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ABSTRACT
Flexible Manufacturing Systems (FMSs) and Automated Guided Vehicles (AGVs) are considered im-
portant elements of the manufacturing system. The positioning system of the AGV robot is in-
creasingly intelligent to integrate with manufacturing systems and through an IoT connectivity to
find its path and flexibly avoid obstacles without the need for a fixed traditional navigation sys-
tem. However, for the AGV robot to find its path and avoid obstacles when required, robots are
often equipped with a navigation system to know its current position in the system and compare
it with the roadmap installed on the robot's controller. This paper presents the method to encode
the robot's roadmap by a matrix and improve Dijkstra's algorithm to find the shortest path and the
fewest turns. Besides, develop an algorithm to detect and avoid static obstacles and route the robot
AGV instantaneously when it encounters them in a flexible manufacturing system where devices
are arranged in a matrix style. According to the algorithms of this study, a Matlab computation and
simulation program has been write to explore different scenarios in the production line.
Key words: Automated Guided Vehicles Robot, AGV's roadmap, optimal routing algorithm,
obstacle detection

INTRODUCTION
The autonomous wheeled mobile robots are used in
logistics to transportmaterials, components, supplies,
products, sell products, etc. In manufacturing plants
and logistics systems called AGV robots or AGV (Au-
tomated Guided Vehicle)1. The development of suc-
cessiveAGVgenerations from19532–5 can nowbe di-
vide according to the development of the automatic
navigation system.
Thus, AGV is divide into the following generations:
the 1st generation AGVs are AGV systems guided by
cables or guiding rails; the 2nd generation AGV is
guided by a fixed system: reflective guiding system or
conveyer belt from the floor of the workshop; A laser
system guides the 3rd generationAGVs through lasers
and a mirror-reflection system called LGV (Laser
Guided Vehicle); The 4th generation AGVs guided
by an INS (Inertial Navigation System) called IGV
(Inertial Guided Vehicle), on IGV is integrated with
advanced electronic devices, distance sensor systems
such as cameras, sensors. Gyroscope for position-
ing, automatic navigation, static and dynamic obsta-
cle prevention, as well as local navigation through
processing software modules installed in the central
control unit and connecting IoT objects with equip-
ment in the manufacturing line of a factory; The 5th

generation AGVs developed in recent years are called
AMRs (Autonomous Mobile Robots) – an outstand-
ing one compared to the fourth because of the speed
of data processing and calculation.
Therefore, AMR can automatically route, find its way
on the spot when it encounters fixed obstacles or
avoid moving obstacles, as well as accelerate and de-
celerate quickly when it detects obstacles via the road
map saved in AMR’s central processing system, so
researchers now focus on improving the AMRs for
various application scenarios. On the other hand,
Amir Salehipour et al.6, a manufacturing system us-
ingAGV robots would reduce 20% to 50% of the over-
all operational costs. There have been over 3000 AGV
systems installed in the US during the last 50 years7.
With the advantages of AGV robots, the applications
of AGV robots in warehousing environments and
many manufacturing systems have attracted the at-
tention of many researchers. However, there are still
has some problems to be solved in the application. As
one of the most severe problems, the positioning and
navigating possibilities have been a critical issue in the
AGV system. For navigation, there are two essential
processes as well: map building and path planning.
In8, the authors introduce the path planning algo-
rithm A* algorithm of shortest time planning and
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multi AGV path planning, used in the designed AGV
system. Cheong and Lee based on the image to calcu-
late the distance from the position of theAGVrobot to
the device to locate the robot’s stop to create a low-cost
AGV system suitable for SMEs (Small and Medium
Enterprises)9; Other scholars used laser scanners to
create a roadmap and ability to avoid collisions in the
active environment of AGV of 5th generation in the
application of AGV robot servicing the Košice-šaca
hospital in Slovakia 10.
In addition, many other studies address mapping for
AGVs using cameras and different methods based on
which local optimization algorithms based on maps
to avoid obstacles for AMRs11–13. Regarding routing
and finding the shortest path for AGV robots, there
are studies14–17 but only considering the length in
terms of distance and experimenting with small robot
models. Industrial AGVs with heavy AGV robots
convey large loads (goods) in complex working en-
vironments, the shortest path is not the best, and the
optimal problem must be the shortest distance with
the fewest turns so that the AGV robot can hardly ac-
celerate or decelerate continuously such as sometimes
the speed is “0” to save energy and time.
In addition, there are also static obstacles (full or par-
tial obstacles) and dynamic obstacles in industrial en-
vironments. A sensor system is an equipment for the
robot to solve the above problems, such as a distance
sensor, a laser scanning sensor, a depth sensor camera
sensor, etc. To deal with the above problem in FMS
with the device arranged in a matrix format and only
in terms of static environment, this paper focuses on
the following issues: (i) Encoding the roadmap by the
matrix to improve Dijkstra’s algorithm for the short-
est path and the fewest turns; (2) Developing an al-
gorithm to avoid obstacles in industrial environments
and route immediately under the assumption that the
AGV robot is equipment with a depth camera sensor
that can detect obstacles in the distance at 10m.

MODELIZING THE ROADMAPOF
AGV ROBOT IN THE STATIC
ENVIRONMENT OF FLEXIBLE
MANUFACTURING SYSTEMS
Descriptionof thepaths of the robot in flex-
iblemanufacturing systemswithmatrixde-
vices layout
Usually in flexible FMS production lines with a high
degree of specialization according to large-scale pro-
duction of goods. Production equipment is usually ar-
ranged in technological processes using a matrix on

factory premises to optimize space and increase spe-
cialization, as described in Figure 1.
From Figure 1a is a layout of machines in an FMS, in
which: (1) The cell layout of A machine is 6 x 20m
depending on the number of machines and manu-
facturing processes; (2) The B road with a width of
2m - 2.5m is a space along with the layouts for ar-
ranging equipment in the workshop to supply mate-
rials to serve the manufacture and transportation and
sale, etc. To automate the logistics process of supply-
ing materials and transporting and selling products
with AGV robot in the factory, it is often fitted with
a fixed reference frame J f {O f x f y f }. Moreover, in
order to be able to locate (position and direction) of
the AGV robot in the factory, the AGV robot is usu-
ally fitted with a reference frame JR{P xR yR} called
the kinematic reference system (see Figure 1b). Thus,
the problem of routing and roadmap of AGV robot
in the static environment is referred to the problem
of roadmap and routing of the reference system JR{P
xR yR} in the fixed reference frame Jf {O f x f y f }, this
is the three DOF problem in the moving plane of the
workshop floor.

Encoding of the robot’s roadmap

In fact, in order to encode the roadmap of the AGV
robot in a static environment, people often use the
teaching method by using a camera or laser scanning
sensor on the AGV robot to scan the entire path and
save it as a map in the memory of robot. This method
is simple for the operator to set up a map for the
AGV robot but requires a large memory of the robot,
and the central controller must have a high process-
ing speed so that the robot can respond immediately.
In time with the manufacturing environment during
operation, leading to the high price of robots. To over-
come the above drawback in the paper, the method of
encoding a roadmap in a static environment using a
link matrix is presented according to the steps below.
Step 1: Divide the roadmap into grid nodes with m
rows and n columns at the origin of the gridmapwith
a fixed reference frame Jf {O f x f y f ) to locate the po-
sition and direction of the AGV robot in the factory.
In this case, the grid map is considered to be a path
graph of the AGV robot.
Step 2: Numbering grid nodes
The nodes are numbered according to the rule from
left to right, from bottom to top in ascending order, as
shown in Figure 2.
Step 3: Encoding the grid into link matrices and
weight matrices. To encode the robotic roadmap, we
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Figure 1: Conventional reference frame in the flexible factory and kinematic reference frame on AGV robot: (a)
Roadmap of AGV robot in the flexiblemanufacturing factory and (b) The reference frame is attached to AGV robot.

Figure 2: Modelizing the roadmap of AGV robot in the static environment

use the linkmatrix and weightmatrix to show the link and distance between nodes of the grid as follows:

AN×3 =


a1,1 a1,2 a1,3

... ... ...

ai,1 ai,2 ai,3

aN−1,1 aN−1,2 aN−1,3

aN,1 aN,2 aN,3

 ;

BN×3 =


b1,1 b1,2 b1,3

... ... ...

bi,1 bi,2 bi,3

bN−1,1 bN−1,2 bN−1,3

bN,1 bN,2 bN,3
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In which: N = 2m× n;
AN×3 matrix: with elements (column 1) are the num-
ber of the link; (column 2) are grid nodes from left to
right and from bottom to top; (column 3) shows the
link of the node to node and node to node (referred
to as the first row, next column).
BN×3 matrix: same as for AN×3 elements, bi,1 (col-
umn 1) it is the sequence number of the links; bi,2

(column 2) is the weight (length) in the x-direction of
node linked ci, j+1 to node ci, j ; bi,3 (column 3) is the
y-weight of the node ci+1, j associated with the node
ci, j . With the coding method as based on the path of
the AGV robot, it becomes simpler, and the capacity is
greatly reduced, especially when the path of the AGV
is in a working cycle with Kilometers.

ROUTING AND AVOID OBSTACLES
From Figure 1, it is easy to see 11 routes for the AGV
robot to move from point S (Start) to point G (Goal)
according to the road map in a static environment.
However, as the problematic section pointed out, the
shortest path is not the best if the road has too many
turns, which causes the robot always to slow down
and accelerate to consume energy and time. Space is
not necessarily the fewest. Therefore, the optimal path
must be the shortest path with the fewest number of
turns. To solve this problem in this section, we offer
the routing solution of the AGV robot in a static en-
vironment based on the algorithm. Dijkstra’s team18

and spread in two directions x, y of the frame of refer-
ence Jf {O f x f y f } on a static map to find the optimal
route.

Detection of the shortest route and fewest
turn
Detection of routes from the stationary environment
Assuming the starting point S (Start) is between node
ci, j and node ci, j+1; The G (Goal) is between node
ck,h and node ck+1,h. Thus, if you set dSai, j , dSai, j+1 :
respectively are the distances from the starting point
(Start) to ci, j and ci, j+1; dGak,h , dGak+1,h : respectively
are the distances from the goal (destination) to the ck,h

and ck+1,h then we have:

dSai, j =

√[
s− ci, j

]T [
s− ci, j

]
dSai, j+1 =

√[
s− ci, j+1

]T [
s− ci, j+1

]
dGak,h =

√[
g− ck,h

]T [
g− ck,h

]
dGak,h+1 =

√[
g− ck,h+1

]T [
g− ck,h+1

]
(1)

Where:
s =

[
xS yS

]T
, g =

[
xG yG

]T
, ci, j =

[
xci, j yci, j

]T

are the coordinates of S, G, and the grid nodes ci,j in

the reference system J0 {O f x f y f }. Thus, in the gen-
eral case we always find four routes from the static en-
vironment as described in Table 1 below.
If setting dDJK|ci, j→ck,h

, dDJK|ci, j→ck,h+1
are the short-

est distances from node ci, j to node ck,h, ck+1,h and
dDJK|ci, j+1→ck,h+1

dDJK|ci, j+1→ck,h
are the shortest dis-

tances fromnode ci, j+1 to ck,h, ck+1,h, these routes are
found usingDijkstra’s algorithm18 and the distance of
the routes is determined by:

d1 = dSci, j +dDJK|ci, j→ck,h
+dGck,h

d2 = dSci, j+1 +dDJK|ci, j→ck,h
+dGck,h+1

d3 = dSci, j +dDJK|ci, j+1→ck,h+1
+dGck,h+1

d4 = dSci, j+1 +dDJK|ci, j+1→ck,h
+dGck,h

(2)

Route with the fewest turns for AGV robot
From (2) to find the route with the shortest distance,
we consider the smallest value of the set:

d = min{d1,d2,d3,d4} (3)

From (3), applying Dijkstra’s algorithm to one
of four routes:

(
ci, j → ck,h

)
,

(
ci, j+1 → ck,h+1

)
,(

ci, j → ck,h+1
)
,
(
ci, j+1 → ck,h

)
will determine a ran-

dom set of distances {Dx, Dy, Dx, Dy, ..., Dy}. To
accommodate the path of the fewest number of turns,
the robot had to slow down and speed up the problem,
which was to limit the turns. Thus, we have to rear-
range it, in turn, to follow the x or y-axis, for exam-
ple {Dx, Dx, Dx, Dx, Dy, Dy, Dy}. It is possible to
route the shortest and fewest-complete route for AGV
robots from stationary environments.
Notewhen ((xGoal − xStart)< 0, (yGoal − yStart)< 0)
or ((xGoal − xStart)> 0, (yGoal − yStart)< 0) or
((xGoal − xStart)< 0, (yGoal − yStart)> 0) then the
routing still follows the steps above and only changes
the sign.

Local path routing to avoid static obstacles
Because the space in the factory is always bigger than
the width of the AGV robot and is usually designed
to have 3 to 5 lanes for the robot, there will be two
cases are: (1) Static obstacles blocking the entire path
of the AGV robot, (2) Static obstacles obstructing a
part of the way that the AGV robot can still pass. The
following local routing determines the route in each
case.
Obstacle occupies full of the route
When the distance sensor has a logic signal (c*) =1
and the distance measured from an obstacle to the ve-
hicle as:

d = a1 +a2 +b1 (4)
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Table 1: Four routes from static environment

Routes From the start to the nearest node Application of algorithms
Dijkstra’s 18

From the goal to the near-
est node

{S1} (S → ci, j) (ci, j → ck,h) (ck,h → G)

{S2} (S → ci, j+1) (ci, j+1 → ck,h+1) (ck,h+1 → G)

{S3} (S → ci, j) (ci, j → ck,h+1) (ck,h+1 → G)

{S4} (S → ci, j+1) (ci, j+1 → ck,h) (ck,h → G)

In the general case it is on the y and the destination on the x is also determined as above

Figure 3: Local routing for avoiding static obstacles

b1 < Dy, d < [d]; With [d] is distance set on the depth
camera.
We set P∗(x∗R, y∗R ) as the absolute coordinates of
the center of the AGV in the frame of reference Jf {O f

x f y f } (determined by the gyroscope attached to the
robot).
If D∗

C is the distance from the center of the vehicle to
the node ci,j then D∗

C is given by:

D∗
C =

((
x∗R − xC(i, j)

)2
+
(

y∗R − yC(i, j)

)2
)1

2 (5)

If D∗
C −D∗

Cmin = 0 then encode the local map accord-
ing to the following principles:
+The new points S∗(x∗, y∗) (Start) are assigned as the
ci,j nearest node.
+ Associate matrix A∗

(3xN∗), B∗(3xN∗), N* = m∗.n∗,
weight matrixare determined by:

n∗ =
|xS∗ − xGoal |
△x+a1

m∗ =
|yS∗ − yGoal |
△y+a1

(6)

The case that an obstacle occupies part of the route

In this case, the sensor output signal gives the value
of logical (c*) = 0, and when D∗

C −D∗
cmin = 0, it will

initiate local map coding according to the following
principle:
+ number of grid nodes: m∗∗ = a1

L+2e ; n∗∗ = Dy+a1
L+2e

with e is the safety corridor of AGV robot (see Fig-
ure 5).
+ The measurement distance from an obstacle to the
center of the AGV robot is defined as a case that ob-
structs the entire path.
When partial obstacles are detected, the local routing
problems are defined as in “Detection of the shortest
route and fewest turn”.

RESULTS SIMULATION
Applying the above algorithm for the workshop floor
with the size of 48m x 115m divided into cells with
5m x 20m each, the path of the AGV robot is arranged
between the cells as shown in Figure 2 with a width of
2.5m. The dimensions of the AGV robot are shown
inFigure 6. Thus, on a route, there will be four lanes
for theAGV robot to be able to go parallel to the safety
corridor among robots is 10 cm.
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Figure 4: The local algorithm for routing map to avoid obstacles

Figure 5: The local map end coding algorithm for routing to avoid obstacles
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Figure7: The routing of AGV robot in a staticmapwith (a)The route byDijkstra’s algorithmand (b) Optimal routing
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Figure 8: Routing to avoid static obstacles of AGV robot with (a) Routing to avoid static obstacles when AGV robot
cannot pass and (b) Routing to avoid static obstacles when the robot can still pass
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Figure 6: Overall dimensions of AGV robot

Case 1: Route routing assumes that the AGV robot is
in position S (Start) and is assigned to the G (Goal)
from the control center. Applying Dijkstra’s algo-
rithm, we determine the shortest route is given in Fig-
ure 7a. Then, applying the routing algorithm with the
fewest intersection, we have the route in Figure 7b.
Case 2: Route when detecting an obstacle: (1) when
the depth sensor camera detects an obstacle at a dis-
tance of 10m, it locates the current position of the
AGV robot through the gyroscope of the navigation
system. The INS also conducts a comparison with
the encrypted map in the central controller buffer to
determine the nearest turn and implements a local
routing algorithm to avoid obstacles, in this case, Fig-
ure 8a; (2)when a block occupies half of the local rout-
ing through the obstacle as described in Figure 8b.

CONCLUSIONS
The encoding method, routing, and obstacle avoid-
ance algorithm of the AGV robot for the FMS in this
study reduced the roadmap encoding database. In ad-
dition, it increased the processing speed of the AGV
robot during the working process. The results of this
research are important in routing and avoiding ob-
stacles in the static environment of large workshops
with a moving distance of robots up to dozens of kilo-
meters. In addition, these research results serve as
a database for further studies such as softening the
path’s trajectory at the turns with velocity, accelera-
tion, inertial force when the robot performs tasks lo-
gistics. This issue will be considered as a part of our
future research goals.
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