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Abstract: We focused on indoor location tracking of an AGV 

(automatic guided vehicle) in crematorium. Our concern is that it 
should transport a dead body safely from the loading place to the 
designated furnace without stopping in transit. The entire path 
can be divided into four sub-paths: straight-line, deceleration, 
rotation, and path reentry. Since these sub-paths have different 
driving conditions, the method of location tracking to be applied 
for each sub-path is quite different. In the straight line sub-path, a 
method of finding the defined path by recognizing landmarks 
using infrared sensor and image sensor is applied. In the 
deceleration sub-path, BLE beacons are used to tell the AGV to 
slow down for rotation. In the 90-degree rotation sub-path, the 
speed control of the AGV is performed in three sections: 
deceleration, constant velocity, and acceleration. Finally, in the 
path reentry sub-path, image marker based relative distance 
fingerprinting can control the AGV to move into the furnace 
safely. 
 

Keywords: Indoor Location Tracking; Automatic Guided 
Vehicle; Landmark Recognition; Internet of Things 

I. INTRODUCTION 

Recently, crematoriums use automatic guided vehicles 

(AGVs) [1] to transport a dead body from a loading place to 
the designated furnace or vice versa while autonomously 
navigating along predetermined routes. We focused on indoor 
location tracking of an AGV in a crematorium. Previously, the 
method of embedding guide lines in the AGV's moving path 
has been widely used. However, a method of using guideline 
sensors with artificial landmarks [2] that is relatively easy to 
install has attracted attention. In this paper, we choose a 
method of using infrared ray (IR) sensors as more economic 
one as well as ease of installation. The AGV carries the IR 
projector and the CMOS array image sensors. It projects IR 
toward artificial landmarks attached to the ceiling. The 
landmark as shown in Fig.1 is made of materials that reflect 
IR well. It has a specific shape that represents both the 
direction and the identifier (ID). Notice that the three white 
circles at the corners are used for recognizing the angle (i.e., 
direction). The gray circles in the dotted line represent the ID. 
Since the ID is associated with the predefined coordinates, 
recognizing the landmark will know the current location of 
the AGV.  
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The AGV receives IR and analyzes the received image of 
the landmark using the image sensors. Then it calculates the 
position and direction from the landmark just recognized, and 
continues to navigate in the direction that the landmark 
guides.  

 

Fig. 1. The 3x3 landmark 

In crematorium, AGV scheduling is not a main issue 
because multiple AGVs do not move at the same time, unlike 
industrial sites. Our concern is that it should transport a dead 
body safely from the loading place to the designated furnace 
without stopping in transit. The sequence of the forward path 
consists of the four sub-paths: straight line sub-path, 
deceleration sub-path, rotation sub-path, and path reentry 
sub-path as shown in Fig.2. The sequence of the backward 
path from the furnace to the loading place is the reverse of the 
sequence of the forward path. 

 
Fig. 2.  An AGV’s entire moving path from the loading 

place to the furnace 
Since these sub-paths have different driving conditions, the 

method of location tracking to be applied for each sub-path is 
quite different.  
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In the straight line sub-path, the method of landmark 
recognition using IR is applied. The problem occurred in the 
straight line sub-path is that sunlight causes scattering effect. 
Because there are many windows in a crematorium, sunlight 
affects the accurate recognition of landmarks due to the 
refraction and/or reflection of the sunlight. To resolve this 
problem, the dual landmark recognition algorithm [11] is 
applied. 

If the AGV rotates at the same speed as it does on the 
straight line sub-path, it is likely to deviate from the 
predetermined path. Therefore, it is necessary to slow down 
its speed before entering the rotation sub-path. To solve this 
problem, two beacons are installed at the location of rotation 
start and the location of rotation end, respectively. The 
beacon for broadcasting the information about the point of 
rotation start to AGVs is installed between landmarks. Notice 
that an AGV stores the sequence of landmark IDs 
corresponding to the driving path. Upon recognizing the last 
ID in the sequence and subsequently receiving the beacon 
signal, the AGV becomes aware that it is a ready-to-rotate 
signal for itself.  

When the beacon signal is detected by the AGV, it enters 
the deceleration sub-path. That means it starts to decelerate in 
preparation for rotation. Our experimental results show that 
when an actual distance between an AGV with a beacon 
receiver and a beacon transmitter is 30cm, the accuracy of 
distance estimation is more than 98%. When it arrives the 
point of rotation start, the driving control is made so that its 
speed reaches 30% of the normal driving speed. 

In the rotation sub-path and the path reentry sub-path, the 
driving control using landmarks is not possible because these 
sub-paths are very short. In the rotation sub-path, the speed 
control of the AGV is performed in three consecutive 
sections: deceleration, constant velocity, and acceleration. 
The purpose of driving control in the rotation sub-path is to 
enter the AGV within the maximum of 1cm of location error 
in the predefined path immediately after the end of rotation. It 
is required to communicate with the beacon installed at the 
point of rotation end to verify that the AGV has been driven 
along the prescribed rotation trajectory.  

Finally, it is necessary to ensure that it has successfully 
entered the defined path and at the same time control the 
speed at which it moves into the furnace. For this purpose, the 
relative distance is estimated based on the recognized marker 
size, using an image marker attached to the gate of the 
furnace. It also checks whether the recognized marker image 
and the reference image stored in the AGV’s memory are 

completely overlapped. This ensures that the AGV has 
entered the correct path. When it enters within the safety 
distance of the furnace, the gate automatically opens. 

This paper proposes a method of controlling the driving 
path by utilizing different kinds of markers and sensors 
according to the characteristics of each of the four sub-paths. 
The rest of this paper is organized as follows: Section 2 
summaries related works. We describe the whole process of 
controlling the moving path in Section 3. Section 4 presents 
the experimental results used to validate the proposed 
method. Finally, Section 5 concludes our work. 

II.  RELATED WORKS 

Radio frequency (RF) technologies are used in indoor 
positioning systems. The RF-based positioning system has a 
larger coverage area and needs less hardware comparing to 
other systems [1]. D. Hahnel [3] proposed a probabilistic 
measurement model to accurately localize RFID tags in the 
environment. They used a mobile robot equipped with two 
RFID antennas to determine the locations of RFID tags. They 
installed 100 tags in the size with 28mx28m environment. 
Most of them were installed along the circular corridor of the 
environment. 

Location fingerprinting techniques [4,5] are proposed to 
improve the accuracy of indoor position measurements by 
using pre-measured location related characteristics such as 
RSS (received signal strength). Wi-Fi technology is also used 
in the position estimation [6]. The pre-measured signal 
strength values are used to make the fingerprinting maps of 
the area with respect to different APs (Access Points). Based 
on the fingerprinting maps of the area, the system [6] uses the 
k-nearest neighbor’s location algorithm to locate the target 

node.  
Each device’s Wi-Fi chip and antennas have the unique 

transmission characteristics which are distinct form the other 
devices [8]. This is called device heterogeneous problem 
[13]. Recent studies [7,8,9] have focused on how location 
fingerprinting reduces the error from data stored in the 
fingerprinting database when receiving Wi-Fi based RF 
signals from a variety of clients (targeted to mobile users).  

To address the above problem, Mikkel [7] proposes 
hyperbolic location fingerprinting, which records fingerprints 
as signal strength ratios between pairs of base stations instead 
of absolute signal strength values. Hao [8] focuses on Wi-Fi 
based localization system in exhibition venues which have 
some unique features, for example, many heterogeneous 
mobile devices with different transmission characteristics. 
They proposed expectation-maximization algorithm to infer 
the parameters of the signal-strength-to-distance model so 
that each mobile device has its own signal strength 
degradation model. Vahideh [9] proposed deterministic 
fingerprinting algorithms based on the nearest neighbor 
algorithm. They compared the positioning performance using 
Manhattan, Euclidean and Chebyshev distance in terms of the 
probability of error. 

We have proposed the dual landmark recognition algorithm 
[10] and the relative distance fingerprinting algorithm based 
on image markers [11] to control the navigation of an AGV in 
the crematorium. Besides, we also presented a method of 
driving control of an AGV in the rotation sub-path using BLE 
beacons [12]. Each of these algorithms has been validated by 
applying it to individual sub-paths. These techniques were 
integrated into the system to be proposed, changing its 
scheme to adapt for each sub-path and improving its function. 
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III.  AN INDOOR LOCATION TRACKING OF AN 

AGV COOPERATED WITH MARKERS AND 

SENSORS 

Before implementing our proposed system, the world 
coordinate system must be configured through map building. 
The map building is the task of generating the actual location 
of the landmarks to be placed. This means that the locations of 
all the landmarks are treated as the single coordinate system. 
A set of landmarks are deployed at a certain distance in a grid 
structure in the entire working area. The Euclidean distance 
between two landmarks is set to 200cm. It can be seen that a 
dead zone or an overlapped zone may occur depending on the 
straight line distance between the landmarks. This type of 
interval setting is likely to result in the overlapped zone. The 
reason for this setting is to recognize at least two landmarks, 
as discussed in Section 3.1. Notice that the AGV stores the 
sequence of the landmark IDs it needs to trace in the memory 
before departure. Each landmark ID is mapped to the actual 
location of the world coordinate system configured through 
the map building. 

The entire path that the AGV navigates from the loading 
place to the designated furnace are divided into the four 
sub-paths as shown in Fig. 2. In this chapter, we propose a 
method of controlling the driving path by utilizing different 
kinds of markers and sensors according to the characteristics 
of each sub-path. 

A. Landmark based location tracking 

A typical landmark is made up of a combination of 3x3 
points (marked as circles) in 8 locations, as shown in Fig.3(a). 
Each of the horizontal and vertical lines in which each point is 
displayed has a predetermined weight. The weights of the 
horizontal lines are 0x01 (=1, in decimal), 0x02 (=2), and 
0x04 (=4) in hexadecimal. Similarly, the weights of the 
vertical lines are 0x01 (=1), 0x10 (=16), and 0x100 (=256). 
Each point representing the ID has a value multiplied by the 
weight of the horizontal and vertical lines. The ID of the 
landmark is the sum of each point representing the ID. The 
landmark ID in Fig.3(b) is 2, and the landmark ID in Fig.3(c) 
is 50. Notice that the combination of 3x3 landmark can 
represent the total of 31 IDs. 

 

 

Fig. 3.  (a) the weighted values, (b) the landmark with 
ID=2, (c) the landmark with ID=50 

The IR module attached to the AGV identifies a landmark 
by projecting 10 IRs per second (typical). For example, when 
the ceiling is 2.4m high, the measureable range to detect a 
landmark is 2.5m(min.) to 3.0m(max.) in diameter as shown 
in Fig.4(a). The resolution of the heading angle is one degree. 

In order to guide the direction of the AGV, the landmark is 
arranged so as to point to one of the four directions (north, 
south, east, and west). Therefore, the heading angle can be 
obtained by calculating the angle difference between the 
defined moving direction and the recognized marker image as 
shown in Fig.4(b). 

 

 

Fig. 4.  (a) the scanning range of the IR projector, (b) the 
calculation of the heading angle 

 The AGV knows its current location extracted 

from its local memory by using the recognized 

landmark ID. Also, it is possible to predict through the 

heading angle whether it has deviated from the defined 

path in the straight line sub-path.  
A typical method of tracking locations based on IR sensors 

is to recognize only one landmark at a time. However, 
because the landmark does not provide checksum for error 
recovery, we cannot make sure whether the data read from the 
landmark is reliable or not. To resolve such problem, more 
than two landmarks will be recognized at the same time [10]. 
Besides, the previous landmarks which were confirmed as a 
reliable estimation will be used as the reference for checksum.  

 

 

Fig. 5.  the illustration of the landmark based location tracking  

Let the sequence of the landmark IDs stored in the AGV be 
“ABCD”. Assume that it navigates on the defined path to the 
furnace as shown in Figure 5. At initial, it recognizes two 
landmarks, A and E, as shown in Fig.5(a). The AGV selects 
the landmark A included in its sequence as the reference for 
the next checksum. Next, as shown in Fig.5(b), it recognizes 
the four landmarks, A, B, E, and F. However, based on the 
landmark A stored as the checksum, the AGV knows that it 
travels along the normal route. The landmark B is then chosen 
as the checksum. In addition, the approximate location of the 

AGV is determined by the center ( )(2/1 AGV
B

AGV
A ll  )of 

the two landmarks, A and B. 
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B. The speed control using BLE beacon to prepare 
rotation 

Two beacon transmitters are buried under the floor at the 
location of rotation start and the location of rotation end so 

that the AGV slow down its speed before entering the rotation 
sub-path. Notice that it is equipped with a beacon receiver. 
One beacon transmitter to inform the AGV of the point of 
rotation start is installed between landmarks. The other 
beacon transmitter to inform the AGV of the point of rotation 
end is installed to align with the entrance to a furnace. Upon 
recognizing the last ID in the sequence (50, in Fig.6) and 
subsequently receiving the beacon signal, it becomes aware 
that it is a ready-to-rotate signal for itself. On receipt of the 
beacon signal, it decelerates its speed in two steps, that is, 

normal
'" vvv  as shown in Fig.6.  

 

 

Fig. 6.  the two-stage deceleration to prepare rotation 
using BLE beacons 

Experiments were conducted to find the distance at which 
the beacon signal is reliably received. For the experiments, we 
selected iBeacon [13], which uses the Bluetooth 4.x based LE 
(Low Energy) protocol (a.k.a. BLE beacon). Notice that the 
transmission power was set to an intermediate transmission 
power (-12 dBm), and the transmission period is set to 100 ms 
(10 signals per second). The distance between the AGV and 
the beacon transmitter is set to 5cm, 10cm, 20cm, 30cm, 
50cm, 70cm, 100cm, 150cm, and 200cm. The error range of 
distance estimation is set to ±10% of the actual distance. 
Experiments were carried out 3,000 times for each distance 
and the results are summarized in Table 1. For example, when 
the distance between the beacon transmitter and the AGV was 
set to 30cm, the error ratio of exceeding the allowable 
range(27.0cm~33.0cm) was 11.3% (338 times). 

 
Table-I: The error ratio of distance estimation with 

respect to an actual distance 

Distance[cm] 
No of received beacon 

signals exceed the range  
Error ratio[%] 

5 4 0.13 
10 147 4.9 
20 163 5.4 
30 338 11.3 
50 
70 

595 
983 

19.8 
32.7 

100 
150 

1,511 
1,704 

50.4 
56.8  

200 1,727 57.6 

Experimental results show that the possible range of distance 
estimation based on beacon signal is within 50cm. Within this 
distance, a beacon can be used to estimate distance with less 
than 20% of the error rate. Therefore, the AGV decelerates in 
two stages from the time of beacon recognition until the point 
of rotation start is reached. It decelerates to 30% of its normal 
speed (1km/h or 27.8cm/s) when it is in the range of 50cm to 

100cm from the beacon. Subsequently, if the distance from 
the beacon is less than 50 cm, it decelerates by 20%. When it 
reaches the point of rotation start, its speed becomes 50% of 
the normal speed. 

C. The precise control of AGV’s velocity during rotation 

In the rotation sub-path, it is necessary to control the 
AGV’s speed to rotate along the pre-determined trajectory. In 
the actual AGV, the motor connected to each wheel is 
controlled by the PID (proportional–integral–derivative) 
controller. To move the AGV forward or backward, the 
direction of rotation of the left and right motor is reversed. 
This is because two identical motors face each other. The 
control process of 90-degree rotation using the PID controller 
is as follows: 

1) In the straight line sub-path, set the PID value as constant 
(i.e., 1 km/h) for driving at the constant velocity.  

2) The rotation sub-path is divided into a set of linearized 
segments. Then a linear control scheme is applied to each 
segment. Assuming unit time, the target speed in each 
segment is the start speed plus a constant value (i.e., slope). 
For example, when the slope in the segment L1 is a, v2= 
v1+a. If the slope from the L1 to the L3 is the same, then 
v3=v1+2a. In the linear segment, the velocity is a constant 
and varies by a constant value. 

The rotation sub-path is divided into three sections: 
deceleration, constant velocity, and acceleration and the 
speed of the inner wheel is changed to control the speed. In 
the rotation sub-path, the speed is defined by the angular 
velocity  and the angular speed v . Notice that  =/t and 
v=r, where r is the radius of rotation. 

3) Let the 00 rv   be the velocity at the point of 

rotation start. The target speed cc rv  is specified on the 

inner wheel. Decrease the PID value of the inner wheel to 
slow down the AGV’s speed by v. Interrupts are generated 
and continuously decelerated until the AGV reaches 

nv-vv 0c  , where n is the number of iterations. 

4) When the AGV’s speed reaches at cv , the second 

section begins. In this section, the PID value is not changed to 

allow the AGV to rotate stably. The angular velocity c  is 

constant because the PID value remains constant. 
5) In the third section, accelerate the speed of the inner 

wheel to match the speed of the outer wheel. 
6) Increase the PID value to accelerate the speed, as is the 

case with deceleration. Adjust the speed of the inner wheel by 
generating interrupts at regular intervals until it reaches the 
speed of the outer wheel.  

7) If the speed of both wheels becomes constant, the 
acceleration is stopped. This is the time when the AGV has 
just completed a 90-degree rotation. 

8) The PID values of both wheels are the same, and it 
moves straight. 

 
 
 
 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-8 Issue-12, October 2019 

517 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: L34001081219/2019©BEIESP 
DOI: 10.35940/ijitee.L3400.1081219 
Journal Website: www.ijitee.org 

For ease of calculation, let t=0 be the time of rotation start. 

In addition, 0  and c  is the angular velocity at the time 

t=0  and the angular velocity at the time dt , respectively, as 

shown in Fig.7. Then, the angular displacement  can be 
obtained as shown in Eq. (1). 

dC0
2
dd0 )tω(ω

2

1
αt
2

1
tωΔθ 

 (1) 

Therefore, the c  can be obtained by using Eq. (2). 

0

d

C ω
t

2ω 





 (2) 

If the AGV starts to rotate at the 0 degree and  15 , 

then the c becomes Eq.(3) 

0

d

C ω
6t

ω 


 (3)     

 
Fig. 7. The angular velocity with respect to time during 

the rotation sub-path 

Therefore, the angular speed cv at the time dt  becomes 

cc rv  . This speed is maintained in the constant velocity 

section. In the last acceleration section, the angular velocity 
can be similarly obtained. The deceleration section and the 

acceleration section were set at 0 to 20  and 70 to 90 , 
respectively. From our experimental results, the error of 
location estimation after rotation was found to be the smallest 
when the constant velocity section was set to the maximum 

(  60 ). Therefore, in the actual implementation, both the 
range of the deceleration section and of the acceleration 
section is set to within 15 degrees. 

D. Location tracking based on relative distance 
fingerprinting 

Let us assume that an AGV at the time 1t   is located at the 

distance 1d  from an image marker. Notice that the image of 

the marker uses a simple square like 20cmx20cm. Assume 
that the length of one side of the marker image recognized by 

its embedded vision sensor is 
1t

l  at the 1t . At the time 2t  

( 1t ), it approaches the marker more closely ( 12 dd  ), 

and the length 
2t

l  of the recognized marker image is longer 

than 
1t

l . In other words, as the relative distance from the 

location of the AGV to the marker is shorter, the length of the 

recognized marker image becomes longer.  
If the velocity v of the AGV is constant, the remaining 

distance 2d to the marker at 2t  can be obtained by the simple 

equation, )( 1212 t-tv-dd  . Conversely, knowing 

both 1d and 2d by using the 
1t

l  and 
2t

l  can predict the 

current velocity )()( 1221 t-td-dv  . Thus, the speed 

of the AGV can be gradually decelerated according to the 
distance to the marker. 

The experimental results show that the above relationship 
holds as shown in Fig.8. Thus using the length of the 
recognized marker image as a fingerprint may result in a more 
reliable estimation of the location. We call this approach 
relative distance fingerprinting [11]. Fig.8 shows the 
experimental results when using a square of 20cm x 20cm as 
the image marker. The larger the image size, the more 
fingerprinting can be obtained. For example, if the image size 
is 10cmx10cm, the maximum recognition distance is 1.5m 
long, but if it is 20cmx20cm, the recognition distance is 
doubled. 

 

Fig. 8.  The length of the recognized marker image with 
respect to the distance to the marker [11] 

The relative distance fingerprinting can be effectively used 
for AGV driving control in dead zones (for example, path 
reentry sub-path) where the landmark based location tracking 
is not available. An image marker has the advantage of being 
able to predict the remaining distance accurately compared to 
RSSI-based fingerprinting, although the recognition distance 
is limited. In addition, it is possible to determine whether the 
driving direction is shifted left or right by comparing the 
recognized marker image with the reference image stored in 
the AGV’s local memory as shown in Fig.9. 

 

Fig. 9. The length of the recognized marker image with 
respect to the distance to the marker 

IV. ANALYSIS OF THE PROPOSED SCHEME 

The information available through the IR module is the 
landmark ID,  
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the coordinates (x, y, z) for the current location (unit is cm) 

and the heading angle (   180~180 ). First, we 
conducted an experiment on the recognition of landmarks. 
Fig. 15 shows the process of recognizing ID 114 after 
recognition of landmark ID 528 by an AGV. The changes in 
ID values are set to be large to see if any significant change in 
ID would be recognized. The moving direction is set to the 
East and the heading angle should be recognized as zero 
degree. Notice that in Fig.10, the y-axis represents elapsed 
time (unit is ms). It takes about 20 ms to recognize a new 
landmark from the current one. However, it takes about 50 ms 
to obtain a stable heading angle with new landmark 
recognition. 

 

Fig. 10. The process of recognizing ID 114 after the 
recognition of ID 528 

With the landmarks normally placed, we tested how they 
would affect the determination of the AGV ‘s moving 

direction when intentionally adding the landmark as shown in 
Fig.11(a). The AGV is affected by recognition of its heading 
angle, although it follows the predetermined path. As a result, 
the heading angle deviates from the path exceeding 0 degree 
as shown in Fig.11(b). The Euclidian distance between 
landmarks is set to 200cm, considering the crematorium 
environment. There was no problem in recognizing the 
landmarks attached to the ceiling even when the distance from 
the AGV to the ceiling is more than 
4.5m.

 

Fig. 11. . (a) the intentionally added landmark, (b) the 
heading angle with execeding 0 degree 

BLE beacons were installed under the floor. The AGV has 
a minimum error rate (1.7%) of distance estimation at the 
point of 5 cm away from the beacon. When reaching within 5 
cm of the beacon, the AGV executed the commands to 
prepare the rotation, but the rotation started at the point up to 
2cm away from the expected point. It was analyzed that the 
location error occurred due to the time delay until the 

execution result of the rotation commands are reflected in the 
PID control. Therefore, when executing the rotation 
command at the time when the AGV enters within 5 cm, it 
produced the smallest error (less than 1cm) with the point of 
rotation start.  

As shown in Fig.12, the changes in x and y coordinate were 
tracked in 1 degree increments in order to check whether the 
accurate control was made in the rotation sub-path. Notice 
that only the coordinates of the inner wheel of the AGV were 
displayed. Fig.12(a) shows the changes in x and y-coordinate, 
and Fig.12(b) shows the rotation trajectory. In addition, the 
variation of the rotation angle according to the coordinate 
change is shown in Fig.12(c). In Fig.12, the y-axis represents 
the elapsed time (unit is ms). It can be seen that the actual 
trajectory is an elliptical trajectory, not a circle one. During 
the actual implementation, the AGV speed was 27.8cm/s in 
the straight line sub-path, but it was decelerated by more than 
70% (about, 8cm/s) just before entering the rotation sub-path.  
 

 

 

 

Fig. 12. (a) the changes in x and y-coordinates during 
rotation, (b) the rotation trajectory, (c) the variation of 

the rotation angle 
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Fig. 13. (a) the actual drawing of the driving path in the 
crematorium (b) when the AGV arrives at the safe 

location to enter the furnace, (c) when the AGV enters the 
furnace by automatically opening the door 

Fig.13(a) depicts the actual drawing of the rotation 
sub-path, the path reentry sub-path and the entry to the 
furnace. Fig.13(b) and Fig.13(c) show the snapshots of the 
AGV when it arrives at the safe location after rotation and 
then it enters the furnace by automatically opening the door of 
the furnace. Notice that the allowable margin between the 
entrance of the furnace and the AGV should be kept within 
2cm to avoid collision. 

V. CONCLUSION 

The AGV that carries a dead body in a crematorium should 
be controlled more precisely than one used in industrial sites. 
We have divided the entire path into the four sub-paths, and 
applied the appropriate driving control method for each 
sub-path independently. The four independent control 
schemes have already been validated in our previous 
studies.The individual techniques were integrated into the 
overall system, changing its scheme to adapt for each sub-path 
and improving its function. When it finally enters the furnace, 
the door of the furnace opens automatically only if the 
location error is within 1cm. As the result of applying the 
proposed system to the actual field, it was confirmed that the 
AGV navigates safely without stopping during operation, 
except when the AGV stops due to an artificially creating an 
emergency situation. Various types of sensors, such as IR 
sensors, BLE beacons, and image sensors, were found to 
operate well according to each driving environment. The 
proposed system was first installed in the domestic 
crematorium [16] and is in operation. 
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