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ABSTRACT 

Various researches in the field of robotics have made great progress in developing methods to effectively determine 

the position of robots in unknown environments. The simultaneous localization and mapping (SLAM) task make 

determining the current position of the robot and performing path mapping possible. In this mapping, solid elements 

(landmarks) existing in the actual environment are even detected, which indicate that the direction of the robot changes 

during walking. This scheme provides the implementation analysis of the probabilistic particle filter method, which 

ensures the correct performance in the controlled actual scene under specific conditions, obtains the non-network 

connection environment information by storing the data in the temperature value sampling in the CVS file, and monitors 

the temperature measurement by displaying the heat map. Successful analysis must ensure the robustness of the results 

obtained when implementing these systems and take into account the feasibility of applying this work to the proposed 

objectivesd. 
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1. Introduction

Exploration has always been a necessary activity in order to be able 

to learn the characteristics of our surrounding environment, which even 

needs to enter areas where the environment may pose a risk to humans[1]; 

now, robot technology enables us to achieve this goal at such an ad-

vanced level that it is possible for us to develop autonomous navigation 

algorithms and sample different environmental variables through tem-

perature, humidity, pressure and other sensors[2]; the localization and 

mapping of mobile robot applications can help to determine the location 

in the region in some unknown cases, which can be realized by develop-

ing heuristic methods[3], which makes the autonomous navigation prob-

lem have a new vision with the development of SLAM (simultaneous 

localization and mapping). 

Through the research and application of various mapping and posi-

tioning methods[4], we can obtain automata robots, which can complete 

more complex work for human beings by reducing execution time and 

improving execution efficiency[5]. The application of the system requires 

the use of sensors[2] that can interact with the surrounding environment 

to generate noise in the measurement process, resulting in a certain de-

gree of error in the measurement results. Similarly, in order to obtain 

environmental data, the values extracted by the temperature and humid- 
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ity sensors must be stored through the offline data acqui-

sition of the robot once the robot establishes a reliable 

network connection, it can extract this information re-

motely and draws a two-dimensional temperature and lo-

cation map to better analyze the scanning results. 

Apart from the automation of the robot, another 

premise is the fact that the autonomous robot can explore 

inaccessible areas which requires a technology that can 

identify the scanned area and create a map to help it de-

termine the appropriate route during walking. It is possi-

ble through the use of simultaneous positioning and map-

ping (SLAM)[4] algorithm, which is helpful to develop 

various applications. In this special case, the particle filter 

method is used to create the environment map, reduce the 

possibility of equipment crossing the boundary, and col-

lect as much information as possible from the scanning 

area. Figure 1 shows the detection of landmarks or refer-

ence points which are represented by orange points cap-

tured by the robot to bypass the obstacle. Green repre-

sents the scattering of the resampled particles, magenta 

the original particles, and the robot is represented by 

a blue circle that displays its direction through the posi-

tion vector. 

It is important to consider that the stability of the ro-

bot used[6] which must have sufficient robustness in its 

structure, as well as the appropriate strategy of the system 

required for integrated scanning and the amount of 

memory stored and the type of processing equipment of 

the system. Therefore, the purpose of this analysis is to 

establish the appropriate parameters of the particle filter 

suitable for the hexagonal robot, and to determine the 

strategy used to generate the temperature map by using 

the temperature and position data storage system, so as to 

re sample the scanning area using low-cost equipment 

such as DHT-11. 

2. Overview of scanning system

The scanning system proposed in this paper consists 

of two important stages with which we want to make an 

analysis of the application of SLAM[7] and data acquisi-

tion on the ezrobot[6] hexapod robot model. The specific 

steps are as follows: 

Simultaneous positioning and mapping. The task of 

this stage is to guide the robot through a limited test en-

vironment whose landmarks have been preset. This pro-

cess is completed in Python using Raspberry Pi 3B card[8]. 

Temperature data acquisition. Through the DHT-11 

sensor, the temperature variables collected during the 

whole scanning process are sampled. These temperature 

variables are stored in the CVS file for subsequent read-

ing and downloading to the computer, which maintains a 

wireless connection with the Raspberry Pi card installed 

on the robot. Figure 2 shows the basic structure and op-

eration realized on the hexagonal robot. 

Figure 1. Robots detect landmarks. 

Figure 2. Overall flow chart 

2.1 Particulate filter 

This filter is obtained by replacing the appropriate 

probabilistic motion and perception model in the particle 

filter algorithm. It represents that the belief consists of a 

group of particles 

𝑀𝑥𝑡 = {𝑥𝑡
[1]
, 𝑥𝑡

[2]
, … , 𝑥𝑡

[𝑀]
}.

(1) 
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The measurement model is applied to on-line meas-

urement of particle weight. The initial belief bel ( 0)x  is 

obtained by randomly generating M particles from the 

previous distribution ( 0)p x   mathrmy and assigning a 

uniform importance factor 1M −  to each particle. 

The algorithm is simple to implement and suitable 

for scene location based on reference points. 

A common strategy for establishing M is to keep 

sampling until the next one reaches ut and zt. In this way, 

the implementation is adaptive to computing resources: 

the faster the underlying processor, the better the position-

ing algorithm. However, care should be taken to ensure 

that the number of particles remains high enough to avoid 

filter divergence. The filter has the characteristics of non-

parametric approximation that can represent complex 

multimode probability distribution, and is perfectly com-

bined with Gaussian central distribution. When you get 

this position, particles elsewhere may not disappear. In 

some cases, particles only “survive” near a single pose. If 

this pose is proved to be wrong, the algorithm cannot re-

cover. 

This problem can be solved by a heuristic algorithm, 

which includes injecting random particles, which can be 

mathematically adjusted under the assumption that the ro-

bot may be hijacked with a small probability, so as to gen-

erate the score of random state in the motion model. How-

ever, even if the robot is not hijacked, random particles 

will add additional robustness. One way to realize this 

idea is to monitor the probability of sensor measurement: 

( )1: 1 1:
, pt t t

p Z Z u m−∣

(2) 

And link each method to the possibility of measure-

ment (provided according to the data). In the particle filter, 

the approximate value of this quantity is easily obtained 

from the importance factor, because according to the def-

inition, the importance weight is a random estimation of 

this probability. Average: 

( )[ ]

1: 1 1:
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Usually, it’s a good idea to smooth this estimate by 

averaging a few time steps. In addition to fault location, 

there are many reasons why the measurement probability 

may be very low. The noise level of the sensor may be 

abnormally high, or the particles may be dispersed in the 

global positioning stage. For these reasons, when deter-

mining the number of random samples, it is best to main-

tain the short-term average of the measurement probabil-

ity and link it with the long-term average[3]. 

2.2 Temperature mapping 

The data acquisition system obtained by the scan-

ning robot from the environment represents one of the 

most important applications for sampling in various re-

search fields. Various works related to this application[9,10] 

focus on communication and real-time data visualization. 

The data is related to the sampling time. However, in the 

scanning stage, when it is carried out in the area with 

some signal interference, the communication between de-

vices becomes complex. Through experimental research, 

this paper analyzes the method of correcting the sensor 

name by using DHT-11 temperature sensor and Raspberry 

Pi 3B processing card to realize off-line data acquisition 

and graphical representation of sampling point position. 

When sampling, the lowest and highest temperature 

values that the hexagonal robot material may be exposed 

to shall be regarded as the main conditions. Its structure 

is composed of a copolymer material called ABS, and the 

temperature of the copolymer material is between -20 °C 

and 70 °C, as shown in[11], similarly, the temperature 

range supported by servo motors and other electronic 

components is similar to the above values. Robot 

has been used to store temperature values from -10 °C to 

55 °C due to its difficulties in raising ambient temperature. 

Due to a highly reliable electronic card, the perfor-

mance of data storage and processing is better than other 

programmable devices. In this special case, the data ob-

tained during scanning must be stored in Python. A func-

tion allows all data to be saved in a CVS file (comma sep-

arated values). They are text files, and their values are 

separated by separators. Generally speaking, the first line 

is the title which includes the name of each data column 

or field. Values are separated by commas[12]. 

3. Result

The system is developed with free and low-cost 

components and technologies to ensure that the devel-

oped technical applications can be maintained without in-

creasing costs, and can be used by academia for further 

research. The ground tested on the hexagonal robot is 175 
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cm2. The original model of the hexagonal robot[6] is 

slightly modified because it needs to use more robust pro-

cessing to embed the Raspberry Pi 3 model B card into an 

adaptive platform. 

3.1 Dynamic analysis of particulate filter 

Through the particle filter algorithm, the actual path 

of the robot in the moving process can be determined. In 

this path, different landmarks or scattered reference 

points are placed in the whole environment, so that the 

robot can locate, provided that it is located in the desig-

nated area and can obtain the reference position related to 

landmarks. In Figure 3 the view of the path set can be 

observed through random value deposition x, y (repre-

sented by continuous strokes) and particle adjustment. 

These particle adjustments create the path map of the ro-

bot from the initial preset path value of the robot, in which 

the motion error of the robot is regarded as represented by 

discontinuous strokes. The amount of noise introduced 

into the algorithm is of the same magnitude as the noise 

typically appears in experiments with real robots sug-

gested in[3]. The figure compares the actual x position 

with the x position estimated by the particle filter to eval-

uate the quality of the results and determine the figure of 

y position (see Figure 4). It can be seen that although the 

average error level is calculated, the position estimation 

of the filter is quite prominent. 

Through the calculation of particles, a necessary 

condition for determining the optimal design of filter is 

given, which ensures the estimation of sampling point po-

sition and greatly reduces the mean square error of equa-

tion (1); the error comparison diagram is made for each 

change of m value (particle number) shown in the Figure 

5. In this figure, it can be clearly observed that the esti-

mation error decreases with the increase of the number of 

particles used. It can be seen from the figure that the lo-

calization of 800 particles is enhanced, and it shows that 

good results can be obtained by using 1,000-1,500 parti-

cles. 

Figure 3. The actual x position of the robot vs. The position of x estimated by filter. 
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Figure 4. Actual y position of robot vs. The position of y estimated by filter. 

Figure 5. Comparison diagram of particle number error. 

Due to the high computational cost of SLAM algo-

rithm, it is necessary to calculate the processing time of 

Raspberry Pi 3 model B card to determine the time re-

quired for the system (Table 1) to estimate the position 

according to the number of particles set for its best per-

formance. 

Figure 6A and 6B show the robot in the test space. 

The robot perfectly recognizes the terrain by determining 

its position relative to the landmarks found in the envi-

ronment. However, as long as the physical conditions of 

the scanning area remain unchanged, the position of each 

landmark in the algorithm is set to a constant data.  

Table 1. Processing time of Raspberry Pi card 
Number of particles Processing time 

10 0.1737992 

100 1.2880270 

200 4.1797537 

500 6.0745110 

700 8.4064073 

900 11.2124450 

1,000 11.5560207 

1,500 19.7074775 

2,000 28.3417411 

Due to the limitation of the response time of the sys-

tem (see Table 1) and the measurement noise of the sen-

sor determining the position of the robot relative to the 
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fixed reference system, the robot walking delay is mainly 

due to the calculation of new particles. Similarly, the re-

sults of implementing part filter in a small scanning area 

of a specific scene are also visualized and compared with 

the behavior in the simulation process. When the robot 

represented by the red circle is in the position correspond-

ing to the landmark, the particle recombination shows a 

higher density, and the landmark shows a melon colored 

circle around the robot. 

Figure 6A. The hexagonal robot updates its position relative to the landmark. 

Figure 6B. The position of the hexagonal robot is updated relative to the landmark. 
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In order to update the position of the robot, the na-

ture of the algorithm must be considered. Two iterations 

are needed to calculate the future position of the robot. 

Therefore, there is a certain error range between the ac-

tual position and the estimated position. Therefore, the 

more iterations or steps the robot gives, the greater the 

possibility of error in its current position. 

3.2 Temperature analysis diagram 

During the scanning process, through the DHT-11 

sensor, the temperature data acquisition system is config-

ured to automatically collect the value according to the 

input variables (position and temperature) every 35 sec-

onds and save it in the CVS storage file. Through the sam-

pling test using this sensor, it is found that the stabiliza-

tion and acclimatization time to determine the correct 

temperature varies between 35 and 40 seconds. 

When the robot completes its journey, it establishes 

a network connection with the computer and draws a tem-

perature diagram according to the obtained data. The tem-

perature value is represented by the color range, which 

changes according to its intensity, as shown in Table 2. 

These color ranges represent the range of colors defined 

at each point in the journey, as shown in the Figure. 7 and 

8, these data are collected on the sensor 7 cm away from 

the heat source, and the ambient temperature is about 

30 °C. The method used to determine the temperature re-

gion is to triangulate the surface and draw a triangle ac-

cording to the temperature points within the same temper-

ature range according to the color code specified above. 

Figure 7. Temperature diagram. 

Figure 8. Temperature source in actual environment. 

4. Discussion

Localization plays a very important role in the au-

tonomous navigation of mobile robot. Therefore, to ana-

lyze several possible methods to solve this problem, it is 

necessary to study the application of the algorithm in ro-

bot system and the accuracy of the results. 

Particle filter improves the position estimation of the 

robot relative to the fixed reference system, but the algo-

rithm does not consider the discovery of objects or obsta-

cles that may not only hinder the robot from moving in 

the scanning process, but also produce uncertainty for the 

change of gait direction that may lead to immediate posi-

tion update. Due to the application of the algorithm in the 

field of autonomous navigation, the algorithm calculates 

various positions or steps of the robot moving and updat-

ing parts in the environment. In this case, the algo-

rithm becomes a little rigid, and sudden changes are not 

allowed before all iterative calculations are completed. 

Table 2. Color distribution according to temperature 

level 

Colour Temperature 

Black <10 °C 

Celeste 10 °C < T < 15 °C 

Blue 15 °C < T < 20 °C 

Turquoise 20 °C < T < 25 °C 

Emerald green 25 °C < T < 30 °C 

Lemon green 30 °C < T < 35 °C 

Yellow 35 °C < T < 40 °C 

Mustard 40 °C < T < 45 °C 

Orange 45 °C < T < 50°C 

Red >50 °C 

Considering this function, particle filter cannot guar-

antee 100% successful positioning, because the rounding 

error is the inherent error of external sensors and gait 
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fault-tolerant estimation of robot motion types. Therefore, 

in order to reduce the position error level of the robot, a 

position correction factor calculated from the above fault 

must be added to make the algorithm an advanced posi-

tion monitor with continuous updating characteristics. 

In order to monitor or sample the temperature, hu-

midity and other climatic characteristics in the explora-

tion area, it must be considered that in order to better 

study the variables affecting the sampling area, sensors 

with high average accuracy and data reading stability 

time less than 10 seconds are required. In this way, we 

can obtain better temperature RA diagram more accu-

rately. For different applications, this represents a simple 

and fast method to detect any changes or abnormality in 

the analysis process. For safety reasons, when the robot 

detects the strength of the upper mark at a temperature of 

55 °C or below 10 °C, it will change the driving direction 

within 25 cm from the ground mark. 

5. Conclusion

The results show that the application of the system 

has achieved satisfactory results in using particle filter to 

determine the mapping and positioning (position) in the 

travel of hexagonal robot, the position estimation error 

level is less than 6%, and 1000 or more particles are ap-

plied to make the robot approach the location calcu-

lated by Algorithm. 

Although the DHT-11 sensor can correctly collect 

temperature data and the measurement error is very low, 

it is inconvenient to obtain the stability time of new meas-

urement and data acquisition failure usually occurs. 

Therefore, it is recommended to use another sensor to 

draw a more accurate map and use more sampling varia-

bles. 

It is found that since there is no problem with signal 

interference, the wireless communication between robot 

and computer can be maintained, so the data collected by 

DHT-11 sensor can be displayed; Raspberry Pi3B card is 

used to correctly store the collected temperature data, and 

the temperature value of the whole lathe is well fitted. 

This determines that using the registry to generate CVS 

files is a necessary support for sampling without a net-

work connection. The proposal solves the problem of en-

ergy saving and allows more scanning time. This network 

free environment is an ideal solution for applications un-

der extreme conditions, such as lack of access to some 

areas that need scanning and data sampling, or including 

the development of low-cost rescue robot models to help 

the country in case of natural disasters. 
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