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Abstract: In this paper, to relax the requirement of data readout speed, we study a dual-
waveband temporal compressive imaging (TCI) method to achieve high-speed imaging in
two wavebands simultaneously.
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1. Introduction

In many applications such as tracking moving objects or detecting fast events, imaging sensors with high tem-
poral and spatial resolutions are required. This leads to large data bandwidth and low light sensitivity issues in a
sensor. Additionally, even with visible band high speed sensors, objects at night or in bad weather conditions are
difficult to be observed. Thus, high speed infrared imaging sensors are very useful. However, limited by current
industrial manufacturing and technology level, high spatial resolution imaging sensors are difficult to be produce
high temporal resolution. To deal with the issue, temporal compressive imaging (TCI) [1, 2] technology is studied.
TCI can capture temporally modulated and compressed videos using a low framerate camera, and then reconstruct
the original high framerate video from its measurements. Researchers have done works on TCI. However, their
frameworks mainly work in the visible band. In this paper, we study a dual-waveband TCI method, which can
achieve high-speed imaging in two waveband simultaneously using one DMD (digital micromirror device).

2. The theory of Dual-waveband TCI

Conventionally, a blurred image will be obtained if a low framerate sensor is used to capture a fast varying scene.
In TCI, a high speed spatial light modulator (SLM) is applied to encode an original high-speed scene before it is
imaged onto a low framerate sensor. During one exposure time of the sensor, SLM varies T times sequentially.
Then T original frames can be reconstructed from a single encoded and compressive frame. T is named as the
temporal compression ratio. Therefore, the framerate of the reconstructed video will be increased T times relative
to the measurement video. The following formula is for this traditional TCI process without considering noise.

Y = ΦX (1)
where X ∈RNxNyT×1 and Y ∈RNxNy×1 are the vectorized T original high speed frames of size Nx×Ny and the mod-
ulated and compressive measurement frame respectively. Φ = [diag(H1),diag(H2), · · · ,diag(HT )] is the measure-
ment matrix with dimensions (Nx ∗Ny)× (Nx ∗Ny ∗T ) where diag(Hi) represents a diagonal matrix for the i-th
modulated mask H.

Based on the traditional TCI, the dual-waveband TCI method can achieve temporal compressive imaging in two
wavebands simultaneously by using one digital micromirror device (DMD). DMD consists of an array of millions
of highly reflective micromirrors which are switchable between two discrete angular positions. In many DMD’s
applications, only one output direction is used. The light signal in the other direction is discarded as shown in
Fig.1 (a). Our dual-waveband TCI method, as shown in Fig.1 (b), makes full use of the two switchable directions
of DMD to achieve different waveband imaging respectively.

Fig. 1. The framework of (a) traditional TCI method and (b) dual-waveband TCI method by using DMD.
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The same scene in visible and infrared wavebands can be noted by x1 ∈RNx×Ny×T , x2 ∈RNx×Ny×T respectively.
T is still the temporal compressive ratio same as in traditional TCI. For each micromirror at position (i, j), the
modulated intensities at time t in the two directions are H(i, j, t) and G(i, j, t) where H(i, j, t) and G(i, j, t) are
binary and H(i, j, t)+G(i, j, t) = 1. The visible and infrared imaging processes can be described by Eqs. (2-3)
respectively. The linear formula can also be obtained similar to Eq. (1) for reconstruction.

y1(i, j) =
T

∑
t=1

H(i, j, t)x1(i, j, t), i = 1,2, · · · ,Nx; j = 1,2, · · · ,Ny (2)

y2(i, j) =
T

∑
t=1

G(i, j, t)x2(i, j, t), i = 1,2, · · · ,Nx; j = 1,2, · · · ,Ny (3)

3. Results

We capture visible and near infrared (NIR) waveband high-speed videos for our numerical experiment. The origi-
nal target scene is a number”8” rotating counter-clockwise. Fig.2 (a) is an imaging result if using a low framerate
sensor to capture a fast varying scene. The original high-speed videos in visible and NIR wavebands, as shown
in Fig.2 (d-e) respectively, are encoded by complementary measurement matrices. Each 10 frames is encoded
and compressed. The simulation measurements are shown in Fig.2 (b-c), which are processed by using Wiener
algorithm [3]. The reconstructed results are illustrated in Fig.2 (f-g). Each image is of size 128×128. Comparing
Fig.2 (f-g) to Fig.2 (a), we can find that clearer details can be obtained.

Fig. 2. The simulation results of dual-waveband TCI: (a) is an imaging result using low framerate sensor;
(b-c) are the measurement frames in visible and NIR wavebands; (d-e) are the original frames; (f-g) are the
reconstruction results correspondingly.

Table 1. The PSNR of reconstruction results

PSNR(dB) 1 2 3 4 5 6 7 8 9 10
Visible 41.46 43.58 42.67 41.99 42.93 42.92 43.20 43.27 43.69 44.31

NIR 37.92 37.29 36.85 36.61 36.67 36.40 36.60 37.09 37.75 38.21

4. Conclusion

Dual-waveband temporal compressive imaging is studied in this paper, which can reconstruct dual-waveband
high-speed videos simultaneously without using additional devices. The two output directions of DMD are used
for visible and NIR bands in dual waveband TCI respectively. The simulation results demonstrate the performances
of this imaging method.
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