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Fig. 1. The evolution diagram of model (1): (a)Single neur-
on’s potential only with leaky term, Ve = —0.3; (b) single
neuron’s membrane potential evolution without noise; (c)
single Neuron’s membrane potential evolution with noise;
(d) single neuron’s spike train with noise; (e) raster plot of
the network where every node denotes a spike at a corres-
ponding time and neuron. Parameters from picture (b) to
(e) are set as Vp =03, Vie=0, gg=gs=1, Cm =1,
Egyn=0, ¢=01, =1, 7s=1, 14=0.5, N =50,
t=100; (b)D =0; (c), (¢) D = 0.025.
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Fig. 2. (a) Signal-to-noise ratio for different threshold Vi,
and synaptic weight w; (b) signal-to-noise ratio for differ-
ent threshold Vy; (c) signal-to-noise ratio for different syn-
aptic weight w. Parameters are set as Vie =0, g1 =gs =1,
Co=1, BEqn=0, e=01, Q=1, 7e=1, 74=0.5,
N =5, t=100.
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Fig. 4. The flow chart of dark image enhancement algorithm.
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Fig. 5. The flow chart of encoding part.
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Fig. 6. Difference caused by the size of neuron population: (a) N=50; (b) N=300; (c) peak signal-to-noise ratio(PSNR) curve, the
dotted line reflects the noise density corresponds to the best enhanced picture. Parameters are set as Vi = 0.0667, w = —0.2,
Vie=0,9=¢=1,Cn=1, Egn=0, 7 =1, 7y =0.5, t =100.
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Fig. 7. Frequency histogram of brightness: (a) The origin dark image; (b) best image corresponding to 60 percent quantile; (c) best

image corresponding to 95 percent quantile.
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Fig. 8. Best enhanced images with different membrane potential thresholds: (a) 60 percent quantile; (b) 95 percent quantile;

(c) peak signal-to-noise ratio(PSNR) curves, the dotted line reflects the noise density corresponds to the best enhanced picture.
Parameters are set as w = —0.2, Vie =0, gij=gs=1, Cn=1, Eggn =0, 7s =1, 74 =0.5, N =300, t = 100.
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Table 1.  PSNR and NIQE of these four algorithms.

LSRR 7 ARSCER T R B R A SSR HE SVD-DSR
PSNR 21.5837 8.0089 14.6537 15.9144
NIQE 3.4570 4.0110 5.0543 5.0330

# 2 UFMETLR PSNR AT NIQE
Table 2.  PSNR and NIQE of these four algorithms.

G B PPN TR IR AR SCAR B BE ML AR Sk SSR HE SVD-DSR

NIQE 3.6890 4.3712 4.6545 4.9605

070501-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 71, No. 7 (2022) 070501

B9 FBERARE () FIHEBEEIZ,; (b) FIREW R, (o) AR RiHLIER )7, D = 0.0035, Vi, = 0.0667; (d) SSR
HE; (e) HE S, (f) SVD-DSR 56

Fig. 9. (a) The origin dark image; (b) the origin bright image; (c) our stochastic-resonance algorithm with D = 0.0035and
Vinh = 0.0667 ; (d) SSR algorithm; (e) HE algorithm; (f) SVD-DSR algorithm.
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(e) SVD-DSR %3 (f) NIQE &1L &

Fig. 10. (a) The origin dark image; (b) our stochastic-resonance algorithm with D = 0.0035 and Vi = 0.11; (c¢) SSR algorithm;
(d) HE algorithm; (e) SVD-DSR algorithm; (f) NIQE under different noise densities.
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Color image perception based on stochastic
spiking neural network”
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Abstract

Our aim is to present an interpretable algorithm for enhancing low-illuminance color image based on the
principle of stochastic resonance and the fundamental biophysical process of human brain perceiving object
color. To this end, the phenomenon of stochastic resonance in a conductance-based integrate-and-fire neuronal
network is first explored, with the effect of firing threshold, synaptic weight and the population size on the
signal-to-noise ratio revealed, and the firing threshold is recognized as the key parameter for the resonance
effects. And then, a color image enhancement algorithm, where the peak signal-to-noise ratio and the natural
image quality evaluator are adopted as quantifying indexes, is developed by combining the stochastic spiking
neuronal network and the involved biophysical process relating to visual perception. Note that the enhanced
image is aperiodic, thus in order to optimize the performance of the algorithm, an illuminance distribution based
threshold strategy is given by us for the first time. The numerical tests show that the algorithm has good
enhancement performance and stability. We wish this algorithm could be applied to relevant signal processing

fields such as military detection and medical image preprocessing.

Keywords: color image enhancement, integrate-and-fire neuronal network, stochastic resonance, biophysical

interpretability
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