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maintenance more diﬃcult [13]–[15]. The mobile nodes in
such a network use solar batteries. Thus, the consumption
of energy must be carefully taken into account [16]–[18].
As we could see, the QoS guarantee for the satellite
network is a complicated and systemic problem. Each layer
within the protocol stack needs to provide a corresponding
mechanism, which requires a new QoS mechanism designing and researching [19]–[22]. At present, there are few examples about QoS guarantee in the satellite network. Some
researchers proposed the shortest path tree [23]–[26]. The
call admission control strategy using the IntServ model
[27], [28] was proposed by De Rango et al. An eﬀective
application of the DiﬀServ conversion [29] was proposed by
Fantacci et al. The end-to-end QoS guarantee mechanism
in the GEO satellite network [30] was proposed by Molinaro
et al. Most of above research works did not consider QoS
from a global perspective, which makes the model useless
for satellite network information transmission.

Abstract
As the backbone of transmission networks, satellite networks need
to support a variety of services to meet the demands of new
businesses and functions.

Because of the characteristics of the

satellite network, the services provided to users are also divided into
multiple priorities. Thus, the quality of service (QoS) requirements
for information in the satellite network will be more stringent. To
this end, the space-based QoS-guaranteed model should have strong
expansibility. Based on an analysis of the performance evaluation
standards of QoS systems in a satellite network, this paper proposed
a comprehensive evaluation criterion, and the simulation results show
that this criterion could guarantee the QoS for various businesses in
the satellite network.
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1. Introduction

2. QoS Evaluation Standard in the
Satellite Network

The topology of the satellite network would change constantly. But, its energy is very limited, comparing with
ﬁxed wired networks and traditional cellular networks.
Thus, the question of how to provide QoS support to
a satellite network environment is currently a signiﬁcant
challenge [1]–[3]. In addition, satellite platforms often rely
on battery power, which makes them susceptible to security attacks, especially with the increase in the number of
networks [4], [5]. Providing QoS support in the satellite
networks is a big challenge with many major problems
[6]–[10]. Because the nodes in satellite networks belong to
the wireless medium, the transmission of wireless signals
is subject to the path loss and multiple path fading. The
mobility of the nodes would lead to dynamic changes in the
network topology and make the network state information
changing frequently [11], [12]. It, in turn, makes routing

Eﬀectiveness and fairness are addressed by the QoS performance evaluation of a satellite network. As the user
views, eﬀectiveness refers to the service quality problems.
But, from the systemic point of view, eﬀectiveness generally refers to the service quantity problems. However, the
service quality and the service quantity are often contradictory. Fairness is relative, and it is related to the balance
between the users’ requirements and the system state.
2.1 Eﬀectiveness Evaluation
The normalized service quality function could be described
as (1):
ϕi,j (t) =
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ψi,j (t)
ψi,j

(1)

ψi,j is the target value of a certain service quality indicator,
and ψi,j (t) is the actual value at time t.
For the satellite network, main QoS indicators include
the transmission delay and packet loss rate. In the general
case, ψi,j (t) > ψi,j , so ϕi,j (t) < 1, and users could not get
satisfactory service. Furthermore, the performance of the
network did not rely on a single service quality indicator.
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Diﬀerent users might have diﬀerent preferences for a certain
performance or various performances. As a result, it needs
more comprehensive attention. Here, one feasible way is to
use the weighted average.
ϕi,j (t) =

n


ω × ϕ(i,j),k (t)

L as the required parameters for QoS. In the following sections, we give two comprehensive performance evaluation
mechanisms.
Criterion 1: throughput T + delay D
The power equation is proposed to evaluate the eﬀectiveness and deﬁne the relationship between the throughput and the delay.

(2)

k=1

ωk is the weight of the QoS indicator function, and
n

ωk = 1.

Power =

k=1

(5)

However, it is not appropriate to use such formula.
This formula is based on the M/M/1 queue model, and not
suitable for the satellite network. Moreover, this formula
is deﬁned in a single connection. Consider that a multiqueue model is composed of multiple service classes. That
is to say, if the length of the queue is limitless, the lengths
of all have the same distribution, and the server works
persistently, then the systematic total average delay is
deﬁned by (6):

2.2 Evaluation of Fairness
After using a representative way as normalized performance function, the fairness of the ﬂows could be judged by
this function. Namely, if two normalization performance
functions are equal, it means fairness. When treating the
class of multiple ﬂows as a whole, to assess its fairness,
following two mechanisms are applicable:
(1) using the mean and variance: the fairness coeﬃcient
of all the ﬂows in class i is deﬁned by (3):
ηδ,i (t) = σδi (t)/δi (t)

Throughputa
(0 < a < 1)
Delay

N

d(λ) =

1
λi d i
λ i=1

(6)

(3)
where λi represents the average arrival rate of packets of
service class i, d represents the average queueing delay
of packets of service class i, and the contribution to the
average system delay of service class i is λλi di .
Thus, the original power formula changes to (7):

where δi (t) is the total performance function of all
the ﬂows, and σδi (t) is the variance. The smaller
ηδ,i (t) represents the smaller performance diﬀerence
and greater fairness.
(2) The fairness index based on Raj Jain’s approach
Based on the assumption that fairness means the values
of the normalized performance functions are equal, we
can obtain the fairness index of all ﬂows with respect
to class i:

Power =

 a
Throughputa
( Ti )
(0 < a < 1)
= 1
λi d i
d(λ)
λ

(7)

2.3 Comprehensive Performance
Evaluation Criterion

We can see from such formula that to enhance the
eﬀectiveness of the cyber source distribution, we need
to make (7) gain greater value. Figure 1 shows this
power curve of the network, and in theory, the distribution
strategy should summit the curved peak.
For a satellite network, however, it is very diﬃcult to
accurately control achievement of an absolute peak. As
a matter of fact, we could only roughly change a certain
load and the arrival speed of packets so as to make the
eﬀectiveness of the network on the area approach the
curved peak, which enhance the system’s performance.
The relationship between the system packet loss rate and

The above analysis is based on some certain performance,
but high requirements in one performance area may lead
to a serious decline and will not be accepted by users.
Some kind of network transmission control strategy could
be carried out through compromising on multiple areas of
quality in the service requirements.
The ﬁnal goals in performance researches on network
transmission control include eﬃcient performance overall
and the QoS requirements. Network performance parameters, such as overall eﬃciency, could reﬂect and measure these goals. Because most of the QoS requirements
demand the delay and loss rate to be as small as possible,
we could exactly choose the delay D as well as the loss rate

Figure 1. Schematic diagram of the power formula.

⎛
fδ,i (δi,1 , δi,2 , . . . , δi,n ) = ⎝

n


⎞2
δi,j ⎠ /n

j=1

n


δ2

(4)

j=1

When all δi,j are equal, this means that the fairness of
class i is the best.
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throughput is similar. According to above equation, we
could deﬁne the mean formula as (8) for the packet loss
rate:
N

l(λ) =

1
λ i li
λ i=1

(8)

where li represents the packet loss rate of some service
class i.
Thus, in a similar way, a similar power formula is
deﬁned as infra:
Power =

 a
Throughputa
( Ti )
(0 < a < 1)
= 1
l(λ)
λ i li
λ

Figure 2. Network transmission control model for the N
service classes.

(9)
average arrival rate of the service class j. (2) Compared
with the load of a lower class, the load of a senior
class would have a greater impact on the increase
in the average delay. (3) If the delay diﬀerentiation
parameter of a certain service class increases, all other
service classes’ average delays would be reduced, and
the average delay of this service class would increase.
(4) When the partial load of service class i is moved
to the service class j, and the total load is unchanged,
where i < j, each kind of average delay would increase.
(2) The loss rate of L + fairness F
The network transmission control model of the N
service classes is illustrated in Fig. 2, where every
logical queue corresponds to a certain service class.
The proportional fairness principle requires the performance proportional to those corresponding distinguishing
parameters set by the network managers:

Similar to the above discussions, in a satellite network,
we could also tune certain loads and the arrival speed of
packets to make the eﬀectiveness of the network on the area
near the curved peak, which would improve the system’s
performance.
Criterion 2: quality of service requirements + fairness F
By just selecting the delay D and loss rate L as
the required parameters for QoS, such criterion could be
divided into following two criterions.
(1) Delay D + fairness F
Considering that fairness is based on the queuing delay,
we could use the queuing delay as the performance
parameters for the proportional fairness principle. The
delay measurement of the simplest service class is based
on the average queuing delay over a long period of time.
If we use di to represent the average queuing delay of
a packet in the service class i, then the proportional
fairness principle could be deﬁned in 10:
F =

di
dj
=
(i, j = 1, 2, . . . , N )
δi
δj

F =

(13)

3. Satellite Network QoS Performance Evaluation
λi di = λd(λ)

(11)

We used the OPNET software to carry out the simulation.

i=1

3.1 The Resource Reservation

Combining (10) and (11) together, the average queue
delay of the service class i is:
di =

(i, j = 1, 2, . . . , N )

where σi is the loss rate distinguishing parameter, and
σ1 > σ2 > · · · > σN > 0. The main idea of the proportional
loss model is to keep the real-time loss rate estimation li
for every class constant relatively.
Criterions 1 and 2 should be independent of each other.
They could be combined into an evaluation criterion for
the satellite network to provide a more comprehensive
performance evaluation.

(10)

where the parameter δi is the delay diﬀerentiation parameter required by the user, and δ1 >δ2 > . . . > δN > 0.
Assume that the proportional fairness principle is feasible, d(λ) is the total average queue delay, and the
packet length distributions for all classes of services
are the same, then this assumption implies that:
N


li
lj
=
σi
σj

δi d(λ)
δ1 λλ1 + δ2 λλ2 + · · · + δN λλN

In contrast to adopt a conﬁrm service business, the
connection-oriented service business should be provided
with the resource reservation protocol to ensure the QoS
requirements on the network. Resource reservation could
use the general signalling responses model. In this model,
the bandwidth should be mainly taken into consideration.
(1) Resource reservation mainly involves reservation and
cancellation. Reservation was for the resource reservation of a business request, where the label edge router

(i = 1, 2, . . . , N )
(12)

According to previous three formulas, we could draw
following conclusions: (1) the average delay in the
service class i would increase with the increase in the
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Figure 3. Schematic diagram of the simulation model for
business reservation.
(LER) node sent a reservation signal to the downstream node. The downstream node judges whether
the business had been reserved resources, and if it had,
it would not be treated. Otherwise, the node should
give judge. The LER node must receive all the nodes
with a successful reservation response; otherwise, it
returned the reservation failure response. Cancellation happened when a node was unable to achieve
the resource reservation request, or the sending source
needed to cancel the reservation application, or a routing switch, and all the nodes on the path, needed to
be cancelled with resource reservation. The LER node
sent a cancellation signal to each node. After receiving
the signal, the downstream nodes released the reserved
bandwidth and recorded the business that still has no
resource reservation.
(2) The simulation results: there are three businesses
sharing one link, two businesses without resource
reservation, whose priorities are 0 and 1, and the loss
packet threshold value is 40,000. There is one resource
reservation service, whose priority is 3, with a resource
reservation of 40,000, a bottleneck link bandwidth of
100,000 (bit/s), a task ﬂow rate of 40 p/s, where each
packet is 1,000 bits, and the added packet head is
1,152 bits in total. The simulation model is illustrated
in Fig. 3.
For each resource reservation service, the nodes have
a special sending queue, and each data packet is sent
according to the reserved bandwidth. The network service
quality is relatively stable. As illustrated in Fig. 4, the
delay in the resource reservation service does not have a
high ﬂuctuation.
For the loss packet rate, the resource reservation service
also has a certain loss, and the reason is that the reserved
bandwidth is smaller than the client’s sending bandwidth.
Thus, the length of the corresponding sending queue on
the satellite’s sending port will make full use of the drop
tail strategy. The loss packet rate is relatively higher
and also inﬂuenced by the priority which means that a
higher priority business’s dropping probability is lower as
illustrated in Fig. 5. We realized that the reservation
mechanism was a kind of imperfect reward mechanism with
packet loss, using the drop tail. Therefore, the resource
reservation could not be lower than the transmission speed;
otherwise, the discard mechanism is not ideal.
The resource reservation’s throughput rate is very
stable with respect to the throughput rate. However,

Figure 4. Comparison of the three kinds of delay.

Figure 5. Loss comparison chart of resources.
those services without reservation will strive for bandwidth
according to the priority (refer to Fig. 6).
3.2 The Middle–Low Orbit Constellation
Simulation
The complex model considered the QoS eﬀects of the
middle orbit satellite, rather than considering the routing
problem. The diﬀerences between middle orbit and low
orbit are mainly due to delay and bandwidth. The middle
orbit satellite’s bandwidth is larger, whereas its delay is
longer. Therefore, diﬀerent choice of route between a
middle orbit and a low orbit has signiﬁcant eﬀects on QoS.
This model here used 66 low orbit satellites and 18 middle
orbit satellites, as shown in Fig. 7.
Client 00,01,02 is a low orbit service, respectively,
passing through 2,3,4 low orbit satellites to route. Client
10,11,12 is a middle orbit service, respectively, passing
through 1,2,3 middle orbit satellites and two low orbit
satellites to route. From the utilization rate illustrated in
Fig. 8, we could see that the link utilization rate was 25%
without congestion happening.
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At this time, the transmission delay of six businesses
is illustrated in Fig. 9.
In this case, the numbers of satellites were the same,
the delay in transmitting completely through the low orbit
satellites was smaller than that in the middle orbit, but
they were also easily congested in case of heavy load.
When some new user clients and client 00 shared one
link, network congestion occurred and the delay of six
businesses was illustrated in Fig. 10. At this time, the
business delay depended entirely on the signiﬁcant increase
in transmission in the low orbit satellites, in contrast to
the transmission in the middle orbit satellites. The low
orbit satellite transmissions have no obvious advantage in
heavy load conditions but could improve the QoS in case
of less network load.
As for the throughput rate, low orbit satellites with
limited resources and small bandwidth would easily reach
saturation. However, transmissions through middle orbit
satellites could still greatly improve the throughput rate,
as illustrated in Fig. 11.

3.3 Satellite Network Priority Simulation
For three conﬁrm service businesses, with priority of 0,1,2,
respectively, sharing one link, 100,000 bits as the bottle-

Figure 8. Schematic diagram of the link business without
congestion.

Figure 9. The delay comparison of six businesses in the
low load condition.

Figure 6. Schematic diagram of three situations.

Figure 7. Schematic diagram of middle-low orbit constellation simulation.
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Figure 10. The delay comparison of six businesses in a
large load condition.
Figure 12. Delay comparison.

Figure 11. Comparison of middle-low orbit throughput
rates.

Figure 13. Comparison of the packet loss rate for the three
kinds of businesses.

neck link bandwidth, a task ﬂow rate of 50 packets per
second, each packet of 1,000 bits, and 1,152 bits of added
packet head in total, namely, 57,600 bit/s, the total ﬂow
rate was 172,800 bit/s, and 3,000 for the entire threshold for the packet loss. The degree of congestion was
high relatively. For diﬀerent levels of services, each satellite node had a diﬀerent sending queue which weight in
sending was diﬀerent from the weight of the packet loss.
Thus, the qualities of services were also diﬀerent. There
were three queue parameters: weight[0] = 1,weight[1] = 2,
weight[2] = 3. These parameters could be adjusted in accordance with real needs.
(1) The simulation results for delay: we could see that
the delay with higher priority was small and stable
relatively, due to the larger weight of sending, as
illustrated in Fig. 12.
(2) The simulation results for the packet loss rate: we
could see that the services with lower priority lost more
packets as illustrated in Fig. 13. Many factors would
aﬀect the packet loss probability, and diﬀerent priority

queues in the sending port of the satellite nodes had
diﬀerent packet loss probabilities. Each queue decided
its own diﬀerent packet loss probability according to
the exp-domain of mpls tags. The exp-domain in such
three kinds of services was the same, but when in
diﬀerent queues, only the inﬂuences of the diﬀerent
priority queues for packet loss were evident.
(3) The simulation results throughput: the factor which
aﬀects the throughput rate is the QoS. That is to say,
the sending rate is determined by diﬀerent sending
weights of the diﬀerent priorities. The throughput
rate of high priority services was high, as illustrated
in Fig. 14. The total throughput rate of the network
was limited by the bandwidth of the bottleneck link,
the ﬂuctuation of the throughput rate related to the
transmission control protocol (TCP) mechanism, and
the throughput rate ﬂuctuation was small relatively
with resources reservation.
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Figure 14. Comparison of the throughput rate in three
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4. Conclusion
With the advancement of mobile satellite networks, the
technology for QoS assurance has become a research hot
spot in this ﬁeld. Guaranteeing QoS in satellite networks
tends to be more complex and diﬃcult to achieve because
of the characteristics of satellite networks. In this paper, a
standard on evaluating the performance of a satellite network is proposed, and the OPNET simulation software has
been used to analyse the performance. Those simulation
results show that such comprehensive evaluation method
achieved a better result.
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