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Figure 1: (a) Illustration of the video Snapshot Compressive Imaging (SCI) system: In the hardware encoding process, a high-
speed scene is modulated by different masks and then the modulated scene is captured by a low-speed 2D camera as snapshot
measurements. In the software decoding process, the captured measurements and the corresponding masks are fed into a
reconstruction algorithm to retrieve the desired high-speed video frames. (b) Comparison of the reconstruction quality and
running speed of different video SCI reconstruction methods on the mobile devices and the NVIDIA GPU platform. Our
proposed MobileSCI network can achieve state-of-the-art reconstruction quality with real-time performance.

ABSTRACT

Video Snapshot Compressive Imaging (SCI) uses a low-speed 2D
camera to capture high-speed scenes as snapshot compressed mea-
surements, followed by a reconstruction algorithm to retrieve the
high-speed video frames. The fast evolving mobile devices and
existing high-performance video SCI reconstruction algorithms
motivate us to develop mobile reconstruction methods for real-
world applications. Yet, it is still challenging to deploy previous
reconstruction algorithms on mobile devices due to the complex
inference process, let alone real-time mobile reconstruction. To
the best of our knowledge, there is no video SCI reconstruction
model designed to run on the mobile devices. Towards this end,
in this paper, we present an effective approach for video SCI re-
construction, dubbed MobileSCI, which can run at real-time speed
on mobile devices for the first time. Specifically, we first build a
U-shaped 2D convolution-based architecture, which is much more
efficient and mobile-friendly than previous state-of-the-art recon-
struction methods. Besides, an efficient feature mixing block, based
on the channel splitting and shuffling mechanisms, is introduced as
a novel bottleneck block of our proposed MobileSCI to alleviate the
computational burden. Finally, a customized knowledge distillation

Unpublished working draft. Not for distribution.

strategy is utilized to further improve the reconstruction quality.
Extensive results on both simulated and real data show that our
proposed MobileSCI can achieve superior reconstruction quality
with high efficiency on the mobile devices. Particularly, we can
reconstruct a 256 X 256 X 8 snapshot compressed measurement with
real-time performance (about 35 FPS) on an iPhone 15. Code of
this paper will be released.

CCS CONCEPTS

+ Computing methodologies — Reconstruction.

KEYWORDS

Computational imaging, Snapshot compressive imaging, Mobile
system, Real-time reconstruction, Mobile network

1 INTRODUCTION

To record high-speed scenes, researchers usually rely on high-speed
cameras which suffer from high hardware cost and require large
transmission bandwidth. Inspired by compressed sensing [7], video
Snapshot Compressive Imaging (SCI) provides a promising solution
as it can capture high-speed scenes using a low-speed 2D camera
with low bandwidth. As shown in Fig. 1(a), there are two main
stages in a video SCI system: hardware encoding and software
decoding [35]. In the hardware encoding process, we first mod-
ulate the high-speed scene with different random binary masks,
and then the modulated scene is compressed into a series of snap-
shot measurements which are finally captured by a low-cost and
low-speed 2D camera. So far, many successful video SCI hardware
encoders [6, 9, 21, 39] have been built. In the software decoding
stage, the captured snapshot measurements and the modulation
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masks are fed into a reconstruction algorithm to retrieve the desired
high-speed video frames. In this aspect, numerous video SCI re-
construction algorithms [4, 5, 28, 30-32], mostly based on the deep
neural networks, have been proposed with superior reconstruction
quality. Therefore, it is time to consider the real-world applications
of the video SCI system.

Nowadays, mobile devices such as smartphones or embedded
devices are fast evolving, which inspires us to seek the possibility
of implementing a mobile video SCI system. When considering the
mobile deployment, the biggest challenge is the limited computa-
tional resources in the mobile platforms. However, the inference of
previous video SCI reconstruction algorithms such as BIRNAT [5],
RevSClI [4], STFormer [27], and EfficientSCI [26] is usually com-
plex. In other words, it is difficult to deploy previous video SCI
reconstruction algorithms on the low-end mobile devices. There-
fore, existing video SCI reconstruction methods run on server-side,
resulting in dependency on Internet connection, speed, and server
usage costs for the potential users of the video SCI system.

To the best of our knowledge, mobile video SCI reconstruction
has never been explored within the research community. In this
paper, we propose the first video SCI reconstruction network to be
deployed on the mobile devices, dubbed MobileSCI which is compu-
tationally more efficient than previous state-of-the-art (SOTA) deep
learning-based reconstruction methods. Specifically, we first revisit
the network design of previous video SCI reconstruction methods
to identify the unfriendly operations when deploying on the mo-
bile devices. Particularly, we find that complex operations such
as deep unfolding inference and 3D convolutional layers are the
primary computational bottlenecks hindering the mobile deploy-
ment of previous video SCI reconstruction methods. Bearing these
in mind, we build a U-shaped 2D convolution-based architecture
which is much more efficient and mobile-friendly than previous
SOTA reconstruction methods. Besides, to reduce model size and
computational complexity and improve network capability of our
proposed MobileSCI model, we introduce the channel splitting and
shuffling mechanisms to build an efficient feature mixing block as a
novel bottleneck block. Finally, knowledge distillation by a stronger
teacher network also improves the reconstruction quality of the
proposed MobileSCI. As shown in Fig. 1(b), our MobileSCI-KD net-
work can achieve comparable reconstruction quality with much
faster inference speed than previous SOTA reconstruction methods
on the mobile devices as well as the NVIDIA GPU platform. In par-
ticular, our MobileSCI-KD runs 45x and 10X faster than previous
SOTA BIRNAT on an iPhone 15 and a NVIDIA Jetson Orin Nano
platform, respectively.

Our contributions can be summarized as follows:

o We propose MobileSCI, to the best of our knowledge, the first
mobile video SCI reconstruction network.

o A U-shaped architecture is built with computational efficient
and mobile-friendly 2D convolutional layers. Following this,
an efficient feature mixing block, based on the channel split-
ting and shuffling mechanisms, is introduced as a novel bot-
tleneck block of our proposed MobileSCI to further alleviate
the computational burden.

e We implement a customized knowledge distillation strategy
which further improves the reconstruction quality.

Anonymous Authors

o Comprehensive experimental results show that our MobileSCI
network can achieve superior performance with much better
real-time performance than previous SOTA methods, espe-
cially on the mobile devices.

2 RELATED WORK
2.1 Video SCI Reconstruction Methods

Current video SCI reconstruction methods can be divided into tra-
ditional iteration-based methods and deep learning-based ones. The
traditional iteration-based methods formulate the video SCI recon-
struction process as an optimization problem with regularization
terms such as total variation [34] and Gaussian mixture model [33],
and solve it via iterative algorithms. The major drawback of these
iteration-based methods is their time-consuming iterative optimiza-
tion process. To improve the running speed, Yuan et al. propose
to plug a pre-trained denoising model into each iteration of the
optimization process [36, 37]. However, it still take a long time to
reconstruct large-scale scenes.

Recently, researchers begin to utilize deep neural networks in
the video SCI reconstruction task. For example, BIRNAT [5] uses a
bidirectional recurrent neural network to exploit the temporal cor-
relation. MetaSCI [30] is designed to solve the fast adaptation prob-
lem of video SCI by introducing a meta modulated convolutional
network. RevSCI [4] builds the first end-to-end 3D convolutional
neural network, and adopt the reversible structure to save model
training memory. Wang et al. build the first Transformer-based
video SCI reconstruction method [27] with space-time factoriza-
tion and local self-attention mechanism. After that, Wang et al.
develop an efficient reconstruction network [26] based on dense
connections and space-time factorization. Combining the idea of
iteration-based methods and deep learning-based ones, several deep
unfolding networks [31, 32, 40] are proposed.

Due to their superior performance, we favor the deep learning-
based reconstruction methods. However, it is challenging to deploy
them on the mobile devices due to the existence of the complex
operations. Therefore, in this paper, we mainly focus on develop-
ing mobile-friendly video SCI reconstruction algorithm with careful
network design.

2.2 Mobile Networks

So far, a variety of computational efficient architectures have been
proposed which are more suitable for mobile deployment. The
first well-known architectures are the MobileNet family. Among
them, MobileNet V1 [11] first introduces the depth-wise separa-
ble convolutional layers as a basic unit to build lightweight deep
neural networks. Following this, MobileNet V2 [22] proposes the
inverted residual structure which is more memory efficient. Finally,
MobileNetV3 [10] is tuned to mobile devices through a combina-
tion of hardware-aware network architecture search complemented
by the NetAdapt algorithm. After that, numerous MobileNet Vari-
ants [2, 8, 24, 25] have been proposed with superior performance.
Another emerging branch is the mobile Transformer design. For
example, EdgeViTs [18] introduces a highly cost-effective local-
global-local information exchange bottleneck, for the first time,
enable attention based vision models to compete with the SOTA
light-weight CNNs. Chen et al. leverage the advantages of both
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Figure 2: (a) Overall pipeline of the proposed MobileSCI network. It is a 2D convolution-based encoder-decoder architecture.
The encoder consists of two convolutional blocks and two downsample modules. The bottleneck is a convolutional block or an
efficient feature mixing block. The decoder contains two convolutional blocks and two upsample modules. Each convolutional
block contains several convolutional units. (b) The convolutional unit contains two 3 X 3 convolutional layers followed by
a LeakyReLU function. (c) The feature mixing block is composed of two feature mixer layers. (d) The feature mixer layer
composes of a channel projection layer and a 3 X 3 depth-wise convolutional layer. () In the channel projection layer, we first
split the input feature X;;, along the channel dimension as X; and X;. Then, X; undergoes two 1 X 1 convolutional layer followed
by a LeakyReLU function to get the output feature X.;. Next, we concatenate X.; and X, to obtain the output feature. Finally,
a channel shuffling operation is implemented. Note that, to better propagate the extracted features, we add some shortcut

connections in the proposed MobileSCI network.

CNN and Transformer with a parallel design of MobileNet and
Transformer with a two-way bridge in between [3]. By rethinking
the mobile block design for efficient attention-based networks, [14]
and [38] present two novel lightweight vision Transformer archi-
tectures: EfficientFormer and EMO.

The success of the above-mentioned mobile architectures and
the fast evolving mobile devices motivate us to deploy the video
SCI reconstruction algorithms on the mobile devices. Therefore, in
this paper, we are the first to explore the mobile-friendly network
design for video SCI reconstruction.

3 PRELIMINARY: VIDEO SCI SYSTEM

Here, we describe the forward model of the video SCI system.
Let {Xt}tT:1 € R"™*"y denotes a T-frame high-speed scene to
be captured in a single exposure time, where ny, ny represent the
spatial resolution of each frame and T is the compression ratio
(Cr) of the video SCI system. Following this, the modulation pro-
cess can be modeled as multiplying {Xt}tT=1 by pre-defined masks
{M/}_ € R"™*"y thatis Y; = X; ©M,, where {Y;}]_ € R"™*"y
and O denote the modulated frames and Hadamard (element-wise)
multiplication, respectively. Finally, a low-speed 2D camera is used
to capture the modulated high-speed scene as a snapshot com-
pressed measurement Y € R"**"v_ Thus, the forward process of

the video SCI system can be fomulated as,
Y=Y X;oM;+N, (1)

where N € R"**™y denotes the noise.

In the decoding stage of the video SCI system, we can get the
desired video frames {Xt}thl by feeding the compressed measure-
ment Y and the modulation masks {Mt}tT:1 into a video SCI recon-
struction network.

4 OUR PROPOSED METHODS
4.1

In this section, we rethink previous video SCI reconstruction al-
gorithm designs from a mobile efficiency perspective. First of all,
iteration-based reconstruction methods are not applicable for mo-
bile deployment due to their time-consuming property. Secondly,
the deep unfolding framework is not feasible for the mobile de-
vices due to the complex deep unfolding inference procedure. Fi-
nally, we turn our attention to the end-to-end (E2E) deep neu-
ral network-based reconstruction methods. On the one hand, sev-
eral 2D convolution-based methods including MetaSCI [30] and
U-net [20] enjoy high efficiency. However, the reconstruction qual-
ity is unsatisfactory (lower than 32dB). On the other hand, the
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E2E video SCI reconstruction methods such as RevSCI [4] and Eff-
cientSCI [26], can achieve superior reconstruction quality (higher
than 33dB). However, they are build upon 3D convolutional layers
or the non-local self-attention modules which are computational
heavy and thus not friendly for the mobile devices. Now, we take
EfficientSCI [26] as an example. It can present the best efficiency
performance along with high reconstruction quality when testing
on the NVIDIA GPU platform. However, due to the memory con-
strain, we cannot deploy EfficientSCI on the mobile devices. Base
on the above analysis, we believe that an E2E deep neural network
with 2D convolutional layers shall be a mobile-friendly and efficient
video SCI reconstruction algorithm design.

4.2 Overall MobileSCI Architecture

The overall architecture of our MobileSCI is shown in Fig. 2(a). In
the initialization stage, inspired by [5, 27], we use the estimation
module to pre-process measurement (Y) and masks (M) as follows,

T
Y=Y0) M Xe=YOM+Y, @)
t=1

where @ represents Hadamard (element-wise) division, Y € R X1y

is the normalized measurement, which preserves a certain degree
of the background and motion trajectory information, and X, €
R™*"yXT represents the coarse estimate of the desired video. We
then take X, as the input of the proposed network to get the final
reconstruction result.

Our proposed MobileSCI network is mainly composed of three
parts: i) feature extraction module, ii) feature enhancement module,
and iii) video reconstruction module. Firstly, the feature extraction
module is composed of a 2D convolutional layers with a kernel size
of 3 x 3, followed by a LeakyReLU activation function [17]. With
the proposed feature extraction module, we can effectively project
the input video frames into the high-dimensional feature space
and produce the shallow features. After that, inspired by CST [1]
which has been successfully applied on the hyperspectral SCI re-
construction task [13], we adopt a U-shaped structure in the feature
enhancement module of the MobileSCI model to generate the deep
features. Finally, the video reconstruction module, composed of a
2D convolutional layer with a kernel size of 3 X 3, is able to conduct
video reconstruction on the deep features output by the feature
enhancement module.

4.3 U-shaped Feature Enhancement Module

The proposed U-shaped feature enhancement module consists of
an encoder &, a bottleneck 8 and a decoder D. Among them, &
consists of two convolutional blocks and two downsample modules.
The downsample module is a strided 33 convolutional layer which
can downscale the feature maps and double the channel dimension.
8 is a convolutional block or an efficient feature mixing block.
D contains two convolutional blocks and two upsample modules.
The upsample module is a 1 X 1 convolutional layer followed by a
PixelShuffle operation [23]. In each convolutional block, we stack
several convolutional units. As shown in Fig. 2(b), the convolutional
unit is a residual style module which is composed of two 3 X 3
convolutional layers followed by a LeakyReLU activation function.
Note that, the channel number of the features keeps consistent in

Anonymous Authors

the convolutional unit. Finally, to alleviate the information loss
during rescaling, we add some shortcut connections between the
encoder & and the decoder D.

4.4 Efficient Feature Mixing Block

To further enhance our MobileSCI, we aim to reduce its model
size and alleviate its computational burden. The key challenges
are two-folds: i) Mobile attention modules [14, 38] have achieved
superior performance on multiple vision tasks. However, when
applying attention modules on the extracted features with large
spatial size, the real-time performance will be largely worsen. ii)
The inverted residual structure [22] is not feasible for the U-shaped
architecture because channel number of the bottleneck layers is
not the constrain for improving the reconstruction quality. Bearing
the above in mind, we propose an efficient feature mixing block,
based on the channel splitting and shuffling mechanisms [16], as a
novel bottleneck structure of the proposed MobileSCI. As shown
in Fig. 2(c), our proposed feature mixing block is composed of two
feature mixer layers with a shortcut connection.

Feature Mixer Layer: As shown Fig. 2(d),The feature mixer layer
contains a channel projection layers and a 3 X 3 depth-wise convo-
lutional layer. To mix features at the channel locations, we adopt
point-wise MLPs to perform channel projection. Besides, we in-
troduce the channel splitting and shuffling mechanisms to reduce
computational cost in the channel projection layer. Specifically, as
shown Fig. 2(e), in each channel projection layer, we first split the
input feature X;, along the channel dimension as X; and Xj. Then,
X1 undergoes two point-wise MLPs followed by a LeakyReLU func-
tion to generate the output feature X.1. Among them, the first MLP
expands the channel number twice, and the second MLP reduces
the channel number by half. Next, we concatenate X.; and Xj to
obtain the output feature. Finally, a channel shuffling operation is
employed to enable the information exchange on the concatenated
feature. The above procedure of the channel projection layer can
be expressed as follows,

[X1,Xz] = Split(Xin),
Xe1 = W2 (a(W1(X1))), 3)
Xout = Shuffle(Concat(Xc1, X2)) + Xin,
where Split(-) and Shuffle(:) denote the splitting and shuffling
of features in the channel dimension. W; and W3 are the point-

wise convolutional layers. o represents the LeakyReLU function.
Concat(-) is the concatenation operation.

4.5 Loss Function

As established in Sec. 3, our proposed method takes the measure-
ment (Y) and the corresponding masks ({Mt}tT:1) as inputs, and
then generates the dynamic video frames ({)A(f}thl € RM'x*My),

Given the ground truth ({Xt}z;l € R"™*"y) we choose the mean
square error (MSE) as our loss function, which can be expressed as,

T

1 A
DIRe = XelI3. (4)
t=1

Tnxny

Lmse =

For the knowledge distillation process, we choose a deeper Mo-
bileSCI model as the teacher network due to its strong representa-
tion ability. Then we put a knowledge-distillation loss between the
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teacher output {)A(k}zz L€ R™*™y and student output X; as,

Lgp =

T
1 A N
X5 = X¢l5- (5)
Tnxny; k 2

Therefore, the final loss function for our MobileSCI network will
be a weighted combination:
L =M Lysg + 12 Lk, (6)

where A; = 1, A2 = 1 in our experimental settings.

Figure 3: Illustration of the real built video SCI system.

5 EXPERIMENTS

Hardware Implementation: The optical setup of the real video
SCI system is shown in Fig. 3. The encoding process can be sum-
marized as follows: First, the reflected light from the target scene is
imaged onto the surface of the digital micromirror device (DMD) (T1,
2560 X 1600 pixels, 7.6um pixel pitch) via a camera lens (Sigma, 17-
50/2.8, EX DC OS HSM) and the first relay lens (Coolens, WWK10-
110-111). Then, the projected dynamic scene is modulated by the
random binary masks loaded in the DMD. Finally, the encoded
scene is projected onto a low-speed 2D camera (Basler acA1920,
1920 X 1200 pixels, 4.8um pixel pitch) with the second relay lens
(Coolens, WWKO066-110-110), which is captured in a snapshot man-
ner. In our experiments, the camera works at 50 FPS, thus the
equivalent sampling rate of the real built video SCI system is 50 X
Cr FPS.

Real Data Acquisition Procedure: The first essential step of the
real data acquisition process is to record the modulated masks in
a right way. Specifically, we first place a Lambertian white board
at the objective plane of the camera lens. Then, each mask pattern
(M®) which is projected on the surface of DMD, will be recorded
sequentially. Moreover, to eliminate the influence of background
noise and nonuniform light distribution, we need to capture two
extra images corresponding to a pure white (O with all ‘1’s) and
black mask (Z with all ‘0’s), respectively. Finally, we can get the
actual mask (M) with (7).

M=M’-2)o (0-2), )

where @ stands for Hadamard (element-wise) division.

Training and Testing Datasets: Following BIRNAT [5], we choose
DAVIS2017 [19] with resolution 480 X 894 as the training dataset.
For the testing dataset, we first test our MobileSCI network on six
simulated testing data (including Kobe, Traffic, Runner, Drop,
Crash and Aerial with a size of 256 X 256 X 8) to verify the model
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performance. After that, we test our MobileSCI model on the real
testing data (including Water Balloon and Domino with a size of
512 X 512 X 10) captured by the real video SCI system described in
the “Hardware Implementation” section.

Training Details: Following DeSCI [15], eight sequential frames
are modulated by a set of eight random binary masks and then
summed up to get a series of snapshot compressed measurements
as described in Sec. 3. We randomly crop patch cubes (256 X 256 X
8) from original scenes in DAVIS2017 and obtain 26,000 training
data pairs with data augmentation operations including random
scaling and random flipping. Following this, we adopt Adam [12]
to optimize the model with an initial learning rate of 0.0001. After
iterating for 100 epochs on the training data with a 128 x 128
resolution and 20 epochs on the training data with a 256 X 256
resolution, we adjust the learning rate to 0.00001 and continue to
iterate for 20 epochs on the training data with a 256 X 256 resolution
to obtain the final model parameters. The whole training process is
conducted on 4 NVIDIA RTX 3090 GPUs based on PyTorch 1.13.1.

5.1 Results on Simulated Data

We compare our proposed MobileSCI network with the traditional
iteration-based methods (GAP-TV [34], PnP-FFDNet [36], PnP-
FastDVDnet [37], and DeSCI [15]) and the deep learning-based ones
(U-net [20], MetaSCI [30], BIRNAT [5], RevSCI [4], GAP-CCoT [28],
STFormer-S [27], and EfficientSCI-T [26]) on the simulated testing
datasets. In this section, the peak-signal-to-noise-ratio (PSNR) and
structured similarity index metrics (SSIM) [29] are used as the eval-
uation metrics of the reconstruction quality. Running time on the
GPU platform is adopted as the evaluation metrics of the algorithm
efficiency. Moreover, for a fair comparison, we test all the deep
learning-based reconstruction methods on the same NVIDIA RTX
3090 GPU. We customize the MobileSCI model by setting the chan-
nel number of the embedding output feature, the number of the
convolutional unit in each convolutional block and the number of
the feature mixing block in the bottleneck block as 64, 6, and 1, re-
spectively. Additionally, the final MobileSCI-KD model is obtained
by distilling from a stronger network.

We can observe from Tab. 1 that our proposed MobileSCI-KD
can achieve much better real-time performance with comparable re-
construction quality than previous SOTA methods. In particular, i)
The PSNR value of our MobileSCI-KD surpasses U-net and MetaSCI
by a large margin on average (4.47dB and 2.20dB, respectively),
while reducing the testing time by more than 2.0x. ii) The PSNR
value of our MobileSCI-KD model surpasses BIRNAT and GAP-
CCoT by 0.61dB and 0.39dB on average, while reducing the testing
time by about 6.7x and 5.3, respectively. iii) Our MobileSCI-KD
can achieve comparable reconstruction quality with RevSCI and
STFormer-S, while the testing time is reduced by more than 12.7x
and 9.3x, respectively. iv) Although EfficientSCI-T outperforms our
MobileSCI-KD by about 0.3dB, it required more than 4.7x longer in-
ference time on the NVIDIA RTX 3090 GPU. Besides, EfficientSCI-T
cannot be deployed on the mobile devices.

For visualization purposes, we plot several reconstructed video
frames in Fig. 4, where we can see from the zooming areas in each se-
lected video frame that our MobileSCI-KD can provide comparable
high-quality reconstructed images with previous SOTA STFormer-
S, and EfficientSCI-T. Especially for the complex Traffic, Crash

523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580



581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638

ACM MM, 2024, Melbourne, Australia

Anonymous Authors

Table 1: The average PSNR in dB (left entry), SSIM (right entry) and running time per measurement of different video SCI
reconstruction algorithms on 6 simulated testing datasets. Note that, for a fair comparison, all the experiments are conducted
on the same NVIDIA GPU.

Method Kobe Traffic Runner Drop Crash Aerial ‘ Average ‘ Latency (s)
GAP-TV [34] 26.46, 0.885 20.89,0.715 28.52,0.909 34.63,0.970 24.82,0.838 25.05, 0.828 | 26.73, 0.858 | 4.20 (CPU)
PnP-FFDNet [36] 30.50, 0.926 24.18,0.828 32.15,0.933 40.70, 0.989 25.42,0.849 25.27,0.829 | 29.70,0.892 | 3.00 (GPU)
PnP-FastDVDnet [37] | 32.73, 0.947 27.95,0.932 36.29, 0.962 41.82,0.989 27.32,0.925 27.98,0.897 |32.35,0.942| 6.00 (GPU)
DeSCI [15] 33.25,0.952 28.71,0.925 38.48,0.969 43.10,0.993 27.04,0.909 25.33, 0.860 | 32.65, 0.935 | 6180.00 (CPU)
U-net [20] 27.79, 0.807 24.62,0.840 34.12,0.947 36.56,0.949 26.43,0.882 27.18,0.869 | 29.45,0.882 | 0.03 (GPU)
MetaSCI [30] 30.12, 0.907 26.95,0.888 37.02, 0.967 40.61, 0.985 27.33,0.906 28.31,0.904|31.72,0.926 | 0.03 (GPU)
BIRNAT [5] 32.71,0.950 29.33,0.942 38.70,0.976 42.28,0.992 27.84,0.927 28.99,0.917 | 33.31,0.951| 0.10 (GPU)
RevSCI [4] 33.72, 0.957 30.02, 0.949 39.40, 0.977 42.93,0.992 28.12,0.937 29.35,0.924 | 33.92,0.956 | 0.19 (GPU)
GAP-CCoT [28] 32.58,0.949 29.03,0.938 39.12,0.980 42.54,0.992 28.52,0.941 29.40, 0.923 | 33.53,0.958 | 0.08 (GPU)
STFormer-S [27] 33.19, 0.955 29.19,0.941 39.00, 0.979 42.84,0.992 29.26,0.950 30.13, 0.934 | 33.94, 0.958 | 0.14 (GPU)
EfficientSCI-T [26] 33.45, 0.960 29.20,0.942 39.51, 0.981 43.56,0.993 29.27,0.954 30.32, 0.937 | 34.22,0.961 | 0.07 (GPU)
MobileSCI-KD (Ours) ‘ 32.28,0.946 28.91,0.936 39.51, 0.981 43.13,0.992 29.39,0.953 30.32, 0.936 | 33.92, 0.957 ‘ 0.015 (GPU)

Kobe #6

Runner #1

Drop #6

Crash #8 |

Ground Truth MetaSCI

BIRNAT

RevSCl

STFormer-S

EffcientSCI-T

Figure 4: Selected reconstruction video frames of the simulated testing datasets. For a better view, we zoom in on a local area as
shown in the small red boxes of each ground truth image, and do not show the small red boxes again for simplicity.
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Domino
Measurement
(512X 512)

Water Balloon
Measurement
(512X 512)

Figure 5: Selected reconstruction video frames of the real data. For a better view, we zoom in on two local areas as shown in the

small red and green boxes of the first and second image.

and Aerial scenes, we can observe sharp edges and more details
in the reconstructed frames of our proposed MobileSCI-KD.

Table 2: The actual speed of our MobileSCI-KD model and
BIRNAT deployed on various mobile devices. The actual
speed is measured in seconds. Some numbers are missing,
since BIRNAT was providing an out of memory error.

Mobile Device ‘ MobileSCI-KD Latency (s) ‘ BIRNAT Latency (s)

iPhone 15 0.028 1.26
iPad Pro (2nd gen) 0.080 3.49
OnePlus 11 1.31 -
Xiaomi 14Ultra 1.19 -
NVIDIA Jetson Orin Nano 0.17 1.68

We also measure the actual inference speed of our MobileSCI
model on real mobile devices with input resolution as 256 X 256 X 8.
Due to the extensive use of 3D convolutional layers or Transformer
modules, which consume a large amount of memory, some of the
previous SOTA methods including RevSCI, GAP-CCoT, STFormer-
S, and EfficientSCI-T cannot be deployed to resource-limited mobile

devices such as mobile phones and embedded devices. Thus, we
compare our MobileSCI model with previous SOTA BIRNAT in
this section. As shown in Tab. 2, our MobileSCI is more than 40X
and 10X faster than BIRNAT on the mobile phones and NVIDIA
embedded device, respectively. Particularly, our MobileSCI can
achieve real-time (35 FPS) reconstruction on an iPhone 15.

5.2 Results on Real Data

We further test our proposed MobileSCI on the real data captured
by the video SCI system. Here, it is worth mentioning that due
to the mismatch between the camera and DMD, the real captured
masks cannot meet the binary distribution as that of the simulated
random binary masks. Thus, we need to finetune the model which
is pretrained on the simulated training data. The training data pairs
for finetuning are generated with the original scenes in DAVIS2017
and the real captured masks. In the finetuning process, we first set
the learning rate as 0.0001. Then we can finetune for 20 epochs on
the training data with a 128 X 128 resolution, followed by 10 epochs
on the training data with a 256 X 256 resolution.

755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811

812



813
814
815
816

817

823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845

846

859
860
861
862
863
864
865
866
867
868
869

870

ACM MM, 2024, Melbourne, Australia

We can see from Fig. 5 that our proposed MobileSCI-KD can
achieve comparable reconstruction quality with previous SOTA
STFormer-S, and EfficientSCI-T. Specifically, our proposed MobileSCI-
KD model can provide clearly reconstructed letters on the Domino
data and sharp edges on the Water Balloon data.

5.3 Ablation Study

Effect of the feature mixing block: To evaluate the effectiveness
of various efficient modules in our MobileSCI model, we conduct
experiments on the efficient modules including the mobile attention
module proposed in EfficientFormer V2 [14], the inverted residual
structure shown in MobileNet V2 [22] and our proposed feature
mixing block. In the baseline model, we adopt the convolutional
unit (shown in Fig. 2(b)) in the whole U-shaped architecture. Then,
we replace the convolutional unit in the bottleneck block with the
proposed feature mixing block to get our MobileSCI-Base model.
We can get the following observations from Tab. 3 that: i) Ef-
ficientFormer V2 outperforms the baseline model with slightly
0.04dB, while the inference time increases by about 2X. ii) Mo-
bileNet V2 can help reduce the model size and slightly alleviate
the computational burden. However, the reconstruction quality
drops by more than 0.17dB with no improvement on the real-time
performance. iii) Our proposed feature mixing block is extremely
lightweight and more efficient. Specifically, compared with the
baseline model, the model size and computational complexity of
our MobileSCI-Base model reduce by 2.14%, 18%, along with a 7.4%
improvement on the inference speed. Moreover, the reconstruction
quality is guaranteed. Thus, our proposed feature mixing block can
achieve the best trade-off between accuracy and efficiency.

Table 3: Ablation study on the feature mixing block. The
latency on an iPhone 15 is reported.

Method | PSNR  SSIM | Params (M) FLOPs (G) | Latency (ms)
Baseline 3378 0.956| 12.052 149.05 30.25
EfficientFormer V2 [14] | 33.82 0.956 | 12.207 142.38 60.15
MobileNet V2 [22] 33.61 0.955| 8.186 133.17 30.50

MobileSCI-Base (Ours) | 33.77 0.956|  5.632 12276 | 28.23

Then, we replace the convolutional units at different parts of
the U-shaped architecture with the proposed feature mixing block.
Keeping the same testing time on the same NVIDIA RTX 3090 GPU,
we sequentially replace the convolutional units at the bottleneck
block (“Case 1”), Conv Block 2&3 (“Case 2”) and Conv Block 1&4
(“Case 3”) of our MobileSCI model. As shown in Tab. 4, “Case 1”
outperforms “Case 2” and “Case 3” by about 0.23dB and 1.04dB,
respectively. Therefore, replacing the convolutional units only at
the bottleneck block can better ensure the reconstruction quality.
Effect of knowledge distillation: In this section, we study dif-
ferent knowledge distillation strategies. The teacher MobileSCI
network is obtained by setting the channel number of the embed-
ding output feature, the number of the convolutional unit in each
convolutional block and the number of the feature mixing block in
the bottleneck block as 64, 24 and 4, respectively. We first implement
knowledge distillation on the randomly initialized student model
(“Strategy 17). However, we can see from Fig. 6 that this brings
no performance improvement on the proposed MobileSCI-Base.

Anonymous Authors

Table 4: Ablation study on replacing the convolutional unit
at different parts of our mobileSCI network. We sequentially
replace the convolutional units at the Bottleneck Block (BB),
Conv Block 2&3 (CB23) and Conv Block 1&4 (CB14) of our
MobileSCI model.

Replacing Blocks | PSNR SSIM | Params (M) FLOPs (G)

BB 33.77 0.956 5.632 122.76
BB + CB23 33.54 0.954 3.758 92.00
BB + CB23 + CB14 | 32.73 0.944 4.200 56.06

Therefore, we customize a novel knowledge distillation strategy
(“Strategy 2”). Specifically, we select one layer every four layers
from the teacher model to initialize the student model. Following
this, we conduct knowledge distillation on the initialized student
model. As shown in Fig. 6, “Strategy 2” brings 0.15d B PSNR improve-
ment of the reconstruction quality with much faster convergence
speed than “Strategy 1”.

339 7/
0.161
51‘533.8 v /
o 147 : 7 / / /
ao 12} Y % % /
£ 77 77
E 0.10F 3 MobileSCI-Base Strategy 1 Strategy 2
—— Strategy 1
Strategy 2
0.08
0 20 40 60 80 100
Epoch

Figure 6: Loss curve and PSNR value of different knowledge
distillation strategies. In “Strategy 1”, we implement knowl-
edge distillation on the randomly initialized student model.
In “Strategy 2”, we first initialize the student model with
selective layers from the teacher model. Then, we conduct
knowledge distillation on the initialized student model.

6 CONCLUSION

In this paper, we propose the first real-time mobile video SCI recon-
struction method, dubbed MobileSCI, with effective network design.
Specifically, a U-shaped architecture with 2D convolutional layers
is built as the baseline. Following this, an efficient feature mixing
block based on the channel splitting and shuffling mechanisms, is
proposed to reduce computational cost and improve network capa-
bility of our proposed MobileSCI. Finally, a customized knowledge
distillation strategy is introduced to further improve the recon-
struction quality. Extensive experiments on both simulated and
real testing data show that our proposed MobileSCI can achieve a
good trade-off between accuracy and efficiency. More importantly,
combining the proposed optical setup with our MobileSCI network,
we contribute a promising way to build a whole mobile video SCI
system with real-time performance.

871

873

874

876
877
878
879
880
881
882
883
884
885

886

888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927

928



929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985

986

Towards Real-time Video Compressive Sensing on Mobile Devices

REFERENCES

[1] Yuanhao Cai, Jing Lin, Xiaowan Hu, Haogian Wang, Xin Yuan, Yulun Zhang,

(3

[4

[10

[11

[12

[13

[14

[15

[16

(7

[18

[19

[20

[21

[22

=

=

]

]

]

]

]

]

Radu Timofte, and Luc Van Gool. 2022. Coarse-to-fine sparse transformer for
hyperspectral image reconstruction. In European Conference on Computer Vision.
Springer, 686-704.

Jierun Chen, Shiu-hong Kao, Hao He, Weipeng Zhuo, Song Wen, Chul-Ho Lee,
and S-H Gary Chan. 2023. Run, Don’t walk: Chasing higher FLOPS for faster
neural networks. In Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition. 12021-12031.

Yinpeng Chen, Xiyang Dai, Dongdong Chen, Mengchen Liu, Xiaoyi Dong, Lu
Yuan, and Zicheng Liu. 2022. Mobile-former: Bridging mobilenet and trans-
former. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. 5270-5279.

Ziheng Cheng, Bo Chen, Guanliang Liu, Hao Zhang, Ruiying Lu, Zhengjue Wang,
and Xin Yuan. 2021. Memory-efficient network for large-scale video compressive
sensing. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. 16246-16255.

Ziheng Cheng, Bo Chen, Ruiying Lu, Zhengjue Wang, Hao Zhang, Ziyi Meng, and
Xin Yuan. 2022. Recurrent neural networks for snapshot compressive imaging.
IEEE Transactions on Pattern Analysis and Machine Intelligence (2022).

Chao Deng, Yuanlong Zhang, Yifeng Mao, Jingtao Fan, Jinli Suo, Zhili Zhang, and
Qionghai Dai. 2019. Sinusoidal sampling enhanced compressive camera for high
speed imaging. IEEE Transactions on Pattern Analysis and Machine Intelligence
43,4 (2019), 1380-1393.

David L Donoho. 2006. Compressed sensing. IEEE Transactions on Information
Theory 52, 4 (2006), 1289-1306.

Kai Han, Yunhe Wang, Qi Tian, Jianyuan Guo, Chunjing Xu, and Chang Xu. 2020.
Ghostnet: More features from cheap operations. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition. 1580-1589.

Yasunobu Hitomi, Jinwei Gu, Mohit Gupta, Tomoo Mitsunaga, and Shree K
Nayar. 2011. Video from a single coded exposure photograph using a learned
over-complete dictionary. In Proceedings of the IEEE/CVF International Conference
on Computer Vision. IEEE, 287-294.

Andrew Howard, Mark Sandler, Grace Chu, Liang-Chieh Chen, Bo Chen, Mingx-
ing Tan, Weijun Wang, Yukun Zhu, Ruoming Pang, Vijay Vasudevan, et al. 2019.
Searching for mobilenetv3. In Proceedings of the IEEE/CVF International Conference
on Computer Vision. 1314-1324.

Andrew G Howard, Menglong Zhu, Bo Chen, Dmitry Kalenichenko, Weijun
Wang, Tobias Weyand, Marco Andreetto, and Hartwig Adam. 2017. Mobilenets:
Efficient convolutional neural networks for mobile vision applications. arXiv
preprint arXiv:1704.04861 (2017).

Diederik P Kingma and Jimmy Ba. 2015. Adam: A Method for Stochastic Opti-
mization. In International Conference on Learning Representations.

Chenyu Li, Bing Zhang, Danfeng Hong, Jun Zhou, Gemine Vivone, Shutao Li, and
Jocelyn Chanussot. 2024. CasFormer: Cascaded transformers for fusion-aware
computational hyperspectral imaging. Information Fusion (2024), 102408.
Yanyu Li, Ju Hu, Yang Wen, Georgios Evangelidis, Kamyar Salahi, Yanzhi Wang,
Sergey Tulyakov, and Jian Ren. 2023. Rethinking vision transformers for mo-
bilenet size and speed. In Proceedings of the IEEE/CVF International Conference on
Computer Vision. 16889-16900.

Yang Liu, Xin Yuan, Jinli Suo, David J Brady, and Qionghai Dai. 2018. Rank
minimization for snapshot compressive imaging. IEEE Transactions on Pattern
Analysis and Machine Intelligence 41, 12 (2018), 2990-3006.

Ningning Ma, Xiangyu Zhang, Hai-Tao Zheng, and Jian Sun. 2018. Shufflenet v2:
Practical guidelines for efficient cnn architecture design. In European Conference
on Computer Vision. 116-131.

Andrew L Maas, Awni Y Hannun, Andrew Y Ng, et al. 2013. Rectifier nonlin-
earities improve neural network acoustic models. In International Conference on
Machine Learning, Vol. 30. Atlanta, Georgia, USA, 3.

Junting Pan, Adrian Bulat, Fuwen Tan, Xiatian Zhu, Lukasz Dudziak, Hongsheng
Li, Georgios Tzimiropoulos, and Brais Martinez. 2022. Edgevits: Competing light-
weight cnns on mobile devices with vision transformers. In European Conference
on Computer Vision. Springer, 294-311.

Jordi Pont-Tuset, Federico Perazzi, Sergi Caelles, Pablo Arbelaez, Alex Sorkine-
Hornung, and Luc Van Gool. 2017. The 2017 davis challenge on video object
segmentation. arXiv preprint arXiv:1704.00675 (2017).

Mu Qiao, Ziyi Meng, Jiawei Ma, and Xin Yuan. 2020. Deep learning for video
compressive sensing. Apl Photonics 5, 3 (2020), 030801.

Dikpal Reddy, Ashok Veeraraghavan, and Rama Chellappa. 2011. P2C2: Pro-
grammable pixel compressive camera for high speed imaging. In Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. IEEE,
329-336.

Mark Sandler, Andrew Howard, Menglong Zhu, Andrey Zhmoginov, and Liang-
Chieh Chen. 2018. Mobilenetv2: Inverted residuals and linear bottlenecks. In
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition.
4510-4520.

[23

[24

[25]

™
2

[27

[28

[29]

@
=

[31

[32

[33

[35

[36

(37

[38

[39

[40

ACM MM, 2024, Melbourne, Australia

Wenzhe Shi, Jose Caballero, Ferenc Huszar, Johannes Totz, Andrew P Aitken,
Rob Bishop, Daniel Rueckert, and Zehan Wang. 2016. Real-time single image
and video super-resolution using an efficient sub-pixel convolutional neural
network. In Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition. 1874-1883.

Yehui Tang, Kai Han, Jianyuan Guo, Chang Xu, Chao Xu, and Yunhe Wang. 2022.
GhostNetv2: Enhance cheap operation with long-range attention. Advances in
Neural Information Processing Systems 35 (2022), 9969-9982.

Pavan Kumar Anasosalu Vasu, James Gabriel, Jeff Zhu, Oncel Tuzel, and Anurag
Ranjan. 2023. Mobileone: An improved one millisecond mobile backbone. In
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition.
7907-7917.

Lishun Wang, Miao Cao, and Xin Yuan. 2023. Efficientsci: Densely connected
network with space-time factorization for large-scale video snapshot compressive
imaging. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition. 18477-18486.

Lishun Wang, Miao Cao, Yong Zhong, and Xin Yuan. 2022. Spatial-temporal
transformer for video snapshot compressive imaging. IEEE Transactions on
Pattern Analysis and Machine Intelligence (2022).

Lishun Wang, Zongliang Wu, Yong Zhong, and Xin Yuan. 2022. Snapshot spectral
compressive imaging reconstruction using convolution and contextual Trans-
former. Photonics Research 10, 8 (2022), 1848—-1858.

Zhou Wang, Alan C Bovik, Hamid R Sheikh, and Eero P Simoncelli. 2004. Image
quality assessment: from error visibility to structural similarity. IEEE Transactions
on Image Processing 13, 4 (2004), 600-612.

Zhengjue Wang, Hao Zhang, Ziheng Cheng, Bo Chen, and Xin Yuan. 2021.
Metasci: Scalable and adaptive reconstruction for video compressive sensing. In
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion. 2083-2092.

Zhuoyuan Wu, Jian Zhang, and Chong Mou. 2021. Dense Deep Unfolding
Network With 3D-CNN Prior for Snapshot Compressive Imaging. In Proceedings
of the IEEE/CVF International Conference on Computer Vision. 4892-4901.
Chengshuai Yang, Shiyu Zhang, and Xin Yuan. 2022. Ensemble learning priors
unfolding for scalable Snapshot Compressive Sensing. In European Conference on
Computer Vision. 325-341.

Jianbo Yang, Xuejun Liao, Xin Yuan, Patrick Llull, David J Brady, Guillermo
Sapiro, and Lawrence Carin. 2014. Compressive sensing by learning a Gaussian
mixture model from measurements. IEEE Transactions on Image Processing 24, 1
(2014), 106-119.

Xin Yuan. 2016. Generalized alternating projection based total variation min-
imization for compressive sensing. In IEEE International Conference on Image
Processing. IEEE, 2539-2543.

Xin Yuan, David J Brady, and Aggelos K Katsaggelos. 2021. Snapshot compressive
imaging: Theory, algorithms, and applications. IEEE Signal Processing Magazine
38, 2 (2021), 65-88.

Xin Yuan, Yang Liu, Jinli Suo, and Qionghai Dai. 2020. Plug-and-play algorithms
for large-scale snapshot compressive imaging. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition. 1447-1457.

Xin Yuan, Yang Liu, Jinli Suo, Fredo Durand, and Qionghai Dai. 2021. Plug-and-
Play Algorithms for Video Snapshot Compressive Imaging. IEEE Transactions on
Pattern Analysis and Machine Intelligence 01 (2021), 1-1.

Jiangning Zhang, Xiangtai Li, Jian Li, Liang Liu, Zhucun Xue, Boshen Zhang,
Zhengkai Jiang, Tianxin Huang, Yabiao Wang, and Chengjie Wang. 2023. Re-
thinking mobile block for efficient attention-based models. In Proceedings of the
IEEE/CVF International Conference on Computer Vision. IEEE Computer Society,
1389-1400.

Zhihong Zhang, Chao Deng, Yang Liu, Xin Yuan, Jinli Suo, and Qionghai Dai. 2021.
Ten-mega-pixel snapshot compressive imaging with a hybrid coded aperture.
Photonics Research 9, 11 (2021), 2277-2287.

Siming Zheng and Xin Yuan. 2023. Unfolding Framework with Prior of
Convolution-Transformer Mixture and Uncertainty Estimation for Video Snap-
shot Compressive Imaging. In Proceedings of the IEEE/CVF International Confer-
ence on Computer Vision. 12738-12749.

987

988

989

990

991

992

993

994

995

996

997

998

999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043

1044



	Abstract
	1 Introduction
	2 Related Work
	2.1 Video SCI Reconstruction Methods
	2.2 Mobile Networks

	3 Preliminary: Video SCI System
	4 Our Proposed Methods
	4.1 Motivation
	4.2 Overall MobileSCI Architecture
	4.3 U-shaped Feature Enhancement Module
	4.4 Efficient Feature Mixing Block
	4.5 Loss Function

	5 Experiments
	5.1 Results on Simulated Data
	5.2 Results on Real Data
	5.3 Ablation Study

	6 Conclusion
	References

