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Abstract—Ad-hoc edge deployments to support real-time com-
plex video processing applications such as, multi-view 3D recon-
struction often suffer from spatio-temporal system disruptions
that greatly impact reconstruction quality. In this poster paper,
we present a novel portfolio theory-inspired edge resource man-
agement strategy to ensure reliable multi-view 3D reconstruction
by accounting for possible system disruptions.

Index Terms—Reliability, Edge Computing, 3D Reconstruc-
tion, Portfolio Theory, Resource Management.

I. INTRODUCTION

Multi-view 3D reconstruction [1] applications are increas-
ingly becoming fundamental for complex 3D video processing
application pipelines that create immersive 3D environments,
such as, virtual, augmented, and mixed reality. In order to
provide rapid situational awareness, mission-critical use cases
often rely on ad-hoc edge environments where: i) raw video
data is captured by end-devices, such as, drones and robots; ii)
speciality on-premise (e.g., hosted on vehicles) edge servers
equipped with CPU/GPU and 3D video processing applica-
tions are deployed on-demand computation; and iii) ground
consumers (e.g., tactical or first responder units) visualize the
reconstructed scene on their hand-held devices.

The already tricky proposition of resource management in
ad-hoc edge environments becomes even more challenging
as such ad-hoc system deployments with weakly-coupled
components are often prone to ‘disruptions’ that can have
potentially catastrophic impact the reconstruction quality. In
general, such disruptions may occur due to various unintended
factors, such as, abrupt changes in the operating environment,
and/or malicious factors, such as jamming attacks on wireless
channels. These disruptions can lead to: i) ‘spatially correlated’
failures in many cameras, all at the same time and/or ii) a
series of ‘temporally correlated’ failures across many cameras
over a period of time. Thus, there is a need for reliable camera
management in the presence of such spatio-tempally correlated
disruptions to ensure minimum reconstruction quality satisfac-
tion. Although the related literature offers many solutions for
edge resource management for critical use-cases [2], there
exists little work on ensuring reliability in such environments
in the presence of disruptions.

In this paper, we propose an intelligent edge resource man-
agement technique that makes multi-view 3D reconstruction
in such environments reliable under system-wide disruptions.
In particular, our methodology involves an innovative camera
selection strategy inspired by portfolio theory that is aimed
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Fig. 1: Multi-view 3D reconstruction of an outdoor scene hosted at ‘Just-
in-time’ edge environment

at mitigating the potentially catastrophic effects of spatial
and temporal disruptions that are commonplace in ad-hoc
edge implementations [3], [4]. We evaluate the proposed edge
resource management technique through a detailed simulation
that mimics spatio-temporal correlated disruptions on ad-hoc
edge implementations. Using publicly available and custom-
made multi-view 3D reconstruction datasets, and state-of-the-
art 3D reconstruction pipeline, we evaluate the quality of
3D reconstruction: a) with disruptions and addressed using
traditional baseline approaches towards ensuring reliability
and b) with disruption but resolved using our proposed
portfolio theoretic approach. Our initial results demonstrate
that under different degrees of system-wide disruptions and
camera selection stipulations, our proposed method can ensure
more reliable reconstruction in terms of higher mean value
and lower standard deviation of reconstruction quality than
baseline strategies.

II. SYSTEM MODEL AND PROBLEM FORMULATION

Our ad-hoc edge system model, as depicted in Fig. 1,
consists of a collection of N camera-enabled devices, labeled
as {1,---, N}. Each of these cameras capture an indoor or
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outdoor 3D scene (an outdoor park in this case) from different
viewpoints in the form of a continuous stream of video frames.
The video streams are transmitted to one or multiple edge
servers ({1, -, K'}) in real-time where the video frames from
different cameras belonging to a single time-stamp are fused
together using a certain 3D reconstruction algorithm, in order
to generate a 3D visualisation of the scene for that particular
time-stamp. We assume that a camera 4, transmits images with
specified image resolution R; with a probability p.,, and fails,
producing no usable data, with a probability 1 — p.,. The
likelihood of disruptions, represented as a random variable
D, reflects the variability and uncertainty in camera operation.
Such operational disruptions across different cameras can be
correlated, indicated by the correlation coefficients p; ; for
cameras ¢ and j.

In such a scenario, it can be noted that the resolution of the
image obtained from camera ¢, say denoted as R;, is itself a
random variable, with R; = 0 (when camera ¢ gets disrupted),
which occurs with probability 1 — p.,) and R; = R; (when
camera ¢ is not disrupted), with E[R;] = R;E[p.,] (where
E[-] denotes expectation), which occurs with probability p.,).
Further, for cameras ¢ and j, with p., and p., being correlated
random variables, (with p; ; being their correlation coeffi-
cient), R; and R; also become correlated in nature whose
covariance is cov(R;, R;) = R;R;op,. Op., Pi.j» Where op,.
is the standard deviation of p.,. To perform camera selection
in such a scenario, suppose that camera ¢ is selected with a
probability «;, with & = (ay,--- ,ay) denoting the camera
selection vector, leading to the expected total resolution of the
images obtained from the cameras to be Zf\il o, E[R].

Portfolio theoretic resource management in the above prob-
lem scenario would enable camera selection under simulta-
neous consideration of expected image qualities (resolutions)
obtained from the cameras (which impact the reconstructed
scene’s quality) in terms of their resolutions and the covari-
ances among the image qualities obtained from the cameras
(which impact reliability considerations), thereby permitting
us to achieve optimal tradeoffs between the quality and the
reliability of a 3D reconstruction task in order to sustain its
desired performance under disruptions.

N N
minimize ZZaiajcov(Ri,Rj) (1a)
a=(a1, an) =
N
Subj. to Z%‘E[Ri] > O (quality constr) (1b)
i=1
N
Z a; < U (resource constr.) (1c)
i=1
a; €[0,1], Vi (sel. param. constr.)
(1d)
It should be noted that Eq. (1) seeks to deter-
mine the camera selection strategy a = (ag, - -,an)

that would, to provide reliability, minimize the quantity
Eij\;l Zjvzl a;ojcov(R;, R ), which determines the variabil-
ity of the quality of the reconstructed scene. For this work, we
use genetic algorithm to solve Eq. (1).
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Fig. 2: Image samples from the captured multi-view dataset
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Fig. 3: Reliability of reconstruction quality comparison between portfolio
theoretic vs. baseline approaches

III. EXPERIMENTS AND INITIAL RESULTS

For the evaluation, we use the most widely used multiview
3D reconstruction algorithm, viz., openMVG/openMVS [5],
[6], running on a Dell desktop with Intel i7 @2.9GHz
processor with 16GB RAM, and NVIDIA GeForce RTX
2060. For the dataset, we use publicly available Dancel and
Odzemok [7] dataset (7 camera video stream), as well as
generate our own 5 camera video stream multi-view datasets
representing different degrees of indoor dynamic scenes, viz.,
Walk and Handshake as shown in Fig.2.

For the experiments, we create a heterogeneous environment
where different cameras have different image resolution, i.e.,
cameras with higher resolution are more important in generat-
ing high quality reconstruction. We further simulate disruption
events which cause the cameras to not send their data for
reconstruction uniformly randomly, however, with pairwise
disruption being correlated with beta distribution. Given such
environment, we generate comparison results over multiple
runs simulating long periods of ad-hoc edge environmental op-
eration and multiple occurrence of potential disruption events.

Fig. 3 demonstrates our initial results where we compare
the reliability of reconstruction quality between two competing
camera selection strategies under system-wide disruptions: a)
our proposed portfolio theory based and b) traditional mean
expected quality based where cameras with higher resolution
are selected more often. The results demonstrate that for
different values of the number of chosen cameras (i.e., ),
the mean reconstruction quality (over multiple experiments)
using our proposed portfolio theoretic approach significantly
outperforms reconstruction with the baseline strategy in terms
of reliablity, i.e., generating useful 3D reconstructions with
quality greater than a pre-defined threshold, selected through
empirical analysis.

IV. CONCLUSIONS

In this poster paper, we proposed a novel portfolio-theoretic
approach to address potential disruptions in ad-hoc edge
environments that can impact quality of underlying 3D recon-
struction applications. Our initial results with real-world data
and ad-hoc edge testbed demonstrate our proposed method’s
utility in improving reliability.

Authorized licensed use limited to: CUNY Hunter College Library. Downloaded on February 04,2025 at 21:52:40 UTC from |IEEE Xplore. Restrictions apply.



REFERENCES

[1] X. Zhang, H. Gan, A. Pal, S. Dey, and S. Debroy, “On balancing
latency and quality of edge-native multi-view 3d reconstruction,” in 2023
IEEE/ACM Symposium on Edge Computing (SEC), 2023, pp. 1-13.

[2] X. Zhang and S. Debroy, “Resource management in mobile edge
computing: A comprehensive survey,” ACM Comput. Surv., vol. 55, no.
13s, Jul. 2023. [Online]. Available: https://doi.org/10.1145/3589639

[3] D. G. Luenberger, Investment Science. Oxford University Press, 1997.

[4] H. Markowitz, “Portfolio selection,” The Journal of Finance, vol. 7, no. 1,
pp. 77-91, 1952. [Online]. Available: http://www.jstor.org/stable/2975974

[5] P. Moulon, P. Monasse, R. Perrot, and R. Marlet, “Openmvg: Open
multiple view geometry,” in International Workshop on Reproducible
Research in Pattern Recognition. Springer, 2016, pp. 60-74.

[6] D. Cernea, “OpenMVS: Multi-view stereo reconstruction library,” 2020.
[Online]. Available: https://cdcseacave.github.io/openMVS

[71 A. Mustafa, H. Kim, J. Guillemaut, and A. Hilton, “General dynamic
scene reconstruction from wide-baseline views,” in ICCV, 2015.

541

Authorized licensed use limited to: CUNY Hunter College Library. Downloaded on February 04,2025 at 21:52:40 UTC from |IEEE Xplore. Restrictions apply.



