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This paper presents a new algorithm for determining the density of scattered data at
the surface of the sphere. Then the proposed algorithm, Geodesic Weighted K-Means
clustering and Deluany triangulation are used to make uniform star catalogs. A
comparison of the results with the results of other related articles shows that the proposed
algorithm significantly decreased the probability of observing a large number of starsin
all simulated star sensor fields of view. This improvement is due to the uniformity of the
star catalog, especially in the celestial sphere poles, due to the proposed density
determination algorithm. On the other hand, using a good data density algorithm has
increased the likelihood of observing a few stars (such as 3 or 5) in all fields of view used
in the Monte Carlo simulation.
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4. Local field
5. Voronoi cell

D

p(¥)
R'n

VD(P)
(A0
Ry
d¢,.)
P\Py

OlHlais ! g pMe
LS
Laoaly slass

Erepe g 3 colus

LS

g n glad

bl& acgoome

P Ll& degemo g5y » $595 plSLo

&899 Jskw

Aol &b

Pijl pé &4 P dcgazo
R3 glad )3 blas ae oo

$95929 Jgbw colus

doddo

ol 3 0xSTy slaodhy JBe s 3 ol (b
&S Cuwl 48,5 )1)8 olatwl Dyg0 calises ale Gladss 5 xalye

&5 gy )
(boles oty 59) Hluiils Y
bl Y

YerA-FOVS i oole LLs | YEVY— A5 1 g sl GLLs NFeelFlo) s Seig uSI Gl 11FRR/Y /YT :allilo by dy | YFAA/+S/TF callio el 5



Oy s g ol ledomo ( Fageu L3 )8

St 5 ey b Ry bl degoome G 5l V(DS lasgSa,
1394
Ry = {xeR” |1r113ax{d(x, PP, € P} <

k

Q)
min(d(x,B)|P, € P\P}

Sod g Pijl pé 4 P bl dsgaoes sline & P\P o 2 &8
Slge iy Aol 2 oyl RZp el R™ ) alol b
@l e (alorin K4 g539)5 Sl 1 5 (il alold
o peedl Jl Ol dxio 59y 2 S99 P K> ©)le
P S bt Gl Came (o ol 4 0S N
daii pp Aol 5 039 ()5 dhail S Lt Jold (Alov
Al K> (oS i e Sl 5SS Al b Aoy
b s9) » &lg S bl asgeome (ly i las
MolS” b 6 S dsgormo | dads gy SHj2g55 dlold 0,8
Soke 909 Pl cnlpls sl gl w8l alolé b olize
VSS Vo] ewl S gigyg gan T lsed 5 0)S bl gblis
ol sl 69,5 Soigng el wyeSl il Slages
Iy (7 ;48 4 290 Hipparcos Sgbls) (solow 0, p dlg
e o oyl

£ 338 4 393500 ol SlblS el (s939y9 (59,5 pl,Sbd — Y JKWS

999 pb (it ol @bt @y )3 (nlpl

X ={% e R3|%| = bl dcgaze (gly 0)S maw o

(Isi] = JJd%) e Joho Colus w5 005 dusloes 1}

5 9919 5955 Jhge | Jolbs e laslorix el (sl

P debee dwle o) mhaw 59) p @ly ool b bl

25 Opots o)l oy S @ig (N] 4 drg L aules
93,5 o iy

and p(¥) = ¥; pi(X) ™)

1

pi(X) = {Si

. lf}? € Si
0: othse

b (53l g pole hmgf —ole dolilad g ¥
(FV ol oyboud) V¥ o il /Y o)l / V¥ 09

P s O (doxe (e dmsle B9y o cnl
b g bad 5l 236 @l o aseie brodgiswe 1 JKs (mess
§ g gl JBo K35 pgd ) wimen (V] 3) e
iled o duslne ols o391 Syl ) P(X) J&e mjs
de 4 dabaio Colus (2S00 oy cpl ;3 Cowl o
2 56 adlale dwdin JSB (piomed g 039 (S jho (g
iy it gy o) 2 ogde )l gl b Sl ol
SatleS A5 25 35 K0 otes JISi] g3 IS SpdlS
o adhate €z )Y L g "D odgime ol5pS &S canl oyl
P Eydse ool 45905 e olgdd Ojgohy Sl ()
gy ol 88 el o Srore 4S5 oS )l b S s
s pSojlul adate 355 (S 5 (loj 4 Al ©)jgohr JBe
Sz sbpier ) So 8 (2ly > S Wy sl (S
A5 3] oslizl & ages JU3l bl Jlo dia o 13 3945 o0
3y gy (nl 457 (6,503 odes JSta (Sl 0302 (559959
OeS bhey opl 0 & Cunl ol dius daxlae o] L ealal
S Soyo 1 g 43S bl axio g9y p 0aS]y slaoshy JK>
O Ol 203l @ly oS i (6,505 haw g9y 2 laodld
i By g0t e > it ) e gl JS
g od dldiy o) aw (59) p bods JB& s pslaied;
390 o)t SPBE (GilucsluSy w2y6S ) o] @l e
2350 )8 o

85 $9y 32 081y 03> I (ymni

2 Bodly sluw s 5l jlie waiSTy slaedly JBs IS jsbay
I eddd o cunl (008 5 o w2>) xS g S5y
B e Wl B )y (T Wged g 4 (S JBe Aol
Sl jl sty Pl 4 5 Sojlul (g & 23l Sl wb
d93me (£yS03lul (Hly o cusl o] el gdse mees S0
g JSb gl g 0355 (g oyl i) b wiis G 4
ol Blize clasbo 5 55399 £l 5> nluls 230 elsds o3l
23,5 odlatul johte (pl slp Mg o Cuwsl () cnpie
&5 5ly 0y S maw 3 oy dlde ol 45 oS bl 1S
235 o dletied (55,5 9359 £l oozl o
S99 p15L (] 9 [A] @2lye o 003 il o)l ol
loske R glas 0 P ={p;, ..., pp} bl& acgeeVD(P)
wal Vp(@D), fori=1,..,n s5i5y9 b Joho & Lad s

6. Spherical Voronoi Diagram
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7. Geodesic Weighted K-Means
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Algorithm: Spherical Scattered Data Density
Input: ¥ = {¥; € R3, ||%;|| = 1}
Output: The density on the sphere
Steps:
Calculate the Voronoi diagram at the surface of the sphere
Calculate the area (s;) for all spherical Voronoi cells
Calculate the density (p;(¥X)) for all spherical Voronoi cells
Smooth the results with a 3D moving average filter
Jsp@ai
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Calculate the density on the sphere with D =
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Algorithm: Catalog Uniformity

Input: Reference star Catalog

Output: Uniformed star Catalog

Steps:

Read reference star Catalog

Limiting reference Catalog to a certain magnitude
Removing double stars

Repeat

{

Generate Delaunay’s triangulation with param (Init param = 30)
Make uniform Catalog by GWKM Clustering
Aggregate the uniform Catalog of this step with the previous step
Screening aggregated uniform Catalog using density determination on sphere
param = param — 1
} Until (change in the number of stars in uniform Catalog > 0 or max(density) = 1)

Generate uniform Catalog
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