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(KubEVC-Agent : Kubernetes Edge Vision Cluster Agent for Optimal
DNN Inference and Operation)

SR AT ENE AR LMY HSY 0 H B
(Moohyun Song, Kyumin Kim, Jihun Moon, Yurim Kim, Chaewon Nam, Jongbin Park, Kyungyong Lee)

Abstract : With the advancement of artificial intelligence and its various use cases, accessing it through edge
computing environments is gaining traction. However, due to the nature of edge computing environments, efficient
management and optimization of clusters distributed in different geographical locations is considered a major challenge.
To address these issues, this paper proposes a centralization and automation tool called KubEVC-Agent based on
Kubernetes. KubEVC-Agent centralizes the deployment, operation, and management of edge clusters and presents a
use case of the data transformation for optimizing intra-cluster communication. This paper describes the components of
KubEVC-Agent, its working principle, and experimental results to verify its effectiveness.

Keywords : Edge Cluster, Container Ochestration, Machine Learning Inference, Infrastructure as Code, Data Transform
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Table 1. Device Information used in the experiment

Component Spec

Processor: 11th Gen Intel (R) Core (RM) i5-1135G7
Memory: LPDDR4 16GB

Storage: SATA3 SSD, RW Speed: 560, 530MB/s

OS: Ubuntu 20.04LTS (non-graphic)

Model : Raspberry Pi 4 Model B

Processor: Quad-core Cortex-A72 (ARM v8) 64-bit
Cluster Node| Memory: LPDDR4 8GB

Storage: microSDXC (UHS-I), RW Speed: 190, 130MB/s
OS: Raspberry Pi OS Lite (64-bit)

Agent /
Edge
Endpoint

Eth t . .
erme Gigabit Ethernet (1Gbps)

Speed

Container | containerd: v1.7.2

Runtime runc: v1.1.9

General bootstrap tools - kubeadm: v1.27.3
Kubernetes | node agent — kubelet: v0.15.1
Lightweight

IWIVERIL | s v1.27.3+k3s
Kubernetes

H 2. AE AM=2E 2 ME
Table 2. Model Information used in the experiment

MobilenetV1 | InceptionV3 | YOLOV5 BERT
Input Size| 224x224 299x299 640x640 500
Model
. 18MB 97MB 28MB 428MB
Size
Dataset ImageNet ImageNet COCO IMDB
GFLOPS 1.15 11.5 16.5 13.39
Experimental Edge Cluster
/ kubernetes -\

v

N KSS»Mster

[e]
ey =
0 — K3s
Internet Agent/ ‘
Edge Endpoint %’
| :

K8S-Worker
7

=
K3S-Worker

K3S-Master

gl 3 e g tlolof o
Fig. 3. Experiment environment diagram
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Table 3. Time per automated deployment module

Lightweight
Kubernetes

General
Kubernetes

1m 56sec
42sec
27sec

Env Setup 4m 12sec

Init. Cluster 5m 23sec

16sec
28sec
22sec

Join Cluster

Deploy Endpoint 1m 8sec

Deploy ML Framework Hsec

1m 6sec 41sec

11m 47sec

Deploy Monitoring

Total 4m 59sec
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kubevc@kubevc—agent :~$ . /2.2 k3s_worker_node_join.sh

PLAY [Create token for worker node] s

TASK [Get k35 rrlas‘ter token] scccaicaicRcReic iR cRoRoReicfeoRoioRRoRoRRc R R RoRR
changed: [master]

TASK [Set Global Variable] s
ok: [master]

TASK [Get private IP address of Master node] swkkrssrrrsiimm
changed: [master]

TASK [ansible.builtin.set_fact] s
ok: [master]

PLAY [Joj_n the WOI'kEI'] Aok Rl R R iR Rl R

TASK [Download k3s worker cluster sScript] s
ok: [workerl]

TASK [Ins‘ta]_]_ k3s worker []_ug‘ter] oo e R e R R A
changed: [workerl]

PLAY RECAP seotooeoomsoior ofofomomooliofoioiofomoiololoiolor ool iofoioriolooiof ioiofom ool ol
: ok=4  changed=2  unreachable=@
: ok=2  changed=1  unreachable=@
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Fig. 4. Executing the worker node join module

lubevokubevc-agent :~$ kubectl get nodes —kubeconfig=$HOME/ . kube/k8s
STATUS  ROLES AGE VERSION
Ready control-plane 7d2éh  v1.27.3
kBs-worker  Ready <none> 7d1%h  v1.27.3
kubevc@kubevc-agent:~§ kubect] get deployment -A —kubeconfig=$HOME/ .kube/kBs
NAME READY UP-TO-DATE AVAILABLE
1/1 1
1/1
1/1
2/2
1/1

serving-deployment
nx-controller
calico-kube-controllers
coredns
controller

J 5 iz 2% & == 3 ofEZ|A0M & =l
Fig. 5. Verifying node and application post-deployment
H 4 FHUE|A SSHEY 2[4A ABY

Table 4. Resource usage by kubernetes platform

General Kubernetes Lightweight Kubernetes

CPU (%) |RAM (MB)| CPU (%) |RAM (MB)
Master Node 6.8 1054.6 2.2 T3
Worker Node 1.6 106.8 0.9 1556
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o A+= kubelet, kube—proxy?] Al&#2 313kt 7
g FeUE 2o A9 skt mlolyEmt #F3)]el
K3S ZzAlxo 3 A1ES gosqdh nkaE wto
A A% FHUE| 27 CPUS Wz d gisiA CPUE ¢F
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Fig. 7. End-to-End Latency by protocol in each model
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Table 5. Input/Output size (MB) for each model according to
data format

MobilenetV1 | InceptionV3 YOLOV5S BERT

Format | JSON| PB |JSON| PB |JSON| PB |JSON| PB
Input | 3.014 | 0574 | 5524 | 1.023 |24.547| 4.688 | 0.004 | 0.006
Output | 0.026 | 0.004 | 0.026 | 0.004 |63.593| 8.171 |0.0001 | 0.0001
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