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Abstract  

Satellite communication system includes 
inter-satellite links (ISL) for two termi-

nals which are located in different cover-

age of two satellites. Proper mechanism 
of packet scheduling is needed to maxi-

mum the link efficiency after the ISL cre-

ated. In this paper, a packet scheduling 

distributed online weighted algorithm on 
ISLs was advanced. This algorithm is ful-

ly taken into account to the limited loads 

and the real-time data transfer require-
ments of satellite communication system.  
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1. Introduction 

The satellite communication system 

includes mainly about GEO (geo-
stationary satellite), MEO and LEO (me-

dium earth orbit and Low earth orbit) sat-

ellites [1]. 
The GEO satellite is not suitable for 

real-time communication because of its 

long propagation delay. The LEO satellite 
propagation delay is 6~70ms [2], which is 

fit for real-time operations.  

In the Communication satellite system, 

ISLs are needed if two terminals are lo-
cated within the coverage of the different 

satellites after an end-to-end call is estab-

lished by two end users. On the path, a 
traffic scheduling mechanism should be 

proposed to maximize efficient use of the 

link by the packets selection and to avoid 
minor transmission excessive occupying 

the ISLs.  

2. Related Works 

As to the scheduling problem of com-
munication network, the attempt of solv-

ing method includes scheduling algorithm 

based on frame structure [3][4]. In this 
method, the fixed-length time slots are 

included in every frame. The packets are 

stored in buffer, and then be transmitted 

in the next frame [5][6]. But this method 
is mainly targeted at terrestrial networks, 

not consider the characteristics of the sat-

ellite network with ISLs. 

  The process of solving scheduling 
problem is to arrange different serving in 

the same path reasonable, and to defuse 

the conflict arising from different services 
seizing the path. But there is no traffic 

scheduling algorithm for satellite com-

munications network with ISLs. 

3. The algorithm researching 

3.1.  Model 

The channel multiplexing method is 
that each ISL is divided in K channels. 
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When the packets are transmitted, all the 

channels are working simultaneously. 
The satellite nodes data transceiver uses 

frame structure. Each frame contains the 

same number of fixed-length packets. 

When a path enters a high-load state, the 
scheduling is needed for the transmitting 

packet. 
 

3.2. Service Classification and Defini-

tion 

We proposed an objective function 

based on integer programming to describe 

the process of packets selecting in a satel-

lite network, and limit the packet selec-
tion range by the constraint. 

   After the path established, let 

( 1,2,..., )iS i m  denote the in-path satellite 

nodes, and the bandwidth is 

,( 1,2,..., )band band k , the maximum 

value is equal to the length of k packets. 
Denote ,( 1,2,..., )T T t  as the system 

running time. 1t t   when all the nodes 

complete a round of packets receiving 

from ground terminals, selecting and 

transmitting and forwarding process. The 
packet in the satellite buffer waiting for 

transmitting over the ISLs 

is ( 1,2,..., , 1,2,..., )ii m j n  , and the 

source node of the packet is
ijSrc , the des-

tination node is
ijDest . The weight of the 

packet in buffer is 

, 1,2,..., -1, 1,2,...,ij iw i m j n  . 

In order to arrange the ISL capacity to 

various types of services, we distinguish 

the service type of the packet by ijw . 

The packet weight is defined in (1): 
1
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Where parameter ijtype  is the service 

types: 

10, VOD

5, VoIP

1, Data services
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We let h as hops which a packet is 

transmitted from source node to the des-

tination node, and 
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 is defined as 

hop_factor. When the hops of transmitted 

packet are increasing, more hops the 

transmitted packets are, lower the 

hop_factor is. 

ijq  is to reflect that the packet wheth-

er on the path at node q. The value of 

ijq  indicates the relative position of 

packet (i,j) and destination node ijDest , 

shown in (3): 
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0ijq  indicates that node q is after 

ijDest  so that the transmission is end be-

fore packet(i,j) reaching node q and the 

channel at node q is no longer occupied. 

Whereas 1ijq   indicates that node q is in 

front of ijDest . The channel is still occu-

pied at node q because of node q is a re-

lay node on the routing path. 

 
3.3. The maximum weighted distrib-

uted scheduling online algorithm 

We suppose that the number of satel-

lites on the path is m and the last one only 
receiving packets but not sending or for-

warding. Therefore, the first satellites in-

volves in the data transmission and for-

warding. Each satellite can store in pack-

ets in the buffer. In each transmission pe-

riod, the largest number of satellite node 
sent on ISL is K. 
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To maximizing the throughput of the 

path, we aim to find top value of ijw  un-

der above condition. 

ijx describes the packet(i,j) selection 

result. Let 1ijx   if the packet(i,j) is se-

lected to transmit on the path. By contrast, 
0ijx   if it isn’t selected. 

1, selected
  

0,unselected

1,2,..., -1, 1,2,...,

ij

i

x

i m j n


 


 （ ）

  (4) 

  S.T. 
1
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The (5) shows that the number of 

packets transmitted by each node cannot 
exceed the ISL capacity K in current time. 

We propose a distributed online algo-

rithm to solve the problem above . 
The greedy algorithm is applied in the 

packets selecting process. Each satellite is 

traversing all the ijw of packets in its 

buffer in the same time, and then first l  

packets with max ijw are selected to 

transmitting if the idle link can send l  

packets from current node iS  to the next 

node n iS  . 

We aim to maximize the sum of pack-
ets weight transmitted by the node. Let 

0t   after the system initialized, 

1t t   after each time period. 

4. Performance Evaluation 

4.1. Simulation Model 

Our packets scheduling algorithm and 

the FIFO(first-in/first-out) scheduling al-

gorithm are separately run under the same 

constellation model in order to compare 
two algorithms performance of weight 

and the number of total transmitted pack-

ets. 

We use Iridium-like constellation. 
Each satellite maintains four ISLs with its 

neighboring. Average packet length is 

1.5kb with 4Mbit/s bandwidth. Channel 
multiplexing is used in ISLs, and the 

numbers of channels are 2, 4, 6 and 8.  

The result is taken after 1000 time pe-

riods each experiment and for 10 times. 
 

4.2. Simulation Results 

1) The total weight of transmitted 

packets: Fig.1 shows the performance in 

different channel numbers.  
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 Fig.1: The weight of total transmitted packets 
 

The total weight of transmitted packets 
is calculated in (7). 
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   (7) 

The average improved ratio of the total 

weight of the transmitted packets between 
PSDOWA and FIFO is calculated in (8) 

and the result shown in table 1. 
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Tabel.1 
The average improved ratio of the total 

weight between PSDOWA and FIFO 

Channel 
Number 

2 4 6 8 

Improved Ra-
tio(%) 

45.11 17.15 7.61 5.80 

 
    When the number of channels is in-

creasing, the improved ratio of total 

weight is decreasing but PSDOWA is still 
take advantage. 

It shows that the total weight is more 

than FIFO in PSDOWA. In the case of 

the high occupancy rate of ISLs, 
PSDOWA can ensure the transmission of 

important communication services. 

2) The total numbers of transmitted 

packets: Fig.2 shows the changes of total 
transmitted numbers of packets in 2,4,6 

and 8 channels in ISLs. Fig.4 shows that 

in PSDOWA, the total numbers rises in 
5% more that FIFO schedule mechanism. 

The results show that more packets are 

transmitted in PSDOWA thus the utiliza-

tion of the link has been improved. 

0

0.5

1

1.5

2

2.5

3

3.5

4

2 4 8 16

T
o
t
al
 N
u
mb
er
s
 o
f
 

T
r
a
ns
mi
tt
e
d 
p
a
c
ke
t
s

x 
1

0
0

0
0

Number of ISL channels

FIFO

PSDOWA

 Fig.2 The number of total transmitted packets 

5. Conclusion 

In this paper, we proposed a packet 

scheduling distributed online weighted 

algorithm on inter-satellite links 

(PSDOWA). The algorithm gives the ap-
propriate weight to each packet into the 

satellite buffer with their type of services 

and number of hops. Fully considering 

the limitation of satellite communications 

system load, we designed distributed 

computing and online algorithms to im-
prove the scheduling mechanism. The 

simulation results shows that the weight 

of transmitted packets improved 5.8%-

45.11% and the number of packets im-
proved 5% in different bandwidth of ISLs 

under PSDOWA. 
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