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Example of technologies under development in 

Virtual Reality Laboratory

ÅVR trainingsimulators
eg. for:
Å Firefighters

Å Underground miners

ÅVehicleand industrial
machinerysimulators

ÅMobile robotswith 
arms

ÅExoskeletonsto reduce
musculoskeletalloads



Whatisthe Virtual Reality?
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UsingHuman-Computer Interface typical for VR, the impressionof being in

anotherplace(telepresence)iscreated.



Virtual Reality
- morethanhalf a century earlier

Damokles Sword, 1968 r.
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Examplesof componentsof human-
computerinterfaceusedin VR
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nozzle glovewith forcefeedback



Someof possiblepractical
applicationsof VR
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Telepresenceand teleoperation



Application of VR systems for safety training

The use of high immersive
virtual reality systems 

enables:

Å achieving a high degree 
of realism of the 
simulation

Å simulation of various 
scenarios under 
controlled conditions

Å facilitate the 
memorization of 
information and 
consolidate skills using 
realistic, interactive 
simulations

Exampleof virtual reality training introduced to practice



Benefits resulting from the use of virtual reality 

techniques to support training

Áacceleration of the training process,

Áreduction of training costs,

Áincreasing the effectiveness of training,

Ámaking the form of the training more attractive,

Áengaging muscle memory to improve developing the skill of 

working safely and efficiently

Áenabling the transfer of Ătacit knowledge" (knowledge 

based on experience)



VR-based team training is possible also



Cognitiveskills
A group of elderly(55+)who participated in 
traditional training performed a manual task with 
less correctness than other volunteers.

The group of elderly who participated in VR training 
did not significantly differ in the correctness of task 
performance from both groups of young people.

An image observed by a person in a virtual 
environment

Simplifiedworkplacesimulator
120 volunteers participated in the study.



Rehabilitationgames
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Exampleof training game(Knight)with a TV-basedinterface



Rehabilitationgames
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Example of training games (Library and Drummer) with a VR-
based interface (Oculus Rift S)



Telepresenceand teleoperation
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Telepresence, teleoperationand VR 
trainingfor operators
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Virtual reality can be used to simplify the work 
of teleoperators who remotely control robots. 
In this way, the robot can perform work in a 
dangerous, remote area, while the operator 
remains in a safe area.

VR can be also used for 
teleoperators training.

The two-arms robot developed at CIOP-PIB remotely 
controlled by the operator usingVR equipmentlikeHead
MountedDisplay (HMD). Imagesfrom the stereo-camera
mountedon the robot aredisplayedin HMD. Robot's
armsarefollowingthe operator'shandsmovement. The 
operator canusea glovewith force-feedback also. 



Teleoperationor Exoskeletons?
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The movementof the 
exoskeletoniscontrolledby 
muscleactivitysignals(EMG) 

signalsfrom upperlimbs.

Exoskeletons can be used to reduce stress on the musculoskeletal system. While passive 
exoskeletons only facilitate the holding of objects and tools, much more advanced powered
exoskeletons allow to increase the strength of the worker.

Powered exoskeletonfor 
upperlimbsdevelopedat

CIOP-PIB. 

Detectorsof 
EMG signals



Teleoperationor Exoskeletons?
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Teleoperated robots are also an alternative to wearable robots (exoskeletons) to 
support physical work. Remote control of a two-armed robot has the following 
advantages over an active exoskeleton:
Å Safety: the operator is not threatened by any incorrect operation of the robot, 

the possibility of the robot falling over or the presence of harmful factors in 
the robot's workplace.

Å Ergonomics: the operator does not have to wear an exoskeleton; therefore, 
the operator's movement is not hindered by the exoskeleton. Furthermore, 
the operator can take a break from work at any time without the need for the 
time-consuming process of exiting and re-entering the exoskeleton.

Å Ability to control many mobile robots, switching the operator between 
different robots (this makes it possible to continue working after a failure 
using a second robot).

Å The cost of building a remote-controlled robot can be many times lower than 
an exoskeleton-type robot for the whole body.



Teleoperationor Exoskeletons?
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Teleoperated robots are also an alternative to wearable robots (exoskeletons) to 
support physical work. Remote control of a two-armed robot has the following 
advantages over an active exoskeleton:
ÅA mobile robot can be much smaller than a human in an exoskeleton because it 

does not contain elements of the exoskeleton mounted on the operator. 
Therefore, the robot can move around better in rooms intended for people.
ÅEnergy-saving and efficiency, a longer working time without having to charge 

the battery: the mobile robot uses less energy than a full body exoskeleton 
because it does not have to support the operator's body (e.g., it is easier to 
prepare arms with lower weight).
ÅPossible easy adaptation to the terrain in which the robot should move through 

the use of various mobile platforms: wheeled platform, tracked platform, two-
legged, multi-legged (e.g., hexapod).



Teleoperationor Exoskeletons?
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It should be noted that teleoperated robots also have some drawbacks. When 
compared to exoskeletons, the following weakness can be enumerated:
ÅDelays: probably the greatest weakness of teleoperated systems. There are 

delays in sending data from robot to operator (e.g., image from cameras), 
delays in sending orders from operator to robot and delays in executing 
orders. These delays can make the work challenging and slow it down 
compared to using exoskeletons.  

ÅSignal propagation: sending a large amount of data with low delays is not 
possible without a telecommunication infrastructure. Therefore, the use of 
teleoperated robots is limited to places with such an infrastructure. Please 
note that owing to difficulties with wireless communication, some 
teleoperated robots are wired. Exoskeletons can be used without access to 
a telecommunication system.  

ÅSpace requirements: two work stations are needed. The first for the robot 
and the second for the robot's operator. 



The influence of human-machine interface, VR 
training and operator ageon execetuedtasksis

investigated
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75 subjectswere divided into five following
groups:

1. YSςYoung, Sitting: Young adults (below
30 years old), controlling the robot in a 
static position

2. YSVRςYoung, Sitting, VR training: Young 
adults after VR training

3. YWςYoung, Walking: Young adults, 
controlling the robot by walking 

4. YWVRςYoung, Walking, VR training:
Young adults after VR training

5. ESVRςElderly, Sitting, VR training: Elder 
adults (people over 50)

In each trial, the subject's task was to move 
the robot towards one of five objects, capture 
the object, and then move the robot towards 
the container and drop the object so that it 
falls inside.



The experiment
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Robot carrying one of the 
elements (in the left 
gripper). On the left behind 
the robot is a white wall 
separating the robot from 
the area where the subject 
can move. Objects that 
should be carried are visible 
on the shelf on the right 
side of the image. The 
laboratory diagram is 
shown below.



The robot
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Successratio
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The success ratio for each group. The largestvalueisobservedfor the YWVR group, 
howeverstatisticallysignificantis the only influence of the age.



Number of successfully completed trials 
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The number of properly completed trials (success count) for each group. The largest
valueisobservedfor the YSVR group, howeverstatisticallysignificantis the only

influence of interfacetype (SITTING vs. WALKING) and age. 



Team trainingfor firfighters
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Project CyberFirefundedby NationalCenter for Researchand Development

1. Initial training in 
the CAVE simulator
(20 scenarios)

2. Practical training in 
the virtual environment
(20 scenarios)

3. Practical training in the 
training container

Subsequent 
training 
stages

Innovative training tools for firefighters in the field of internal fires were developedusing a

training containerand virtual simulators. Thetraining containeris equippedwith a fire chamber

with a set of burnersandsensorsto monitor environmentalparametersin the spacecoveredby

the fire. The virtual simulators: (1) CAVEand (2) immersivevirtual reality simulationςbased

simulatorwith the motion capturesystemandHMDs,complementeachother at varioustraining

stages. An ICTsimulationtool is integratedwith the simulatorsandtrainingcontainerin order to

facilitatethe evaluationof the trainingprocess.

Three simulators for firefighters implemented in the 

Central School of State Fire Service



Training simulation



Training simulation in CAVE 



Training simulation in CAVE 



VR-based team training



VR-based team training



VR-based team training



VR-based team training



VR-based team training



Training container

Containerplacedin The Central Schoolof the State Fire Servicein Czňstochowa

After virtual trainingmorerealisticsimulatorscanbe usedin trainingprocess



Training container

Containerplacedin The Central Schoolof the State Fire Servicein Czňstochowa

After virtual trainingmorerealisticsimulatorscanbe usedin trainingprocess



Project CyberFirefundedby NationalCenter for Researchand Development

Highestusabilityis observedfor cadets

trainingin VR-basedsimulator.

Usability



Machine simulators
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Simulators of the folowing self-propelled mining machine

developed:

Å loader of the copper ore

Ådrilling car

Åanchoring car

Project: Development and implementation of innovative, comprehensive support system for training 
operators of mobile mining equipment (SMG) for efficient and safe operation in the underground copper 
mines(partially funded by KGHM and NCBR ςNational Center for Research and Development). 
Project Lider: CIOP-PIB



Simulators developed: loader of the copper ore

Project: Development and implementation of innovative, comprehensive support system for training 
operators of mobile mining equipment (SMG) for efficient and safe operation in the underground copper 
mines(partially funded by KGHM and NCBR ςNational Center for Research and Development). 
Project Lider: CIOP-PIB



Simulators developed: loader of the copper ore

Project: Development and implementation of innovative, comprehensive support system for training 
operators of mobile mining equipment (SMG) for efficient and safe operation in the underground copper 
mines(partially funded by KGHM and NCBR ςNational Center for Research and Development). 
Project Lider: CIOP-PIB



Simulators developed: 

loader of the copper ore

Project: Development and implementation of innovative, 
comprehensive support system for training operators of 
mobile mining equipment (SMG) for efficient and safe 
operation in the underground copper mines(partially
fundedby KGHM and NCBR ςNationalCenter for Research
and Development). 
Project Lider: CIOP-PIB



Simulators developed: drilling car

Project: Development and implementation of innovative, comprehensive support system for training 
operators of mobile mining equipment (SMG) for efficient and safe operation in the underground copper 
mines(partially funded by KGHM and NCBR ςNational Center for Research and Development). 
Project Lider: CIOP-PIB


