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Abstract—In this paper, the design and implementation of a 
web-based 3D virtual control laboratory with user interac-
tion is introduced. The proposed system is based on the 
NCSLab framework, which has a six-tier distributed struc-
ture. Users are able to access diversely located resources 
through a unified user interface. In order to maximize us-
ers’ sense of immersion during the virtual experiments, 3D 
models of practical test rigs are reconstructed in the users’ 
web-browsers. The 3D images are synchronized with the 
remote real-time simulation on the server side through 
internet data links so the users are able to sense how the 
experiment processes are going on through the 3D anima-
tion. Moreover, the users are also allowed to interact with 
the virtual devices. They can operate on the virtual test rigs 
using the mice and keyboards, such as turning a switch 
on/off and changing the valve positions. These interactions 
are uploaded to the server side where the corresponding 
internal parameters of the real-time simulation are updated. 
The system implementation and deployment such as the 3D 
web-based interface, 3D modeling, mathematical modeling 
and internet based communication among the clients, serv-
ers and control units are explained in detail. At the end of 
the paper, a classic coupled tanks test rig has been selected 
as an example to illustrate how a given experimental process 
is integrated into the system. 

Index Terms—Web and internet services, virtual reality, 
student experiments, control engineering education. 

I. INTRODUCTION 
Experimentation is an important part of the teaching 

and learning process [1], especially for control engineer-
ing education. Apart from the concepts taught in lectures, 
experimentation enables students to experience the how 
the theories are applied to design practical systems, which 
could significantly enhance their understanding of the 
knowledge. 

However, some experimental equipment could be ex-
pensive. Not all the educational institutions can afford all 
the resources they need, especially in developing countries. 
Without adequate experimentation, the quality of educa-
tion could be severely affected.  

With the rapid development of network technologies, 
remote experimentation [2] becomes an effective solution 
for the problem.  Limited experimental resources are put 
online so they can be shared among institutions. Students 
are able to access these resources anywhere and anytime 
as long as they have internet access.  

There have been various kinds of remote experimental 
instruments developed in recent years. In the area of con-
trol and automation, there have been many systems im-

plemented successfully, such as DC servo motors [3], 
PLCs[4], inverted pendulums [5], robots [6][7], AC elec-
tric machines [8], 2DOF helicopters [9] and power elec-
tronics systems [10][11]. Various technologies and 
frameworks have been adopted in the development of the 
remote laboratories, such as Matlab, Java [5][12], Web2.0, 
Flash, iLab [13] and LabView [14], etc.  

The early versions of the remote laboratories only con-
centrated on particular types of experimental devices with 
conventional server-client structure. With the develop-
ment of the internet and cloud computing, some remote 
laboratories with more complex architectures have 
emerged [15]. These systems enable different kinds of test 
rigs diversely located in different institutions to be inte-
grated together. WebLab-Deusto [16] and NCSLab [17-19] 
are examples of this kind of systems. Users are able to 
access these resources without considering their geograph-
ical locations. From the users’ point of view, diversely 
located resources are put together under a unified web 
interface.  

However, not all the resources are suitable for online 
access. It is highly possible that some expensive or fragile 
devices could be damaged by the online experiments. 
Unexpected interaction may result in hazardous conse-
quences for the potentially dangerous experimental pro-
cesses.  

To avoid the risks, virtual experimentation [20-24] is an 
effective solution. There have been many systems devel-
oped for various courses such as digital design [25], mi-
crocontroller [26], measurement [22] and control engi-
neering [20], etc. In [27], two software tools (Interactive 
and Rand Model Designer) were adopted to facilitate the 
implementation of a virtual laboratory. In [22], a JINI 
based distributed virtual laboratory framework called 
SimBAD is introduced. It offers services to teachers and 
students for live real laboratory experiences according 
“trial and error” and “problem solving approaches.”   

In virtual control laboratories, the experimental pro-
cesses are modeled mathematically. The mathematical 
models rather than the practical test rigs are actually “con-
trolled” and “monitored” during the experiments. As the 
physical equipment is no longer necessary, expensive or 
hazardous experimental processes can be placed online 
safely.  

However, there is a major drawback for virtual labora-
tories. In most remote experiments, web cameras are used 
to provide real-time videos over the internet, which ena-
bles the users to actually observe how the experiments are 
going. However, this is not the case for virtual experimen-
tation because the physical experimental processes do not 
exist. Without the help of real-time videos, the users can 
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hardly experience the same sense of immersion as they do 
in hands-on experiments.

In recent years, web-based 3D technologies [28] have 
been widely used in many applications such as online 
games [29], urban management [30] and GIS. The 3D 
models of real experimental equipment can be imported 
and rendered in web browsers as a substitution for real-
time videos. The users can “watch” experimental process-
es being reconstructed in the user interface. The 3D imag-
es can also display more details beyond the limitation of 
fixed web cameras. The virtual test rigs can be moved 
up/down and monitored from different angles without 
restrictions. 

In this paper, a new web-based virtual 3D control la-
boratory with user interactivity is introduced. The new 
system is based on the distributed NCSLab framework. In 
order to provide the maximum sense of presence for the 
users, 3D virtual images that are synchronized with the 
remote real-time simulations are created in the user inter-
face. Apart from watching the experimental process, the 
users are also encouraged to interact with the 3D virtual 
devices. They can “operate” on the virtual test rigs using 
mice and keyboards similar to the process in hands-on 
laboratories. 

II. 3D INTERACTIVITY WITH NCSLAB FRAMEWORK 

A. Distributed Structure of NCSLab Framework 
The proposed virtual 3D control laboratory was built 

based on the NCSLab framework. NCSLab was originally 
designed for global scale web-based experimentation. It 
has a complex six-tier distributed architecture that enables 
the experimental resources diversely located in the differ-
ent part of the world to be integrated together. Fig. 1 is the 
laboratory structure under the website www.ncslab.net. It 
has successfully integrated eight control test rigs located 
in four institutions from both China and the UK [17-19].  

The distributed structure provides reliable real-time da-
ta exchange channels among the diversely located servers, 
web browsers and control units. The servers collect the 
real-time data from the control units and distribute these 
data to end users’ web browsers. The web browsers dis-
play these data in a web-based monitoring interface with 
many widgets, like dynamical charts, sliders, numeric 
inputs etc. The features of the NCSLab are listed below.  

1) Virtual laboratory configuration: All the distributed 
test rigs are classified into several sub-laboratories by their 
functionalities rather than their locations.  For example, all 
the flow control test rigs are put into the Flow Control 
Sub-laboratory and all the servo control test rigs are cata-
logued in the Servo Control Sub-laboratory, regardless of 
their geographical location.  

2) Visual configuration of monitoring interface: 
NCSLab also gives users the freedom to customize their 
own monitoring interface, in which they can decide which 
signals should be observed and which parameters should 
be tuned during the experiments. Various widgets are 
provided for them.  

3) Web-based control algorithm design: The users are 
encouraged to design their own control algorithms. There 
are two methods provided in NCSLab. First, the users can 
use Matlab Simulink to customize the algorithms and then 
upload them to NCSLab using a web-based interface. 
Second, NCSLab also provides a pure web-based GUI 

called WebconLink that enables the users to design algo-
rithms by drawing block diagrams in their web browsers. 

4) Remote and virtual experimentation: The NCSLab 
framework supports both remote and virtual experiments. 
If the control units are connected to the physical test rigs 
through hardware interfaces such as A/D and D/A con-
verters, remote experimental services are provided. This is 
the case for Control Unit A and Control Unit B in Fig. 1. 
On the contrary, if the practical devices are replaced by 
mathematical models like Control Unit C and Control 
Unit D, the control units actually “control” the virtual “test 
rigs” represented by their mathematical models. In that 
case, the control units are working in the virtual experi-
ment mode.  

B. 3D Challenges for Virtual Experimentation 
When all the control units are running in the virtual ex-

periment mode, the whole system can be considered as a 
virtual laboratory. Fig. 2 is the welcome page of the pro-
posed virtual laboratory in which twenty virtual control 
test rigs are integrated together in Wuhan University.    

In web-based practical experiments, web cameras are 
setup in front of the test rigs. The real-time images of the 
experimentation process can be transferred to the users 
through the internet. However, this is not the case for 
virtual experiments. Due to the absence of practical devic-
es, remote real-time images are no longer available. With-
out watching the real experiment process, the users can 
only interact with the web-based interface through 2D 
widgets such as charts, sliders, etc. It could be difficult for 
them to form the basic concepts of the experiments, such 
as how the experiments are actually conducted and what 
the practical experiments look like, especially for the 
beginners.  

Therefore, it is a great challenge for virtual laboratories 
to deliver an equally strong sense of immersion without 
the support of real-time images. That is a main reason why 
virtual laboratories have received less preference com-
pared to remote ones, even though they are much cheaper 
and safer.  
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Figure 1.  Structure of NCSLab 
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Figure 2.  Welcome page of virtual laboratory 

However, with the rapid development of 3D technology 
in recent years, 3D visualization could be an effective 
solution for the problem. The practical test rigs are mod-
eled in 3D, and these 3D models are displayed in the us-
ers’ web-based interface instead of in real-time videos. 
Through the data link between the user interface and re-
mote control units, the 3D models on the client side are 
synchronized with the internal signals of the remote virtu-
al experiments. By monitoring the real-time animation on 
the web-based interface, the users are able to “observe” 
how the experiments are going similar to how they watch 
the live videos in remote experiments.  

Moreover, the users are also able to interact with the 3D 
models using mice and keyboards with the support of 3D 
engines. They can rotate, zoom in/out and watch the test 
rigs from different angles. They can also operate on the 
3D models like tuning a valve or turning on/off a switch 
similar to what they do in hands-on experiments. The 
parameter changes triggered by the interactivities are sent 
through the internet to the control units, where the internal 
parameters of the virtual experiment execution are updat-
ed immediately. 

III. 3D SYSTEM DESIGN BASED ON NCSLAB 
In order to achieve web-based interactive 3D virtual re-

ality interface in the NCSLab framework, there are several 
necessary supporting technologies listed below.  

A. 3D Modeling of the Experiment Devices 
Experimental test rigs must be modeled in 3D before 

they can be imported into the web-based user interface. To 
give the maximum sense of presence, all the 3D models 
are built according to the real dimensions. There are many 
commercial software tools available for the 3D model 
design, such as 3DS Max, Solid Works and Pro/E etc.  

In this paper, 3DS Max was selected as the 3D model 
development tool. The models designed in the 3DS Max 
were exported into the .3ds format, which can be parsed 
by Flash 3D engines. Fig. 3 is an example that shows the 
3D model of a classic coupled tanks test rig being de-
signed in a 3DS Max environment.  

The complexity of these models must be considered 
carefully when designing the 3D models. The quality and 
the complexity have to be balanced. Even though the most 
powerful 3D engines with hardware acceleration are more 
than capable of processing millions of triangles, too com- 

 
Figure 3.  3D model of a coupled tanks test rig in 3DS Max 

plex models always result in big target files. In the internet 
environment, the long wait for downloading these files 
could be frustrating for the users.  

B. Flash 3D Engine 
In order to display the 3D models to the users, a power-

ful 3D engine is necessary. There are several web-based 
3D solutions available in the market such as Adobe Flash, 
HTML5, and Google NaCl. Among them, Flash has the 
best penetration rate so far. Over 95% of the personal 
computers have installed Flash plug-ins. With the consid-
eration of compatibility, Flash is selected as the 3D solu-
tion for the proposed virtual laboratory. 

The early version of Flash only provides limited 3D ca-
pacities. Only relatively simple 3D applications can be 
rendered in web-based interface. The release of Flash 11 
has changed the situation. Flash 11.0 supports hardware 
accelerated 3D rendering, which makes it possible to de-
sign more complex 3D applications.  Stage 3D, which is a 
set of 3D API in Flash 11, enables advanced 3D capabili-
ties on both PC and mobile platforms. 

Based on the Stage 3D API, there have been several 3D 
engines released in recent years to help developers quickly 
design 3D web-based applications. These 3D engines 
include Proscenium 3D, Paperversion 3D and Away 3D, 
etc. Some of them are commercial software that requires 
license payment from the developers, and some of them 
are totally free. 

Among them, Away3D is an open source 3D engine, 
written for the Adobe Flash platform in ActionScript 3, 
with full support of GPU acceleration. Using the resources 
provided by Stage 3D and Away 3D, 3D models can be 
easily imported into Flash Controls that are embedded into 
web browsers. Fig. 4 is the coupled tanks test rig rendered 
in 3D Flash Control.  

C. 3D Interaction 
With the support of the 3D engine, the developers are 

also capable of designing some codes supporting the in-
teractivities between the users and 3D models. Away 3D 
provides rich resources that enable users to interact with 
the objects rendered in the 3D scenes. The users are al-
lowed to use mice to pick up, drag, move, and rotate the 
3D objects.  
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Figure 4.  Virtual coupled tanks test rig rendered using Away 3D 

Engine with two interactive valves 

Based on the APIs provided by Away 3D, the support-
ing codes for the user interactions are developed. By re-
sponding to the user’s keyboard and mouse operations, the 
status of some components (like valves or switches) on the 
virtual test rigs can be modified. 

For example, the virtual coupled tanks test rig in Fig. 4 
has two valves. Apart from watching the real-time water 
level of the two tanks, the users are also allowed to use the 
mouse to pick up the handles and change valve positions. 
When the mouse operation is completed, the new valve 
position is converted into the corresponding parameter 
changes for the virtual experiment. An HTTP message is 
sent out to the control unit to update the internal parame-
ters.   

D. 3D Flash Embedded in Web Pages 
The Flash Controls need to be imported into the web 

pages before they can be displayed in the users’ web 
browsers. Fig. 5 shows how the Flash Controls and 3D 
models are embedded into the web-based interface.  

On the server side, dynamic web pages (JSPs and 
Servlets) are generated by the Tomcat Web Server to 
setup the HTML structure according to user’s experiment 
configuration stored in the MySQL database. These pages 
are downloaded to the users’ web browsers and form the 
actual experimental user interface.  

JavaScript codes are embedded in the web pages to 
guide the deployment of the 3D Flash Controls.  These 
codes download the Flash .swf files from the web server 
and put them into the specified position according to the 
user’s experimental configuration. When the Flash Con-
trols are activated, corresponding 3D models are down-
loaded from the web server and rendered in the user inter-
face.   

The data exchanges between the 3D interface and the 
web server are bidirectional. On the one hand, the motions 
of the 3D models can be manipulated according to the 
real-time data collected from the control units through the 
web server, which realizes the synchronization between 
the animations and virtual experimental executions. On 
the other hand, the parameter changes triggered by the 
users’ interactions can also be uploaded to the web server 
through HTTP connections.  
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Figure 5.  Structure of 3D web-based interface 

IV. IMPLEMENTATION OF VIRTUAL LABORATORIES 

A. Mathematical Models and 3D Models 
All the control and real-time simulation programs exe-

cuted in the control units are generated automatically 
using Matlab Real-Time Workshop (RTW). RTW is a 
powerful HIL (hardware in loop) tool that is able to con-
vert the Simulink control block diagrams into C or C++ 
source codes. These source codes are compiled into exe-
cutable programs using Arm Linux GCC complier. These 
programs can be downloaded into the control units and 
executed in the ARM based devices. 

For a virtual experiment of a particular test rig, the 
mathematic model can be designed in the Simulink envi-
ronment as a block diagram with multiple signals and 
parameters. The 3D models can also be built in the 3DS 
Max environment. In order to realize the synchronization 
between the mathematical model and the 3D model during 
the virtual experiments, a kind of interconnection between 
the two kinds of models is established.  

For example, Fig. 6 shows the interconnections be-
tween the mathematical and 3D models for a coupled 
tanks platform. On the top of the figure is the Simulink 
block diagram of the coupled tanks control system. It can 
be seen that the mathematical model is represented in an 
S-Function module and is controlled by a PI controller. 

In the Simulink diagram, there are two critical signals 
related to animation of the 3D model. “Water Level 1” 
and “Water Level 2” represent the water levels for the left 
and right tanks, respectively. There are also two parame-
ters related to the user interactions. The valve positions in 
the 3D models are linked with the internal parameters of 
the two input blocks in the Simulink.  

B. Data Links between the Mathematical Models and 3D 
 Models 

When the users are conducting virtual experiments, the 
3D virtual test rigs displayed in the client side user inter-
face and the virtual experiments executed in the remote 
control units are synchronized through network data links 
provided by the NCSLab framework. A bidirectional data 
exchange scheme is established as shown in Fig 7.  
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Figure 6.   Interconnections between the mathematical model and 3D 

model for a coupled tanks test rig 
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Figure 7.  Structure of the data link between the 3D Flash Control and 

real-time simulation 

All the programs executed in the control units for 
NCSLab provide networked data exchange services. All 
the internal signals and parameters can be accessed 
through a group of APIs provided by RTW.  

The Experiment Execution Engine in the web server 
exchanges the data with the control units through the net-
work following the Netcon Supervisory Protocol [31]. As 
soon as an algorithm is downloaded to the control unit, the 
experiment execution engine connects to the SCADA 
service and starts to retrieve real-time data. 

When a user starts to monitor the experimental process, 
the connection between the web browser and the web 
server is established automatically. The real-time data of 
the interconnected signals are collected by the 3D Flash 
Controls, which perform the corresponding actions on the 
dynamical 3D models.   

In the meantime, user interactions are converted into the 
corresponding parameter changes for the remote virtual 
experimental process. Network messages are generated by 
the 3D Flash Controls and sent to the corresponding con-

trol unit through the internet data links. When the control 
unit receives the messages, the corresponding parameters 
are updated immediately.  

For example, during the coupled tanks control experi-
ments, the water levels for both tanks in the user interface 
are synchronized with the real-time calculation of the 
corresponding signals “Water Level 1” and “Water Level 
2” all the time through the internet data link. The users are 
also allowed use the mouse to change the valve positions 
on the 3D model. When the interactions occur, the new 
valve positions are sent back to the control unit, where the 
internal parameters associated with the valve positions are 
updated to the new values.  

Under the internet environment, connection speed is 
always a big issue, which affects the performance of 
online laboratory greatly. The network delays among the 
control units, web servers and client side user interfaces 
may change frequently. The momentary variant of time 
delay is very harmful as it may alter the sequence of the 
data, which distorts the 3D animation.   

In order to get the 3D reconstruction free from the dis-
turbance of random time delay, a simple buffering algo-
rithm is designed. All the data are transmitted with a 
timestamp and are buffered on the client side before being 
“played” for the 3D animation. The algorithm always 
keeps a certain amount of latest data stored in the buffer. 
Therefore, small random changes of the network delay 
won’t affect the 3D animation.  

C. Web-based 3D Interface with Interactivities 
As a feature of NCSLab, users are allowed to customize 

their own monitoring interface. There are many widgets 
available for them such as sliders, angular gauges and 
thermometers. These widgets are connected to the internal 
signals and parameters of the remote virtual experiments. 
The users can drag them from the toolbox and place them 
anywhere they want in the user interface.  

Apart from the 2D components, the 3D visualization 
proposed in this paper gives the users a vivid sense of 
what the experiments look like and how the experiments 
are going, even though the physical experiment processes 
do not exist and all the data are retrieved from the real-
time simulation. By properly designing the mathematical 
and 3D models, most of the properties of the practical 
experimentation can be simulated and represented remote-
ly to the users in the web-based virtual reality interface.  

Fig. 8 is an example of a customized web-based 3D vir-
tual experimental interface for the coupled tanks control 
test rig. The 3D images and 2D widgets are provided to 
the users together. The users are able to “watch” the real-
time water levels from the 3D Flash Control on the right 
hand side. They can also tune the valves on the virtual test 
rig to change the “water flows.” Apart from the 3D inter-
face, there are also a few 2D widgets provided for the 
users. They can adjust the PI control parameters and 
change the set point of the control system. Moreover, the 
real-time data of the two water levels and set point are 
plotted in a dynamic chart.   
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Figure 8.  Web-based 3-D virtual experimental interface for coupled tanks test rig 

D. Design Flow  
The typical design flow to integrate a specific virtual 

experimental process is summarized in Fig. 9. The math-
ematical modeling and 3D design are two parallel proce-
dures.  

1) Mathematical modeling: The mathematical models 
are built as a Simulink block diagram. They are compiled 
into executable codes using Real-time Workshop.  

2) 3D design: The 3D models are designed in a 3DS 
Max environment. Using Flash Builder with an Away 3D 
library, 3D Flash Controls are developed to create the 3D 
scenes inside web browsers and also process the user 
interactivities. 

When the mathematical modeling and 3D design are 
completed, a new experimental process is registered in 
NCSLab and a new control unit is allocated for the virtual 
experiment. The executable simulation codes are stored 
into the database in the web server. It will be downloaded 
to the control unit when the user starts the virtual experi-
ment. Supporting web pages will also be developed, as the 
3D Flash Controls can be embedded into the web-based 
interface.  

E. Current Implementation  
Currently, twenty different control experimental sys-

tems including coupled tanks, inverted pendulums and 
servo motors, etc. are integrated into the proposed 3D 
virtual control laboratory. The main server is deployed 
from the campus of Wuhan University, China.  

The virtual test rigs are cataloged into several sub-
laboratories such as process control laboratory, servo 
control laboratory and complex system laboratories, etc. 
according to their functionalities. Fig. 10 shows snapshots 

of the virtual experimental processes for the ball and beam 
control system and the inverted pendulum system.  They 
can be accessed through the web address 
http://control.whu.edu.cn.  

If users want to perform experiments on a particular 
kind of test rig, they can search for it in the corresponding 
sub-laboratory. NCSLab has a distributed structure that 
supports the servers and control unit diversely located in 
different physical locations. However, from the users’ 
point of view, they don’t have to find out where the virtual 
experimental facilities are actually located. They only 
need to log onto the website and all the resources are ac-
cessible for them.  
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Figure 9.  Design and implementation flow of a specific virtual exper-

imental process 
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(a) 

 
(b) 

Figure 10.  Snapshots of virtual experiments. (a) Ball and beam control 
system. (b) Inverted pendulum system 

V. COUPLED TANKS SYSTEM - AN EXAMPLE 
As the coupled tanks system has become a “design 

classic” for control engineering education, it was selected 
as the example to illustrate how experiments are integrat-
ed into the virtual laboratory. There is a coupled tanks 
system whose mathematical model is represented as  

AhhgauKh /)2( 211m1 !!=               (1) 

Aghahhgah /)22( 222112 !!=       (2) 

011 aka =    (3) 

022 aka =     (4) 
where h1 and h2 are the water levels of the two tanks, u 

is the input power of the pump, Km is the flow coefficient, 
g is the gravity constant, A is the cross section area of the 
tanks, a0 is the cross section area of the pipes and k1 and k2 
are the positions of the two valves. In order to describe the 
given mathematical model in Simulink, an S-function 
module was designed as shown in Fig. 11. The power of 
the water pump and the positions of the two valves are 
considered as the inputs. The water levels of the two tanks 
are considered as the outputs. C codes are programmed to 
represent the differential equations (1-4) in the S-function 
module.   

To regulate the water level of the second tank, the sys-
tem is controlled by a closed loop PI controller. The over-
all system,  including  both  the  mathematic  model  and  
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Figure 11.  S-Function module for the coupled tanks mathematical 
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Figure 12.  Use Case Diagram for virtual experimentation 

controller, is represented in the Simulink block diagram 
shown in Fig. 6. 

Apart from the mathematical model, the 3D model of 
the practical test rig was built in 3DS Max, as shown in 
Fig. 3. Both the 3D model and the mathematic model are 
imported into the database of the virtual laboratory. A 
dedicated ARM-based control unit is deployed to imple-
ment actual remote real-time simulation.  

Fig. 12 is the Use Case Diagram for virtual experimen-
tation in NCSLab. To conduct experiments on the coupled 
tanks control system, users can log onto the system using 
their web browser. All the experimental facilities, which 
are cataloged into several sub-laboratories, are listed. The 
coupled tanks system belongs to the Process Control Sub-
laboratory. By clicking the corresponding web link, the 
browser is directed to the web pages for the coupled tanks, 
where all the detailed documentation about the test rig, 
such as the manual and mathematical model, are provided 
to the users. 

For a given virtual experimental test rig, there are sev-
eral control algorithms provided for the users such as PID 
and LQR, etc. Apart from that, the users are also allowed 
to customize their own algorithms. The detailed imple-
mentation of customized control algorithms is introduced 
in [18]. Generally, the users have two following choices.  

1) They can download an MDL template that contains 
the mathematical model of the coupled tanks and com-
plete the algorithm design using Simulink. In this case, the 
users need to install Matlab on their PCs. They are en-
couraged to test the customized algorithms in the Matlab 
environment before uploading them to NCSLab. 
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2) They can also design their control algorithms directly 
using the web-based design tool Netconlink [18], which is 
provided by the NCSLab Framework with a user interface 
similar to Simulink. 

Both the default and customized algorithms are listed 
for the users. They can pick any one they like and down-
load it to the remote control unit, which initiates the re-
mote virtual experiment.   

Using the visual configuration tools provided by the 
NCSLab framework, the users are able to place both the 
3D models and 2D widgets freely in the user interface. 
When the visual configuration process is complete, they 
can start to monitor the experimental process by clicking 
on the “run” button in the toolbox bar. Then the 3D exper-
imental process is represented to the users with the inter-
face, as shown in Fig. 8. They can monitor the 3D exper-
imental process and tune the parameters. Moreover, they 
are also allowed to virtually interact with the “test rig” 
similar to what they do in hand-on experiments.  

VI. CONCLUSION 
In this paper, the design of a web-based virtual 3D in-

teractive control laboratory has been introduced. The use 
of virtual experimentation can not only avoid the potential 
risks of the fragile or hazardous equipment, but also great-
ly reduce the costs. The proposed system is based on the 
NCSLab framework. Apart from the distributed architec-
ture that allows the experimental resources diversely lo-
cated in different places to be integrated together under a 
single website, the new virtual laboratory provides web-
based 3D virtual experimental services for the users. The 
users are able to “watch” the experimental processes 
through the 3D animation of virtual test rigs reconstructed 
in their web browser. Moreover, they can also interact 
with the virtual equipment using mice and keyboards 
similar to how they interact with the practical test rigs in 
hands-on experiments.  Even though the physical experi-
mental processes do not exist, the users can still receive a 
strong sense of presence.  

The detailed design and implementation of the pro-
posed system have been represented in this paper, includ-
ing the 3D modeling, mathematical modeling, 3D render-
ing and 3D interactivity. An example of a “classic” cou-
pled tanks system has also been provided to illustrate how 
a practical experimental process is integrated into the 
virtual laboratory.  

The future plans for the NCSLab project have been 
proposed as follows. 

1) Dealing with unexpected interactions.Unpected 
interactions from the users could trigger unexpected 
results, which negitvely affect the user experience. If the 
users are doing something wrong or unexcpected, the 
system should be able to detect the wrongdoings and 
provide warnings.  

2) Active time delay compensation.The random time 
delay among the control units, servers and web broswers 
could disturb the 3D reconstruction in the user interface. 
An active time delay compensation algorithm needs to be 
designed to minimize the latency between the virtual 
experiment executation and 3D replay.  

3) User feedback analysis. The proposed interactive 
virtual laboratory was planned to be applied to the 
practical teaching activities at Wuhan University. Student 
feedback will be collected and analyzed. These first hand 

data could be very valuable to evaluate the effectiveness 
of the virtual experiments compared with the hands-on 
and remote ones.  
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