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The actuators moments  calculus method using adaptive neuro-fuzzy inferences for rehabilitation 
robots control in real time by artificial intelligence techniques applied on kinematic requirements 
imposed to be fulfilled meaning in order to obtaining the desired  trajectory and speeds, the 
accelerations for ankle joint are presented. The variation of the coordinates of this joint is determined, 
and also the variation of the position angles of the leg in function of the time, after which the speeds 
and the angular accelerations are determined. In the following, the differential equations of movement 
are written, from which the motor moments necessary for the fulfillment of the imposed kinematic 
requirements are deduced.  
Keywords: walking robot, angular velocities and accelerations, movement equations. 

1. INTRODUCTION 

Robots with artificial intelligence and networked remote control by human operators are playing 
increasingly important roles in hazardous or challenging environments where human lives might be at risk. 
This imposes the urgent need for the development of autonomous mobile robots which can be controlled 
remotely and can provide support in case of natural disasters, fires or calamities, dangerous landmine 
detection activities and other explosive devices [1-5]. Following the terrible earthquake from Japan, an 

-
over the world was carried on in order to build rescuing and seeking robots (Hanshi-Awaji Earthquake,) 
divided in two sub-projects: one for multi-agent simulation and virtual robot, and the second focused on 
developing the real robot. Real time control robots with 
ability play an important part in hazardous and challenging environments where human life may be exposed 
to great dangers such as support and repair in nuclear contaminated area, fire and earthquake disaster areas
[2, 6-8]. An important amount of research led to the development of different robots with sensing abilities, 
transport and manipulation of different applications. Developing mobile and remote control autonomous 
robots, which can help people in order to perform search and rescue operations in nuclear contaminated 
environments, fires and earthquake disaster areas, is a priority and a complex task [2, 6 - 9]. 

2. THE VIPRO PLATFORM STRATEGIES 

The VIPRO platform, presented in this paper, brings the virtual robots to the real world and creates an 
international innovative robot platform, based on virtual projection method by Vladareanu-Munteanu, 
IMSAR patent, which allows developing mechatronic systems of mobile robots in virtual environments and 
communicating with real robot systems through a high speed interface [3, 6]. The result is development of an 
intelligent, portable, versatile platform VIPRO which allows the improvement of robot motion and stability 
performances in a virtual and real environment on unstructured and uneven terrains [10  13]. Using VIPRO 
platform will allow efficiently building of mobile robots endowed with Robot Neutrosophic Control (RNC), 
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Robot Extenics Control Interface (eHFPC) and Robot Haptic Control (RHC) Interface, etc. in addition to 
other similar products on the market [13 - 15]. 

The study was made considering the following hypotheses: 
-the displacement of the robot is made on the horizontal terrain (without bumps)  
-the frictions from the joints are neglected  
-during the displacements can be considered that the joint of the hip remains at the same distance 

towards the terrain; 
-in the execution phase of the step, the joint of the leg ankle describes an arch of the ellipse with the 

semi axis a and b (fig.1), having the centre at the distance b1 towards the terrain (the centre of the 
ellipse O3 1

<0). 
The VIPRO Platform allows the development of a complete research tool for the robot mechanical 

modelling of 3D virtual environment, virtual platform for the robot modeling and simulation, planning 
strategies, robot motion developing, image processing, robot adaptive intelligent control and its behavior 
based on control. Robotic simulation is essential in developing control6 and perception algorithms6 for 
robotics applications. A 3D virtual platform for mobile robots must correctly simulate the dynamics of the 
robots and to avoid the objects in the environment, thus allowing for a correct evaluation of robot behaviors 
in several environments. Moreover, real-time simulation is important in order to correctly model interactions 
among the robots and between the robots and the environment. Since the simulation accuracy requires 
significant computing power, it is often necessarily to make the approximations for obtain the robot real time 
control.  

2.1. Mechanical modeling of motion.  

The Robo-Cup version [2, 6, 9] of the model has 21 joints, resulting in 21 degrees of freedom (DOF) 8. 
See Figure 2 for a complete schematic overview of the robot. The movement of each joint can be described 
by a rigid body equation. Two different types of contacts can be distinguished. The first is a contact caused 
by bumping into another rigid body or into the world. The other type of contact is caused by having a joint 
defined between two rigid bodies. 

This paper address to three kinds of rehabilitation robots 
, proiect nr. KY201501009, 2016-202020, [16, 17] . 

 Rehabilitation robot for lower limbs;  
 Limb training device for the elderly and  
 Finger rehabilitation robot,  

shown  respectively in Figure 1, Figure 2 and Figure 3. 
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The lower limb rehabilitation robot is divided into 4 parts: left mechanical leg, middle seat, right 
mechanical leg, and electric control cabinet. 
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Figure 4 - Mechanical system of Lower Limbs Reh-robot 

In Figure 4, 001 is the middle seat base, 002 is the seat, 003 is the mechanical leg base, 006 is the 
mechanical leg bracket, 007 is the mechanical leg.  

The middle seat has the function of moving forward and backward and ascending and descending. It is 
convenient for the patients with mobility inconvenience to sit on the seat. When the patient wants to sit on 
the seat of the robot, the mechanical leg base can drive the mechanical leg to move left and right, while the 
seat descends and moves forward. 

3. ELECTRICAL SYSTEM OF LLR 

The electrical system of the lower limb rehabilitation robot is the basis to ensure the realization of its 
function and the nerve of the whole system [16, 17] . The stability and reliability of the electrical system is 
the necessary guarantee for the stability of the rehabilitation system. The electrical design of a new 
generation of rehabilitation robot is aimed at improving and optimizing the problems of the previous 
generation (abbreviated as the first generation) rehabilitation robot in clinical rehabilitation application, so as 
to improve the reliability and accuracy of the robot operation. The following is an introduction to the 
optimization of the electrical system of the new generation lower limb rehabilitation robot. 

Rehabilitation robot uses PC with better integrated performance as the upper computer hardware of 
control system. It runs reliably, and takes electromagnetic compatibility into account in its design process, so 
the overall reliability of the system can be greatly improved. The PC parameters of the main control unit are: 
the CPU adopts Intel i5 processor with faster calculation speed, and the main board adopts ASUS series 
boards with three PCI expansion slots and two PCI-E expansion slots. 

 Sensor data acquisition system: The acquisition of sensor signal on rehabilitation robot needs to be 
completed by acquisition card [16, 17]. The hardware of control system changes, which makes the interface 
type between data acquisition card and main board change from PC104 bus to PCI bus. According to the data 
acquisition requirement of rehabilitation robot, PC2321 digital acquisition card based on PCI bus is selected. 
The former is TTL input/output type and has 48 channels and six groups of independent configurable 
input/output channels, which can satisfy the output of digital signal acquisition of proximity switch and 
adjustment of mechanical structure of robot. PCI8602 has five input ranges of (+10V,+5,+2.5, 0-10V, 0-5V). 
It has 32 single-ended access modes and 16 differential input modes. In order to meet the requirement of the 
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number of data acquisition channels, a single-ended connection mode is selected here. The input range of 
analog signal is 0-5V, and the output range of sensor is 0-5V. The digital signal and analog signal are 
collected by acquisition card and exchanged by PCI bus. The upper computer reads them. The two 
acquisition cards are installed in the PCI expansion slot of PC. Accuracy of hip and knee reduction: There is 
a problem of reduction when any robot starts. The first-generation rehabilitation robot adopts absolute 
position coder installed at the transmission end of the hip and knee joint for hip and knee joint reduction. The 
absolute position coder can maintain the current angle value after power failure. The robot starts. After 
power up, read the angle value through the RS485 bus. The transmission ratio of mechanical leg joint 
transmission ratio and absolute encoder as shown in Table 1.  

Table 1 - Three joint transmission ratio and motion range of rehabilitation robot 

name Hip Knee Ankle 

End drive ratio 2700:11 2160:11 100 
Range of joint 90° 140°  70° 

Transmission ratio of 
motor to encoder 

1:1 19:25 -- 

In below design, a six-dimensional force sensor is added to the ankle joint of the rehabilitation robot, 
which can measure the direction of the internal force of the human body in the sagittal plane, including the 
force Ff parallel to the pedal direction, the force FN pressing the pedal surface and the torque MC in the 
sagittal plane. As shown in Figure 5, it provides hardware support for the development of new functions such 
as spasm detection. 

 
Figure 5 

The type of driver correspondingly changes to brushless driver. Selecting American design Copley 
driver can provide position, speed and torque mode. According to the type selection of motor, determine the 
type of actuator. The selection of motor and actuator for rehabilitation robot is shown in table 2. 

Table 2 - Motor and Driver selection table for rehabilitation robot 

Name Hip Knee Ankle 

Motor model SMP8024B SMP8024B TBM60-25 
Driver type  ACP-055-40 ACP-055-40 ADP-090-40   

The cable function of the electric system of the rehabilitation robot is divided into power drive and 
signal transmission functions. The longer cable is the transmitting antenna of electromagnetic noise radiating 
outward in the system. It is also a good receiving antenna introducing interference. In order to restrain the 
ability of transmitting outward and receiving interference, the cable of the rehabilitation robot is selected as a 
screen. The cable should be connected to the two ends. In order to better isolate the electrical system of 
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rehabilitation robot from the outside world, conductive foam cotton can be added when necessary to ensure 
good lap quality at the lap of control box.  

4. STRUCTURE OF LTE 

4.1. Mechanical structure design 

The leg stretching training device designed in this paper is driven by a combination of motor and 
magnetic powder clutch, the transmission scheme principle is shown in figure 6. Compared with the 
traditional single-motor torque drive, the magnetic powder clutch is automatically clutched by the force 
difference between the two ends without additional signal control. The transmission torque is controllable 
and the control is easy, so the magnetic powder is very suitable for lower limb rehabilitation robots, In 
addition, the magnetic powder clutch also has the characteristics of fast response speed, small noise, 
controllable return speed and high stability. 

Seat

linear slide

power boxpush-pull assembly

ankle assembly

 
Figure 6 - The structure of drive system 

The linear slide is Dongguan TA-64-800, and its main parameters are shown in Table 3. 

Table 3 - Parameter list of linear slide rail 

  
 

 
 

 

 
 

 

       

 
Parameter list of magnetic powder clutch are shown in Table 4. 

Table 4 - Parameter list of magnetic powder clutch 

    
 

-      

Table 5 - DC motor parameter list 
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Table 6 - Speed reducer parameter list 

    
  

      

 
At the same time, the motor and the clutch each performs their own functions, so the safety is higher. 

In addition, through different combinations of motor speed and transmission torque of magnetic powder 
clutch, multiple training modes of single equipment can be realized. The use efficiency and the use range of 
the training device are improved, and the training mode corresponding to its combination mode is shown in 
Table 7. 

Table 7 - The control method of different training modes 

   

   

 
  

   

   

The leg training device mainly consists of three parts: the patient part, the training part and the power 
part, as shown in Fig. 3. To suit the needs of different patients, the backrest elevation and height of the 
patient part seat are adjustable. The training part is composed of a linear sliding rail, a push-pull component 
of the upper limb and a pedal component. To facilitate the separation and transportation of the seat and the 
training device body (including the training part and the power part), the supporting wheel and the 
connecting frame that is lapped with a seat are set up. The power part is composed of a power box, which 
provides corresponding driving force in different training modes. Meanwhile, the training speed of the pedals 
in the training area can be adjusted in real time through the encoder, so as to ensure the safety and science of 
the training process. 

4.2. Control system design 

Press the switch button of the elderly rehabilitation training apparatus, and open the rehabilitation 
training device for the elderly. Because the elderly rehabilitation training instrument is equipped with 
incremental encoder, it is impossible to get the specific position of the pedal of the equipment directly. The 
elderly rehabilitation training instrument is reset forward by the main control board. The main control 
program sets a time of 2 ms and enters the timing interruption program once. When the main control 
program determines that the incremental encoder value remains unchanged for a period of time, the main 
control program determines that the current position is the terminal position of the elderly rehabilitation 
training instrument. When the terminal position is determined, the main control panel controls the device to 
return to the location suitable for users. 

After opening the remote control of the rehabilitation instrument for the elderly and confirming that the 
communication with the rehabilitation training instrument for the elderly is normal, the rehabilitation 
instrument for the elderly can be controlled. Open the remote control as shown in Fig. 6 and enter the mode 
selection interface by default. Under this interface, only three key bits in Figure 6 are valid. Press the up 
button and the mode will be added up. Press the down button, and the pattern will be reduced one by one. 
When you are in the last training mode, continue pressing the down button, and the pattern remains 
unchanged. When the mode is in the first training mode, continue pressing the upper key, and the pattern 
remains unchanged. After selecting a certain mode, press the mode key and enter the training interface [16,
17]. 
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The specific training mode is detailed in annex, operation manual of geriatric rehabilitation training 
instrument. Press the mode button in the training interface to enter the selection interface. Turn off the 
remote control and turn off the training program for the elderly. 

5. Fuzzy Logic 

Fuzzy logic is widely used in academia and industry and is a landmark of artificial intelligence 
worldwide. Applications with fuzzy logic have proven their robustness, relative simplicity in design and 
implementation, and the numerous benefits (mainly being the emulation of available expertise). There are 
many implementations of numerous algorithms for optimizing the parameters of fuzzy systems of deduction, 
such as genetic algorithms and neural networks. 

Neuro-fuzzy modeling attempts to mimic the behavior of a given system for which input and output 
data sets are available, creating an inference system that produces similar effects. The fuzzy inference system 
(FIS) is then learned (parameters are optimized) using an adaptive neural network algorithm. A neuro-fuzzy 
adaptive inference system (ANFIS) is an extremely useful modeling technique for systems in which the 
mathematical laws that govern them are either very complicated or completely unknown. 

 
-  

A neural network is then used to optimize the parameters of this FIS so as to result in a minimum error, 
relative to the initial input data. The position, shape and width of the member functions and the rules of 
inference are among the parameters that are optimized by neural algorithm. The operator only has to specify 
a number of simulation parameters for optimization, the main ones being the number of member functions 
for each variable and the number of iterations for which the algorithm will run. The over-approximation of 
the available information will be kept under observation by repetitive tests after the initial running of the 
algorithm. 
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For serial mechatronic chains, the problem of direct kinematics is simple. By applying the 
transformations of the reference bases of the actuated joints and the robot measurements, a deterministic 
formula is obtained, even if it may contain many calculations, for systems with many degrees of freedom. 

In the figures below are presented below are presented systems with 3, 5 and 7 degrees of freedom. 
Using several software you can create workspaces for different degrees of freedom by modifying 

different values such as angles or lengths. 
The figure below shows two workspaces created using MathLab. 
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-  

6. CONCLUSIONS 

For the design of the driving system of the robot legs in the situation in which a number of kinematic 
conditions are imposed, for example the trajectory and the ankle joint speeds, is necessary to be known the 
variation of the driving moments of the parts of the leg in the stage of the step execution. In the paper, the 
method of solving of this problem is presented in the hypotheses indicated and the necessary relations are 
given for the applications in concrete cases. The necessary correlation between the position angles of the 
parts of the leg results for to obtain the desired movement of the leg during walking. 

The study can be continued considering the advance of the hip simultaneously with the step execution, 
and also the friction forces from the joints. And also, the problem of determination of the driving moments of 
the leg, which realizes the advance of the robot body, needs to be studied. 
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SMART WIRELESS SENSORS ROUTING PROTOCOL DEVELOPMENT 
AIMED FOR SMART WIRELESS ROBOT NETWORKS 
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Ana-Maria Travediu1 

1Institute of Solid Mechanics, Romanian Academy, Bucharest, Romania 
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We propose a new routing protocol for smart wireless sensors deployed in a wide area for gathering 
sensitive information. The data is required by data centers or ground control systems, or to be used by 
drones, rovers and autonomous boats for SLAM and other information needed for mission objectives. 
The routing protocol will allow creating dynamic networks of drones and wireless sensors, to achieve 
a grid of data connections. 
Keywords: smart sensors, multi-agent system, routing protocol 

1. INTRODUCTION 

Multi-agent systems composed by drones, rovers and other autonomous or semi-autonomous devices 
are found in an increasing number of real life applications. The drones are becoming a mobile security 
camera while rovers provide a reliable mobile control center with a higher autonomy than the flying robots. 
Among these, there is a special category that has started to become more and more important. This category 
is formed by smart sensors. These sensors can be mounted on mobile robots (drones, rovers, boats, etc.) or be 
deployed for short term data acquisition. For all devices, a communication network has to be established that 
will provide communication links to all agents, even those with no direct communication link to a Ground 
Control System (GCS) or to a Sensor Data Acquisition (SDA). 

The problem we want to solve is the management of the communication network for sensorial data 
acquisition, to allow hard to access places to be scanned by sensors or to increase the range of the multi-
agent system [1] which will allow for the Ground Control System to not be placed in the vicinity of the 
mission area, protecti  

To solve the network problem, the scientific community has different approaches that depend also on 
the use case. To lower power consumption that powerful antennas to, Kim and Matson [2] proposed a 

 increasing the communication range of the drones. 
For a multi-UAV cooperative control missions, Karaman and Frazzoli [3] proposed a high combinatorial 
complexity with temporal constraints algorithm using a mixed-integer linear formulation to get the optimal 

 
Other multi UAV networks have single or multiple clusters [4-5] which offer a good technique for data 

communication between drones while offering mobility and low latency but depend on the network density 
to maintain a communication link. The information being sent between drones are required for collision 
avoidance and flight formation [4]. In this type of networks we can have different data packets delivery 
systems: unicast, broadcast, multicast and geo-cast. What is important for us is the cooperative routing 
process which allows communication between two drones that are too far apart. The idea of using other 
UAVs as relays to provide wireless connectivity [6] is not new and has been used for drone deployment to 
achieve communication with other network agents which are without any direct line-of-sight transmission 
link due to obstacles that prevent communication [7-9].  

In this paper we are proposing a new routing protocol that will allow a multi-agent system to become 
-hoc communication network. 

n inside the grid. The only 
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issue that the operator has to handle is to designate specific missions in order to place agents that will 
become routing points for the sensorial data sent to GCS/SDA which means that not all drones have to leave 
the vicinity of the communication system. 

2. ROUTING PROTOCOL ALGORITHM 

To communicate between autonomous agents inside a network or for the agents to send their data to a 
data acquisition system or a ground control system, we require a way for the agents to decide how to send 
their data in a safe manner, preventing data loss. For this we have used a classic routing protocol [10] and 
applied it to a network of robotic agents. 

Routing Protocols Main Steps: 
 Step 1: Discovery 

 The agent will identify all other agents around itself  
 The agent will acquire the surrounding agents parameters 

 Step 2: Route management 
 The agent will keep track of the discovered surrounding parameters by refreshing its list 

(through Discovery  Step 1) at fixed intervals. 
 Step 3: Path determination 

 The agent will choose the shortest and safest path to transmit its data to the Control System. 
For robotic agents, the control system will be a Ground Control System (GCS) and for 
sensors the control system can be a GCS or a data acquisition system (DAS) 

 Step 4: Sending the data packets 
 The agent will send its data without broadcasting by targeting the selected best node/agent 

and specifying the end node (GCS/DAS) 

 
Figure 1  Summary diagram of the routing path algorithm 
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The routing protocol algorithm (figure 1) is used to compute the path a data packet will take. What the 
algorithm does is to search for the best agent that has already a link to a GCS or DAS, otherwise it can risk to 
send data to agents that have no path to send the received data. 

 parameters. The 
 

 Agent path to source/control system 
 This is the number of nodes to reach the control system. 
 This value can be 0 when the network in initializing or when the agent has no other path to a 

GCS or DAS. 
 Signal strength divided into three categories 

 Low signal. This can lead to packet loss. 
 Medium signal. Provides average speed to transmit data. 
 High signal. The agent is very close and can be a favorite node to reach the Control System. 

 Number of other agents that currently use the node/agent to send data to Control System. 
The parameters of each surrounding agent will be taken into account when deciding the best path/route 

to the destination system (GCS/DAS). Thus the decision is based on the nodes with the best signal strength 
and a path to the control system. Another important parameter is the number of other agents that currently 
use the same node for sending their data. If the agent is battery powered, then a high number of agents that 
will use it as a routing node will result in a short life of that particular agent which is to be avoided if that 
particular agent or smart sensor is of high importance for the mission.  

 

 (1) 

 

The decision can be expressed as formula 1, where the node is the agent through which another one 
tries to send its data to a GCS or SDA; NumberOfNodesToGCS is the path required for the data to travel 
between the Node and the receiver GCS/SDA; NodeCongestionLevel is the level of usage of the Node by 
other nodes in order for them to communicate their data. 

 
Figure 2  Routing protocol communication data graph example 

For every message sent, the agent requires a confirmation. If the confirmation is not received in a 
reasonable time, it can assume the path was compromised and can start to find a new route. 
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This system works for fixed/mobile wireless sensors and for mobile agents who are not in range of the 
Control System. One example is in figure 2. 

3. APPLICATION TO DEMONSTRATE THE USEFULNESS OF THE ROUTING PROTOCOL 

To demonstrate in an easy and simple way how the routing protocol will behave in a real scenario with 
different node conditions (available, defective or detect bottleneck), we have created a simulation software. 
This application generates randomly in a certain limited area a number of nodes/agents of different types 
(drones, rovers, smart sensors, etc.) and then lets each node to find its shortest and safest path to the nearest 
node that can store the agent information (GCS, DAS, etc.). 

Figure 3 presents the interface of the simulation application where the interface was populated with 
multiple agents. After all the nodes have been randomly placed on the working space, the algorithm starts to 
find the best path for each node. This means that each node will search for its neighboring agents and try to 
find a path to the GCS and SDA1 (sensor data acquisition), as seen in figure 3. 

 
Figure 3  Routing protocol simulation software with generated agents 

 

  
Figure 4.a  First stage of data path generation Figure 4.b  Intermediary stage of data path generation 

  
Figure 4.c  Intermediary stage of data path generation Figure 4.d  Final stage of data path generation 

The list of figures 4, presents the path generation of a network of agents and nodes. One can see at each 
stage how the routing algorithm searches for each node the best neighbor to use as a routing agent. Each 
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node will search for its neighbor nodes and decides which node can and should be used as an intermediary 
agent in sending its own data to a central system (GCS or SDA). 

 

  
Figure 5.a  Simulation of defective node Figure 5.b  Simulation of defective node, routing path 

regeneration 

Figure 5.a and 5.b presents the case when a node/agent stops communicating. In this case the routing 
algorithm will regenerate the communication path for all required nodes to find a new path to the acquisition 
system. 

The case when multiple nodes stop communicating is presented in figures 6.a  6.f. In this case, at first 
only two nodes go offline and the path is being regenerated, and then 7 nodes in total are offline. In this case, 
we can even see that several nodes which previously had their data communicated to the GCS now send it to 
SDA1 because the routing algorithm found a better path to send the information. In the end we restore all 
nodes and see that the regenerated routing paths recover to the initial state (figure 4.d). 

 

  
Figure 6.a  Simulation of two defective nodes Figure 6.b - Simulation of two defective nodes, routing path 

regeneration 

  
Figure 6.c  Simulation of multiple defective nodes Figure 6.d - Simulation of multiple defective nodes, routing 

path regeneration 
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Figure 6.e  Simulation of multiple defective nodes that are 

again available to send information 
Figure 6.f  Simulation of multiple defective nodes that are 

again available to send information, routing path regeneration 

After simulating the routing path algorithm, we have created a simulation case (figure 7) where we can 
see the data packets being sent from a source node to its destination. Using this, one can see each data link 
and how data packets can congestion a nodes bandwidth, creating bottlenecks.  

 

 
Figure 7  Color coded data packets communication and bandwidth usage 

4. CONCLUSIONS 

The applications in which drones and other autonomous or semi-autonomous agents are being used 
have become more and more complex, where multiple agents are being sent to gather information or to solve 
a single mission. For this, the human operated control center (ground control center  GCS) has to receive 
sensor information from the deployed drones or even from the smart sensors placed by human participants or 
by other robotic agents. This information is critical in missions that try to save or prevent the loss of human 
lives.  

To prevent data loss due to the distance from a mobile robot or smart sensor to the GCS, an ad-hoc 
network is formed to allow other agents to pass the information, making them a communication routing 
node. To allow this, the routing protocol was created so that any agent can become a routing node and the 
sensorial information required by the mission control will actually reach it. 

The current routing protocol has a few issues to be solved by later versions. One of these is that a node 
can become heavily used for data communication. The first result is that the agent will be delayed in sending 
its own information. The other, which can be more severe, is the battery consumption. Since most of the 
deployed drones and smart sensors relay on their battery for data acquisition, mobility and communicating 
with the control center, a heavy use of the communication devices can put a heavy stress on the battery 

  
Further improvements of the routing protocol will take into consideration the battery life of the node, to 

prevent draining the power of important agents while others can be deployed by the operator can have a 
single mission, allow communication over long distances with GCS or SDA. 
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IMPLEMENTING ADVANCED CONTROL TECHNIQUES OF THE MOBILE RESCUE 
ROBOTS IN VIRTUAL REALITY USING VIPRO PLATFORM  
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The paper presents Intelligent Control Interfaces (ICIs) for real-time control of terrestrial mobile 
robots or unmanned aerial robots in order to improve the navigation performances. Intelligent control 
interfaces are implemented through IT & C techniques with fast processing and real-time 
communications to develop VIPRO Platform. E-learning platform allows achievement inter-academic 
research networks and building new intelligent vectors robots. 
Keywords: Intelligent Control Interfaces, navigation performances, VIPRO Platform. 

1. INTRODUCTION 

Active robotic sensors are rapidly gaining viability in environmental, defense, and commercial 
applications . As a result, developing information-driven sensor strategies has been the focus of intense and 
growing research in artificial intelligence, control theory, and signal processing. Generally, the authors 
focused on stereoscopic camera rigs, that is, two rigidly connected cameras in a pair. Specifically, the main 
problem is the determination of the trajectory of a mobile robotic sensor equipped with a stereo camera rig so 
that it localizes a collection of possibly mobile targets as accurately as possible under image quantization 
noise [1-4]. 

The advantage of binocular vision - compared to the use of monocular camera systems, is that it 
provides both depth and bearing measurements of a target from a pair of simultaneous images. Assuming 
that noise is dominated by quantization of pixel coordinates, it uses the Jacobian measurement to propagate 
the error from the pixel coordinates to the target coordinates relative to the stereo rig. In particular, it 
approximates the pixel error as Gaussian and propagate the noise to the target locations, giving rise to fully 
correlated second order error statistics, or measurement error covariance matrices, which capture target 
location uncertainty.  

The resulting second order statistic is an accurate representation of not only the eigenvalues but also 
the eigenvectors of the measurement error covariance matrices, which play a critical role in active sensing as 
they determine viewing directions from where localization uncertainty can be further decreased. 

In order to become suitable for digital processing, an image function f(x,y) must be digitized both 
spatially and in amplitude. Typically, a frame grabber or digitizer is used to sample and quantize the 
analogue video signal. Hence, in order to create an image which is digital, it is necessary to convert 
continuous data into digital form. There are two steps in which it is done: 

 Sampling 
 Quantization 

The sampling rate determines the spatial resolution of the digitized image, while the quantization level 
determines the number of grey levels in the digitized image. A magnitude of the sampled image is expressed 
as a digital value in image processing. The transition between continuous values of the image function and its 
digital equivalent is called quantization. 

The number of quantization levels should be high enough for human perception of fine shading details 
in the image. The occurrence of false contours is the main problem in image which has been quantized with 
insufficient brightness levels. In digital image processing, it shall talk about two key stages: sampling and 
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quantization that will be defined properly. Spatial and grey-level resolutions will be introduced and examples 
will be provided further, too. 

Image processing is a method to perform some operations on an image, in order to get an enhanced 
image or to extract some useful information from it. It is a type of signal processing in which the input is an 
image and output may be image or characteristics/ features associated with that image. Nowadays, image 
processing is among rapidly growing technologies. 

The ability to obtain the accurate three-dimensional position information in the presence of limited 
sensor resolution is a crucial task in computer vision and other triangulation systems. Sensors for computer 
processing applications produce sampled quantized data, whose spatial resolution is determined by limits in 
device technology and bandwidth. In computer vision and photogrammetry, normally stereo camera setups 
are used for obtaining 3-D data [5, 6, 7]. 

In order to become suitable for digital processing, an image function f(x,y) must be digitized both 
spatially and in amplitude. Typically, a frame grabber or digitizer is used to sample and quantize the 
analogue video signal. Hence in order to create an image which is digital, we need to covert continuous data 
into digital form. There are two steps in which it is done: sampling and quantization. Image resizing is 
necessary when you need to increase or decrease the total number of pixels, whereas remapping can occur 
when you are correcting for lens distortion or rotating an image.  Signals at frequencies above half the 
sampling rate must be filtered out to avoid the creation of signals at frequencies not present in the original 
sound. 

Implementation of ICIs laws in the intelligent real time control interfaces depends on: 
 the characteristics of the model used and 
 the exact definition of optimization problem. 

The results led to the development of the ICI interfaces through image analysis using Images Operation 
Sampling & Quantization (IOSQ). 

The field of robotics studies the interaction between perception and action. 
The main advantages of robots are: 

  a high mobility in the work environment,  
 an increased autonomy and 
 the ability to perceive the environment by reacting to it.  

The mobile robot applications are found in many areas medical services, transport, rescue missions, 
firefighting monitoring and surveillance, etc. 

Referring to the images represented in the computer, it is important:  
 how an image [8] is represented in the computer;  
 how a color image is represented in the computer [9]; 
 the main concepts of sampling, representation, and  quantization;  
 operations we can apply that are very simple but extremely useful and 
 how images can actually be manipulated  to have clearer images or to highlight fundamental 

details. 
What the normal human eye sees is light reflecting off an objects, and the light that is reflected from 

the objects goes into a type of sensor, which can be the human eye or a camera.  
The light represented in the image is reflected from the object and enters in   the    sensing device. The 

image below from Fig.1 shows a magnified image of what is typically present inside on a camera.  
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Figure 1 - Magnified image inside of a camera 

In the cameras there are color images. Color images are represented by    three images that the cameras 
taked: 

 the blue colors in the scene 
 the green color and  
 the red color 

This represents a RGB image. 

 
Figure 2 - RGB spectrum 

2. IMAGE PROCESSING 

Once a 2-dimensional array is available, one of the things that can start being explored is 
neighborhoods.   

There are three types of standard neighborhoods that are taken in image processing: 
 a four neighborhood in which only the cardinal four are considered; 
 eight neighborhood which takes into account all the pixels surrounding the center one  
 6-connected neighborhood in the case of hexagonal sampling. 
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Figure 3 - Types of standard neighborhoods 

Another area where neighborhoods are important is in 3D images.  
For now, as we have a 2-dimensional array, we can do simple operations with them. There are many 

operations [11] that we can apply to images because each point has a value. 
Below there are some examples: 
 Image Addition 
 Image Averaging 
 Image Subtraction  
 Background Subtraction  
 Multiplication 
 Single Image Point Operations 
 Digital Subtraction Angiography (using X-ray)   

 
Figure 4 - Operations applied to images 

One of the problems developed using the IOSQ ICI interface is saturation [10]. Because there are only 
256 different levels that can be used, the image may be too bright and it might not be possible to represent all 
of the small variations in brightness. 
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Figure 5 - Image saturation 

A significant comparison is presented in Fig.6 between the image processed through image analysis 
using image formation, images operation, sampling & quantization with high quantification resolution and 
256 gray level color resolution. 

 
Figure 6 - Image operations using different shades of grey 

To improve the IOSQ ICI, logic operations can also be applied to images. Image operations can be 
introduced into the virtual space for testing and improving the quality and performance of rescue rebounds. 
In the figures below 7a, 7b, 7c, images are presented with the working space of a mobile robot and the 
perception of obstacles as well as avoiding them using operations with the images taken. 

Figure 7a - Image capture mode 
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Figure 7b - Robot workspace 

 

 Figure 7c - Image capture mode and robot workspace 

A pixel can be replaced by the average of all of its neighbors, including itself. This is done by summing 
up all the pixel values, dividing by nine and replacing that pixel by that result. To average the entire image, 
this operation is performed for every single one of the pixels. 
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Figure 8 - Image Operations 

3. IMPLEMENTING IMAGE COMBINING TO IMPROVE THE QUALITY OF ROBOT WORK 
ENVIRONMENT RECOGNITION 

More sophisticated operations are also possible.  We can actually take a pixel in the image, and replace 
it by the average of its neighbors.  As before, we consider an eight neighborhood.   

A pixel can be replaced by the average of all of its neighbors, including it. This is done by summing up 
all the pixel values, dividing by nine and replacing that pixel by that result. To average the entire image, this 
operation is performed for every single one of the pixels. The eight neighborhood of a pixel is averaged, and 
the value of the pixel is replaced by the average of the    pixels around it.  This is repeated for the next pixel, 
and so on.  After that, the result is overlapped. 

 

 
Figure 9 - Replacing pixels by the average of all of its neighbors 

4.CONCLUSIONS 

 The IOSQ ICI interface allows avoiding distorted photos such as chromatic aberration and barrel 
distortion. 

 In aerial photography performed with the help of the drones, it is advisable to use a recommended 
camera, which, based on the tests performed on it, proved to be able to get the best photographs.  

  In order to obtain professional aerial photographs using drones, it is necessary to use basic camera 
settings such as ISO, shutter speed, aperture, focus and measurement together with stabilization of the thorn. 

  In this context, some of the most important camera settings used in aerial photography were 
presented in this paper in view of obtaining an image function f(x,y) digitized both spatially and in 
amplitude.  

 The Versatile Intelligent Portable Robot Platform VIPRO was developed: 
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 to improve the walking anthropomorphic robots performances;   
 to provide unlimited power for design; 
 to test and 
 to experiment the real time control methods by integrating the intelligent control interfaces 

(ICIs) in robot modeling. 
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This paper aims construct a machine learning model to evaluate the performance of the learning 
environment. The learning environment is mainly focused on spatial organization. Rooted in the 
primary relationship between man and space, the learning was found to be important in different 
directions within the active school; the environment in which a person lives affects its conception 
about the ideal. The place where a person lives determines its ideas about how a physical environment 
should be structured, leading to a certain mental model. Various possible models are investigated on a 
dataset obtained following a detailed survey in a learning institution. The results offer insight into the 
contributing factors to learning performance, as well as provide a future baseline for the introduction 
of classroom robotics.   
Keywords: learning environment, supervised learning, evolutionary algorithms, regression. 

1. INTRODUCTION 

In the context of the influence that the place has on the individual, it must be taken into account that the 
specific environment in which an individual lives influences his thinking on the physical aspects of that 
framework. This is true both of the building and the room; the environment in which a person lives affects 
their conception about the ideal. The environment in which the individual lives influences the image and an 
individual form of themselves. Size and shape of the space they occupy individual prints, some of its 
physical form of subjective experiences and personal representation. Where the person lives affects building 
self-image of that person and the impact on the level of aspiration; printing the physical space in the form of 
individual subjective experience. Depending on their capabilities, more or less extensive, decision and 
action, the person has the opportunity to change the building, room, personalize them or make them more 
functional. The person tends to use physical dimensions according to his mental structure and by their own 
internal model space. It incorporates instead of turning it into an extension of ourselves. Space becomes self-
image to others. 

The early twentieth century brings academics to a new wave of theories and methods that take into 
account all the greater reality beyond information and skill, namely, the environment in which the 
transmission of information and skills training. The first explicit reference to the ambiance consider, first, 
quality space to ensure physical health and freedom of physical movement of children, especially when the 
issue is urban areas requires premises schools to be comfortable, airy, spacious, with a yard large enough to 
allow games and sports, as well as any activities related to land work. 

For children requiring an appropriate furniture height and physical strength. New theories try to rethink 
learning in terms of the child's own stimulating activity. This approach leads to precise expression in the 
educational ambiance [1]. C.Freinet is one of the leading teachers stating this condition. One of the key 
points of the reform envisaged it refers to schools where learning takes place. Necessary, consider Freinet, to 
set up a functional educational environment, according to the pace of intellectual development of children. 
During this period, it is important to find the right building, situated in a good place; During the 
proclamation is need for a natural environment, green, usually hilly and mountainous. Gradually, however, it 



Machine Learning Model for Performance Estimation in Student Environments 

ACTA ELECTROTEHNICA, Volume 61, Number 1-2, 2020, Special Issue, ISSN 2344-5637, ISSN-L 1841-3323 

183 

becomes increasingly obvious that another idea progresses, ie not finding, but the creation of site-building 
best suited. Architectural quality education gets more specific. 

What is the learning environment?  
 the term is used to refer to the space in which the child learns, both at home and at school 
 home, it refers to where the child learn their homework, read and engage in other educational 

activities  
 resources they have available: books, manuals, educational games and other tools 
 atmosphere: the presence/absence distractor  
 brightness 
 learning rules and routines 
 use new gadgets only when needed and for educational purposes  

Here's how to create a home environment conducive to learning [2]: 
Establish a learning area. It is important to arrange a corner for your child with a writing table and a 

chair where your child can read, explore their interests and, later, to do their homework. It is important that 
the child learning space to be separated from things that might distract.  

Buy or borrow books from the library. It is important to keep in mind the child's age and interests 
when buying books. As the years will pass, it will want to know more, and you are providing access to 
information through books. As you start early education using books, the more your child will become a 
devoted reader.  

Keep handy educational games. Every home is important to have sufficient educational resources at 
hand child. When you purchase, look for those that help the child to develop certain skills so physical, and 
cognitive. No need to buy games or educational games very expensive. Those children can use them in 
different ways and that stimulates creativity are the most recommendable. In addition, you can create 
educational activities for younger (write letters, cut out shapes, color, etc.), so financial investment can be 
minimal in this regard.  

Respect the learning time. One important thing is that learning be considered an activity and valued 
by others. Pay attention to the time of day the child is doing homework and looking to not distract attention 
when the child learns nothing. In addition, make sure that no one in the family disrupts activity.    

Environment as the context and significance of learning leads me to formulate two details:   
1. Everything we do or teach the child takes place in an area which, due to its positive or negative, 

affect your learning with different levels of possibilities and limitations for development; 
2. In the context of meanings, classroom organization, linked to the distribution of equipment, has a big 

influence on educational action. This requires us to be aware that the organization influences the 
achievement of certain learning environments. In this way, the learning environment can be a real laboratory 
that offers many and varied experiences (science, communication, etc.) or, conversely, can become a place of 
routine activities that do not motivate the active participation of girls in children. 

There will always be important to transform the environment that accommodates girls and boys in a 
teaching resource the available resources are maximized to increase motivation of girls and boys to learn, 
explore, investigate and discover, expanding repertoire of experiences that ve always had in mind to new 
opportunities, enriching providing resources and educational materials with elements that favor integrating 
cognitive, motor, social, emotional, communicative and interactive.      

In this regard, we must take into account a number of criteria when we realize distribution areas such 
as: 

 be an inviting place to promote skills development physical, intellectual, social and 
emotional needs of students; 

most significant student learning; 
 is necessary to take into account what is related to lighting, ventilation and safety, so that students 

feel welcome and pleasant to achieve autonomous learning challenge learning environment is to integrate all 
the elements that compose a efficient system that encourages independent learning where subjects assume 
responsibility in building their own learning, while this system should provide spaces for interaction that 
promotes teamwork, so learning to be jointly built and enriched the community.  
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At the same time, a good learning environment is one that does not hinder learning styles or strategies 
proposed by the teacher.                               

2. TYPES AND CHARACTERISTICS OF LEARNING ENVIRONMENTS 

There are many types of learning environments, but what we all agree is necessary for learning means 
making adequate. 

Individual learning. Are those environments where learning takes place individually. Activities may 
be varied, but wearing an individual relationship with learning. This learning has evolved into our data. 
Nowadays, thanks to technology, it is common to see students teaching themselves through a computer. 

Collaborative learning. Is learning that interaction between students and the teacher becomes more 
present. Some believe that this type of learning is more performance as motivation and sociability are 
encouraged. Although dependent students (introverts, extroverts), this type of learning will be more efficient 
or not. This learning has evolved over the years, especially because of many studies in this regard. In this 
type of learning environment, we can find common paintings, texts shared among students, students debate 
among themselves, etc. 

Actors that form the learning environment. When we talk about actors, we can clearly differentiate 
between teacher and student figures. The teacher will be responsible for administering the learning strategies 
that will be put into operation, as well as promoting the correct assimilation of the contents. Students will not 
be mere spectators, but they will do their best to become the main actors. 

Pedagogical component. Educational components that we put in place to encourage good learning 
environments are of paramount importance as we increase the chances of success of students. Educational 
components are varied and should be clearly defined before classes begin. We can do customized tracking of 
each student, where we study skills and attitudes and evaluation mechanisms, organization, etc. 

Investigating the performance of a learning environment can be a difficult task. The following section 
attempts to model the raw data received through a learning performance survey on a group of 120 students, 
based on a selection of possible contributing factors. 

3. PROCESSING THE NUMERICAL DATA 

The analysis was performed based on the organizational learning environment questionnaire applied to 
the 120 respondents in order to follow the determination of the performance level of the students under the 
conditions provided to the learning environment for professional development. The questionnaire was 
applied to the faculties for each program and part-year study. The reason we chose it as a tool questionnaire 
was based on the idea of efficiency. To facilitate the processing of statistical data used in the evaluation, a 
questionnaire containing closed questions was chosen. To ensure the veracity of the responses, it was an 
anonymous questionnaire. At the end of the evaluation, the data was centralized and the results were 
processed. 

The questionnaire as a tool is a set of questions, well organized and structured to obtain more accurate 
data about a person or group of persons whose answers are made in writing. The opinion survey instrument 
applied is that of data collection, based on respondents self-reported their own perceptions attitudes and 
behaviors. Students may be investigated in relation to their perceptions of situations, activities, actions. The 
opinion survey applied consists of 10 items. 

After data modeling, pre-processing, training, testing, validation and conclusions, based on an 
anonymous online questionnaire regarding the performance of the organized learning environment, as the 
one shown in Figures 1 - 5 the data obtained is presented in Figure 6. 
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Figure 1 - Online questionnaire 

 

Figure 2 - Results for Question 1 Figure 3 - Results for Question 2 

 

Figure 4 - Results for Question 3 Figure 5 - Results for Question 4 
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Figure 6 - Raw data from questionnaire results 

Nine were considered independent variables, with the tenth  the average grade  the dependent 
variable. The questionnaire was preprocessed in Matlab, which is dedicated to numerical computation and 
data visualization through graphic representations. It is also a high-performance software package and a 
programming language whose basis is the matrix element (scalar, vector, matrix or multi-dimensional 
arrays). It integrates numerical analysis, matrix computation, signal processing and the graphical 
environment. Out of the 122 respondents, two were eliminated, as the data was incomplete. Numerical 
conversion was done for binary variables, as well as dummy encoding for multiple label variables. The data 
for the independent variables was then normalized. Setting parameters was performed in Matlab, where error 
checking was done on a set of training / validation / testing to obtain minimum error. The train-test data split 
was done using a scheme of 80% training data, 20% testing data. Investigated models include: linear 
regression, polynomial regression, neural networks, with the following optimizers: the lowest square 
linesearch (fminunc), Particle Swarm Optimization and Genetic Algorithms. 

  
Figure 7 - Cost function decrease with Linesearch (fminuc)  
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Regression represents the relationship between two variables that can be described by a line within a 
point cloud. Through regression, one can make predictions of a variable [3]. Prediction is the process of 
estimating the value of one variable knowing the value of another variable. 

Neural networks - Artificial neural networks (ANN) or connectionist systems are computing systems 
vaguely inspired by the biological neural networks that constitute animal brains [4]. A neural network (NN), 
in the case of artificial neurons called artificial neural network (ANN) or simulated neural network (SNN), is 
an interconnected group of natural or artificial neurons that uses a mathematical or computational model for 
information processing based on a connectionist approach to computation [5,6]. 

Linesearch (fminunc) finds a local minimum of a function of several variables, using optimization 
parameters. Some parameters apply to all algorithms, others are only relevant when using the large-scale 
algorithm, and others are only relevant when using the medium-scale algorithm (figure 7). 

We used in the Matlab program the function fminunc for the data set in figure 6 then we defined the 
function by setting the parameters. The function also included an optimoptions gradient, after running the 
local minimum, the optimization being completed because the gradient size is smaller than the optimization 
tolerance value. Using the fminunc function for 400 iterations, a local minimum of 0.559402 was obtained. 

Particle Swarm Optimization (PSO) is one of the most popular and useful applications that can indicate 
the success of different optimization problems after it has been applied. The basic principle of this model is 
the self-organization that describes the dynamics of complex systems. PSO uses a highly efficient social 
behavior model to take care of optimization issues, in a smart and cooperative environment [7]. PSO 
algorithms are used in the field of fuzzy logic system, neural network, optimization, model recognition, robot 
technology, signal processing, etc. (figure 8) 

 
Figure 8 - Cost function decrease with Particle Swarm Optimization 

A Genetic Algorithms (GA) is a meta-heuristic inspired by the process of natural selection that belongs 
to the larger class of evolutionary algorithms (EA). Genetic algorithms are commonly used to generate high-
quality solutions to optimization and search problems by relying on bio-inspired operators such as mutation, 
crossover and selection [8]. Following the training//testing with the separate procedure setting (80% - 20%), 
the meta-parameters were validated and the test results are presented in figure 9. 
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Figure 9 - Intermediary results from Genetic Algorithm 

We also took into consideration that a nonlinear combination of features can provide a better model 
that gives more conclusive results. 

 
Figure 10 - Nonlinear features processed using GA 

The tables below present the results of training and testing on the data set (Table 1, respectively Table 
2). 

Table 1 - Data training 

J( ) min Fminunc GA PSO 
linear 0.559402 0.5863 0.559452 

nonlinear 0.453485 0.5074 0.459486 
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Table 2 - Data testing 

J( ) min Fminunc GA PSO 
linear 0.8963 0.8169 0.8964 

nonlinear 1.0295 5.8866 1.0291 
 

 
Figure 11 Nonlinear features processed using PSO 

5. CONCLUSIONS 

The learning environment is mainly focused on spatial organization, it is considered as important 
through different directions within the active school and the environment in which a person lives influences 
his or her conception of the ideal environment. The place where a person lives determines his ideas about the 
way in which a physical environment must be structured; thus, this place contributes to the structuring of a 
certain mental model considered the model of the room as an ideal space. 

The test result after 400 iterations error comes to be minimal. The implementation model helps clarify 
and / or classify the educational survey results. As future developments are the use of more complex models, 
heuristic algorithms. Correcting additional data allows the result to be a complex one where errors are 
minimized. For a correct prediction, we need more complex models with heuristic algorithms. 

We can see in the tables above the difference between the result of the trained data and the tested data. 
On the test set used the data was chosen randomly, the nonlinear combination has high values in the case of 
genetic algorithm, which seems to be overfitting. This therefore puts into question the model
generalize well to different data sets than those used based on the questionnaire. The most obvious solution 
is expanding the survey, i.e. the dataset from which the algorithm learns, which is an important topic for 
future development of the model. 

Classroom robotics systems allow for easier learning and facilitate student involvement. The future 
implementation of systems, such as the Nao robot, in schools would help to make the learning method of the 
students more efficient, as well as promote a better interaction between students. Above all, the ability to 
predict future student performance, as well as identifying the underlying factors which bear at least partial 
responsibility for student wellbeing, is one of the key insights which feeds into the concept of classroom 
robotics, for which the current research is a small, necessary step. 
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