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Validation of Cloud Robotics System in 5G MEC for
Remote Execution of Robot Engines
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Sewan Gu', Sungkyu Kang', Wonhong Jeong?, Hyungil Moon?, Hyunseok Yang?,

Youngjae Kim"

Abstract: We implemented a real-time cloud robotics application by offloading robot navigation
engine over to 5G Mobile Edge Computing (MEC) sever. We also ran a fleet management system
(FMS) in the server and controlled the movements of multiple robots at the same time. The mobile
robots under the test were connected to the server through 5G SA network. Public 5G network, which
is already commercialized, has been temporarily modified to support this validation by the network
operator. Robot engines are containerized based on micro-service architecture and have been deployed
using Kubernetes - a container orchestration tool. We successfully demonstrated that mobile robots are
able to avoid obstacles in real-time when the engines are remotely running in 5G MEC server. Test
results are compared with 5G Public Cloud and 4G (LTE) Public Cloud as well.

Keywords: 5G, MEC (Mobile Edge Computing), ROS2, Navigation, Cloud, Docker, Kubernetes
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apiVersion: apps/v1 apiVersion: v1
kind: Deployment kind: Service
metadata: metadata:
name: cloud-nav name: cloud-nav
labels: labels:
app: cloud-nav app: cloud-nav
spec: spec:
replicas: 2 type: NodePort
selector: selector:
matchLabels: app: cloud-nav
app: cloud-nav ports:
template: - port: 30030
metadata: targetPort: 26565
labels: nodePort: 30030
app: cloud-nav - port: 30031
spec: targetPort: 26566
volumes: nodePort: 30031

- name: nfs-nav2-config - port: 30032
nfs: targetPort: 26567
server: "172.31.2.127" nodePort: 30032
path: /opt/navigation/config - port: 30033
containers: targetPort: 26568
- name: Ignav-engines nodePort: 30033
image: nav-mec:lgnav-engines-release
envFrom:
- configMapRef:
name: navigation-service-config
volumeMounts:
- name: nfs-nav2-config
mountPath: /opt/cloi_ws/config

(a) engine deploy file (b) service deploy file

[Fig. 3] Desploy yaml file for Kubernetes
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[Table 1] Round trip time measured in robot

5G 4G (LTE)
SGMEC | b blic-Cloud | Public-Cloud
RTT (ms) 15 23.930 41155

[Table 2] Moving time and CPU / RAM Usage

Moving time to o/ | Memory Usage

destination (sec) CPU Usage (%) (MB)
Off-loading 30.4 12~17 450
On-device 28.8 40 ~45 1250
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[Table 3] Camera Data Latency

Camera Position Latency (End-to-End)
On-Public 45.96 ms
On-MEC 27.0 ms
On-Device 6.9 ms
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