
Figure 2. The pipeline of the color spike camera simulator.

Algorithm 2: Motion-Guided Reconstruction
Input: A clip of Bayer-pattern spike stream

f Si gN
i =1 , color mask

Output: A color imageT from the Bayer-pattern
spike stream

1 Extract spike signals of each color channel by
element-wise multiplication of each spike frame
and the color mask of each color channel, resulting
in f SR

i gN
i =1 , f SG

i gN
i =1 andf SB

i gN
i =1 ;

2 for each color channelc 2 f R; G; B g do
3 Transform the spike signalsf Sc

i gN
i =1 to

intervals;
4 Estimate the values of the missing pixel

positions of the intervals by spatial
interpolation;

5 Estimate optical �ows from the middle time
point to the beginning and end time points by
the spike camera motion estimation method
Spike2Flow [14], resulting inw c

j;i andw c
j;k ;

6 end
7 Get joint estimation resultsw j;i andw j;k by

averaging the optical �ows of color channels;
8 for each color channelc 2 f R; G; B g do
9 Infer the light intensityf L c

i gN
i =1 from f Sc

i gN
i =1

by TFI [15];
10 Fill the missing pixel positions off L c

i gN
i =1 by

temporally neighboring pixels along the
motion trajectory (according tow j;i andw j;k );

11 Estimate the positions without available
temporal pixels by spatial interpolation;

12 end
13 Concentrate the three �lled color channels, resulting

in the target color imageT .

estimation method Spike2Flow [14], the number of spike
frames for each time point is 21. The interval between time
points should be a multiple of 3. The right boundary of
the last time point farthest from the middle time point is
21 + 3 � 3 + 10 = 40 < N = 41. Similarly, for the
left boundary of the �rst time point farthest from the middle
time point, the calculation yields21 � 3 � 3 � 10 = 2 >
1. Consequently, the indices corresponding to the last time
point and the �rst time point are determined as 30 and 12,

respectively, as shown in Fig.3.

Figure 3. Motion estimation by Spike2Flow [14], c 2 f R; G; B g.

2.3. Assumption of Smooth Motion

In Eqn. (6), we assume that the motion is smooth between
the middle time point and the �rst/last time point. The as-
sumption is a trade-off for computational complexity. As
the frequency of the CSC is 20,000Hz, the underlying mo-
tion within temporal neighboring frames is slight in many
cases. The time interval of two time points for motion esti-
mation is 20/20000s = 1 ms. Thus, we assume the motion is
linear during the period for a lower computation cost. For
better performance with no consideration of the cost, we
can estimate motion between each time point and the mid-
dle time point for the cases with complex motion.

2.4. No­Temporal­Pixel Position Filling

For the positions of missing pixels without available tempo-
rally neighboring pixels, we propose to estimate the values
by spatial interpolation. Supposing that the positions of the
four closest non-missing pixels to the missing pixel position
(x; y) are(x1; y1); (x1; y2); (x2; y1) and(x2; y2) according
to the Bayer pattern color layout, we can estimate the value
of the position as follows:

I (x; y) = I (x1; y1) �
(x2 � x)(y2 � y)

(x2 � x1)(y2 � y1)

+ I (x2; y1) �
(x � x1)(y2 � y)

(x2 � x1)(y2 � y1)

+ I (x1; y2) �
(x2 � x)(y � y1)

(x2 � x1)(y2 � y1)

+ I (x2; y2) �
(x � x1)(y � y1)

(x2 � x1)(y2 � y1)
:

(2)
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Figure 9. Visual comparison on the real-world captured Bayer-pattern spike stream, which records afast-shakingboard.


