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I. INTRODUCTION

Given the emergence of optimized transceivers towards lower power consumption and simpler complexity, and the poor conditions of the transmission channels that they habitually use, the messages across the network often need to be transmitted through several hops, between different nodes for data collection.

The abstraction of a single-path multihop transmission between a source and a destination is modelled by a line network as one can see in Figure 1. For noisy channels, the use of a fixed rate channel code alone is not optimal because there is a nonzero probability that the decoder can not perform its function and then outputs errors. These errors can be detected thanks to the use of a CRC mechanism, in such cases the receiver declares erasures. In practice, an acknowledgement is generated at each correctly received packet, therefore every nonacknowledged packet is retransmitted. This scheme can lead to a high number of retransmissions and acknowledgements specially for multihop transmissions. Erasure codes like fountain codes can replace this scheme and reduce the overhead [START_REF] Byers | A Digital Fountain Approach to Reliable Distribution of Bulk Data[END_REF], [START_REF] Byers | A Digital Fountain Approach to Asynchronous Reliable Multicast[END_REF]. The overhead is defined as the extra encoding data that must be added to the source data to ensure the recovery of the original source data. Luby Transform (LT) codes [START_REF] Luby | LT Codes[END_REF] and Raptor codes [START_REF] Shokrollahi | Raptor Codes[END_REF] are the first examples of the fountain codes with moderate complexity.

In networks where source nodes perform fountain coding, the relay can combine the received fountain coded packets with NC. One motivation for the association of NC and fountain code for an erasure channel is the fact that it increases the size of generated fountain code at the output of the relay. If optimally combined, the resulting fountain (LT) code is better than the independent original fountain (LT) codes in terms of overhead and is called distributed fountain (LT) code.

The paper mainly studies an algorithm for encoding a set of LT encoded packets and a set of raw packets into a new set of LT encoded packets. we consider the joint LT-NC codes in the context of a multihop line topology network for data aggregation applications. In this context we suppose that a relay receives packets from a K 1 -packet LT code, to which it insets its own packets. We assume that there are K 2 data packets in the relay. The goal of this operation is to cleverly combine the received packets with "local" packets to construct an LT code of length K 1 + K 2 with an exact Robust Soliton (RS) output degree distribution.

Fig. 2: Y-network topology

Although there are many papers that tackle the problem of the association of NC and fountain codes for the "Y-network" topology or more general topologies; to the best of our knowledge, this is the first work that has exploited the presence of raw packets at the relays to improve the design and thus the performance of distributed fountain codes. Since in our context the relay has access to the local packets, we show that the exact Soliton distribution is obtainable with a very lower complex algorithm at the relay. Furthermore our proposition is scalable and thus particularly suitable for data aggregation.

The contributions of the paper are the following:

• The problem of distributed LT codes is analysed for the special architecture of data aggregation networks, where a source node must relay another source node's packets while adding its own packets. • A relaying algorithm is proposed, based on the joint probability on the degree of the received coded-packet and the degree of the outgoing packet from the relay. Two solutions are given for the implementation of the joint probability. • The performance evaluation of the proposed algorithm is presented.

The rest of this paper is organized as follows. Section II provides a description of the considered setup in this paper. Section III presents the state of art of competing solutions. In Section IV, fountain (LT) coding and NC basic principles are given. In Section V, we present our proposed scheme and the NC algorithms at the relays that are retained and we expose their design principles. Section VI presents the simulation results based on the above schemes confirming the system performance. Finally, Section VII concludes the paper.

II. SYSTEM DESCRIPTION

The network is modelled as a line network gathering the information hop by hop to the Base Station (BS), as presented in the Figure 3-(a). When polled, each node sends its data to the BS either directly or through other intermediate nodes that operate as repeaters. In this paper, all of the packet streams in the network are LT-encoded. It is clear that a growing data volume is expected while approaching the BS. This is a very special communication network that should be considered and optimized taking into account its intrinsic characteristics. Referring to Figure 3-(a), the input of relay R 1 coming from the source node S 1 is LT-encoded with an optimal degree distribution. In the remainder of this paper, S 1 is an upstream node transmitting K 1 packets to a sink via another source node S 2 that is also transmitting K 2 packets to the sink. This paper addresses the reconstruction of the fountain code at the output of the relay, without the need to decode and then re-encode the total packet stream, thereby limiting the increase in delay and reducing the complexity.

III. RELATED WORK

The authors in [START_REF] Kurniawan | Network Coded Transmission of Fountain Codes over Coperative Relay Netwoks[END_REF]- [START_REF] Castura | Rateless Coding over Fading Channels[END_REF] considered the relaying of fountain codes in cooperative relay networks. However, these strategies are not appropriate for a multi-point to point scenario.

The construction of distributed fountain codes is expanded in the literature but mostly for Y-networks [START_REF] Apavatjrut | Toward Increasing Packet Diversity for Relaying LT Fountain Codes in Wireless Sensor Networks[END_REF]- [START_REF] Jafarizadeh | Distributed Coding and Algorithm Optimization for Large-Scale Networked Systems[END_REF] (or more general multi-sources, multirelays, one destination configurations [START_REF] Hussain | Rateless Codes for the Multiway Relay Channel[END_REF]). The authors in [START_REF] Apavatjrut | Toward Increasing Packet Diversity for Relaying LT Fountain Codes in Wireless Sensor Networks[END_REF] proposed an algorithm, at the relay, that makes packets "xor-ing" with a prescribed degree and that promotes also the simple forwarding of the low degree packets. In the same way, the authors in [START_REF] Champel | LT Network Codes[END_REF] have used buffering for LT-NC codes. To benefit from the large number of degree 2 packets, they propose strategies to make the input degree distribution as uniform as possible. The authors in [START_REF] Puducheri | The Design and Performance of Distributed LT Codes[END_REF] introduced distributed LT (DLT) codes. In their analysis they performed distributed coding at source nodes with a degree distribution obtained from the deconvolution of the Robust Soliton Distribution (RSD). The authors in [START_REF] Sejdinovic | AND-OR Tree Analysis of Distributed LT Codes[END_REF] extended the work of [START_REF] Puducheri | The Design and Performance of Distributed LT Codes[END_REF] and proposed Selective Distributed LT (SDLT) codes that covers any number of source nodes and offer a selective combining in the relay that randomly combines the coded packets received from different source nodes. More recently, the paper [START_REF] Borujeny | Fountain Code Design for the Y-Network[END_REF] gives a method to design the degree distribution at the distributed source nodes, based on polynomial factorization. [START_REF] Liau | Binary Soliton-Like Rateless Coding for the Y-network[END_REF] allows the release of some constraints of the RSD and considers only Soliton Like Rateless Codes (SLRC) distribution that preserves critical properties of the output degree distribution. The authors in [START_REF] Jafarizadeh | Distributed Coding and Algorithm Optimization for Large-Scale Networked Systems[END_REF] choose to update the output degree distribution according to the generated coded packet at the relay. The goal is to ensure that the received degree distribution at the sink is Robust Soliton on the average. For more general relay networks (multi-sources, multi-relays, one destination), the authors in [START_REF] Hussain | Rateless Codes for the Multiway Relay Channel[END_REF] performed the design and optimization of buffer-based distributed fountain codes.

The design of distributed fountain codes is performed for Y-networks (or more general multisources, multi-relays, one destination configurations) and therefore does not take into account the additional degree of freedom provided by the line network. We integrate this new degree of freedom, which is the presence of non-coded packets at the relays, to facilitate the design of distributed fountain coding. We take advantage of this additional degree of freedom to implement simple relay merging protocols with an exact RSD in every outgoing flow in the network, which makes the design scalable. Furthermore, no buffering at the relay nodes is required with the proposed method.

IV. SOME BACKGROUND ON FOUNTAIN CODES AND NC A. Network Coding

In a linear NC transmission, instead of simply relaying the packets of information they receive, the intermediate nodes of a network are allowed to take several packets and combine them using linear combinations to produce the outgoing flows. Consider

K packets [m 1 , m 2 , • • • , m K ]
generated by one or more sources as shown in Figure 4. With encoding coefficients g j ∈ F q (j ≥ 1 and F q being a finite field), each node X i generates linear combinations of its incoming and/or buffered encoded packets. With Random Linear NC (RLNC), each node of the network chooses its coefficients independently and randomly in the field F q , in a completely decentralized way. K independent linear combinations are sufficient to decode with a complexity in the order of O(K 3 ). Security aspects linked to NC are well covered in the literature [START_REF] Lima | Network Coding Security: Attacks and Countermeasures[END_REF], [START_REF] Dong | Toward Secure Network Coding in Wireless Networks: Threats and Challenges[END_REF]. RLNC has a higher recovery probability and earlier recovery of the source packets. But it requires a Gaussian elimination decoder which has significantly higher complexity than belief propagation decoding.

Actually, most of the time, to limit the complexity, the finite field F q = F 2 .

B. Fountain codes: LT codes

In this section a short description of LT codes is given [START_REF] Luby | LT Codes[END_REF]. The encoding of LT codes is performed packet by packet. Suppose we have to transmit K packets of information. The coded packet t n , is produced from the source block P

= [p 1 , p 2 , • • • , p K ] by:
(a) The overall network (b) A node performing NC instead of simple relaying Fig. 4: NC illustration i) Generating a random variable denoted by d n from the predefined degree distribution (here RSD). ii) The coded packet t n is obtained by the bitwise sum (mod 2) of d n packets chosen uniformly at random from the K packets. d n is called the degree of the output packet. At the decoder side, upon receiving a coded packet, the belief propagation decoder executes the following algorithm: i) If the packet is of degree 1, the packet is considered discovered. Then all the previously received and all the future packets involving this discovered packet are "xor-ed" with the discovered packet. This is to remove its effect and to obtain lower degree packets. ii) If during the process of step (i) degree one packets are generated, repeat step (i). If all the K packets are discovered, stop. This (Belief Propagation) algorithm is present in Gallager's work in 1962 [START_REF] Gallager | Low Density Parity Check Codes[END_REF] for decoding of LDPC codes. The number of extra packets in order to ensure the decoding of LT codes is in the order O( √ K ln 2 K). Taking into account this overhead which is a function of K, it is preferable to have a single fountain code of size 2K with an overhead in the order of O( √ 2K ln 2 (2K)) only, than two fountain codes with the overhead of each being in the order of O( √ K ln 2 K). The performance of the belief propagation LT decoder is very dependent on the degree distribution from which the degrees of the coded packets are chosen, this degree distribution is called output degree distribution. An optimal output degree distribution in the sense that it optimizes the expected probability that there is one packet decoded at each iteration of the belief propagation algorithm was found to be the "Ideal Soliton" distribution defined by ρ in equation 2. Ideally, the decoding algorithm releases only one encoded packet of degree one in each iteration, avoiding redundancy. But the Ideal Soliton, has a high probability of failing at some iteration. To add robustness, the Robust Soliton defined by µ K in equation 1 is used.

µK (d) = ρ(d) + τ (d) ( K i=1 ρ(i) + τ (i)) , (1) 
ρ(d) = 1/K, if d = 1, 1/ d(d -1) otherwise.
(2)

τ (d) =      S/(Kd), for d = 1 • • • K/S -1, S ln(S/δ)/K, for d = K/S , 0, otherwise. ( 3 
)
where K is the number of information packets to send, d is the degree to be sent, S = c √ K ln(K/δ), the parameters c and δ are used to adjust the performance [START_REF] Luby | LT Codes[END_REF]. In the remainder of this paper, µ K denotes an RSD of size K, with µ K (0) = 0.

Besides the output degree distribution, for an optimal belief propagation decoding, the input packets must be selected at random with a uniform distribution, so that all the input packets have exactly the same chance to participate in the generation of coded packets. This sampling method limits the transmission of non-innovative packets. This requirement produces a binomial distribution on the number of edges connected to the check nodes of the bipartite graph representing the LT code, which is called input degree distribution and well approximated by the Poisson distribution [START_REF] Shokrollahi | Raptor Codes[END_REF]. Although it is easy to satisfy this condition for one source, it is quite complicated when the source nodes are distributed and NC is done in the intermediate nodes. This important issue is considered in this paper.

This paper deals primarily with LT codes because they are key components in the design of modern codes such as Raptor codes. A Raptor code is the concatenation of an inner LT code and an outer high rate block code. In the context of line networks, the proposed approach can address the construction of the inner LT code with the desirable properties. The pre-coding is performed first at the source (with the packets coming from the source) and after in the relay (for all the packets).

For a line network consisting of two sources, S 1 called the upstream node, and S 2 (being colocated with the relay) with K 1 and K 2 information packets respectively. The objective is to generate an LT code of size K = K 1 + K 2 preserving the input and output degree distributions. To respect the input degree distribution at the relay, each time the relay outputs a coded packet of degree i, the probability that this packet comprises (ij) packets from S 1 is calculated as follows:

K1 i-j K2 j K i , 1 ≤ i ≤ K, 0 ≤ j ≤ i
At the relay, we are constructing an LT code of size K = K 1 + K 2 without having all the input packets, this prevents the relay from always respecting the constraint of a random and uniform sampling. In order to quantify the impact of a non uniform sampling, some simulations have been carried out. A multipoint-to-point transmission is considered with two source nodes, K = {1000, 200}, and

K 1 = K 2 = K 2 .
The performance in terms of the decoding success rate given a specified redundancy defined as = N/K are evaluated, where N is the number of packets received at the sink node for a successful decoding. We assume here that all the packets of S 1 are available at the relay.

At first, all the degree 2, 3 and 4 packets are selected exclusively from the source S 1 or S 2 (we call this scenario scenario (b)). Therefore a degree 2, 3 or 4 packet is never coded with the packets coming from both sources. The other packets are generated using uniform sampling from the overall packets. The degree 1 packets are formed either from the packets of S 1 or S 2 with the same probability. Then, in scenario (c), the packets of degree 5, 6 and 7 are also added to this process and are sampled in the same way as the degrees 2, 3 and 4 in scenario (b). And then, in scenario (d), all the packets (of degree less than K 2 ) are selected either in S 1 or in S 2 . Figure 5 shows the results. The reference curve in black (scenario (a)), corresponds to the ideal case where we have an exact LT of size K.

Using this method to generate the coded packets, redundant coded packets are more likely to appear. This will induce poorer performance of the LT decoding as reflected by the gap between the non uniform sampling curves and the reference curve. This gap is particularly important, when the number of degrees selected in a non uniform manner increases. From Figure 5, we note that improvements in terms of overhead can be achieved by maintaining a uniform sampling over the set of K 1 + K 2 = K packets at the relay.

V. RELAYING STRATEGY

In order to have a scalable, flexible and efficient network, the following constraints are considered in this paper. All the relay nodes in the network use the same algorithm regardless of the topology and their location in the network. All the packet flows in the network are LT-encoded with the RSD. The input rate of the packets at the relay is the same as its output rate i.e., the relay sends a coded packet upon receiving any packet. When the final sink decodes a particular source, it sends an acknowledgment to that source. The relay that sends the corresponding packets will stop inserting the discovered packets in its outgoing flow and the corresponding source stops transmitting. The proposed algorithms do not need buffering for the received packets and there is no LT-decoding at the relays. With these properties, adding or deleting a node has no effect on the system management, thus the overall system design is simple.

A. Degree distribution management

The objective at the relay is to send packets with an RSD of size K while receiving packets with an RSD of size K 1 and having access to a local source with K 2 packets. Furthermore, the relay should respect the uniform and random selection of the packets resulting in the binomial (Poisson) input degree distribution over all the K = K 1 + K 2 packets.

Let's define the matrix P (K+1)×(K1+1) , with K + 1 rows and K 1 + 1 columns, with the entry p i,j being the joint probability that the output packet at the relay is of degree i and comprises j packets from the upstream node. In an ideal case, the matrix P is computed as:

pi,j = Pr{d = i, d1 = j} = Pr{d = i} Pr{d1 = j | d = i} =    µK (i) ( K 1 j )( K 2 i-j ) ( K i ) , f or 0 ≤ j ≤ i 0, f or i + 1 ≤ j ≤ K1 (4) 
Although the first row of P is always all zero, the indexing begins from zero for notation purposes. For example, the 5 first rows and columns of the matrix P for c = 0.05, δ = 0.5 and K 1 = K 2 = 50 are computed as follows: 

P =        0 0 0 0 0 . . . 0.
       (5) 
This is the ideal pobability matrix that assures an RSD at the output and uniform packet selection. As example, the relay should send 0.11 + 0.22 + 0.11 = 0.44 of times packets of degree 2, where 22% of them are formed by "xor-ing" one packet from the upstream source and one packet from its own packets. Since d is the output degree, marginalizing p(d, d 1 ) with respect to d 1 gives an RSD. This marginal probability P out (d = i) is a vector of size K + 1 obtained by summing the columns of the matrix P:

P out (i) = K1 j=0 p i,j , 0 ≤ i ≤ K (6)
Let us define the marginal probability P S1 (d 1 = j) as a vector of size K 1 + 1 that can be obtained as the sum of the rows of the matrix P:

P S1 (j) = K i=0 p i,j , 0 ≤ j ≤ K 1 (7)
What is obtained in equation 7 may differ from an RSD. Since the received distribution from S 1 by default is an RSD, it is not always possible to have at the same time a binomial input and an RS output degree distributions at the output of the relay. To better understand this, let us take a look at the matrix given in equation 5. According to this matrix, the relay needs to output 22% packets with d 1 = 1 and d = 2. Since we do not want to decode at the relay, it is simply not possible to have this amount of degree 1 packets from S 1 (the upstream node) because of the shape of the RSD at S 1 . To avoid this problem, we update P so that the total need for each degree j packets coming from S 1 (P S1 (j)) is less or equal to the available percentage of degree j packets actually coming from S 1 (µ K1 (j)). We therefore need to modify the matrix P to allow to conserve exactly the output RSD on K when receiving an RSD on K 1 . As the optimization cost function, we try to minimize the deviation from the binomial requirement of an ideal LT code given in (equation 4).

B. Joint probability matrix optimization

At first, we formulate the problem as a standard optimization problem that can be solved by software (we used the CVX package with Matlab [START_REF] Grant | CVX: Matlab Software for Disciplined Convex Programming[END_REF]). Then we present a straightforward method that gives a feasible solution for the matrix P (see Algorithm 2). We denote by P the matrix that satisfies the constraints and describes the feasible (d, d 1 ) joint degree distribution. The constraints are that the sum of the columns of P (giving P out ) must correspond to an RSD and the sum of the rows of P (giving P S1 ) must always be possible to generate from the received S 1 output degree distribution. These constraints are used in a convex optimization problem defined in (equation 8), where we derive P * with the minimal Frobenius norm distance from P.

minimize P P -P 2 subject to PT .1 (K+1) µ K1 P.1 (K1+1) = µ K triu( P) = 0 P 0. (8) 
In this equation, 1 n is an n × 1 column vector of ones, triu( P) returns the upper triangular part of P, and and are evaluated element by element.

The complexity of computing the joint probability matrix corresponds to the complexity of solving a linear programming problem. Furthermore, we present a heuristic low-complex suboptimal solution in the Section V.D that well approximate the optimized solution.

C. Degree generation at relay

Whenever a degree d 1 = j is received from S 1 , the relay has two options in order to generate the correct output degree d.

• Either it consults the column with the index j of the matrix P * and thus forms a pmf (probability mass function) by normalizing this column to make it a valid pmf ; d is drawn from this pmf. It then outputs a degree d packet which comprises the received packet and dj of its own source packets sampled uniformly at random. • Or, it decides to output a coded packet exclusively formed from its own packets. Note that the relay never receives d 1 = 0 packets. Therefore, in order to generate the packets coming exclusively from its own set of packets, which happens with probability P excl-S2 = P S1 (0). The relay operates as follows. Upon receiving a packet from S 1 of degree d 1 = j that arrives with the probability µ K1 (j), at P S1 (j)/µ K1 (j) of the time the received packet is mixed with d-j packets of S 2 to form the output packet as described before. For the rest of the time, the column zero of the matrix P * is used to produce packets coming exclusively from S 2 . The percentage of the packets coming exclusively from S 2 will be the same as P S1 (0) while the output degree distribution stays robust soliton. The detail of the procedure is given in the pseudo code of algorithm 1.

provided by the RSD of S 1 (µ residual K1 (j)). In this case, the algorithm allocates this percentage from the received percentage of degree j packets coming from S 1 to the creation of degree i packets at the relay.

P o (i, j) = µ residual K1 (j)
µ residual K1 (j) is updated accordingly, and the remaining percentage of degree j packets not yet allocated will be used in the generation of other degrees.

• If there are some degrees from S 1 that are not in sufficient percentage as required by P, we update the matrix P o as follows. First, find the set of degrees that are not in sufficient percentage to generate the degree i, denoted by indx 1 . For these indx 1 , the algorithm uses the maximum allowable percentage provided by S 1 (µ residual K1 (indx 1 )). Then a redistribution is performed on the set indx 2 = {0, • • • , i}\indx 1 of the remaining degrees coming from S 1 in order to have the required percentage of degree i at the output of the relay. µ residual K1 is updated accordingly.

The calculation of the merging matrices is performed once for all and saved in a look-up table for a given fountain generation size. The reallocation algorithm has order of O(K 2 ) computational complexity. The merging process at the relay is limited to searching in the look-up table. The details of this procedure are given in Algorithm 2.

VI. SIMULATION RESULTS

In this section, simulation results are presented for the proposed algorithms and are essentially compared with the following simulation scenarios:

• a standard LT i.e. we consider a point-topoint transmission with only one source that transmits (K 1 + K 2 ) LT-encoded packets to the sink, it is considered as the benchmark, • a time-multiplexing of two LT codes i.e., the relay alternately sends the LT-encoded packets coming from S 1 and its own LT-encoded packets,

• the algorithms DLT proposed in [START_REF] Puducheri | The Design and Performance of Distributed LT Codes[END_REF], the algorithms proposed in [START_REF] Borujeny | Fountain Code Design for the Y-Network[END_REF] and SLRC proposed in [START_REF] Liau | Binary Soliton-Like Rateless Coding for the Y-network[END_REF] for the Y-networks. First, we evaluate the performance in terms of the decoding success rate given a specified redundancy defined as = N/K, where N is the number of packets received by the sink node before it is able to decode. Figure 6 shows the performance It is observed that on the one hand, the proposed merging process outperforms the time-multiplexing forwarding scheme. On the other hand, the proposed merging process used with the matrices P o and P * have similar performance.

For the network of Figure 3, the performance of the DLT algorithm [START_REF] Puducheri | The Design and Performance of Distributed LT Codes[END_REF], SLRC algorithm [START_REF] Liau | Binary Soliton-Like Rateless Coding for the Y-network[END_REF], the algorithm in [START_REF] Borujeny | Fountain Code Design for the Y-Network[END_REF], time-multiplexing and our proposed scheme are compared and presented in Figure 7. It is seen as predicted that the proposed method outperforms the alternative methods.

The scalability performance of the algorithm is presented in Figure 8, it is the performance when the network increases in size. In this case, it can happen that the relay merges two unequal sources i.e., one having a larger size than the other. In fact, the closer you get to the concentrator, the more the merging of packets at the relay appears uneven in favour of the node transmitting to the relay. Now, as we can see from Figure . 8, the upstream source contributes 75% of the total number of packets to be transmitted to the sink. The merging process presents good performance in spite of the inequality of the sources.

Finally, we provide simulation results for a multihop (cascaded) scenario with 3 relays in order to bring quantitative measurements of the performance of our proposed scheme, when scaled-up. In the simulation results shown in Figure 9, relay and source nodes are sending the same number of packets so the size of the LT code generation doubles with each hop. The first source node sends K 1 = 100 packets and after the application of the merging process in the 3 relays the destination receives K = 2 3 × K 1 packets. Theses multihop configurations further justify the relevance of our work to the configurations encountered in a linear network as for metering data aggregation. As it can be seen from Figure 9, the proposed scheme presents almost no degradation with the benchmark, which is an ideal LT code for a point to point transmission of the same overall size. Two points explain the good performance of our approach in a cascaded scenario. First the performance of fountain (LT) codes is very affected by the output degree distribution, and our approach reconstructs in an accurate way the ideal output degree distribution at the output of the relay. As opposed to the different techniques in the state of art, which merely approximate the ideal output degree distribution at the output of the relay. Fountain (LT) code performances are also affected by the input degree distribution but to a lesser extent. Furthermore, the approximation that we made for the input degree distribution does not deviate (from the ideal case) sufficiently to degrade the performance of a multihop scenario.

VII. CONCLUSION

This paper presents a strategy of relaying fountain codes while using inter-session NC for line topology networks. The fountain codes due to their low decoding complexity allow to benefit from NC without its disadvantages namely they reduce the complexity of decoding. We consider the relaying of fountain coded packets on a multihop transmission link and we propose algorithms to combine the packets at the relay, in a way to preserve the important properties that allow optimal low complexity decoding at the sink. Simulation results confirm the good performance of the proposed algorithm for a realistic network.
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 5 Fig.5: Successful decoding probability of LT codes in terms of redundancy when the coded packets are not chosen uniformly at random (c = 0.05, δ = 0.5)
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 6 Fig. 6: Successful decoding probability of the merging process for matrices P o and P * in terms of redundancy (with K 1 = K 2 = 250, c = 0.05, δ = 0.5) of our algorithm with the matrices P o and P * (as inputs of Algorithm 1), compared with the standard LT and the time-multiplexing forwarding scheme.It is observed that on the one hand, the proposed merging process outperforms the time-multiplexing forwarding scheme. On the other hand, the proposed merging process used with the matrices P o and P *
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 7 Fig. 7: Successful decoding probability for different strategies (with K 1 = 250, K 2 = 250, c = 0.05, δ = 0.5)
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 8 Fig. 8: Successful decoding probability of the merging process in terms of overhead (with K 1 = 375, K 2 = 125, c = 0.05, δ = 0.5)
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 9 Fig.9: Successful decoding probability of the merging process for a cascaded scenario (with 3 hops K 1 = 100, c = 0.05, δ = 0.5)

The network topology depicted in Figure

2, wherein two independent sources, S 1 and S 2 , transmit information to a sink via a common relay R and where there is no communication link between the sources and the sink is referred to as Y-network.

the received output degree distribution from S 1 Output: Pck out the generated packet to be sent to the sink

the received degree

P * (i, j)

3 P using (j) = P S1 (j)/µ K1 (j) the probability of using P ck in in the merging process 4 if rand ≤ P using (j) then 

D. Low-complex optimization algorithm for matrix P

As it is seen before, it is not possible to achieve the ideal matrix of the equation (4). In order to avoid the complex optimization given in [START_REF] Apavatjrut | Toward Increasing Packet Diversity for Relaying LT Fountain Codes in Wireless Sensor Networks[END_REF], we propose a very low complex algorithm giving a suboptimal solution. In this part, v(0 : n) is an index notation referring to the elements v(0), • • • , v(n) of the vector v. As an initialization step, the algorithm Algorithm 2: Compute P o Input: P(i, j) the "ideal" joint probability of sampling a degree-i packet at the relay with j packets coming from S 1 µ K1 the received output degree distribution from S 1 Output: P o (i, j)

a "feasible " joint probability of sampling a degree i packet at the relay with j packets coming from S 1

mark the missing degrees from S 1 for the degree i generation

mark the surplus degrees from S 1 for the degree i generation 

Then it scans the "ideal" matrix P row by row starting from the second row (i = 1), and for each row, we process P column by column. For the ith row of P, two cases can occur:

• The required distribution needed by P(i, j) (for the ith row and jth column of P) can be