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Abstract The relationship between wavelength demand and network physical connectivity is studied to solve the
wavelength resource shortage problems in dynamic optical satellite network, and a method based on a time-space conflict map
is proposed to analyze the characteristics of wavelength resources. The method for randomly generating network topology
connections is utilized to discretize the dynamic topology of an optical satellite network into a space conflict map and a time
conflict map, which express the physical connectivity and effective service window of the optical satellite network,
respectively. Based on the time-space conflict map theory, the path selection probability of space conflict avoidance and the

effective window service probability of time storage are established and multiplied to obtain the conflict probability in time-

space and calculate the number of wavelengths required in the network. The results show that wavelength requirements are

closely related to the network physical connectivity, maximum number of link hops, and number of transponders. More

wavelength resources should be allocated to an optical satellite network with a larger business overlap factor.
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Table 1 Topology generation algorithm

Algorithm 1: topology generation algorithm

Input:number of network nodes N, physical connectivity a,and
range of node degrees ( 6,y Opay )-
Output: network topology connection diagram.
1) Calculate potential inter-satellite links referring to Egs. (2)—(6);
2) Establish an inter-satellite link through a randomly selected
inter-satellite link;
3) If for all nodes, 0 € (G, T )z
a)if meeting physical connectivity of network a;
b)end if.
4) End if.
5) Else go to 2).
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Table 2 Business request situation

Request r S, d, [2,1] h,
1 1 6 [1,3] 2
2 2 3 [2,4] 2
3 2 4 [3,5] 2
4 3 4 [3,5] 2
5 3 6 [1,3] 2
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Fig. 4 Space and time conflict map models. (a) Space conflict

map; (b) time conflict map
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Table 3 Maximum conflict degree priority wavelength demand

algorithm

Algorithm 2: maximum conflict degree priority wavelength

demand algorithm

Input:network physical connectivity @,nodes number N,

business request set R, 4.

Output: time slots and paths allocated for services (z,, p, ), total

number of wavelengths W.

1) Initialize W =1;

2) Generate network physical topology G =(V, E ) according
to Algorithm 1;

3) Allocate available path sets P, and available time sets T, for
service requests 7 using 4-short algorithm

4) Generate space conflict map and temporal conflict map based
onP,and T,;

5) Calculate time conflict Py (7 ) referring to Eq. (14);

6) Calculate space conflict Pp¢ () referring to Eq. (15);

7) Sort Py () and Py () in descending order;

8) Calculate wavelength conflict C(7 ) referring to Eqs. (16)
and (17);

9) Sort C(r)in descending order;

10) Allocate wavelength, p, and 7, to node with maximum C (7 );

11) If new wavelength conflict with existing wavelengths, then

W=W-+1;
12) Else W= W;
13) End if;

14) Remove maximum conflicting business from business
request set and go to step 5) ;

15) If R # (JJ,then go to 10);

16) Else end if.
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Fig. 6 Topological structure diagram of Starlink constellation
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Table 4 Satellite parameter setting

Parameter Value
Satellite number 64
Tracks number 8
Intra-orbit satellite number 8

Height /km 1150
Inclination /() 53
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Table 5 Simulation parameter setting

Parameter Value

k 2

o 1
Physical connectivity 0.3
Network connectivity £ 0.5
Transponders number

Maximum link hops

Business overlap factor 0.6
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Fig. 7 Normalized wavelength requirement distribution. (a) @=0.2; (b) =0.3; (¢) a=0.4; (d) a=0.5

P9 Jt 7 Sy 0 8% 342 3 B2 9 % T3 R DI I 246 g A< 5 oK
B RZ I, N TR TR 4 9 B 72 AL 1E R — )
PR FE o &, 2R BEPL AR O 02 12 00 7 Ui AT 2
AT HL, o 2 2 AR K R SR B A R . ol
PO m] A Bl ) 246 322 3 B2 R 84 O, I A SR B H L Bl
Z I 22 R R T A A B ST A B BRI 2 A
P b R R G R o R TR (] Y 2% 3 5 R 48 K
Wy B3 5 JEE AT DA A R BCH BT . sk i T

2 9 245 B o1y B A, 49 P 3 S R 2 B2 W) 1) 4% i T R
(18 b R Xk T /0N 1 Ay B R BV I K H
P 265 32 30 2t AN e R Y R

P10 BT 7 R T 51 19 46 i R B 00 i 4 75 SR 2
FRISZ R, SR TR AEL T Ol I 4% gl 25 8 A, 1 ) — ) PR 3
T AT 22 OO [R) FE H I BT B 05 L, I 0 45
SR f A 10 AT B A TR O I 4% i R Bk KR Y g
T A e SRS W 38 R T AR () Bk KOk L

0906002-6



F£60%5 F9H/2023E5 A/HAESBFEHRE

50 -

y 24
Fi

Wavelength number
g 35
=
——

o
=
I /’.
J"
/
/
/
/
#

—
=

0 L L L L
0.15 020 0.25 030 035 040 0.45 0.50 0.55
Physical connectivity
K8 3L i 3 3 o) i A< e oK A 5 )
Fig. 8 Influence of physical connectivity on

wavelength requirements

KT R AL AR A

BT 7R i TR 2% 1 5 i % ke # 50 H X T
B I 2% 3% 38 B RN K TR SR B RS2 i . Bl % R AR B
HHh 2, TG 45 10 PR K, Y5 ka8 H N
5F16 B, W 45 3% i B LT A AR X & T LI R AR
O 28 JL-F- 68 T UE T A 0k 7 4 3% il o) e e S i) ) 8% 3
R A AR RS B E o SR BEE L kAR
BE R £ T 2 B R BE OB R B, DR AR B 2
WK B, M R AREE KT ARy, P KT R EON 3
T, 33X g2 T 0 AR B B 2 T ST, O FL o] DL i 5

18 — ]

(@) -4~ Max is 2 ;
17 -
16 -
5 |
g 15-W I [ I y T ' 1
_:: 14 + & ]j &= - [ & r [ o0& o 6§ 0 B O-G -5
g 13} SENEE! 1
=
8 12 -
8 |
11+
o
10 20 30 40 50 60 70 80 90 100
Simulations times
(©) -4 Maxis 4
70
g 65 I g 117
= b g & Lz — & — T e " ,a:;e—z's - 4
ﬁa 60 T 3'_ T % % } ?1 Lok J
) 1
=
£ 551
50 : 3 ; ;
0 10 20 30 40 50 60 70 80 90 100

Simulations times

a=0.2
80 a=0.3
-4--a=0.4
5 00 -5-a=05 i
=]
E 60 - e I/
= s
£ 50| 7
g 40 _ ] %
S 30
= B T ’ Vit
) kT %
= 20 4 ﬁ
0 oo
AL &
0 01 02 03 04 05 06 07 08
Network connectivity

PO P2 Tl B X I K oK 5 )
Fig. 9 Influence of network connectivity on

wavelength requirements

PR I 9 JRE /)N 4 S A A DD R R R H B

P12 T O TR G R 268 AN TRl 55 4 ol 55 B
B 7 X TRDE 48 B T SR 152, IR 2R OR
WA H BT R o P 12 AT, 0RO R 2% v Y
WA 7 R B Gl 55 B PR 1 A ORI B R S T
M 55 B PR A R T R B 20l 55 I R — AR BOE
B, B 55 Z M AP A s R B O, A BE L
F5 RGN, TADOE R 2% B P KA H 208 2, X 2
Tl 55 48 (3 K2 7 TR 22 1 DG BE B, B K Bl At
Hhn .
38
36 -
34+

St

26 -
24 -
22
20

(b) -4 Maxis3

Wavelength number

10 20 30 40 50 60 70 80 90 100
Simulations times

110
(@ - Maxis5
105

100+

9%5:r ) L& £ “ %4%” P A ._,’: )
| T

a0 +

Wavelength number
¥
!IJ
2l

85+

8{) L i : i L
0 10 20 30 40 50 60 70 80 90 100
Simulations times

BI10 e RBEBON I KRR SR BRI . e RBEECN (a)25(b)35(c)45(d)5

Fig. 10

Influence of maximum hops on wavelength requirements. Maximum number of link hops is (a) 2; (b) 3; (¢) 4; (d) 5
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