
SoftCast-based Linear video coding (LVC)

SoftCast [1]: Linear joint source-channel video coder
• 3D-DCT, power allocation, analog modulation, LMMSE estimation
• Received quality improves gracefully with channel quality. 
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ABSTRACT: The problem of impulse noise mitigation is considered when videos encoded using a SoftCast-based Linear Video Coding (LVC) scheme are transmitted using an OFDM scheme over a wideband channel prone to
impulse noise. A Fast Bayesian Matching Pursuit algorithm is employed for impulse noise mitigation. This approach requires the provisioning of some OFDM subchannels to estimate the impulse noise locations and amplitudes.
Provisioned subchannels cannot be used to transmit data and lead to a decrease of the nominal decoded video quality at receivers in absence of impulse noise. Using a phenomenological model (PM) of the residual noise variance
after impulse correction, an algorithm is proposed to evaluate the optimal number of subchannels to provision for impulse noise mitigation. Simulation results show that the PM can accurately predict the number of subchannels
to provision and that impulse noise mitigation can significantly improve the decoded video quality compared to a situation where all subchannels are used for data transmission.
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LVC with Subchannel Provisioning and Impulse Noise Correction

Impact of proportion of provisioned subchannels 𝒓d = 𝒒/𝒏𝐒𝐂

Results
First frame of RaceHorses when SNRdB = 15 dB, INRdB = 10 dB and 𝑝𝐼 = 0.01.

Conclusions
SoftCast-based LVC with impulse noise mitigation scheme is proposed.
Phenomenological model proposed to estimate variance of impulse noise 
residual after impulse mitigation. Used to optimize subchannel provisioning.
Approach robust to mismatched impulse noise characteristics. 
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LVC-NIC: PSNR 30.83dB LVC-OSP-IC: PSNR 38.64dB 

Bibliography
[1] S. Jakubczak and D. Katabi, “Softcast: one-size-fits-all wireless video,” in Proc. ACM SIGCOMM, New
York, NY, USA, 2010, pp. 449–450.
[2] T. Y Al-Naffouri, A. Quadeer, and G. Caire. Impulse noise estimation and removal for OFDM systems.
IEEE Trans. Com., 62(3):976–989, 2014.
[3] P. Schniter, L. C Potter, and J. Ziniel. Fast bayesian matching pursuit. In Proc. Information Theory and
Applications Workshop, pages 326–333, 2008.
[4] K. H. Lee and D. P. Petersen, “Optimal linear coding for vector channels,” IEEE Trans. Com., vol. 24, no.
12, pp. 1283–1290, 1976.

𝑟d = 0,25

Optimal subchannel provisioning (OSP)
Assuming 𝐹𝑣r~𝒞𝒩 0, 𝜎𝑟

2𝐼 , a phenomenological model for

log10(𝜎𝑟
2) = 𝜇0 𝑟d, INRdB + 𝜇1 𝑟d, INRdB log10 𝑝𝐼 ,

where 𝜇𝑖= 𝜇𝑖,0+ 𝜇𝑖,1INRdB + 𝜇𝑖,2 (1 − 𝑟d)
2+ 𝜇𝑖,3(1 − 𝑟d)

2INRdB, 𝑖 = 0,1
and INRdB is impulse-to-noise ratio. Example when 𝑛SC = 256.

PM for 𝜎𝑟
2 used in optimal precoding matrix design and LMMSE [1]. 

Finally we can get MSE model of 𝐸( 𝑡 − Ƹ𝑡 2
2) [4].  

𝑦 = ෤𝑢 + 𝐹𝑣
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𝐸 𝑡𝑡𝑇 = Λ = diag 𝜆1, 𝜆2, … , 𝜆𝑛c

𝑣 = 𝑣I + 𝑣g, 𝑣I is a sparse impulse noise vector [2] and 𝑣g is a Gaussian noise 

vector and 𝐹𝑣g~𝒞𝒩 0,2𝑁 , where 𝑁 = diag 𝜎1
2, 𝜎2

2, … , 𝜎𝑛SC
2 .

𝑣
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𝑞 = 𝑛SC − 𝑙 subchannels are provisioned for impulse noise correction
INE: estimate impulse noise ො𝑣I using Fast Bayesian Matching Pursuit (FBMP) [3]. 
INM: remove estimated impulse noise ො𝑣I from received vector

ො𝑦 = ෤𝑢 + 𝐹(𝑣I − ො𝑣𝐼) + 𝐹𝑣g
= ෤𝑢 + 𝐹𝑣r + 𝐹𝑣g

First 5 GoPs of BQSquare, with different impulse noise probability 𝑝𝐼 and 𝑟d.

𝑟d = 0,5
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Example for a group of chunks of BQSquare
when SNR is 12dB, 𝑝𝐼=0.02.

PM based MSE model to find an optimal 
𝑟d is accurate

Impact of mismatched 𝑝𝐼𝑡s  
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𝑟d has to be optimized. Optimal value depends on 𝑝𝐼 and 𝜎𝐼
2.


