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Relay Satellite with Microwave and Laser Hybrid Links
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Abstract According to the dynamic variations in the application of the data relay satellite system with microwave
and laser hybrid links, the dynamic disturbance conditions are analyzed and the dynamic resource scheduling method
is discussed based on the dynamic adjustment principles of resource scheduling. To maximize the sum of scheduling
tasks priorities, as well as to minimize the variations in scheduling scheme, a hybrid system dynamic scheduling
model with two levels optimization target is established. A dynamic inserting fast heuristic algorithm under multi-
class disturbance is proposed, which includes the directly inserting tasks operation, shifting and inserting tasks
operation, deleting and inserting tasks operation. The results show that the optimization results of dynamic insert
algorithm are superior to the rescheduling algorithm in rate of scheme change, which is reduced by 60.10% . The
computing speed of the dynamic insert algorithm is superior to the rescheduling algorithm obviously., which could
effectively solve the dynamic scheduling problem in data relay satellite system with hybrid links.
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Fig. 2 Dynamic insert fast heuristic algorithm flow chart
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stepl sort the new mission by priority in descending order; setJ =
number of new insert missions.
step2 select mission a from J :J, -

generate available resources set M =M, M,,..., M,

fproc } for mission a and select a resource.
aaaaa

generate available time windows set W, ={W, |, Wm greeey W, . } for mission a, setn_; . - as
the bunber of the available time wmdows
step3 set the insert point—in-time set = [tqw T A A L, and n_, ... is the number of

scheduled missions in the current time w1ndow
step4 insert mission a into the scheduling sequence according to the insert point—in—time set.
stepb if mission a has conflict in current insert point—in—time, form the conflict missions set and
turn to the next insert point—in—time, else insert mission a into the scheduling sequence
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Fig. 3 Direct insert mission operation flow chart
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stepl back to the conflit missions set,and obtain the conflicted mission sequence with mission a.
step2 move each mission in the conflict mission set to its available time window of its available resources.
step3  if the movement has a conflict, and the movement is failed, go to the operate of delete insert
mission, the mission number adds 1 and turn to step2.
else, the movement is successful.
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Fig. 4 Remove insert mission operation flow chart

3.3 MIBRIENESIRE AW AT 55 - U3 3o 5 47 AT 55 50 i T
X 2l 2 9 R TR A R A R R R AT g R AT 5% AT 55 o O B AT 55 4% BRI T

W AL S AL 55 - Rl BRAT WO BT T RS UG WD BRI S DL IS0 L IR b S A 55 . 4 AR I e AT
EWAE /N o RMAEAR Z s sl o B i3k 550 BRI AL 55 A AR I 5 Fros .
JOIE S BUHTAT 55 19 20 4 A L 3 I A SR A7 AE G 3 4

stepl  detele the current confilct mission and insert the new mission, set the current scheduling scheme
as a temporary scheme, calculate the value of the scheme and insert it into the value set.

step2  judge whether all the conflict missions in the conflict set have been tested.

step3  if the missions are not tested all, back to the conflict set, turn to the operate move insert mission
and go through all the conflict missions.
else,select the scheme with the max evaluate value as the final scheme
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Fig. 5 Delete mission insert operation flow chart
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L AR M T AR K o Antenna S Ku Opied
24k T0 L (EDRS) L Hh i S 4 14 1 B 50 80 1 8 4 i L Date rate /(Mb/s) 10 200 1800
WEHEME 2 Frxw, 175 E BB N 00 00 2 00~ Power consumption /W 500 500 100

06 00 : 00, 1 7 LS HM STK(Satellite ToolKit )
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Table 3 View period window of user satellites

User
satellite LEO 01 LEO 02 LEO 03 LEO 04
(altitude / (400 km/30%) (600 km/45%) (800 km/60°) (1000 km/75%)
angle)

00:00:00——00:10:00 00:18:48——01:18:17 00:00:00——00:45:32 00:00:00——00¢25¢*54

View 00:52:36——01:48:55 02:00:12——03:00:32 01:23:17——02:40:37 00:59:40——02¢ 1357

period 02:31:33——03:26:50 03:42:00——04:44:51 03:16:41——04:31:52 02:53%26——04:01:48

windows 04 :09:29——05:04:24 05:25:38——06:00:00 05:10:29——06:00:00 04:42:52——05:50:35
05347 :03——06: 00 : 00
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Table 4 View period window of user satellites

o o ] Data size of
New mission  Priority Satellite

mission /Gbit

Jis 9 LEO 01 250
Js 8 LEO 02 600
J 55 8 LEO 03 150
Jss 6 LEO 04 300
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Table 5 Scheduling situation of new missions

New mission Scheduling operation

Influenced mission Relay time period

J Remove insert JoJ1s 00:52:36——01:34:17
Ji Delete mission T 05:49: 26— —05: 56 : 06
J Direct insert 02:28:20——02:31:15
Js Remove insert Ta 04:58:24——05: 48 : 25
Z
optical s
antenna jy; ~4’: ﬁs 3
Ku
antenna A1
1
S
antenna
1 1 1 1 1 1
0 10 12 14 16 18 20
Time /ks

Kl 6 2l AR 5 % H 4 A

Fig. 6 Dynamic insert scheduling results

T SC T AR AR N AR AT 55 = S R0 6 AT 55
R SIS T B AT 55 T BLECM BR A B
A E S HLAR B A AT 55 249 58 B 38 2 » =AML 55 R

I Ia) B A 7 S AL R 9. BV [F IS AR 48 58 42
A JRE B3 0 8l 28 A B [ R AT SR A% At B i) e R 9
JET5 AN IE 7 B

. s iz
optical A Wo
antenna i [0 i, ; W Wi W e e A A
Ku "
antenna |, & 3 b 7 1
W w; A /> i i h 4
s
S Wi
antenna 4 *3 % ﬁ
1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
Time /ks

7 584 E BT R R IE

Fig. 7 Results of re-scheduling all missions
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Table 6

Comparison list of scheduling results

Number of Number Re-scheduling all missions Dynamic insert scheduling

initialize of new Total Rate of Calculating Total Rate of Calculating

mission mission priority change time /s priority change time /s
24 4 126 66.67% 6.1701 126 0 0.2011
32 4 172 68.70% 11. 3286 167 9.37% 0. 2054
40 4 211 70.00% 15. 4313 208 12.50% 0.2108
48 8 252 72.90% 19. 6702 250 14.53% 0.2145
64 8 298 73.52% 29. 4258 295 15.62% 0.2238
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