
A Conceptual and Architectural Framework for 

Remote Laboratories in Engineering Education:

Pilot Implementations in Electrical Engineering

Prof. Dr. Anestis Terzis, Andreas Miller, B. Eng., Andreas Lober, M. Eng.

Institute for Communication Technology



2

DiLa „Lab as a Service“ – remote control approach
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Pilot Implementations in Electrical Engineering
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Control of IOs 
via up to 16 
relays
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Pilot Implementations in Electrical Engineering
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In this lab, students will learn how to use the measuring instruments (function generator and oscilloscope).
The image shows the view students see during remote access:

The devices are represented with control and display systems that are identical to their real-world counterparts. 
Remote operation is intuitive and performed using the mouse.
To provide situational awareness of the equipment even from a distance, a live video of the setup is shown (bottom left of the image).
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The development steps

2021 2024

Project Haller/Riedinger

2023

Project Hohenbleicher/Gökmen Project Miller/Ocak
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Remotedesktop-App
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DiLa RemoteControlBox
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This unit was developed as a prototype within 
the framework of DiLa. 

It has LAN and WLAN connectivity and can 
connect to the overlay network.

Two generic VHDCI interfaces with up to 40 
general-purpose IOs.

Control of IOs via up to 16 relays.

Based on the Raspberry Pi 5 microcomputer:

SoC (System-on-Chip) 
BCM 2712 

4 x Cores Cortex-A76
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DiLa RemoteControlBox
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Connection of the measuring cables

LAN connections for the remote control of measuring devices

Connectivity of the RemoteControlBox

VHDCI connection
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DiLa RemoteControlBox
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Animation & CAD: S. Pilarczyk IKT/THU  
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Control-PCB
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Matrix-PCB
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Example Frontend
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Example Frontend
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DHCP
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DHCP-Server

Measuring device 1

Measuring device 2

Measuring device 3

10.20.0.10/24

10.20.0.11/24

10.20.0.12/24
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Architecture of the Software application
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Concept Software communcation
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Frontend API Server Logic class Hardware
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Example
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Results
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Methodology:

Exploratory qualitative pilot study with a small 
sample of electrical engineering students. 

Mixed approach combining questionnaire-
based data collection and semi-structured 
interviews. 

Questionnaire used to systematically capture 
user experience and perceived learning 
outcomes. 

In-depth expert interviews (conducted by 
experienced professors) to interpret and 
validate the findings. 

Objective:                                                  
Generate initial insights into the effectiveness 
and acceptance of digital lab didactics within 
the DiLa project. 
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Results 
Methodology  
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Project Work 2026: Bolsinger & Röger

The lab instructions now include links to explanatory videos for each step.
For example, the video shows the settings in the devices' submenus. 
An AI-generated voice provides additional audio explanations. 
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Results
Experiment 1: Understanding the equipment (Gerätekunde)  
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The experiment can be conducted remotely.

Overall feasible despite existing system latency.

Comparable learning outcomes to on-site laboratory sessions.

Active exploration of device functionality remains essential (“learning by doing”).

Tasks can be completed within the allocated time. 

Supporting videos enhance understanding and reduce workload for lab staff (asynchronous 
support).

A single monitor is enough for remote access.

Contributes to increased flexibility through digital lab access (DiLa project objective).

Project Work 2026: Bolsinger & Röger
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Results
Experiment 2: Transistor characteristic curve  
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Project Work 2026: Bolsinger & Röger
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Results
Experiment 2: Transistor characteristic curve  
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The experiment can be conducted remotely.

System latency becomes a issue during                                                                         continuous 
adjustment processes. 

Reduced interactivity leads to less variation in the                                                                         
experimental experience. 

Potential difficulties in later real-world lab work due to missing physical practice. 

Suitable as: 
Supplement to in-person labs 

Preparation or follow-up activity 

Relevant contribution to the development of hybrid lab didactics within the DiLa project.

Two monitors are recommended for remote access in this experiment.

Project Work 2026: Bolsinger & Röger
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