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 Recently, constellation of satellites has drawn a lot of interest from academia 

and industry as potential solution for extensive coverage of wide range of 

internet of things (IoT). In this work, IoT devices was assumed to be covered 

by constellation of low-earth orbit (LEO) satellites where the medium access 

control (MAC) technique called slotted ALOHA is employed. In this article, 

we use a constellation of satellites to reduce the collision domain and 

enhancing performance in order to obtain maximum results. We have carried 

out some modeling and simulations to optimize the number of satellites with 

different erasure probabilities with respect to IoT devices in order to enhance 

throughput and stability of slotted ALOHA protocol using the network 

simulator 2 (NS2). The numerical results have shown an improvement in 

terms of throughput and stability. And the simulation of the same system 

using NS2 is conducted and shows a good correlation with the theoretical 

study. Where the throughput reached 0.82% instead of 0.52%. Our findings 

offer proof that this method helps to use large number of IoT, and reduce 

collisions compared to conventional slotted ALOHA.  
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1. INTRODUCTION  

The past few years have seen a steady rise in interest in multiple access protocols for wireless 

networks. Emerging applications in this field are distinguished by the large number of internet of things 

(IoT). In our study, IoT refers to a wireless sensor device used in several application areas to monitor ocean 

conditions, weather conditions, animal tracking, smart agriculture [1], [2]. Medium access control (MAC) 

mechanisms used in satellite networks, regardless of their architecture direct, indirect, or a hybrid of the two, 

were not intended to offer scalable approaches for the increasing number of IoT. Many of which have low 

hardware or power capacities that share a single channel for short-duration data packet transmissions [3]. 

Random access (RA) policies seem particularly appealing in the context of medium access, as schedule-

based solutions are inefficient when small data transferred with unpredictable manner. Time division multiple 

access (TDMA) lose performance with low-earth orbit (LEO) satellite constellation due to complexity and 

synchronization [4]. The same disadvantage exists with code division multiple access (CDMA). Slightly 

modified versions of ALOHA [5], [6] have already found their way into commercial solutions. However, 

collisions naturally restrict the performance of such schemes [6], [7]. In order to close this gap, protocols that 

incorporate the diversity principle into ALOHA have been developed as a result of RA's resurgence in 

popularity. Several protocols have been developed based on this concept, ranging from the time synchronous 

coded slotted ALOHA (CSA) [8]-[10], and frameless ALOHA [11], to asynchronous alternatives [12]. These 

https://creativecommons.org/licenses/by-sa/4.0/
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methods create time variety through replication, which may result in significant increases in transmitter 

complexity and power consumption as well as significant demands on the receiver's memory and processing 

capacity for the successive interference cancellation (SIC) processes applied for removing copies in 

successfully decoded.  

The production of satellites technologies and rocket launch, as well as the advancement of systems 

communication technologies, have all contributed to the space industry's recent exponential growth [11]. The 

attractive result of these evolutions decreases in the cost through LEO satellites. This kind of satellite has drawn 

a lot of interest for potential uses due to its low latency, modular design, and comparatively low cost when it is 

compared with geostationary-earth orbit (GEO) satellites. LEO orbit satellites would be advantageous in this 

situation [13] because of their potential for worldwide coverage and lower propagation signal loss. 

Massive investments from the private sector are being made for constellation of satellites [14], [15], 

as demonstrated by SpaceX [16] and oneweb [10] given that a single LEO is insufficient to service a vast IoT 

network. A promising trend for future network applications is the constellation of multiple satellites into orbit 

[17], [18] where IoT send their data collected via wireless media, with attempts to receive it at various 

satellites. In this paper, section 2 describes related works. Section 3 presents method and system model of 

IoT devices which want to send their collected data to a constellation of satellites, and the system 

constellation throughput. While section 4 discusses the simulation analysis and numerical results. Section 5 is 

reserved for conclusion. 

 

  

2. RELATED WORKS  

The number of IoT devices has been rapidly growing, and it is likely that this trend has continued.  

A large number of IoT devices are being deployed across various industries and sectors. Efficient and reliable 

communication is essential for the success of IoT applications. There are several communication protocols 

and technologies used in IoT to enable devices to communicate with satellites. But throughput is decreased 

by a high number of collisions caused by IoT connection with satellite constellations, where satellites receive 

a large number of packets simultaneously. Many studies and research are focused on these issues [19]-[21]. 

A traffic allocation technique that maximizes traffic in a multiple satellite system is presented in [17]. 

It is based on linear programming. Furthermore, the technique takes the visibility likelihood into account 

when allocating traffic to each satellite. In order to increase system capacity, the authors of [22] suggest a 

load-balanced satellite handover technique that involves a simultaneous handover frequency and workload 

optimization problem. Furthermore, a traffic load distribution approach using an adaptive power allocation 

algorithm for a multiple satellite connection model in order to maximize the system throughput. 

In contrast to [19], where receivers use orthogonal access channel while sending data to the satellite, 

the authors concentrate on a scenario where relays share a slotted ALOHA channel to transmitting data, and 

compared with [20], [21] which proposed a system model using slotted ALOHA protocol with a collection of 

clustered devices which sends their messages to constellation of satellites. In fact, the channel took into 

consideration on-off fading model and considering equal erasure probabilities for all satellite constellations to 

calculate the throughput. In our case, using the model in [20] with different erasure probabilities is very 

likely than using the same erasure probabilities [20]. We have shown the erasure configuration when 

throughput takes a maximum value.  

Our findings in this article indicate higher constellation satellites throughput. Furthermore, we 

examine how the various topologies and positions of the satellite constellation affect system throughput and 

stability. The proposed method in this study tended to have an inordinately higher proportion of packets 

successfully received compared with other papers [20] accompanied with numerical results and  simulation 

using network simulator 2 (NS2) simulator. 

 

 
3. METHOD AND SYSTEM MODEL 

We take into consideration the system depicted in and Figures 1 and 2, which consists of a limited 

number of IoT devices willing to share a common channel with a constellation of nanosatellites in a circular 

LEO in order to transmit the information they have gathered. We assume that time is split up into slots for 

channel access. The T time-slots are independently from each other. Every frame starts with a random 

number of IoT devices active in each time-slot. The probability of u users transmits in time-slot following 

independent poisson distributions. 
 

P(U = u) =
(Gu)e−G

u!
 (1) 
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Figure 1. Constellation with 2 satellites with different erasure probabilities and spacing P=10 
 

 

 
 

Figure 2. Constellation with 4 satellites with different erasure probabilities and spacing P=5 

 

 

The time to move from one location to another by satellite is referred to as an iteration [23]. 

Additionally, each time the constellation of satellites crosses over the IoT [24], it is referred to as a lap. Every 

iteration takes the same amount of time [25]. The (instantaneous) coverage area of the nanosatellite is 

determined by the half-angle measured at earth's center. In (2) gives the half-angle [26]. 

 

θ = [Ar cos [
RT

RT+h
cos(Emin)] − Emin] (2) 

 

Where: Emin: the elevation angle, Emin = 10° 

             h: the Picosatellite altitude 

The effective earth radius, or RT, is equal to 6378.137 km 

For  Emin = 10° and h=650 km, we get: 

 

θ = 16,650° 

  

In this case, for an orbit over the equator with an inclination angle of zero, the total number of 

separate and concatenated service zone on Earth is equivalent to 
360

2θ
=11,25. For the rest of the paper, we 

consider that every service zone is divided into 20 positions of satellites with on-off fading channel modeling 

[20], [27]. The erasure probabilities α1, α2, … . . αk depending on the satellite's location and IoT devices. 

Observe from Figure 1 that the erasing chance is lowest at the place closest to the zenith, while positions near 

the horizon have the highest erasure probabilities. in order for the satellites to detect a specific erasure 

probability αk, kϵ{1,2, … . . K}. 

Scenario 1. Table 1 explains the erasure probabilities and the positions of satellites with K=2, and 

spacing of P=10. In this case, both satellites are separated by 10 positions. In the next step, the second 

satellite take the position of the first satellite). Additionally, we examine a collection of 10 distinct erasure 

probabilities, denoted by αkϵ{0.01;  0.1;  0.2;  0.3;  0.4;  0.5;  0.6;  0.7;  0.8;  0.9}. These may be directly 

correlated with the satellite's elevation angle relative to the IoT devices, ranging from 90° at the zenith to 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Enhancing performance of slotted ALOHA protocol for IoT covered by constellation … (Zakaria Chabou) 

4033 

nearly 0° at the horizon. We have 20 positions. We therefore need approximately 20 satellites to cover the 

service area at all times where all IoT devices are positioned in this area [28]. 

 

 

Table 1. Erasure probabilities at each location with P=10 satellite spacing, when taking K=2 satellites 
P SAT P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 

10 

SAT1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 - - - - - - - - - - - 

SAT2 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 - 
SAT3 - - - - - - - - - - 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.01 

 

 

Scenario 2. Table 2 explains the erasure probabilities and the positions of satellites with K=4 and 

spacing of P=5. In this case, both satellites are separated by 5 positions. The second satellite moves into the 

first satellite's current location in the following iteration. 

 

  

Table 2. Erasure probabilities at each position with spacing P=5 and LEO satellites number K=4  
P SAT P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 

5 

SAT1 0.9 - - - - - - - - - - - - - - - - - - - 
SAT2 0.4 0.5 0.6 0.7 0.8 0.9 - - - - - - - - - - - - - - 

SAT3 0.1 0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 - - - - - - - - - 

SAT4 0.6 0.5 0.4 0.3 0.2 0.1 0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 - - - - 
SAT5 - - 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.01 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

SAT6 - - - - - - - 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.01 0.1 0.2 0.3 

SAT7 - - - - - - - - - - - - 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 

  

 

In Table 3 we explain the variation of number satellites in orbit according to the number of positions 

between two satellites. Where if the number of positions between to satellite is 1 the number of satellites in 

the zone of service is 20 and the erasure probability Epsilon equal 0.1. We also notice that the number of 

satellites decreases as the number of position increases. 

 

 

Table 3. Number of satellites in orbit according to the number of positions between two satellites 
Position between two satellites Sat/Zone Epsilon Sat/Orbit 

1(position) 20 0.1 220 

2 10 0.2 110 
3 7 0.3 74 

4 5 0.4 55 

5 4 0.5 44 

6 3 0.6 37 

7 3 0.7 32 

8 3 0.8 27 
9 3 0.9 24 

10 2 1 22 

 

 

Moreover, we consider a fixed erasure probability. These erasure probabilities may be associated 

with the satellite's elevation angle relative to the IoT [29]. The minimum elevation angle Emin  is necessary to 

achieve a reliable communication and determines the satellite visibility time in service area [30].  The time 

taken by the satellite to do one orbit around the Earth is: 

 

𝑇𝑣 = 2𝜋. (
(𝑅𝑇+ℎ)3

𝜇
)

1

2
 (3) 

 

𝑇_𝑣 = 5860 𝑠 = 97,66 𝑚𝑖𝑛 

 

With the gravitational Earth constant μ=3.986×1014 m3s−2, the satellite altitude h=650 km, and the Earth 

radius is RT=6378 km, the satellite speed is: 

 

𝑉𝑇 = √
𝜇

𝑅𝑇+ℎ
 (4)  
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The speed of satellite around the Earth at the altitude of 650 km, is equal to VT=7.531 km/s [26] 

where each IoT keeps the same visibility time. The shape of the earth and obstructions like mountains make 

it impossible for a satellite to see any place on Earth with an elevation angle lower than Emin. The amount of 

time that a single satellite is visible at any given location on Earth depends on the radius and gravitational 

constant. From (3) calculates the nanosatellite visibility time for each IoT, which is 5860 seconds during the 

Nanosatellite pass [31]. If a packethasn’t been erased by the channel and if no packets have collided with it. 

The packet will be successfully received at the satellite [32]-[34]. 

A receiver does not take into account the capture effect or multi-user detection [35]. According to 

the fading channel method that was first introduced in [27], we consider a data unit to be either fully 

shadowed with probability (1-α). Based on these suppositions, a binomial distribution of parameters  

(u; 1 − 𝛼) governs the quantity of non-erased packets that reach a constellation when u simultaneous 

transmissions occur over a single slot. The probability P(k) of a successful reception is: 

 

𝑃(𝑘) =  (𝑢
𝑘

) 𝑝𝑘 𝑞𝑢−𝑘 (5) 

 

So, (5) becomes: 

 

𝑃(𝑘) =  
𝑢!

(𝑢 − 𝑘)! 𝑘!
 𝑝𝑘 𝑞𝑢−𝑘 

 

And for k=1 becomes: 

 

𝑃(𝑘 = 1) = 𝑢(1 − 𝛼)(𝛼)𝑢−1 

 

where: P(k=1): probability of successful reception when numbers of success among (u) trials k=1 

u: numbers of trials 

k: numbers of success among (u) trials 
(𝑢)!

(𝑢−𝑘)!𝑘!
: numbers of outcomes with exactly k success among (u) trials 

(1 − 𝛼)(𝛼)𝑢−1: probability of 1 success among (u) trials 

The amounts of successfully received packets during a time slot at the kth satellite [36], or the 

average throughput, is then: 

 

𝑇ℎ𝑆𝐴 = ∑  [𝑃(𝑘 = 1) ∗ 𝑃(𝑈 = 𝑢)]∞
𝑢=0  (6) 

 

𝑇ℎ𝑆𝐴 = ∑  [
(𝐺𝑢)𝑒−𝐺

𝑢!
𝑢(1 − 𝛼)𝛼𝑢−1]∞

𝑢=0   

 

𝑇ℎ𝑆𝐴 = 𝐺(1 − 𝛼)𝑒−𝐺(1−𝛼) 

 

The packets successfully received at one satellite per time slot is known as the system throughput 

(𝑇ℎ𝑆𝐴). 

As a result, multiplicities need to be eliminated. The throughput is not the total throughput that 

satellite experiences. In order to account for the intersections, inclusion-exclusion [37] can be applied to the 

cardinality of sets of packets that satellite has successfully received. For example, using the inclusion-

exclusion principle, the distinct received successfully packets for the three sets D1, D2, D3, and D4 is: 

 
|𝐷1 ⋃ 𝐷2 ⋃ 𝐷3 ⋃ 𝐷4| = |𝐷1| + |𝐷2| + |𝐷3| + |𝐷4| − |𝐷1 ⋂ 𝐷2| − |𝐷1 ⋂ 𝐷3| − |𝐷1 ⋂ 𝐷4| −
|𝐷2 ⋂ 𝐷3| − |𝐷2 ⋂ 𝐷4| − |𝐷3 ⋂ 𝐷4| + |𝐷1 ⋂ 𝐷2 ⋂ 𝐷3 ⋂ 𝐷4|. 

 

The double-counted elements in the D1, D2, D3, and D4 sets are eliminated. This is applicable to K sets in 

general [37]. 

The quantity of packets gathered by the group of relays inside a slot is uniformly distributed over 

various time intervals and is independent. Now that we have seen how the uplink channel behaved for 

consecutive slots, let 𝐷𝑘 represent the collection of data units that satellite k decoded over the duration of the 

observation. As a result, the total set of packets gathered can be written as ⋃ 𝐷𝑘 
𝑘𝜖𝐾 . By the weak law of large 

numbers [37], we have: 

 

|⋃ Dk
K
k=1 | = ∑ (−1)|β|+1|⋂ Dj

 
jϵβ | 

β≠Ø  (7) 
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where β is a set that contains the subsets indexes that need to be evaluated at their intersection. The satellite 

ordering matters in our scenario because the erasure probabilities are different. After that, it is essential to 

understand ⋂ 𝐷𝑗
 
𝑗𝜖𝛽 , which is the intersection cardinality of sets that a subset β ⊆ {1, … , K} of satellites with 

cardinality |β| successfully received. Taking into account the traffic model previously described, the 

probability of same packet being received by |β| satellites is given by the fact u packets simultaneously 

transmitted in time slot [17].  
 

qβ = u ∏ (1 − αk)(αk)u−1
kϵβ  (8) 

 

The average packets received by |β| satellites [38], for all u, after the realization of many time-slots 

is |⋂ 𝐷𝑗
 
𝑗𝜖𝛽 | = ∑  [𝑞𝛽 ∗ 𝑃(𝑈 = 𝑢)]∞

𝑢=0 . Consequently, given varying erasure probabilities [33], the system 

throughput ThT is: 

 

ThT  = ∑ (−1)|β|+1|⋂ Dj
 
jϵβ | 

β≠Ø,β⊆{1,…,K}   (9) 

 

ThT  = ∑ (−1)|β|+1 
β≠Ø,β⊆{1,…,K} ∑  [𝑞𝛽 ∗ 𝑃(𝑈 = 𝑢)]∞

𝑢=0   

 

ThT  = ∑ (−1)|β|+1 
β≠Ø,β⊆{1,…,K} ∑  [u ∏ (1 − αk)(αk)u−1

kϵβ ∗
(Gu)e−G

u!
]∞

𝑢=0   

 

ThT = ∑ (−1)|β|+1 G ∏ (1 − αk) 
kϵβ  e−G(1−∏ αk

 ) kϵβ 
β≠Ø,β⊆{1,…,K}   

 

In practical case for K=4, we have: 

β={{1},{2},{3},{4},{1,2},{1,3},{1,4},{2,3},{2,4},{3,4},{1,2,3},{1,2,4},{1,3,4},{2,3,4}} 

So: 

ThT = G(1 − α1)e−G(1−α1) + G(1 − α2)e−G(1−α2) + G(1 − α3)e−G(1−α3) + G(1 − α4)e−G(1−α4) −

G(1 − α1)(1 − α2)e−G(1−α1α2) − G(1 − α1)(1 − α3)e−G(1−α1α3) − G(1 − α1)(1 − α4)e−G(1−α1α4) −

G(1 − α2)(1 − α3)e−G(1−α2α3) − G(1 − α3)(1 − α4)e−G(1−α3α4) + G(1 − α1)(1 − α2)(1 −

α3)e−G(1−α1α2α3) + G(1 − α1)(1 − α2)(1 − α4)e−G(1−α1α2α4) + G(1 − α1)(1 − α3)(1 −

α4)e−G(1−α1α3α4) + G(1 − α2)(1 − α3)(1 − α4)e−G(1−α2α3α4) − G(1 − α1)(1 − α2)(1 − α3)(1 −

α4)e−G(1−α1α2α3α4)  

but when α1 = α2 = α3 = α4 = α  the system throughput for k=4 becomes ThT = 4G(1 − α )e−G(1−α ) −

6G(1 − α )
2e−G(1−α2

 ) + 4G(1 − α )
3e−G(1−α3

 ) − G(1 − α )
4e−G(1−α4

 ), [20], (6)). In equal erasure 

probabilities, αk = α the cardinality becomes |⋃ Dk
K
k=1 | = ∑ (K

J
) (−1)J−1|⋂ Dj

 
jϵβ | K

j=1  as in ([20], (5)).  

 

 

4. RESULTS ANALYSIS AND DISCUSSION 

We evaluate the constellation satellites throughput in this article. Furthermore, we examine how the 

various topologies and positions of the satellite constellation affect system throughput and stability. 

Assuming a constellation with K=2 and K=4 satellites, with different erasure probability at different 

positions. Figure 3 shows the throughput achieved as a function of the traffic load per position. The satellite 

constellation traveling with adjacent positions with a space between the satellites equal to P=10, while k=2 is 

the size of the satellites number that are visible for the IoT devices with different erasure probabilities see 

Figure 3. 

The curve of throughput varies according to the erasure probability that the satellites 1 and 2 takes 

in its position and we notice that certain curves are identical. The different erasure probability which can take 

the two satellites in constellation are (α1, α2) ϵ {{0.1,0.9}, {0.3,0.7}, {0.5,0.5}, {0.2,0.8}, {- ,0.01}}. The 

maximum value of throughput achieved when the erasure probability of satellite 1 and 2 are 

(α1, α2)={0.6,0.4}, (α1, α2)={0.5,0.5}, and the channel load G=2, and begins to decrease when the value of 

the load reaches G=3. On the other hand, the minimum value of throughput achieved when the erasure 

probability of satellite 1 and 2 are (α1, α2)={-,0.01} it means that the second satellite is out of visibility in 

relation to IoT in service area and the channel load G=2, and begins to decrease when the value of the traffic 

load reaches G=1.6.  
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Figure 3. Throughput according to channel load G with k=2 at different positions of satellite constellation 
 

 

In the case where number of satellites is K=4 in Figure 4 the positions space between satellites are 

equal to P=5, with different erasure probabilities (α1, α2, α3, α4) ϵ {{0.9,0.4,0.1,0.6}, {0.5,00.1,0.5}, 

{0.7,0.2,0.3,0.8}}. In the Figure 4, the throughput reaches its highest value ThT = 0.9 when the average load 

equal G=2.9 and the value of erasure probability of the Sat1, Sat2, Sat3, Sat4 is (α1, α2, α3, α4)= 

{0.7,0.2,0.3,0.8}, and begins to decrease when the value of the load reaches G=4. Figure 5 shows the average 

throughput based on channel load for K=2 and K=4 satellites. The throughput value for K=4 satellites is 

greater than the contribution to two satellites. Where  the throughput reached the maximum at ThT = 0.82 

and the average load equal G=2.6. While  the throughput of  K=2 reached the maximum at ThT = 0.52 and 

the average load equal G=1.9. 
 
 

 
 

Figure 4. Throughput according to channel load G with k=4 at different positions of satellite constellation 
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Figure 5. Average throughput according to channel load for k=2 and K=4 

  

 

Figure 6 show the results for K=1 and K=2 satellites validating the analysis of the packet 

successfully received according to the time of retransmission, for 50 Terminals and K=1 is less than K=2, 

where for K=1 the packet successfully received with stability of system is 98 and for two satellites is 154. 

For a long retransmission duration, the number of successfully received packets decreases for both curves 

because the packets become out of system. In Figure 7, for the case of 100 terminals in the service zone, the 

packet successfully received according to the time of retransmission for K=1 is less than K=2, whereas for 

K=1, the packet successfully received with the stability of the system is 151, and for two satellites, it is 262. 

For a long retransmission duration, the number of successfully received packets decreases for both curves 

because the packets become out of system. The results indicate that the constellation of satellites with K=2 

satellites can increase the number of successful received packets and reduce collisions despite the large 

number of IoT devices. The constellation of satellites simulation when we use two satellites in  

Figures 6 and 7 increases the throughput, as discussed in the theoretical results analysis in Figures 3 and 4. 
 

 

 
 

Figure 6. Packet successfully received by constellation according to the time of retransmission for 50 

terminals with k=1 and k=2 
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Figure 7. Packet successfully received of constellation according to time of retransmission for 100 terminals 

with K=1 and K=2 

  

 

5. CONCLUSION  

In this paper, we have examined the throughput and stability performances of slotted ALOHA 

protocol where IoT devices transmits towards a constellation of non-cooperative satellites with a different 

erasure probability for each satellite. Considering an on-off fading model, we offered exact analytical 

expressions for the uplink channel for a number of LEO satellites in visibility with a service zone containing 

a set of IoT devices. The numerical results have showed an improvement in terms of throughput and stability 

of slotted ALOHA protocol as much as the number of satellites in visibility increases and inter-satellite 

spacing decreases. The simulation of the same system using NS2 simulator is conducted and shows a good 

correlation with the theorical study. 

The proposed method in this study tended to have a higher proportion of packets successfully 

received. Our findings offer  definitive proof that this  method help to use more IoT devices per service area, 

and reduce collisions. Future research may look into simulate and evaluate slotted ALOHA protocol with 

cooperative constellation satellites. 

 

 

REFERENCES 
[1] J. A. Fraire, S. Céspedes, and N. Accettura, “Direct-To-Satellite IoT - A Survey of the State of the Art and Future Research 

Perspectives: Backhauling the IoT Through LEO Satellites,” Lecture Notes in Computer Science (including subseries Lecture 

Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), vol. 11803, pp. 241–258, 2019, doi: 10.1007/978-3-030-

31831-4_17. 
[2] I. F. Akyildiz and A. Kak, “The Internet of Space Things/CubeSats,” IEEE Network, vol. 33, no. 5, pp. 212–218, 2019, doi: 

10.1109/MNET.2019.1800445 

[3] N. I. Shuhaimi, Heriansyah, T. Juhana, and A. Kurniawan, “Performance analysis for uniform and binomial distribution on 
contention window using different hop distance,” ICWT.2Proceeding of 2015 1st International Conference on Wireless and 

Telematics, ICWT 2015, vol. 5, no. 6, pp. 1452–1457, 2016, doi: 10.1109/ICWT.2015.7449258. 

[4] T. Ferrer, S. Céspedes, and A. Becerra, “Review and evaluation of mac protocols for satellite IOT systems using nanosatellites,” 
Sensors (Switzerland), vol. 19, no. 8, Apr. 2019, doi: 10.3390/s19081947. 

[5] N. Abramson, “The ALOHA System: Another alternative for computer communications,” Proceedings of the November 17-19, 

1970, fall joint computer conference on - AFIPS '70 (Fall) pp. 281–286, 1968, doi: 10.1145/1478462.1478502. 
[6] M. Loganathan, T. Sabapathy, M. Elshaikh, M. N. Osman, and R. A. Rahim, “Energy efficient anti-collision algorithm for the 

RFID networks,” Bulletin of Electrical Engineering and Informatics (BEEI), vol. 8, no. 2, pp. 622–629, Jun. 2019, doi: 

10.11591/eei.v8i2.1427. 
[7] L. Dai, B. Wang, Y. Yuan, S. Han, I. Chih-lin and Z. Wang, “Non-orthogonal multiple access for 5G: solutions, challenges, 

opportunities, and future research trends,”IEEE Communications Magazine, vol. 53, no. 9, pp. 74-81, Sep. 2015, doi: 

10.1109/MCOM.2015.7263349. 
[8] G. Liva, “Graph-Based Analysis and Optimization of Contention Resolution Diversity Slotted ALOHA,” IEEE Transactions on 

Communications, vol. 59, no. 2, pp. 477-487, Feb. 2011, doi: 10.1109/TCOMM.2010.120710.100054.  

0

50

100

150

200

250

300

350

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

N
u

m
b

e
r 

o
f 

su
cc

e
ss

fu
l r

e
ce

iv
e

d
 p

ac
ke

ts

Time of retransmission δmax  

1 SAT

2 SAT



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Enhancing performance of slotted ALOHA protocol for IoT covered by constellation … (Zakaria Chabou) 

4039 

[9] Z. Chabou, A. Addaim, A. A. Madi, A. Ouacha, and G. Zouhair, “Performance evaluation by Simulation of Slotted ALOHACA 
Protocol for Wireless Sensor Network based on a single LEO Nanosatellite,” 2020 IEEE 2nd International Conference on 

Electronics, Control, Optimization and Computer Science (ICECOCS), Kenitra, Morocco, 2020, pp. 1-5, doi: 

10.1109/ICECOCS50124.2020.9314305. 
[10] E. Paolini, G. Liva, and M. Chiani, “Coded Slotted ALOHA: A Graph-Based Method for Uncoordinated Multiple Access,” IEEE 

Transactions on Information Theory, vol. 61, no. 12, pp. 6815–6832, Dec. 2015, doi: 10.1109/TIT.2015.2492579. 

[11] C. Stefanovic and P. Popovski, “ALOHA Random Access that Operates as a Rateless Code,” in IEEE Transactions on 
Communications, vol. 61, no. 11, pp. 4653-4662, Nov. 2013, doi: 10.1109/TCOMM.2013.100913.130232 

[12] F. Clazzer, C. Kissling and M. Marchese, “Enhancing Contention Resolution ALOHA Using Combining Techniques,” in IEEE 

Transactions on Communications, vol. 66, no. 6, pp. 2576-2587, Jun. 2018, doi: 10.1109/TCOMM.2017.2759264 
[13] G. E. Corazza and F. Vatalaro, “A statistical model for land mobile satellite channels and its application to nongeostationary orbit 

systems,” in IEEE Transactions on Vehicular Technology, vol. 43, no. 3, pp. 738-742, Aug. 1994, doi: 10.1109/25.312773. 

[14] G. Curzi, D. Modenini, and P. Tortora, “Large Constellations of Small Satellites : A Survey of Near Future Challenges and 
Missions,” Aerospace, vol. 7, no. 9, p. 133, 2020, doi: 10.3390/aerospace7090133. 

[15] A. Tarpanelli, C. Massari, L. Ciabatta, P. Filippucci, G. Amarnath, and L. Brocca, “Advances in Water Resources Exploiting a 

constellation of satellite soil moisture sensors for accurate rainfall estimation,” Advances in Water Resources, vol. 108, pp. 249–
255, 2017, doi: 10.1016/j.advwatres.2017.08.010. 

[16] R. De Gaudenzi, O. del R. Herrero, G. Acar and E. G. Barrabés, “Asynchronous Contention Resolution Diversity ALOHA: 

Making CRDSA Truly Asynchronous,” IEEE Transactions on Wireless Communications, vol. 13, no. 11, pp. 6193-6206, Nov. 
2014, doi: 10.1109/TWC.2014.2334620. 

[17] F. A. Tondo, V. D. P. Souto, O. L. Alcaraz López, S. Montejo-Sánchez, S. Céspedes and R. D. Souza, “Optimal Traffic Load 

Allocation for ALOHA-Based IoT LEO Constellations,” in IEEE Sensors Journal, vol. 23, no. 3, pp. 3270-3282, Feb. 2023, doi: 
10.1109/JSEN.2022.3230796. 

[18] H. Chenina, D. Benatia, and M. Boulakroune, “New modeling approach of laser communication in constellation and through 

atmospheric disturbances,” Bulletin of Electrical Engineering and Informatics (BEEI), vol. 10, no. 4, pp. 2088–2099, 2021, doi: 
10.11591/eei.v10i4.2792. 

[19] F. Formaggio, A. Munari, and F. Clazzer, “On receiver diversity for grant-free based machine type communications,” Ad Hoc 

Networks, vol. 107, 2020, doi: 10.1016/j.adhoc.2020.102245. 
[20] A. Munari, F. Clazzer, G. Liva, and M. Heindlmaier, “Multiple-Relay Slotted ALOHA: Performance Analysis and Bounds,” in 

IEEE Transactions on Communications, vol. 69, no. 3, pp. 1578-1594, Mar. 2021, doi: 10.1109/TCOMM.2020.3042552. 

[21] R. Kassab, A. Munari, F. Clazzer, and O. Simeone, “Grant-Free Coexistence of Critical and Noncritical IoT Services in Two-Hop 
Satellite and Terrestrial Networks,” in IEEE Internet of Things Journal, vol. 9, no. 16, pp. 14829-14843, Aug. 2022, doi: 

10.1109/JIOT.2021.3115483. 

[22] Y. Liu et al., “Joint optimization based satellite handover strategy for low earth orbit satellite networks,” IET Communications, 
vol. 15, no. 12, pp. 1576–1585, 2021, doi: 10.1049/cmu2.12170. 

[23] T. Shtark and P. Gurfil, “Regional positioning using a low Earth orbit satellite constellation,” Celestial Mechanics and Dynamical 

Astronomy, no. January, 2018, doi: 10.1007/s10569-017-9811-7. 
[24] L. Wood, “Internetworking with satellite constellations,” Ph.D. Advisor: George Pavlou, Computing and Mathematics, University 

of surrey,Guidford, United Kingdom, 2001. 

[25] G. Peng, G. Song, L. Xing, A. Gunawan, and P. Vansteenwegen, “An exact algorithm for Agile Earth Observation Satellite 
Scheduling with time-dependent profits,” Computers & Operations Research, vol. 120, pp. 1–15, 2020, doi: 

10.1016/j.cor.2020.104946. 

[26] Z. Chabou, A. Aitmadi, A. Addaim, and Z. Guennoun, “Performance Evaluation of Enhanced Slotted ALOHACA Protocol on 
Planet Mars,” International Journal of Computing, vol. 22, no. 2, pp. 2–8, 2023, doi: 10.47839/ijc.22.2.3090. 

[27] E. Perron, M. Rezaeian, L. Xing, A. Gunawan and P. Vansteenwegen, “The On-Off Fading Channel,” IEEE International 

Symposium on Information Theory, 2003, pp. 244-244. 
[28] A. H. Ballard, “Rosette Constellations of Earth Satellites,” in IEEE Transactions on Aerospace and Electronic Systems, vol. AES-

16, no. 5, pp. 656-673, Sep. 1980, doi: 10.1109/TAES.1980.308932. 
[29] B. Andrievsky, A. L. Fradkov, and E.V. Kudryshova “Control of Two Satellites Relative Motion over the Packet Erasure 

Communication Channel with Limited Transmission Rate Based on Adaptive Coder,” Electronics, 2020, doi: 

10.3390/electronics9122032. 
[30] A. Addaim, A. Kherras, and E. B. Zantou, “Design and Analysis of Store-and-Forward Data Collection Network using Low-cost 

LEO Nanosatellite and Intelligent Terminals,” Jurnal of Aeropace Computing, Information and Communication,” pp. 1–10, 2007, 

doi: 10.2514/6.2007-3291. 

[31] A. Jamalipour, 'Low Earth Orbital Satellites for Personal Communication Networks, Artech House, Inc., 1997. 

[32] A. Addaim, A. Kherras, and Z. Guennoun, “Enhanced MAC protocol for designing a wireless sensor network based on a single 

LEO Picosatellite,” International Journal of Sensor Networks, Apr. 2017, pp 143-154, doi: 10.1504/IJSNET.2017.083399. 
[33] F. A. Tondo, S. Montejo-Sánchez, M. E. Pellenz, S. Céspedes, and R. D. Souza, “Direct-to-satellite IoT slotted ALOHA systems 

with multiple satellites and Unequal Erasure Probabilities,” Sensor, pp. 1–20, 2021, doi: 10.3390/s21217099. 

[34] A. Munari and F. Clazzer, “Modern Random Access for Beyond-5G Systems : a Multiple-Relay ALOHA Perspective,'' arXiv, 
2019, doi: 10.48550/arXiv.1906.02054. 

[35] W. Ren, J. Ward, and M. Sweeting, “Capture effect and its enhancement in LEO satellite channel,” IEEE/AFCEA EUROCOMM 

2000. Information Systems for Enhanced Public Safety and Security (Cat. No.00EX405), Munich, Germany, 2000, pp. 184-188, 
doi: 10.1109/EURCOM.2000.874798. 

[36] D. Jakovetić, D. Bajović, D. Vukobratović and V. Crnojević, “Cooperative Slotted ALOHA for Multi-Base Station Systems,” in 

IEEE Transactions on Communications, vol. 63, no. 4, pp. 1443-1456, April 2015, doi: 10.1109/TCOMM.2015.2403855. 
[37] K. H. Rosen, Discrete Mathematics Applications Discrete Mathematics and Its Applications, 2019. 

[38] P. Li, X. Jian, F. Wang, S. Fu and Z. Zhang, “Theoretical Throughput Analysis for Massive Random Access with Spatial 

Successive Decoding,” in IEEE Transactions on Vehicular Technology, vol. 69, no. 7, pp. 7998-8002, Jul. 2020, doi: 
10.1109/TVT.2020.2992677. 

 

 

 

 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 13, No. 6, December 2024: 4030-4040 

4040 

BIOGRAPHIES OF AUTHORS  

 

 

Zakaria Chabou     was born in Kenitra, Morocco, in 1988. He received his 

Master’s diploma in 2015 in the field of Telecommunication and Networking. He is 

currently a Ph.D. candidate in Satellite communication at the IBN Tofail University. His 

current research interests include electronic and satellite communication networks. He can 

be contacted at email: zakaria.chabou@uit.ac.ma. 

  

 

Adnane Addaim     received his Master diploma in 2001 and his Ph.D. degree in 

2008, both in Satellite Communication from Mohammadia School of Engineers (EMI), 

Morocco. Currently, he is a professor lecturer at the EMI Engineering School at Rabat, 

Morocco. His current research interests include signal processing, wireless communication 

networks, and satellite communication systems. He can be contacted at email: 

addaim@emi.ac.ma. 

 

   

 

Abdessalam Ait Madi     was born in Morocco. He received the Teaching 

Engineering degree in Electronics from the ENSET of Mohammedia. He received the 

Master and Ph.D. degrees from the Faculty of Sciences and Technologies from the Sidi 

Mohamed Ben Abdellah University of Fez in Morocco. He received the Habilitation degree 

from the Faculty of Sciences of IBN Tofail University. He is an associate professor at the 

National School of Applied Sciences of IBN Tofail University in Kenitra, Morocco. He can 

be contacted at email: abdessalam.aitmadi@uit.ac.ma. 

 

https://orcid.org/0000-0002-8344-6117
https://scholar.google.com/citations?user=aE7i-JMAAAAJ&hl=fr&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57221759316
https://www.webofscience.com/wos/author/record/HPC-6888-2023
https://orcid.org/0000-0003-2116-7072
https://scholar.google.fr/citations?user=EnpvPdIAAAAJ&hl=fr&oi=ao
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16024103100&zone=
https://www.webofscience.com/wos/author/record/1992872
https://orcid.org/0000-0002-9314-5932
https://scholar.google.com/citations?user=oDKKx2QAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=55611426300
https://www.webofscience.com/wos/author/record/3109182

