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Abstract 

We make research on the virtual channels scheduling algorithm based on priority in packet telemetry system. 

Probability of occupying physical channel and packets losing rate of the virtual channel with the highest 

priority are considered, on condition that the packet arrival rate contribution is Poisson contribution. 

Theoretical analysis and simulation results show that when the running time of the scheduling module is long 

enough, probability of occupying physical channel by the virtual channel with the highest priority converge on 

a fixed value. Formulas of calculating packets losing rate are also given, which can offer reference to 

engineering design. 
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1. Introduction 

Consultive Committee for Space Data Systems has designed a group of space communication standards since 
it is established in 1982, which are now widely used in more than 250 countries and regions[1][2]. Among these 
standards, TM Space Data Link protocol is a data communication and transmission protocol, which is mainly 
used in packet telemetry system to transmit packet telemetry data from space to ground[3][4]. In order to better 
transmit those information, virtual channels scheduling mechanism is widely used in packet telemetry system. 

Virtual Channels are a group of logic channels formed by dividing the physical channel by time slots. Each 
virtual channel transmits the packets information with the same or similar service demands, and the physical 
channel is shared by all these virtual channels. The algorithm used in virtual channels mechanism, namely, 
virtual channels scheduling algorithm, determines the sequence of occupying the physical channel by each 
virtual channel, which has a great effect on the transmission efficiency. In this paper, we study the virtual 
channels scheduling algorithm based on priority in packet telemetry system, and find an interesting conclusion: 
when the running time of the scheduling module is long enough, for the VC with the highest priority, both the 
probability of occupying the physical (namely, the VC with the highest priority is scheduled) and the packets 
losing rate converge on fixed values, which can provide reference for engineering design. 
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2. Source Model and Division of Virtual Channels 

In this paper, we choose the packet telemetry source model, of which the physical channel is divided into 4 
virtual channels to transfer all user data through the downlink [5]. The 4 virtual channels are shown as follows: 

VC1: transmitting general engineering data, with the second higher priority. 
VC2: transmitting important express data, with the highest priority. 
VC3: transmitting download data, with the lowest priority. 
VC4: producing idle frames. At any scheduling time point, if all the other VCs buffers are empty, an idle 

frame is generated in VC4 buffer and transmitted through the physical channel. 

For VCi, 1,2,3i  , the packet arriving process is Poisson distribution with the parameter i , and the packet 

length is a fixed value[6]. Let pil
 be the Packet length, and mpl

 be the MPDU packet zone length of the frame, 

then each frame contains 
/i mp piN l l

 packets, which also means that a frame is generated and sent to the VCi 

buffer at the arriving time of the imN
 packet, 1,2,3m  . 

At each scheduling time point, the scheduling module choose the VC with the highest priority among the VCs 
whose frame buffers are not empty, and transmit the first frame in its buffer through the physical channel. If 
buffers of VC1, VC2, VC3 are all empty, an idle frame is generated in VC4 buffer and transmitted. 

3. Theoretical Analysis 

At the first scheduling time point, t , if the number of packets arriving in VC2 packets buffer is larger than 

2N
, then there will be at least one frame in VC2 frames buffer, which means VC2 can occupy physical channel. 

So we have the probability of VC2 occupying physical channel at the time t , 
'

2VCP (1)
, as  
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where 2( )VCA t
 means the number of packets arriving in VC2 during the time interval [0,  ]t , whose value 

can be calculated as[7]: 
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Otherwise, there will be no frames in VC2 frames buffer, which means VC2 can not occupy physical channel. 

So we have the probability of VC2 not occupying physical channel at the time t , 
'

2VCP (0)
, as 
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Let M  be the capacity of the VC2 packets buffer, probability of losing d packets of VC2 at the time 

t ,
'

2 ( )lVCP d
,can be expressed as: 
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After the first scheduling time point, probability of r  packets remained in VC2 packets buffer, 2

' ( )
VCRP r 　

, 

is： 
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if 2 2M N
. 

Similarly, at the kth scheduling time point, k t , 2,3k  , when the total number of the packets remained 

before the time 
( 1)k t 

, 2 (( 1) )VCR k t 
, and the packets arriving during the time interval 

[( 1) , ]k t k t  
, 

2 (( 1) , )VCA k t k t  
, is larger than or equal to 2N

, there will be at least one frame in VC2 frames buffer. In this 
case, VC2 can be scheduled and the first frame in its buffer is transmitted through the physical channel, 
otherwise it cannot be scheduled. Thus we can get 
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where 
( )

2 (k

VCP 1)
and 

( )

2

k

VCP (0)
 are the probability of VC2 can be scheduled and cannot be scheduled at the 

time k t , respectively. 

Probability of losing d packets of VC2 at the time k t  can be expressed as: 
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After the kth scheduling time point, probability of r  packets remained in VC2 packets buffer is 
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4. Simulation Results 

Simulation Parameters are set as follows: 
(1) Source data rate of VC1, VC2 and VC3 are taken 10,10, 35 Mbps, respectively; 

(2) The MPDU packet zone length of frame, mpl
, is 10000bits; 

(3) The packet length of VC1, VC2 and VC3 are 1000, 2000, 500bits, respectively; 
(4) The average packet arrival rate of VC1, VC2 andVC3 are 10000, 5000, 70000/s, respectively; 
(5) The total simulation time T is 0.8s. 
 
Fig.1 illustrates the probability that VC2 is scheduled at different scheduling time points.  
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Fig.1 Probability that VC2 is scheduled at different scheduling time points 

 

From the simulation results we can see that with the increasing of the running time of the scheduling module, 
the probability that VC2 can be scheduled converge on a fixed value, and the simulation curves almost 
completely coincide with the theoretical curves, which proves the correctness of the theoretical analysis in 
section III. 
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(a) Probability of losing 0 packet 

0 2 4 6 8 10 12 14 16 18
0

1

2

3

x 10
-4

Scheduling time point

T
h
e
 p

ro
b
a
b
ili

ty
 o

f 
lo

s
e
 1

 p
a
c
k
a
g
e

 

 

theoretical value

simulation value

 

(b) Probability of losing 1 packet 
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(c) Probability of losing 2 packets 
Fig.2 Packets losing rate of VC2 at different scheduling time points 

 

Fig.2 illustrates the curve of the theoretical value and simulation value of the packets losing rate of VC2 at 

different scheduling time points when the packet buffer capacity is 
( 8)M M 

, which proves the correctness of 

equation(8). In practical application, one can design the value of M according to the desired packets losing rate. 

5. Conclusion 

We study the scheduling algorithm based on priority in packet telemetry system. Through severe reasoning 
and simulation experiment, we find that when the running time of the scheduling module is long enough, the 
probability that the VC with the highest priority can be scheduled converge on a fixed value. We also propose 
the method to calculate packets losing rating of the VC with the highest priority, which can offer reference to 
engineering design. 
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