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Abstract 

An onboard digital payload enables communication satellites to improve operational flexibility by changing 
communication parameter settings with digital signal processing. In general, space grade digital devices 
are used for onboard digital processor so as to mitigate soft error caused by radiation effect. On the 
other hand, commercial grade devices achieve higher processing speed at a lower price than space 
grade devices even though less resilient. Therefore it is expected to install it in onboard digital payload 
utilizing a variety of soft error mitigation techniques. Conventionally, soft error can be mitigated utilizing 
NMR (N-times Modular Redundancy) and periodic refreshment. However these techniques increase 
circuit scale, and it is difficult to avoid burst errors arising during a refresh period. Therefore, this 
paper proposes a novel error tolerant digital processing technique utilizing stochastic computing. 
Furthermore, the effectiveness of the proposed technique is verified through simulation results.  

Digital payload using stochastic computing 
Stochastic computing represents a real number x with a stream of binary random bits (Stochastic number), 
where x represents the probability p𝑥𝑥  of observing ‘1’ in this stream [1]. For example as shown in Figure 
1, multiplication can be performed by an AND gate. If the input bit streams are pa = 4/8 and pb = 2/8, 
then the probability of ‘1’ at the output of the AND gate is p𝑎𝑎  × pb = 1/8. In general, conventional binary 
computing may incur a large error if a higher-order bit upset occurs. By contrast, a bit upset in a long bit-
stream will result in only a small change in the value of the stochastic number. Therefore, stochastic 
computing can provide a high degree of error tolerance for soft error.  
Even though stochastic computing is attractive from an error tolerance point of view, it has a negative 
impact on operational accuracy and circuit scale. To overcome this, the paper provides some 
techniques through digital channelizer design. Figure 2 shows a schematic diagram of a digital 
channelizer utilizing stochastic computing. Quantized numerical values are converted to stochastic 
numbers. This paper employs a type of low-discrepancy sequence, Sobol sequence, to improve 
accuracy using a reduced sequence length. The channelizer functions are processed in the 
stochastic domain. T h e  d e-multiplexer and multiplexer performances are affected by the 
computational accuracy of the FIR filters, especially their loss of precision due to the scaling limit. 
Therefore, this paper adapts stochastic/binary hybrid FIR filter using a binary computation adder to 
improve the precision compared with stochastic adders. The counter converts the stochastic number 
back to quantized bits to estimate the input stream’s probability. 

Figure 1 Example of stochastic multiplication 

Figure 2 Schematic diagram of stochastic computing 
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 Performance evaluation 
To verify the effectiveness of the proposed digital payload architecture, we evaluate channelizing 
performance and evaluate a quadrature phase shift keying (QPSK) constellation to observe its 
robustness against soft error. 
Figure 3 shows the SNR (signal to noise power ratio) performance of a digital channelizer as a 
function of stochastic number length. It is obvious that SNR improves with stochastic number length 
because of representation accuracy, but this is at the price of an increased circuit volume. If the 
channelizer relays DVB-S2X based waveform, the required SNR is 30dB to allow for a margin of more 
than 10dB for the ideal Es/N0. Therefore, a stochastic number length of 128 bits is adequate to satisfy 
both SNR performance and circuit volume considerations. 
Figure 4 shows demodulated QPSK symbols relayed by the channelizer. In the simulation scenario, bit-
flips occur randomly at the FIR filter input. It can be seen that the impact of these bit-flips due to soft 
error has been better mitigated in the proposed stochastic computing channelizer when compared to 
the conventional binary computing channelizer.

Figure 3 SNR performance 

Figure 4 Soft error effect for demodulated symbols. (a) Conventional, (b) Proposed. 

 Conclusion 
Toward a powerful and cost effective software defined satellite, this paper proposes an error tolerant signal 
processing in order to employ COTS FPGA in onboard digital payloads. The proposed method uses 
stochastic computing for designing the digital channelizer, and achieves sufficient SNR performance and 
robustness to soft errors. Work is in progress to further verify the effectiveness of the proposed technique 
through laboratory tests utilizing Xilinx FPGA. 
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