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Abstract—This paper studies design and implementation of the Turbo encoder to be an 

embedded module in the In-Vehicle System (IVS) chip. Field Programmable Gate Array (FPGA) 

is employed to develop the Turbo encoder module. As a high performance on-chip 

communication method, the Turbo technique has recently been applied to Networks on Chips 

(NoCs). We propose a new serial and parallel based encoding/decoding methods to leverage the 

performance and cost of TurboNoCs in area, power assumption, and network throughput. In the 

transmitter module, source data from different venders are separately encoded with an 

orthogonal code of a standard basis and these coded data are mixed together by an XOR 

operation. Then, the sums of data can be transmitted to their destinations through the onchip 

communication infrastructure. In the receiver module, a sequence of chips is retrieved by taking 

an AND operation between the sums of data and the corresponding orthogonal code. After a 

simple accumulation of these chips, original data can be reconstructed. We implement our 

encoding/decoding method and apply it to a TurboNoC with a star topology.  

Index Term: Turbo encoder module; field programmable gate array; emergency call; in-vehicle 

system chip. 

I. INTRODUCTION  

The European emergency Call (eCall) system is a telematics system designed to save more lives 

in vehicle accidents. It is a governmental mandatory system that is to be implemented by March 

2018 [1][2]. The EU eCall system provides an immediate voice and data channel between the 

vehicles and an emergency center after car accidents. The data channel provides the emergency 

center with the necessary data for emergency aids. The EU eCall system main parts includes the 

in-vehicle system (IVS), the Public Safety Answering Point (PSAP), a cellular communication 

channel. The IVS activates the data channel automatically when a car accident occurs. The IVS 

collects the minimum set of data (MSD) that includes GPS coordinates, the VIN number, and all 

required data for an emergency aid. It sends the MSD to the closest PSAP through a cellular 
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channel in up to 4 seconds [1]. The PSAP sends the emergency team to the location of the 

accidents. The IVS modem employs multiple modules for the MSD signal processing. The 

modules of the IVS are shown in Figure 1. The IVS employs a Turbo encoder as a Forward Error 

Correcting (FEC) [1]. The Turbo encoder implements the digital data encoding technique in data 

transmissions. Turbo coding is one of the most popular and efficient coding technique to 

improve Bit Error Rate (BER) in digital communications [3] [4]. The Cyclic Redundancy Check 

(CRC) [5], the modulator[6], the demodulator-decoder [7] modules are projected and 

implemented on an FPGA device. They are developed to be embedded modules of the IVS chip. 

This work studies the hardware development of the Turbo encoder. It employs FPGA 

technologies to develop the Turbo encoder to be an embedded module in the IVS modem. It 

discusses serial and parallel computation techniques for the Turbo encoder. It does not only 

design and implement the Turbo encoder module, but also proposes a better solution for the 

turbo encoder implementation. The improvement of the chip size and processing time are 

exhibited by developing the parallel computation technique for the Turbo encoder. 

 

Figure 1: The IVS block diagram. 

II. Literature survey: 

The Turbo technique has recently attracted research attentions in the NoC community. To show 

the advantages of TurboNoC, Kim et al. [4] used Walsh codes to distinguish different senders 

and develop a hierarchical star-mesh topology to handle a large number of communication 

processors. The simulation results show that the TurboNoC has good performance in latency and 

throughput. In [7], a specific application is scheduled onto a Turbo-based NoC and a 

conventional crossbar-based packet-switched NoC. The experimental results show that the 

TurboNoC achieves lower packet transfer latency and less area overhead. To further improve the 

TurboNoC performance, a Globally Asynchronous Locally Synchronous (GALS) TurboNoC is 
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modeled and simulated in [8]. By applying the GALS strategy to TurboNoC, the TurboNoC can 

be used for asynchronous chips. In [9], the multicasting function is realized in TurboNoC to 

address the hotspot problem at the center of NoC with mesh topology. The results exhibit that 

traffic congestion at the center of NoC is reduced. Since code utilization rate affects the 

TurboNoC performance, two methods on code word assignment are separately proposed in [10] 

and [11]. In [10], the length of code word is adjusted depending on the number of nodes that 

have packets to send at the same time. In [11], a scheduling method is proposed to make a 

compromise on the utilization rate of code words. Simulation results show that these methods 

improve the utilization efficiency of the orthogonal codes. Besides the traditional wired NoC, the 

Turbo technique has also been applied to photonic NoC [12] and wireless NoC [13]. The results 

show that their performance can be significantly improved with lower energy and area compared 

with the crossbar-based NoC.All the above-mentioned TurboNoCs use the parallel encoding/ 

decoding method, and thus they have the drawbacks mentioned. Our proposed serial 

encoding/decoding method shall overcome the common weaknesses. 

III. NEW Turbo ENCODING AND DECODING METHOD 

A. Overall Structure of TurboNoC 

 

Figure2. Structure of TurboNoC 

The basic structure of applying Turbo technique to NoC with a star topology is shown in Figure 

2. In this Figure, a PE executes tasks of the application and Network Interface (NI) divides data 

flows from PE into packets and reconstruct data flows by using packets from NoC. In the sender, 
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packet flits from NI are transformed to a sequential bit stream via a Parallel-to-Serial (P2S) 

module. This bit stream is encoded with an orthogonal code in the Encoding module (E in 

Figure2). The coded data from different encoding modules are added together in the Addition 

module (A in Figure2).  

Then, the sums of data chips are transmitted to receivers. In the receiver, Decoding modules (D 

in Figure 2) reconstruct original data bits from the sums of data chips. Then these sequential bit 

streams are transformed to packet flits by Serial-to-Parallel (S2P) modules. Finally, these packet 

flits are transferred to NI. In the TurboNoC, network scheduler receives the transmitting requests 

from senders and assigns proper spreading codes to the senders and requested receivers. Note 

that all-zero codeword is assigned to nodes having no data to transmit/ receive. Moreover, when 

there are multiple senders requesting the same receiver, the scheduler will apply an arbitration 

scheme, for example, round-robin.  

The chip counters calculate how many orthogonal chips are used in one encoding/decoding 

operation. Each node needs two chip counters, one for the sender and the other for the receiver. 

Note that packet flits from NI can also be transformed to multiple bit streams in the P2S module 

to make tradeoffs between power/area cost and packet transfer latency, and the scheduler should 

provide a bit-synchronous scheme to maintain the orthogonality of the transmitted channels, as 

discussed in [8]. In this brief, we focus on the design and comparison of parallel- and serial-

based Turbo encoding/decoding method, which corresponds to E, A, and D modules in Figure2. 

B. Turbo Encoder  

Two different encoding methods, parallel encoder and serial encoder, are compared in Figure3. 

 

Figure3. Block diagram of encoding scheme. (a) parallel encoder. (b) serial encoder. 
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Figure3(a) shows the parallel encoder architecture. An original data bit is first encoded with a 

Walsh code by taking an XOR operation. Then, these encoded data are added up to a multibit 

sum signal by taking arithmetical additions. Each sender needs an XOR gate, and multiple wires 

are used to express the sum signal if we have two or more senders. Moreover, the number of 

wires increases as the number of senders increases.  

Figure3(b) shows our serial encoding scheme. An original data bit from a sender is fed into an 

AND gate in a chip-by-chip manner, and it will be spread to n-chip encoded data with an 

orthogonal code of a standard basis. The relationship between a bit and a chip is shown in 

Figure4. Then, the encoded data from different senders are mixed together through an XOR 

operation, and a binary sum signal is generated. Therefore, the output signal is always a sequence 

of binary signal transferred to destination using one single wire. The progressions of both the 

encoding schemes are depicted in Figure4. Figure4(a) and (b) illustrates the parallel encoding 

process with four-chip Walsh codes and the serial encoding process with four-chip standard 

orthogonal codes, respectively. 

 

Figure 4: Data encoding example. (a) parallel encoding. (b) serial encoding. 

C. Turbo Decoder  

The parallel decoding scheme is presented in Figure5(a). According to the chip value of Walsh 

code, the received multibit sums are accumulated into positive part (if the chip value is 0) or 

negative part (if the chip value is 1). Therefore, the two accumulators in the parallel decoder 
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separately contain a multibit adder to accumulate the coming chips and a group of registers to 

hold the accumulated value. Through the comparison module after the two accumulators, the 

original data is reconstructed. If the value of positive part is large, the original data is 1. 

Otherwise, the original data is 0. The serial decoding scheme is shown in Figure5(b).  

 

Figure 5. Block diagram of decoding scheme. (a) parallel decoder. (b) serial decoder. 

 

 

Figure 6. Data decoding example. (a) parallel decoding at receiver 1. (b) serial decoding at 

receiver 1. 

 

When the binary sum signal arrives at receivers, an AND operation is taken between the binary 

sum and the corresponding orthogonal code in chip-bychip manner. Then, the result chips are 

sent to an accumulator. After m-chips are accumulated (m is the length of the orthogonal code), 

the output value of the accumulator will be the corresponding original data. Note that there is 

always only one chip equal to 1 and all otherchips are equal to 0 for an orthogonal code in 
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standard basis. Hence, the maximal accumulated value in the serial accumulator is 1 and it can be 

stored in a 1-bit register. Therefore, in the serial decoding module, only one AND gate and an 

accumulator with one 1-bit register are used, resulting in less logical resources. 

An example of the decoding process is illustrated in Figure6. In Figure6(a), at the parallel 

decoder of receiver 1, the accumulated value 3 in the positive part is larger than the accumulated 

value 1 in the negative part. By the parallel decoding scheme, the decoded data is 1, which is 

equal to the source data bit from sender 1. In Figure6(b), at the serial decoder of receiver 1, the 

output value of the accumulator is 1, which is also equal to the source data bit from sender 1. 

Note that the decoding results in receiver 2 are also correct, but are not shown in the Figure. 

Hence, both methods can reconstruct the original data bit from the sum signal by using their 

respective spreading codes. 

IV. SIMULATION RESULTS 

 

 

Figure 7:parallel encoder 

 

Figure 8: parallel decoder 
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Figure 9: serial encoder 

 

 

 

Figure 10: serial decoder 

From Figure 7 and Figure 8, the encoded data from two senders are mixed together through xor 

operation, and a binary sum signal is generated.Therefore, the output signal is always a sequence 

of binary signal transferred to destination using one single wire. The progression of both the 

encoding schemes is depicted from Figure 7 and Figure 8. In parallel decoding schemethe chip 

value of Walsh code, the received multi bit sums are accumulated positive part or negative part 

by using comparator we have to compare positive and negative parts, if positive is greater than 

negative then the original data is 1, otherwise the original data is 0. 

From Figure 9 and Figure 10 in serial encoding scheme original data bit from a sender is fed into 

an AND gate in chip by chip manner and encoded data from a different senders are mixed 

together by an XOR operation and a binary sum signal is generated. In serial decoding scheme 

the binary sum signal arrives at receivers,an AND operation is taken between binary sum and 

corresponding sum then the result is send to an accumulator the output of the accumulator will be 

the corresponding original data. 
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Figure 11: Design Summary 

 

 

Figure 12: TimeSummary 

V. Conclusion: The Turbo encoder module is designed and implemented to be an embedded 

module in the IVS modem. FPGA technologies are employed to develop the Turbo encoder 

module. Xilinx tools and Verilog are employed to design and simulate the module. We propose a 

new Turbo encoding/decoding method for on-chip communication. It can be realized by using 

simple logic and costs less power and area. The standard basis other than the Walsh code is used 

as the spreading code in our method. It thus decreases the encoding/decoding latency and 

increases the maximum throughput of NoCs. Mathematical proof is conducted to prove the 

correctness of our method. From the experimental results, we find that our method outperforms 

the parallel encoding/decoding scheme, and the TurboNoC performance is also improved when 

our method is applied. 
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