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Abstract: This article presents imitating the operation of an ultrasonic sensor in a 3D simulation of 
the Flowcode program to improve the performance and localization of a mobile robot. The main 
task will be to compare different methods of measuring distance using a simulation model of 
the sensor and determine the most profitable placement of these sensors to ensure trouble-free 
passage of obstacles without collisions.
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1. Introduction

With the beginning of the practice of distance learning, there was a great need 
to provide the opportunity to teach and test their programs online on a computer 
without the use of real robots, both for students and employees, and teachers. With the 
software Flowcode [15], such an opportunity appears. Flowcode is a perfect flowchart 
language based on graphical programming IDE [13]. In this publication, we will 
consider the possibilities of using sensors in a 3D model of the movement of a mobile 
robot in various ways. Mobile robots have started to appear more and more in most 
companies and industries [11]. From warehouse robots used to load, unload, and move 
goods from arrival to storage, robots in various forms are becoming more and more 
useful in everyday life, such as kitchen robots, vacuum cleaners, and lawn mowers [1]. 
Mobile robots performing targeted tasks in an aggressive environment are currently 
widely used in industry, anti-terrorist operations, elimination of the consequences of 
technological disasters, the military sphere, etc. [4-6]. Therefore, this kind of simulation 
allows you to touch more on the number of areas of activity in which it can be used. 
When performing navigation tasks, robotic systems, such as autonomous vehicles, take 
advantage of features that include modelling the environment and locating the system 
in the environment, controlling movement, detecting, and avoiding obstacles, and 
moving in dynamic contexts ranging from simple to extremely complex. environments. 
The four common problems of navigation are perception, localization, motion control, 
and trajectory planning [7-9]. 

2. Program with built-in sensors 
Robots perceive the world with sensors such as cameras, laser rangers, and RGB-D 

sensors, which allow them to determine the location and shape of objects in their 
environment [10]. This kind of robot uses Infrared Ray sensors to find the path and 
direction [1] Three sensors were combined to ensure basic needs of the mobile robot 
when avoiding obstacles. The first and main sensor is the Ultrasonic Sensor (Fig. 1), 
which will measure the distance to the target in front. The next two IR sensors (Fig. 1) 
will be placed at the front corners of the robot, angled to prevent side impact. 
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Figure 1: Using Sensors in Flowcode, (1) IR sensor, (2) Ultrasonic 
Sensor.

 

 
Figure 2: Mobile robot in 3D panel, (1) Body, (2) Wheel, (3) 
Ultrasonic Sensor, (4) IR sensor.

These sensors are placed on the robot only 
approximately, in the area of possible attachment, 
and do not affect the measurement result, making 
only the visual part. (Fig.2).

To begin with, we took the basis for the 
reproduction of the simulation in the 3D Flowcode 
panel from my previous work [3] and then replaced 
the software for controlling the robot's motion and 
sensors. Each IR sensor is needed to do initialization. 

 

Figure 3: Initialization IR sensors.
After that, let's set up the receiving and sending 

of a signal from the Ultrasonic sensor and get data. 
So first, we get them in the millisecond’s format - 

the time delay from the sensor to the object, and 
then we translate this data using the component 
block into a distance in millimetres (Fig.4). It is also 
possible to add component blocks such as "Wait for 
Echo" and "Ping" (Fig.5). Their main task is to stabilize 
the signal, remove delays and wait for an echo. But 
in practice, these blocks create even greater latency, 
which is incompatible with our motion simulation 
conditions. Therefore, these blocks were not used.

 
Figure 4: Ultrasonic component blocks.

 
Figure 5: None used components «Ping» and «Wait for Echo».

Figure 6: Main Flowchart.
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The next part of the Flowcode program is variable 
and the ability to add new conditions. It serves as 
the main logic of the robot's movement using the 
input parameters of the sensors. The conditions are 
made in such a way as to avoid possible situations 
of a collision or stuck the robot in a dead end and 
to minimize contact with the environment. (Fig.6) 
shows the entire main Flowchart.

We built a territory simulating an interior room 
(with all kinds of obstacles) to test the performance 
of the sensors and the entire program (Fig.7). The 
distance measurement results of the ultrasonic 
sensor will be shown in the next chapter.

 

Figure 7: Imitation of an interior room.

3. Program with imitation sensors 
The robot's body was created similarly as in the 

previous chapter, and the sensors were simulated 
by objects visually similar in shape to real devices. 
The main distinguishing feature is the independent 
writing of the functionality of their work. In this case, 
each was an imitation of an ultrasonic sensor (Fig.8).

 
Figure 8: Robot with imitation Sensors.

The structure of the sensor was taken from the 
previous work [3] and modernized (Fig.9). During 
testing, it was found that the number of signals is 
insufficient for ideal operation and control without 
collisions. For this task, 3 output signals from each 
simulation module were created to achieve full 
coverage of the entire space in front of the robot to 
avoid unforeseen and specific situations.

 

Figure 9: Flowchart imitation model [3].

 

Figure 10: Combined signals part 1.

 

Figure 11: Combined signals part 1.
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And then combined all the signals into 1 without 
changing the main part of the program. Thus, it 
turned out to create an area of sensor sensitivity, 
adjusting each parameter separately, depending on 
its needs (Fig.10).

4. Results 
The ultrasonic sensor measures the distance to 

the target, constantly changing the data coming out 
of it. Their working principle is based on wavelength 
[12]. Infrared sensors already have a pre-set distance 
sensitivity, and their output parameters can be 1 or 
0. This is very clearly seen in (Fig.11) where the lateral 
IR sensors have a constant obstacle measurement 
value, and the ultrasonic sensor constantly sends 
and receives a signal back, thereby calculating the 
distance to the object [14]. 

 
Figure 12: Working Sensors.

The basic window "Simulation debugger" was 
used to control the distance measurements, which 
makes it possible to monitor the changes of all 
variables in real time. (Fig 12).

 

Figure 13: Simulation debugger 1.
The implementation of this idea brought 

success, during testing it was stated that this 
modification greatly improves the parameters of 
the simulation of the movement of a mobile robot 

bypassing all obstacles in its path (Fig.13). Each of 
the circled yellow circles represents the location of 
the sensor signals (small yellow dots inside).

 Figure 14: Working Imitation sensors.
Also, as in the first situation, we are monitoring 

results through the "Simulation debugger" window. 
Results (Fig.14) in this situation are given not in 
millimetres, but only in the sensor sensitivity, 
which is measured from 0 to 255, where each point 
corresponds to one cycle of motion signal, the 
distance of which is set manually and depends on 
the need for sensitivity.

 
Figure 15: Simulation debugger 2.

The graph shows the result recorded during 
the movement of robots in their given space and 
displays changes in the distance from the object to 
the sensor over a period of time, where large peaks 
indicate the moment, an obstacle is detected in the 
danger zone, followed by a change in the direction 
of its movement. This was implemented using the 
built-in display in the Flowcode program.

 

Figure 16: Build-in Sensor results.
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Figure 17: Imitation Sensor results.

5. Conclusions
It takes a lot of time and blocks to create a 

fully functioning imitating sensor software. At 
the same time, such detailed elaboration allows 
well-optimized customization of all the necessary 
functions as needed. Most autonomous navigation 
systems are based on different types of sensors such 
as infrared [7]. Using the program capabilities, it was 
managed to combine three sensors into one system 
so that it covers a larger radius around.

The use of ready-made, built-in sensors is much 
easier in terms of programming, you just need to 
understand the capabilities of component blocks. 
This allows you to show what a given sensor 
looks like in reality and show its functionality. An 
advantage also is the possibility of quickly using only 
one component of the transfer function data from 
the sensor in [mm]. The downside of this option is 
that it is very poorly customizable and quite limited 
in capabilities. In my research, it was found that the 
response of such a device is much less than, where 
the speed of the ultrasound signal is affected by 
humidity and temperature of the environment, 
but in a vacuum is 331.4 ms-1 [2]. That creates large 
delays in situations where the distance to the 
obstacle increases greatly, Because of problems 
with the signal response, the performance of the 
entire robot is reduced.

Program code used to implement and control 
simulation cannot be used to upload to a real 
mobile robot. Simulation is used to test and visualize 
different types of programs and explore ideas.
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