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SINGLE PIXEL CAMERA (SPC)

Linear sensing model:

(g)k =
M∑
i=1

N∑
j=1

(Φk)i,j(X)i,j , (1)

for k = 1, . . . ,K shots, or in matrix form

g = Φx + ω, (2)

• Φ ∈ {−1, 1}K×MN is a binary sensing
matrix.

• x ∈ RMN is the vectorization of the
image (X)

• ω is the acquisition noise.

• γ = K
MN stands for the sensing ratio.

IMAGE CLASSIFICATION

Deep neural networks (Mθ) have been used
for image classification.

With a training set Dtrain = {x`,d`}L`=1, the
goal is to learn the parameters θ, such that
d` =Mθ(x`;θ) by solving

θ = argmin
θ

1

L

L∑
`=1

L(Mθ(x`),d`), (3)

•L(z`,d`) = − [d` log(z`) + (1− d`) log(1− z`))]
stands for the loss classification function.

•Mθ is the classification operator (CNN).

After training, Mθ can be used as an inference
operator to obtain the classification result of a
new image x̃ as

d̃ =Mθ(x̃). (4)

CODED APERTURE DESIGN AND CLASSIFICATION

Training step:
With a non-compressed data set Dtrain = {x`,d`}L`=1, the proposed training can be ex-
pressed mathematically as

{Φ,θ} = argmin
Φ,θ

1

L

L∑
`=1

L(Mθ(f1(Φx` + b1)),d`) + µ
K∑
k=1

MN∑
n=1

(1 + Φk,n)
2(1−Φk,n)

2

︸ ︷︷ ︸
Impose binary values

. (5)

Testing step:
The trained Φ is used in the SPC to acquire new compressed measurements g and the trained
Mθ is used as a classification operator

z =Mθ(f1( g︸︷︷︸
Φx

+b1)). (6)

SIMULATIONS
1.Average classification accuracy for different sensing
ratios with the MNIST dataset.

The classification network is a modification of the
LeNet-5 model.

2. Average classification accuracy for different sens-
ing ratios with the CIFAR-10 dataset .

The classification network is a modification of the
AlexNet model.

EXPERIMENTS

3. Trained coded apertures

4. Real test-bed implementation of the Single pixel
imaging with the designed coded apertures.

5. Overall accuracy of the proposed method for the
experimental results.

82,50

CONCLUSIONS

A method to simultaneously learn the binary SPC linear sensing operator and extract non-
linear features directly from SPC measurements that are used for classification has been pro-
posed. After the training stage, the trained sensing matrix is employed to acquire the SPC
measurements, and the trained classification network is used as an inference operator di-
rectly on these compressed measurements.
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