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Star-Identification Method Based on Voronoi Graph
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Abstract The conventional pattern-recognition star-identification algorithm requires parameter setting in advance and is
slow under high limit magnitudes. A star-identification algorithm based on the Voronoi graph is proposed. The algorithm
extracts stars in the star map and normalizes them to a spherical point set. Next, it calculates the Voronoi graph and the
corresponding star polygon features, including the perimeter, area and number of edges to be combined into the star-
recognition feature. Subsequently, the features are matched against the navigation catalog and pointing is calculated based
on matching star pairs. Simulation results show that the algorithm is feasible and can yield the match ratio under different
conditions. The operating time of the algorithm is less than 100 ms in the optimal case, and the effects of position noise,
pseudo stars, and missing stars on the matching rate of the algorithm were tested and verified. The recognition rate of the
proposed algorithm under different fields of view and limit magnitude was obtained experimentally, and the optimal
combinations were obtained. The recognition rate of the algorithm does not decline under a 1%, position error. A
comparison with the star-identification algorithm using radial and cyclic features shows that the proposed algorithm offers a
higher recognition rate, a shorter recognition time, and better anti-position noise performance than the conventional
pattern-recognition star-map recognition algorithm. Furthermore, the proposed algorithm requires neither parameter
setting nor adjustment.
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Fig. 1 Feature example constructed by algorithm
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Fig. 2 Algorithm feature distribution (limit magnitude 9.0). (a) Voronoi polygon edge number characteristics; (b) Voronoi polygon

perimeter characteristics; (¢) Voronoi polygon area characteristics; (d) adjacent star polygon perimeter characteristics;

(e) adjacent star polygon area characteristics
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Table 1 Algorithm feature resolving ability
Absolute error Absolute Absolute error  Absolute  Relative error  Relative  Relative error  Relative
Limiting of Voronoi error of of adjacent er'ror of of Voronoi error of' of adjacent er-ror of Average star
) polygon Voronoi polygon adjacent polygon Voronoi polygon adjacent  number for
magnitude normalized  polygon  normalized polygon normalized polygon  normalized  polygon  per feature
perimeter area /[ (°)°]  perimeter  area /[ (°)’] perimeter /% area/% perimeter /% area /%
5.0 5X10° 5X10°° 5X10° 5X10° 2.86 1.25 1.69 4.17 1.010
5.5 5x107° 5X107° 5X107° 5X10°° 3.85 2.27 2.26 0.76 1. 006
6.0 5X107° 5X107° 5X107° 5X107° 5.13 4.06 3.03 1.35 1. 045
6.5 5X107° 5X1077 5X107° 5X107° 6.82 0.72 4.02 2.40 1. 046
7.0 5X107° 5X1077 5X107° 5X107° 9.09 1.27 5.34 4.23 1. 055
7.5 5X107" 5X1077 5X107° 5X1077 1.17 2.12 6.90 0.71 1. 089
8.0 5X10°° 5X10°° 5X10°* 5X1077 1.55 0.37 1.81 4.83 1.013
8.5 5x107" 5X107° 5X107* 5X107° 2.14 0.70 1.26 0.23 1.015
9.0 5X107° 5X10°° 5X107* 5X10°° 0.31 1.45 1.81 0.48 1.022

3 SR
Fig.3 Algorithm flow chart
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Fig. 4 Experimental results of the algorithm. (a) Matching rate of the algorithm; (b) average running time of algorithm; (c) average

number of stars matched by the algorithm; (d) local amplification graph of Fig. 4 (c)
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Fig. 5 Relationship diagram of limit magnitude, field radius and matching rate. (a) Contour map of limiting magnitude, field radius and

matching rate; (b) contour map of field of view radius and limiting magnitude
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Fig. 6 Influence of position error on algorithm matching rate
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Fig. 7 Influence of pseudo stars and missing stars on the algorithm. (a) Add N pseudo stars; (b) add M pseudo stars; (¢) remove N

stars; (d) remove M stars; (e) change M stars
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Fig. 8 Comparison between the proposed algorithm and traditional algorithms. (a) Comparison of algorithm performance; (b) comparison of

algorithm performance after adding stellar position error
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Table 2

Index compared with RCF algorithm

Matching rate Matching rate Matching time Matching time Matching rate under 1 pixel

Algorithm

magnitude /% magnitude /% magnitude /ms magnitude /ms

Matching rate under

of 7. 0 limiting of 7. 5 limiting of 7. 0 limiting of 7. 5 limiting position error of 7. 5 limiting 4 pixel position error of

magnitude /% 7.5 limiting magnitude /%

RCF algorithm 84.0 98.8 3094
Voronoi
i 90.8 99.7 176
algorithm

3872 94.0 9.1

295 99.2 98.8

T ARSI 25 SRAN P 9 FiR , 5 B AT B AR 1 2R 1) A
A, Voronoi B 83 DEHC il Uy R 0 5, B ks 11
JEd Y, U ER R R SRR T IR E R,
T 4R 5 vk A 6 28 i RCF 3503 BT B8 4 i B o7 8
W P

A X AT AT, 25 A ff BB R E 1 i AR (TG)
PR IB AT ) O RCEF Bk i 2. 96 £5 ™, 1 BT 42 343 1)
AT LT RCF 53k, W ir 8 50 vk 7e 38 47 ik ) 4l
T IG F k. 1G B LM KU EL 2y 98. 88 %6, 1fif fIF
VR A B R VT JE AR 5 99. 7 %% . i R A vk AE DT Y
Be 75| By i 1 T 1 S I

W R TLPT 53 3% 76 8] 48 2 18 F 19 DC fic %6 2 1
RCF 83k /3. 8% AR UL e 45 , 1 T 42 54 vk 1y DL
Bl E T RCFE R, ILPT &M 470 H 2 &y RCF
B 58% M . ILPT Bk 7E 0. 5%, 1 B % 25 T 1 It
Bt 3R R B 2. 57 %1 i BT $R B vA AE 1% 1 B iR 2 F Y
Ve SR AN A, ST R Bk b B iR 25 MERE A .

AT A A A g 2B T i 45 v AR B BR A
BB L (EARCF) Bk B ks 170 A 4 RCF &

https://www.cnki.net

PH 68 Hh 2 AT AL, B HR B R 10 32 A1 I )R IR
JBE/NF RCF X8, MAR LB FEM.
EARCF B 3L7E 1%, {0 B 1% 22 F U fic R AL 3%, BF
P B 7 ) 45 45 TR DG T S5 AS AR, 30T 412 B 9k AR X
EARCF 83 0 R0 07 B W e 1 B4R .
BRXT 45 SR 3 TR o T R A B AE M i R
PN R B DL R, B 338 A7 B 1) 2 B Ao B M s i
Fe o T B SRk AR K T AR 2SS BB A0 R 2 B A i)
A 1) 24 A A L0 2 PR R ) B ik L AR AR 3
%3 ZEBEEIL

Table 3 Index comparison of multiple algorithms
Max Matching time ~ Matching rate
Algorithm matching of 7.5 limiting  loss under 1%
rate /% magnitude /ms position error /%
This algorithm 98.8 3872 <0.1
RCF >99.7 295 >10
1G 98.9 =>3000 >3
ILPT =99 ~2200 2.57
EARCF =99 ~2600 ~3
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