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Abstract—As the first layer of AOS multiplexing, the frame scheduling per-
formance has a great effect on the efficiency of multiplexing. Traditional re-
searches about the scheduling model mainly focus on the source packet arrival
model of Poisson process. In this paper, an ON/OFF source arrival model with
Pareto distribution of AOS multiplexing in self-similar service traffic is used to
establish a isochronous frame-generated method through rigorous theoretical
analysis, which results in a calculable formula of average packet delay and
MPDU average multiplex efficiency. According to the simulation results, the
simulation curve coincides with that of theory. The novel model contributes to
the improvement of average packet delay and MPDU average multiplex effi-
ciency on AOS.
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1 Introduction

Consultative Committee for Space Data System (CCSDS) is an international stand-
ard organization, which composed of multinational space organization. And CCSDS
established communication system structure, protocol and service for space data sys-
tem. Advanced Orbit Systems (AOS) is a data transmit and communication mecha-
nism, which also is a data processing and management system for space-to-space,
space-to-surface measurement. AOS has changed the status of small capacity and low
rate in space communication and construct a global, extensive, multidimensional data
network [1-3].

AOS multiplexing technology includes frame generation technique and virtual
channel dispatch technique [1-4], which allows the users to share one physical chan-
nel by time-division multiplexing, as is shown in Figure 1. As the first level of AOS
multiplexing, the frame generation technique has a great effect on utilization efficien-
cy of the multiplexing channel.

The frame generation in AOS, also known as packet channel multiplexing, is a
mechanism of sharing virtual channels for all types of data generated from the upper
layer [5]. It is to multiplex and encapsulate all kinds of data with same or similar
demands in the service and to transmit packets in the same virtual channel into Multi-
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plexing Protocol Data Unit (MPDU) in a fixed length. The multiplexing model of
AOS is shown in Fig 1.
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Fig. 1. Multiplexing Model of AOS

Recently, the researches on the frame generation of AOS have been paid more and
more attention such as isochronous frame generation, high efficiency frame genera-
tion and self-similar frame generation. The isochronous frame generation [6] is to
encapsulate the data packets from higher levels into a frame at a fixed interval time
and then send them. It mainly focuses on the estimation [7], simulation [8], and analy-
sis of MPDU multiplexing efficiency of AOS [9]. High efficiency frame generation
means that the data packets will not be released until the overall length of the arrival
data packets fill up the MPDU, whose multiplexing efficiency is 1. And it focuses on
the time of the frame generation and the analysis of the function of the packet time
delay [10-11]. Ye Tian [11] puts forward an adaptive frame generation model. In this
model a threshold value is set. With the value, as soon as the arrival packets fill up a
frame, a frame is generated. If the arrival data packets are not enough to form a frame
in a certain period of time, some empty data packets fill up the frame and are dis-
patched. In another paper [12], the author indicates that the adaptive model overcome
long time delay problems, but which sometime cause the lower multiplexing efficien-
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cy than the isochronous frame generation. Since Leland [13] discovered the self-
similarity of Ethernet service, many scientists have conducted a large number of re-
searches one after another on the field and verified that various data packets exchang-
ing network flow represents self-similarity. The self-similarity exists all the time no
matter how the factors change, which are in topology structure, users, transmission
medium, and protocol types etc. And the self-similarity has nothing to with when and
where the service happens and the source encoding pattern [14]. The result of refer-
ence [15] shows that the flow of the terrestrial network generally presents self-
similarity. Reference [16] further points out that not only the ground network traffic,
but also the satellite network exhibits self-similarity. In the reference [17] it constructs
a low earth orbit (LEO) satellite network model and confirms that the network also
shows self-similarity on the simulation. The self-similar traffic model, as the source
package arrival model, has been used to analysis the traffic of satellite network such
as bandwidth allocation, service quality [18], assignment on demand multiple access
[19-20], delay performance of the evaluation system [21]. The traffic of complex
ground-space integration network also appears self-similarity, especially when it
enters satellite links through earth-gate-stations [22-23]. Therefore, it is necessary to
conduct the multiplexing research of AOS based on the self-similar traffic.

In the paper, a scheduling model of isochronous frame generation on self-similar
traffic of AOS multiplexing is proposed. With ON/OFF source arrival model and
Pareto distribution, a relational expression of average efficiency of MPDU multiplex-
ing and a calculable formula of average packet delay are derived, which would con-
tributes to the improvement of performance of AOS. According to the results, the
simulation curve coincides with that of theory.

2 The packet’s arrival model on self-similar traffic

2.1 ON/OFF source

Suppose that such a data source exists in a spatial data system, which sends data on
the "ON" state and no data on the “OFF” state. The model is named as the "ON/OFF"
model.

Let a series of “ON/OFF” sources (1,2,..M ) be independent and the state space

be {1, 0,LL } As to any spatial state, each ON/OFF source is in any of the two states:

the active (“ON”) and the idle (“OFF”). In the active period, the transmission rate R is
stable; in the idle period, ON/OFF source doesn’t transmit any data packet. The two
states of “ON” and “OFF” change alternately. Such a data source is called the inde-
pendent ON/OFF source.

2.2 The data packet arrival model

The result of reference [24-25] shows the source packet arrival model produced by
the superimposition of ON/OFF process can be described as the following:
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1. ON/OFF source arrival process is the Poisson flow with the parameter 4 ;
2. ON/OFF source arrival time span is subordinated to the Exponential distribution
with the parameter 4 ;

3. ON/OFF source arrival period is subordinated to the Pareto distribution with the
parameter & .

The result of the ON/OFF source superimposition is a progressive self-similar traf-
fic flow, and the corresponding Hurst coefficientis H =(3-a)/2.

The source packet arrival model produced by the superimposition of ON/OFF pro-
cess is simulated as Figure 2.
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Fig. 2. Simulation of Packet Arrival Model Produced by Superimposition of ON/OFF Process

3 The isochronous frame generation model in self-similar
traffic

3.1  The description of the model

The isochronous frame generation algorithm means that the data from the upper
layer are encapsulated into a frame and sent in a fixed period. The fixed period is so
called “isochronic”.

In the paper, the discretization is adopted to study the MPDU multiplexing effi-
ciency of the isochronous frame generation in self-similar traffic, which is discussed
as the following. The notations in this paper are listed in Table 1.
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Table 1. The notations table
notation The meanings expressed by a notation
A the parameter of the Poisson progress , the arrival rate
a the Pareto distribution parameter
H Hurst coefficient
é: the arrival process of ON/OFF source In the period of ¢
t
T, the duration of ON/OFF source in the period of ¢
C constant , decided by parameter
the number of the arrival data packets in the period of
t
eﬁf MPDU multiplexing efficiency
m
N the length of MPDU
R the transmission rate , constant
¢ the number of the arrival data packets
B,j the probability, Pz/ = P(é:t = l',‘L't = ])
7. ON/OFF source arrival time interval
1
N the last count moment of ON/OFF source arrival interval or moment ,
! {]Vt, t= 0} is Poisson process
VVk the ON/OFF source arrival moment
§ ON/OFF source arrival process
) the sum of the packets transmitted in (O, w, )
i, the arrival moments of each packet in (O, 74 )
o, the sum of the packets transmitted in, (VVl W, )
T, the arrival moment of each packet in (VVl W, )
a the expectation of T
T
T. S the total packets time delay in (O, w, )
1, the total packets time delay in (VVl W, )
T the total packet time delay in (O, N, )
Ee,ay The packet time delay of isochronous frame generation

In the period ¢, the arrival process & of ON/OFF source is Poisson process, whose
probability distribution is as the following.
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k —At
p(gﬁp%, k=0,1,2,L. (1)

ON/OFF source’s duration 7, is subordinated to the Pareto distribution with pa-
rameter «r .
P(r,>t)=t"", i=12L )
The discretization of formula (2) is as the following.
Pz, =j)=¢g™", j=12L
3)

cis constant and its value is decided by parameter «. The j is the discretization
value of time 7,. As § and 7, are independent, we have the following.

P(& =i, = j)=P(§ =1)P(7, =) @

3.2 The average efficiency of the isochronous frame generation

In the periodf, the number of the arrival data packets is marked as¢,, then
@ =&7,R. MPDU multiplexing efficiency eff, of AOS frame is defined as follows.

SR
2 when ET.R< N (5)

eff, =4 N’
8 | when £ R= N

where N is the length of MPDU, R is the rate at which source generates data
packets. It can be deduced by total probability formula.

Eeff,) = Y, P(ETR=n) %+ 3 P(§rR =) ©)

The discrete results are listed, and the distribution of two-dimensional random
variables (g,rt) is shown in table 2.

Table 2. Probability of Two-dimensional Random Variables ( t,rt)
(&.7,) | © 0.2) (11 @.1) .2)
&r, 0 0 1 2 4
P Do, Do, J4N Dy 2%

B, =P(§ =i,T, = j), and we have
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t
P(ET,=0)= Py + Py + Pos +L =ce™ Y @)

J=1
mn= k

Pz, =k)= P, k=L2L ®)

It can be gotten by the probability formula.

E(eff,) Nl( - )N+§P( tq=%) )

n=1 n=N

WhenR=N n=1,2,.,N-1, 0<%<1,p( 23 =%)—o. While n = N,N +1,.....,

the value of % is integer values 1,2,3,L. . The formula (9) is arranged as the follow-

ing.

+ S P(57,21)=1-P(57,=0) = 1-cc ™ 3/ (10)

Jj=1

N-1

E(eff,)= Y0.

n=l1

==

WhenR< N, n=0,LL N-1,we have

Vo 1-py — Py ,2R>N>R
ETR=n Ep(gq_[ D= 1= Py = Py = Pra = Po1 3R> N > 2R (11)

n=1

Whilen = N,N +1,...., the value of % is integer such as1,2,3,L. .

N n —Z.tt —a-1
T =2|—||—+1-ce 12
, {R])N jElJ (12)

Generally, the value of R will be bigger than N. The theoretical formula of average
efficiency of the isochronous frame generation algorithm in self-similar traffic is
gotten.

—At 1 —At e_lt
E(eff,)=1-¢ (1— a):l—e +— (13)
at at

We use Matlab tools to simulate the above. The simulation parameters are set as
the following.
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* the arrival rate A=0.2 (package/second), exponential distribution parameter
=1/A; packet’s length /,=200bytes,

* the length of MPDU package area /,,,=2000byte;

* the range of frame-forming period S, is1~20s;

* the downstream rate of the self-similar traffic flow R =30 (package/second);
* Function of Pareto distribution gpmd(X,K,0,0) with  parameters
X =025K=150=60=1. Here, K corresponds to shape parameter & , and

H= (3 - a) /2. Hurst coefficient of the self-similar traffic is 0.75.

Figure 3 shows that under the condition of the isochronous frame generation algo-
rithm in self-similar traffic. When the respective frame forming period ¢ is 10s, 12s,
15s, 20s, mean values of MPDU multiplexing efficiency are respectively 0.982,
0.951, 0.922, 0.876. Theoretically, the longer the waiting period is in frame-
forming, the higher MPDU multiplexing efficiency is. The simulation figure shows
that MPDU multiplexing efficiency increases as time fincreases. The theoretical
curve and the simulation curve coincide, which demonstrates the correctness of the
reasoned theoretical formula.
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Fig. 3. The Average Value of MPDU Multiplexing Efficiency of the Isochronous Frame Gen-
eration Algorithm in Self-similar Traffic

In the traditional Poisson model, the researchers [9] analysis MPDU multiplexing
efficiency of the isochronous frame generation by traditional Poisson model and gives
the formula. But the formula is a recursion formula, which can't get the change of the
efficiency with the parameter adjustment. The equation (13) in this paper is a closed-
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form solution, which shows that the MPDU multiplexing efficiency based on the
traffic self-similar model is not only related to the parameters of the Poisson process,
but also related to the parameters of the Pareto distribution. The simulation results
show that the self-similar model can better reflect the actual traffic than traditional
Poisson model. The comparison of two models is shown in the following Figure 4.
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Fig. 4. The Comparison of the Traditional Poisson Model and the Self-similar Model in Terms
of Efficiency

3.3  The average time delay of the isochronous frame generation

The previous researches based on the Poisson flow as the source packet arrival
model mainly focused on MPDU multiplexing efficiency instead of the average pack-
et time delay of the isochronous frame generation process. In the paper, the deduction
has been conducted in the self-similar traffic.

The frame’s generation period ist, and a random moment ¢, is chosen as the start-

ing moment. Thus a frame is generated at the moment of ¢ +¢.The time delay of

each packet includes two parts: one is the interval between two packets, and the other
is time difference of the arrival time interval of ON/OFF source and the active period
(In the period there is not an arrival packet). The former is a real time delay which
exists in each frame, and the latter can be called virtual time delay. Because of the
lack of the arrival packets (Packets are discarded even though they arrive, because
MPDU has been full.), the arrival packets are still in the state of wait time. When the
system is balanced (M — o), the virtual time delays can be distributed to each data
packet.
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The system is correspondent to the following situations. During the arrival time ¢,
let ON/OFF source arrival time interval bey,, andi =1,2,...N,. Here {N,,¢=0}is
Poisson process with the parameter A such as E(y, | N, =n) = ﬁ From the con-
clusion of the Poisson process there is
E(N,))=At (14)
Now suppose that in interval (O,t)the ON/OFF source arrival moment is W,
k=12,..N,. From the previous deduction E(W, | N, = n) =ﬁt, W, obeys uni-

form distribution on (O, t) under the condition of N, =n.
Suppose that in(O,VK) the data packets are transmitted at the constant speed R in
the period 7, . The sum of the packets transmitted is ¢4 = S7,R .

Let the arrival moments of each packet be ;,, 7, ,...,1; 4 respectively.

JT Ja, .
E(r,j|¢]=m)=E(m+1)=m+l,]=1,2,...,m (15)

where a, is the expectation of 7, .

In (O,VK), let the expectation value of the total packets time delay be

). and the deduction of E (T

E(T 5

>

E(Tzl)=E(g(f—m))=E(E(2(t—m)m =n))

) is as the following:

= ip(q =n)E((nt—2r1k)¢l =n)

n=0

8

=N P(¢=n)nt-E(r, +...+1r,)|¢ =n)

=§P(¢z=n)<m—”“’>=E(¢z)(t—“—’) (16)
n=0 2 2
In (O, w, )the average packet time delay is
E(n)
E(T, )=——=t-—= 17
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n (0 W, ) the sum of each time delay is calculated in (Wan) with the same theo-

ry. Let r, B, be the arrival moment of each packet in (Ww W, )

21’ 22’

E(r, | =n)= (W ﬂ) EW)+L% j=12..n  (18)
n n+l

It can be deduced as the following.

(E(Zt T l%—n)
=§P(¢2=n)E(nt—2r2k|¢2=n)

k=1

E(T22)=E( S (t-1,)

&
-E()[1-£0%)-5 (19)

According to the same theory, we have
E(Tyl)=t—E(Wl)—% (20)
E(TYS)=t—E(WZ)—% @1)
E(1, )=1-E(m, )—% (22)

With the formulas (17) and (22), the total average packet time delay in (0, Nt) can
be deduced as the following.

E(T.

L )=E(T, +1;, +....+TXVI)=E[(TY‘ T, 4.t T, )|Nt]

- S P(N, = n)E [(TYI 4T, 4.t T, )|Nt]

EP(N n)(t—?+t E(W|N—n)——+ +t—?—E( W, |N, =n))
_EP(N —n)(nt n——Ez W,|N, _n):j

=2P(Nt=n)(nt—na—2’—(n—1)é)=E(N,)(é—az—r)+é (23)
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The average packet time delay of isochronous frame generation in self-similar traf-
fic is deduced as the following.

E(T ) t a t 1 1
E(T —_\V3/_t_ % F (s - 24
(Tae) E(N,) 2 > "o 2(t a’+)L) (24)

When packet arrival rate A =0.2 (packets/s), exponential distribution parameter
=5, the wait periods of frame-formation are 1.0s,1.2s, 1.4s, 1.6s respectively.
Theoretically the longer the wait time of frame is, the greater the average packet time
delay of the isochronous frame generation. In Figure 4, the average packet time delay
increases as the time ¢ grows. The theoretical curve and the simulation curve coincide,
which demonstrates the availability of the deduced theoretical formula.

0.75 T T T T T T T T T

TN CS . A S o, it e PR o oot S AN M (NG

0B5F B

—& —t=1.0 simulation value
—4#—1=1.0 theoretical value
q | =& ~t=1.2 simulation value
—&—1=1.2 theoretical value

(e e T e

The average packet time delay /{s)

=& —t=1.4 simulation value
055+ - | —%—t=1.4 theoretical value
—& —t=1.6 simulation value
e R e R T T —#—1=1.6 theoretical value
05T LT S T o T ah 2 - b LEEEE e Bl S BN il smmn =1
045+ B

L i o e e S A, R, S D, M. i e s k. i
2 4 6 8 10 12 14 16 18 20
The packet number of MPDU

Fig. 5. The Average Delay of Isochronous Frame Generation in Self-similar Traffic

It is well known that, in traditional Poisson model, the average delay of isochro-
nous frame generation is#/2, that is nothing to do with A. But in self-similar traffic
model used in this paper, we can see from formula (24) that the average delay is not
only related to A but also related to a, . It shows that the self-similar model can better

reflect the actual traffic of AOS than traditional Poisson model. The comparison of
Poisson model and the self-similar model in terms of the average packet time delay is
shown as Figure 6.

26 http://www.i-joe.org



Paper—A Scheduling Algorithm of Isochronous Frame Generation on Self-similar Traffic of AOS Multi...

0.9 T T T T T T T T T
—&—t=1.6 H=0.8 self-sililar model
—p-—t=1.6 H=0.75 self-similar model
085} —&—t=1.6 traditional Poisson model |
0.84 } +— —< —< 4 i

W 3
0.754 —

NP P PP e PP p—p B — B —p —p P —P= =D

o
~
5

The average packet time delay i{s)

1 1 1 1

2 4 6 8 10 12 14 16 18 20
The packet number of MPDU

0.65

Fig. 6. The Comparison of Poisson Model and the Self-similar Model in Terms of the Average
Packet Time Delay

4 Conclusion

The paper studies the function and mechanism of the multiplexing model of AOS
protocols in different characteristic of self-similar traffic. In the paper a scheduling
model of isochronous frame generation on self-similar traffic of AOS multiplexing is
proposed. With a rigorous theoretical analysis, the average frame time delay with
different arrival rates is studied. The calculating formula for the multiplexing effi-
ciency of frame generation is gained, which would contributes to the improvement of
performance of AOS. The experimental result shows that the simulation curve and the
theoretical curve almost coincide, demonstrating the correctness of the deduced theo-
retical formula. And the calculating formulas show that the self-similar model can
better reflect the actual situation than traditional Poisson model. Hence the research
can provide theoretical support for the construction and operation of AOS develop-
ment.
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