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Abstract: In compressive imaging, the data acquisition speed of sensors is one of the
restrictions limiting system imaging speed. To relax the speed requirement of sensors, we
combine temporal and spatial compressive sensing idea for block-wise compressive imag-
ing(BCI).

OCIS codes: 110.1758, 110.3080.

1. Introduction
In block-wise compressive imaging (BCI) [?], low spatial resolution sensors are used to sequentially make
measurements of high resolution objects. Generally several measurements are collected for each block. Thus
sensors need to have higher measurement collection speed than a system imaging speed. For example, to obtain
a system imaging speed such as 25 fps, sensors needs to make 25M = 25×4= 100 measurements per second if
M = 4 measurements are acquired for each block. Using high speed sensors increase system cost. In addition, for
some wavebands such as IR band, it is short of high speed sensor options. To deal with this issue, we make tem-
porally compressed measurements using low speed and low spatial resolution sensors, and then reconstruct high
resolution objects using block-wise compressive imaging [?] and temporal compressive imaging [2,3] technique.

2. Temporal Compressed Measurements for BCI
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Fig. 1. System Diagram.

Fig.1(a) present the idea of making temporally compressed measurements for BCI. We suppose the resolution
of an objectX is 8×8. An object block has a size 4×4. In Fig.1(a), the red box labeled as SCI is for the conven-
tional spatial compressive imaging. In SCI, for each object block, 4 measurements are collected after the block is
modulated by four masks labeled as H1a, H1b, H1c, and H1d. Thus for the objectX, four sets of measurements
z1, z2, z3, and z4 of size 2× 2 are collected sequentially. As discussed in Section1, to relax the high speed re-
quirement to sensors we use temporal compressive sensing (TCI) [2,3] idea as shown in the black box labeled as
TCI in Fig.1(a). With TCI, during one exposure time of the sensor array, the measurement sets z1, z2, z3, and z4
are re-modulated by projections H2a, H2b, H2c, H2d, and then the modulated measurements are collected by the
sensor array as one set of measurements Y with size 2×2. Note that, Fig.1(a) is only for illustrating our idea. In an
imaging system, a DMD device is used to implement the SCI and TCI ideal simultaneously. The pattern displayed
in a DMD is a combined result of H1i and H2i (i∈ a, b, c, d) as shown in Fig.1(b). If the DMD working speed in
conventional SCI isp, then its speed is 4p in the new system. The whole measurement collection process can be
represented as Fig.1(c). In mathematic model, the measurements can be written as

Y = HX (1)
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To reconstruct an object, we use a two-step process. We first reconstruct the four measurements sets z1, z2, z3,and
z4 fromY. Then the original object is reconstructed from these spatial compressed measurements. In this work,
linear Wiener operator [?] is used in both reconstruction processes for demonstration.

3. Numerical Experiment
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Fig. 2. (a) The original object; (b) the TSCI measurements; (c) the reconstructed spatial compressed
measurements; (d)the reconstructed object.

Fig. 2(a) is the object(128×128) used for our numerical experiment. For each(4×4) block, four spatial and
four temporal Gaussian projections are combined to make themeasurements. Fig.2(b) is the system(64× 64)
measurements. Fig.2(c) is the reconstructed four spatial compressed measurements with size(64× 64). Then
using these four sets of measurements, the final object reconstruction as shown in Fig.2(d) is obtained. The PSNR
of this reconstruction is 42.94dB.
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Fig. 3. (a) and (c): the objects used to estimateRx; (b) and (d) the object reconstructions using the
Rx estimated from (a) and (c), respectively.

In the first experiment, the object autocorrelation matrixRx used in Wiener operator is estimated from the orig-
inal object. We use two other object examples as shown in Fig.3(a) and (c) to estimateRx. Then theseRx are used
for oject reconstruction. The reconstruction results are shown in Fig.3(b) and (d). The PSNR values are 31.10dB
and 27.64dB, respectively. It can be observed that, the estimationof Rx effects the reconstruction performance
much. In the last experiment, we use random binary projections for measurement collection. Table.1 sumarized
the reconstruction PSNR. We found the performance doesn’t degrades much from the case using Gaussian projec-
tions.

Table 1. The PRSNR of reconstructions from measurements collected using binary projections
pattern 1 pattern 2 pattern 3 pattern 4

PSNR(dB) 42.23 38.37 41.70 40.25

4. Conclusion
In this work, we use temporal compressive idea for BCI. By combining temporal and spatial compressive sensing
ideas, we can use a low speed and low spatial resolution sensor array to image high spatial resolution objects with
fast speed.
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