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Dual-source perception indoor localization algorithm under
dynamic radiation conditions

Wu Yan, Qin Ningning, Song Shulin, Wang Yan

( Engineering Research Center of Internet of Things Technology Applications Ministry of Education ,
Jiangnan University, Wuxi 214122, China)

Abstract: In underground garage environments, traditional RSSI-based fingerprint positioning is affected by fluctuating radiation,
multipath effects, and interference, resulting in feature distortion and positioning errors. This paper proposes a dual-source sensing
indoor positioning method that integrates environmental radiation perception with signal analysis to enhance system robustness. In the
offline phase, a bidirectional fusion model combining BiLSTM and BiGRU is employed to capture both long-term and short-term radiation
effects on RSSI. By leveraging multi-head self-attention, the model constructs an adaptive fingerprint database that accommodates varying
radiation conditions. During the online matching phase, an exponential power normalization technique is used to map RSSI signals to a
unified scale, mitigating hardware-related interference. An AP-aware clustering algorithm is introduced to select RPs based on AP signal
quality and suppress matching deviations through density estimation. Experimental results in underground garages demonstrate the
method's strong performance. Under known radiation conditions, it achieves an average positioning accuracy improvement of 11. 05% ~
25.38% over baseline methods. Under unknown radiation conditions, the BGLA-constructed fingerprint database enables it to outperform
comparative approaches by 27. 55% ~35.71% in average positioning accuracy.
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e LIRS 518 8UF P ST AR E W 2, RP 5
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SERFRAARI AT REM B RE
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Table 1 Coordinates of base stations and radiation

condition information

BLulh AEbR/m H RH/%
0,(0,0) h, 30
6,(0,6) hy 35
6,(12,6) hy 40
6,(12,0) h, 45
65(6,6) hs 50
64(6,0) he 55

TELRBE R AL Wy BE, 1 nRF52832 #L LA Ky RSSI
I V28, 7 S0 BN I P SR AR L B R B RBE H 5
hyp =37 F 77 4 TP g &b g ik 48 8 pn =
{’u“’u lh, € {H,h,!|}, HP M, A h, Kb TEZ TR B,
sl A Bl 3 (a) iR, RERSH I LN
& 3(b) LR

R by MEIRER S 254, OF B by N SES BUHE
UEND,,. WIEZWIREER A8 H—SH0UE
WHE R a,p e [1,20], TRITE H FHAH—SEWN
SEIY IR IR 2 (1oot mean square error, RMSE ) 15 3] &%
HERIH—E BN o = 11,8 =3, H—IbSELss 5
k4 R,
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Fig. 4  Optimization results of normalization parameters
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FPFAR S SCTEE EPDN J7 75 7E RR-DSA Bk A
€ AR el B B AP R S5 i v = B f e R

®2 #HEMEXSH
Table 2 Model-related parameters

SHAFR e~ (I
BiLSTM B2 R~ 64
BiGRU Pt Jz R 64

TER )AL 4
RS 32
BRI 200
B ESER 3 LA 0.2
EiPNTIE S MSE
(UREASE Adam
ESES 0. 001

(Linear) H—1k . Z-score IH—1LIF% D 5 D, ERIFELL
FEVEATRT L SEE ¥ D 5 D, 7E RR-DSA B3k T E (i 4
S RMSE e K AE (MAX) 5 Fe/IME (MIN) U4 {EAE K
ENIRZE,

F3HM AT —ETTIER SRR AR T AR T —
FR Y RSST Ah FE S W 7F 45 TR 25 48 pm [ 1 R 25 | iX J2:
A T SE BRI R[] AP A B VI R 5 0 A etk 25 SR g
K, AR REE B RSSI 2 1f RR-DSA Sk AE Vi i g
PAER I TP 5 RP ARRIME 2k 0 — 4k 75 vk i 6
BHEIL [0, 1] X[, A4 F 63— 1k 7E RMSE \MAX LA
Je MIN EA42TF 1. 7% 1. 1% F1 33.5% . B TR
JE 2% 57t SR A ) AL, {HL RSST 4347 15 fe {57 Bh = X 43
B RS EN G TR Z-score T T EUHE AU I E A0 bR v
ZPEATACBEAE XS LBk h R B A, (H ik = X F RSSIAF
SR, EPDN 7EX S5 g i L fil 34 m o 5 B8
SR ARYE RSSI P BRI 815 9 — AL 3R, PR e 1 22

Bhn LA A E] 4. 91% (4. 26% Fl 38. 4%

RI AME-UTEIRERILE

Table 3 Comparison of experimental results for four

normalization methods (m)

BRETRR EPDN FIH—Ak Linear Z-score
RMSE 1.278 1.344 1.321 1.292
MAX 2. 607 2.723 2.692 2. 641
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AR I P27 > BB g b FERE Y 7 e 4 5 45 1F
hyp THTEEUE D,y o HAORSEIRT H I 2 P-4 X AR
R ZREE IR G — 8 & o 200 48, JFfI A RR-DSA ik
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Fig.5 Box plot of fingerprint database expansion

performance across seven models
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Fig. 6 Error analysis of seven sub-fingerprint databases
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Table 4 RMSE comparison of four algorithms under

six radiation conditions
NI hy h, hy hy hs h

RR-DSA  1.214 1. 260 1.272 1. 265 1.368 1.321

RF 1. 535 1. 550 1. 537 1. 549 1.538 1.676

XGBoost 1. 604 1.579 1.617 1.595 1.697 1.768

MWKNN  1.627 1. 542 1. 653 1.610 1.694 1.621
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Fig.7 Cumulative error analysis of four algorithms

under different fingerprint databases
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Table 5 AP signal sensitivity of each algorithm

RS hy hy hy hy hs he
RR-DSA  1.639 1.748 1.734 1.747 1.697 1.841

RF 1.714 1.720 1.800 1.708 1.931 1.888

Dss XGBoost 1.873 1.811 1.909 1.777 2.104 1.924
MWKNN 2.083 2.196 2.029 1.968 2.195 2.164
RR-DSA  1.407 1.489 1.520 1.480 1.532 1.627

D RF 1.423 1.563 1.714 1.573 1.877 1.832
’ XGBoost  1.540 1.628 1.755 1.544 1.966 1.657
MWKNN 1.884 1.776 1.777 1.893 1.634 1.78
RR-DSA  1.214 1.260 1.272 1.265 1.368 1.321

D RF 1.535 1.550 1.537 1.549 1.538 1.676

XGBoost  1.604 1.579 1.617 1.595 1.697 1.768
MWKNN  1.627 1.542 1.653 1.610 1.694 1.621
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Table 6 Comparison of the generalization ability

of each algorithm region (m)

BRESRIR RR-DSA MWKNN RF XGBoost
RMSE 1.144 1.415 1.325 1.379
MAX 2.102 3. 801 3.106 3.363
MIN 0. 127 0.248 0.190 0. 062
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of algorithm regions
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