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Motivation
 Robots are becoming essential in 

manufacturing, logistics, and healthcare.

 Their onboard computational limits restrict 
real-time AI and perception.

 5G and 6G provide the connectivity and edge 
intelligence required to overcome these limits.

 Goal: Enable personalized, safe, and 
responsive human-robot interactions in 
Industry 4.0 environments.



Research 
Objective

This work explores how 5G/6G edge computing 
and Reconfigurable Intelligent Surfaces (RIS)
enhance robotic performance by:

Reducing network latency (<10 ms)

Offloading heavy computation (e.g., SLAM, 
object tracking)

Enabling real-time collaboration between 
humans and robots



Industry 4.0 Context
 Industry 4.0 integrates cyber-physical systems, IoT, and 

AI-driven automation.

 Reliable low-latency communication is a key enabler.

 Human-robot collaboration requires trust, adaptability, 
and deterministic network behavior.



From 5G to 6G 
Evolution

5G: Enhanced mobile 
broadband, URLLC, and mMTC.

6G: AI-native, sensing-aware 
networks with <100 µs latency 
and >1 Tbps throughput.

Integration of non-terrestrial 
links, cell-free MIMO, and joint 
communication-sensing.



Experimental Testbed
 Implemented within the 6G-BRICKS 

project testbed.

 Combines RIS, cloud-native RAN, and 
edge-computing orchestration.

 Enables validation of tactile-internet 
workloads and robotic autonomy.



Deployment Architecture
Components:

 TurtleBot 4 with LiDAR, camera, Raspberry Pi

 6G-enabled modem (QUECTEL RG-530F)

 RIS panels for NLOS signal steering

 Control Center for monitoring via RViz

 Edge/Cloud layer for heavy computation
→ Seamless closed control loop between robot, edge, and 
central command.



Data Flow

ROBOT CAPTURES 
SENSOR DATA 

(LIDAR, CAMERA).

DATA TRANSMITTED 
OVER 6G TO THE 

EDGE.

EDGE COMPUTES 
SLAM & AI 

INFERENCE.

CONTROL CENTER 
SENDS NAVIGATION 

COMMANDS.

LATENCY GOAL: SUB-
10 MS ROUND TRIP.



Edge Offloading Framework

Offloads compute-intensive 
workloads to nearby servers.

Frees robot resources for safety-
critical operations.

Provides shared situational 
awareness across multiple robots.

Enables real-time responsiveness 
even in dynamic factory conditions.



Reconfigurable Intelligent Surfaces (RIS)

Programmable 
surfaces redirect
millimeter-wave 

beams.

Maintain stable 
connectivity in 

cluttered factory 
environments.

Key to ensuring 
ultra-reliable, low-
latency links under 
NLOS conditions.



Control Center Functions

Monitors robot position 
and task progress.

Provides remote 
commands and 
visualization.

Manages tasks between 
workstations A and B 
(object transport).

Ensures safe and 
deterministic operation 
under LOS/NLOS 
scenarios.



Results & 
Observations

Successful real-
time task 

execution with 
<10 ms latency.

Stable 
communication 
under both LOS 

and NLOS 
conditions.

Edge offloading 
reduced 

CPU/GPU load 
by ~40%.

Improved safety, 
responsiveness, 

and 
collaboration 

quality.



Conclusions

6G connectivity and edge 
intelligence significantly improve 
human-robot collaboration.

System supports deterministic 
control, scalability, and energy 
efficiency.

Paves the way toward AI-native, 
human-centric Industry 5.0 
ecosystems.
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