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Imaging position technology based on visible light combined with
instantaneous attitude estimation

HOU Wenzuo, LU Zhiyu, WANG Daming
(Communication Engineering College, Information Engineering University, Zhengzhou Henan 450001, China)

Abstract: As for slow convergence in high-dimensional space of object positioning estimation, a
dimension reduction design idea is introduced, combined with instantaneous attitude estimation of inertial
units, which reduces the search space to sample space with constrained features. Accordingly, a
high-dimensional space search method of joint target instantaneous attitude estimation is put forward. The
method takes instantaneous attitude information characteristics to build object optimization function as
constraint condition, and reduces the evolution scope of individual good genes in genetic algorithm, which
improves the evolution speed significantly, avoids the dependence on the initial sample space at the same
time, and increases the robustness of algorithm. Simulation results show that with the same parameters, the
mean square error of positioning estimation is no more than 40 mm.

Keywords: visible light positioning; attitude estimation; constrained optimization; genetic algorithm

WA, 0BRSS 55 AR MEME R K o ARAT DR S 0URES o W 45 19 = A L H R IS e A R, N R, i
BNEM AR A AT WG E AR DU SR @ IR | S R ol N2 R R R B, S N A R T —
FOET R RS, BEE R [ P AN g P 6 A S AT 1 PR R T R U B A R A AR SR — el 0 o R A R B
LED SEUR A/ A5 %, Al GIR 5 R AL B 25 A9 LA 07 8 56 R AT H AR B e B AR . B v [ A% e 5
23 PR, X e BB B Bh A i ELAC A s R RE Y CPU R A P A% Sk, NSz Bl ] I B B el ke, AT
L B AG AN B2 A 1 52 P AR R A M ST S L o YRR — B 24 I SR G, T D AR E A B R AN AL e ik F]
SENIRE O . R AT RS AR MR R, FLREE DRI ROIR A, 0] UL AR R AR SIS, R R R
ENEMERTEA.

2011 4F, GiulioCossu 5 1 YK UE T SR B = A 8 10 55 2% S B n] o' 28 9 e 2 19 T A7 5 [ 4F , Hyun-Seung Kim
IR T — R T I BRI AT WO B, BRI T A A RIS R AR 2. K, EiLK 06 m i
S50 = I X BN SE 7% 2%/ T 6 cm; Mohammad Shaifur Rahman 2552 1 7 —Fh FI ] LED 51 5 X E{§ 1% & 2%
Pl = 2 as (] AR AR LB E L R AL, IR AT TR UE . 7E 1.8 mx1.8 mx3.5 m fyZs (Al o, i A 600 Ji {5 K K%
R B 2016-05-25; {EEIBHA: 2016-07-05
EEWH: EFEARRAEEREIIH (61401513)




%5 FEXESE: BRA B R ESMETTH AT R GE LKA 775

LIRS, Al E AR 2200 T 0.15 m. 2012 4F, W. ZHANG %48 T —Fh7E LED 4T kK X AL A5 SR EF TAHEM
2D ENL RS, KRGl LR BRI LED 7 B A%, ANTEE LED AT R BRI R AT, FEAR T SEEl X
JE, JFFHAE 6mx6mx4masErf, Hiifi 90% A M A ¥VE 7 5 emx 5 cm B X 5 2015 4F, RS T
— M £ LED &SI Sc s NE M. it % LED & B H S8l T & A0 H AR s B 05 B A9 IREL, nl 473K
i D T LS E 57 7 7E O 35 RS 3000E o I B 4R T R T I B IR P AT DS A, R N AT LG SE A SR
AW = Ak m R . A X SR AN R IR, BRI T — A LED nAUE B, BT
5mx5mx3m 5 [a] K RIS 2k 18 em W72 7 R 25 MR BE ; E B AR ST T T UL SRS i 5 A7 B A 3 A B
] 71T 2 AR PR T XF S AN R S A SR R, R D JE A SR ) 5 2 0ty AR A R AT A A A (AR G AR ()
SE VR 0 AR R E A BB T RER B MOKR G . AR DL T —Fh L 0T WoORE AE i B AR = N AR S R G-
2016 4F, TIRBLARHEH —Fh Ik TS B A oT WOt A5 N E AL DT ¥R o %07 B i AR A Bk ) O B A A R
W5 2 W n] S A5 A5 R, [ Bk 28 o 1 4845 Sk B O v A 8 HE AT Rl i 7 o IR X s AR AT T 2 SE ) 5
B, GENOREBEE R B KR £ B RTR, [ 9B R O M B E N E LR WA TR A B B, B RIS O I
AL I S I 1k R B AR ST
AT T — Ik T Be RS 8l 2 i 1 W] IO UG R AV i, R AR P T T A 6 A TR R

1 #FEREM
1.1 REER

ST RS sh Zum (AT WL A R G AL N 1 s .
4 LED JIEAME N RGIHL, mZS &% LED B =4 &
HE . M BER S AR E N A AR AT, B e ]
SeHE RS LED A, RBOGIRA A BP. ot
AR S LED i fs, XF3RHCEI A RA% , M BG4 37 A7
R S8 E A o BT G S E 7 B AR T LED SRR
FIFREL, H7E F R shad #Erf, WS AH4E 2 41 LED 2
S Z A S X s G B 3R LED SRR 5 B, SRR AR 0%
FE AL AT FIPE o R AT DLES B BB RS Bl 2% i I B 1 15 kR X
25 P XS 9 R AT A 3 R R AT Al B 0B AR AR B Y R A
B YR PEA LED &AL S, B 3l W6 A% E
Xof 246 o o7 B AT AR UE DT AR A5 3R 2 e G i A IR 55

1.2 EMFEE

modulated

m information
—_—

information

.
LED location
information

inertial

& navigation d
e

high precision
positioning

: ¥ — g
. path plannin | f
Ul
\ ¢ w8

Fig.1 Visible imaging positioning system model based on
smart mobile terminals
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Tablel Results of terminal test on tripod state

1 2 3 4 5 6 7 8 9 10
pitch/(°) 161 4.98 3.06 4.78 2.81 4.12 8.24 5.80 4.62 1.88
roll/(°) 4.19 6.54 5.60 6.27 3.34 8.58 4.29 6.07 4.08 0.68
yaw/(°) 8.06 4.82 5.82 4.34 3.00 6.31 8.06 4.23 6.07 3.49

2 FHZOIRE T B 2RSS R
Table2 Results of terminal test on handheld

1 2 3 4 5 6 7 8 9 10
pitch/(°) 6.92 6.46 6.62 6.17 7.52 9.77 7.06 3.59 9.96 8.13
roll/(°) 4.10 8.67 9.69 7.43 9.15 3.10 5.89 2.43 241 7.52
yaw/(°) 8.70 8.10 9.27 8.53 5.83 7.26 8.06 6.11 9.41 11.00

15 A% SR A B (1 PR BB A b 2 AR LA (9 A e (R R I T Y, AR SC AR RS B L SRR R M TR
J7 AT FIWT o P07 10 - X R — ST 20, BOE R AR AT A R AT IR AL . SRR
HUiE Popsize=1 000, Z&SCHER Poross=0.8, HIUAZESF MR Pruation=0.1, LUK epoch=100, % fif i 22 1L T JH K
Gy, Bkl BARDF AR 3 PR .

* 3 RS
Table3 Simulation environment parameters

environment parameter value
LED light source coordinates/mm (0,0,0) (500,500,0) (250,250,0) (0,500,0) (500,0,0)
focal length/mm 9.3
attitude angle/(°) (0,0,0)
attitude angle deviation/(°) 5
target location coordinates (250,250,2 000)
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Table4 Influence of iterations on the position results
iterative parameter maximum error/mm MSE/mm average iteration times time consuming/s
10 168.732 0 55.455 7 10 0.3796
20 142.923 1 33.9870 19 0.7458
50 129.886 7 33.4235 44 1.657 3
100 122.466 9 31.526 6 83 3.3470
200 122.150 5 30.001 7 157 5.444 6
300 109.870 2 27.354 6 225 8.2351
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Fig.10 Positioning error renderings of UKF algorithm
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