0.079 817
4 0.141 454 9 0.140 771
5 0.115 143 10 0.102 030
6 0.102 475 11 0.084 016
7 0.111 173 12 0.061 654
*8 BSHEE
Table 8 Parameter settings
SR 4 i
T R AL 100
2 & 0.01
W 0.000 1
AR B RS 2% 5 o A tansig
W J2 B 2 A% 38 R B purelin
Bt 2 49 12

2 Sl B AR XIS BT S 4 RO I R 25 A AN ) A
T R

RMSEfE
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(a) Unfiltered
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(b) Filtered data
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Fig. 9 Experimental data 2 prediction results
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Table 9 Comparative analysis of experimental data 2

standard deviation

GRS Ak 3 P E 8 B A
IGWO 0. 036 0. 029
GWO 0.043 0.036

GA 0. 041 0. 034
PSO 0. 044 0.031

&1 10 R T 4 R L AE SLI 4 2 1 50 YR BE AL T
TEUHA 1R 4 % L 15 L

M 10 AT RLE L IGWO Bk Ae 3 FiE o3 bs LA
HoAth 3 BB A H BV W0y B T8 R e S 2 T YR
it 1) 22 R ek WA S8 PR T L 1 o S R B v R AR A
fbFa Pk, 358 ik i 4 B S RMSE 355 2 85, IGWO #f 1t
GWO B . GA B3PSO BEAME LT 21.7%.
17.7%.16. 9%, 7 MAE #8451 F, IGWO H % H Ltk GWO

2T kit
1.057 (Emr s
1.0 989 962
0.889
0.823 0.83 0.825

081 7

041
02
0 1
IGWO GWO GA PSO
IR A7
(a) MAEXY L
(a) MAE comparison
[ Rk
Lar 1332 2 e A
i 7 1.073 1,057
1.021 .
1.0
s 0.883
208t
5 0.6 -
04l
02F
IGWO GWO GA PSO
[N ThC A7
(b) RMSEX L
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012 kb x10 SHINER
010k 0.102 0.098 B st Table 10 Results of parameter optimization
Cul 1 . ERKE ¥J%  WHEBE | RMSE
% 0.068 80 0.01 0. 000 01 1.013
iZE 006 F1 = 10,057 80 0. 001 0.000 1 1. 042
0.04 80 0.01 0. 000 01 0.928
ool 90 0.01 0.000 1 1. 076
90 0. 001 0.000 1 1. 082
1GWO GWO GA PSO : 100 0.01 0. 000 01 0.692
Matching algorithm 100 0.01 0.001 0.739
© m’\ggiﬁ:ﬁm 100 0.001 0.000 01 0.716
10 S5 HHE 2 BBL 50 U B 2% B i 1?2 . o e
Fig. 10 Experimental data 2 mean prediction error of
50 random times 110 0.001 0.001 0. 862
120 0.01 0.001 0. 826
B GA B PSO B4 3 AT 21.3%.15. 7% 120 0.001 0.001 0.735
14. 6%, —AE T IGWO B L7 /6 BPNN 48 151 .2 130 0.01 0. 001 0. 768
A7 HS] A 1k R T T O A . R R U T R 130 0.001 0.001 0. 896
2, IGWO B35 78 18 I AL F1 5 (14 B0 15 22 2% B He 0% I Ak 3 140 0.01 0.001 0.903
TR 13 % A4 PR b 2 sk 3n U6k Ak 38 1 50 40 T DA s — 25 42 5t 140 0.001 0.000 1 0.873
SENLHRTIE o 150 0.01 0.000 1 0.921
4.2 BE2TXRRE 150 0.001 0.001 0. 768
FEAEMREE TR S 4 5 410 F050 = R4 S0 00 B Hle
SHAT TR Z M LI Ik, HoP & &l 11 Bros X 3 58012,
XA KR 8 mX10 m, ¥ 4 ME T K mik EE 4 DA
R, 36 S % A 80 A B AN 5% SR A YR L 36 R ARREETREFNE MAPE
T 800 LN ZR B , M3 A5 40 A, A3t A SR 4R 10 TR B Table 11 Different numbers of hidden layer nodes
2, 45 400 SRR correspond to MAPE values
] . . - . ]. <% AP ROSE R MAPEfH  R&EWEE MAPE(H
e eee. . | ® 3 0.094 742 8 0.129 140
;o s '; ; : s & E: s 4 0.129 760 9 0.075 718
U!.o. .| | .o 5 0.099 784 10 0. 105 220
g g 9 - g9 Qg9 6 0.101 060 11 0. 067 887
65665 858605 7 0.097 631 12 0.042 401
R
eeeo9- 9999 g LR ESE R R 2 N BP AN KNS Bk E
56566 558506 e 12 s .
—-
Foor e

Table 12 Parameter settings
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Fig. 11 Teach Lab 410 on the fourth floor of the fifth floor
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Fig. 12 Experimental data 3 prediction results
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Table 13 Comparative analysis of experimental data 3

standard deviation

LS A4 B {08 o b
IGWO 0. 037 0.022
GWO 0.038 0. 026
GA 0. 043 0. 036
PSO 0. 037 0. 026
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Fig. 13 Experimental data 3 mean prediction error of

50 random times
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