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Abstract— The paper presents techniques for navigation
by Automated Guided Vehicle in two different environments
to reach its destination. The environments are, a) Nor-
mal(unguided) and b) Guided. An artificial potential function
is defined to seek out for goal in normal environment. Initial
calculation of optimal path out of several paths from source
to destination and traversing the chosen path through nodes
(RF-ID tags) is the technique for guided environment. Obsta-
cles hinder the desired movement in both the environments.
Attractive and repulsive forces approach helps in avoiding
obstacles in unguided environment and leads to point of
minimum potential for stabilization. The reverse tracking to
the previous node is the technique proposed while facing the
obstacle in guided environment. On reaching the previous node,
it recalculates optimal path barring the current one if obstacle is
still present on that path. The results obtained show the efficacy
of techniques in trajectory tracking avoiding the obstacles for
both the environments.

Index Terms— Automated Guided Vehicle(AGV), Artificial
Potential Function(APF), Unguided Environment, Guided En-
vironment, Optimum Path, Node.

I. INTRODUCTION

An Automated Guided Vehicle (AGV) is a mobile robot

widely used in manufacturing units, warehouses and inven-

tories of various industries. They are used as a distribution

system for movement and handling of different materials

used in industries. These vehicles reduce time and labor

required by introducing automation in such environment.

There can be two types of navigation environment for AGV;

a) Normal and b) Guided. Generally in industries the AGVs

have to navigate in guided environment. The use of AGVs for

other outdoor purposes may lead its navigation in unguided

environment. For automated navigation in industries, the

vehicles follow a guided path which involves use of various

sensors. Laser sensors are used as a guide [1] to follow a

specific trajectory. Magnetic tape based technology are being

employed in few systems [2] for guided path following. In

Normal (i.e. unguided) environment there are no such laid

out paths and hence proper navigation to reach destination

becomes difficult.

The proper navigation by AGV should ensure that the

vehicle does not collide with any nearby obstacle. The

techniques to avoid obstacles can be different for different

environments. One way to achieve this is by using Artificial

Potential Functions (APFs). [3], [4] and [5] use attraction

and repulsion force functions to get the resultant “potential

field” acting on the robot. Advanced approaches are applied

with to make the system more robust. In [6], APF is used

for navigation with robotic model using slide mode control

technique. In [7], Evolutionary algorithms are used for path

planing while [8] uses proposed a new approach for for

motion modeling with fuzzy cognitive map. The APF is used

to control a swarm of robots in [9]. The disadvantage of

attraction-repulsion function approach is that they sometimes

give rise to local minima. This can be overcome by using

navigation function as in [10]. This paper addresses the

above problem along with the problem of encountering a

“saddle point” originating due to the potential function.

The use of such automated systems in a warehouse or

manufacturing unit i.e. guided environment, where there are

lot of loading and unloading centres, optimum path routing

can be implemented on AGVs which further saves cost, labor

and time. Considering an industrial environment, there can

be possibilities of obstacles present on the paths. Therefore

obstacle avoidance technique is required integrated with

optimum path following, which can make the system more

efficient and intelligent.

The paper addresses the task of navigation by AGV in

both the environments along with the obstacle avoidance.

The methodologies have been implemented on a vehicle

developed in our laboratory to show their effectiveness.

The approaches proposed in the paper are twofold and are

summarized below,

1. An estimation of path using navigation function. The

attractive and repulsive forces approach is employed to avoid

the obstacles in unguided environment.

2. Calculation of optimum path out of several paths in guided

environment. Obstacles are avoided by tracking back to

previous nodes and navigation is continued by recalculation

of optimal path.

The paper is organized in following manner. Section II

deals with path estimation while avoiding all obstacles in

Normal i.e. unguided environment. Section III describes the

implementation of optimal path algorithm even when obsta-

cles are present on the path in guided environment. Section

IV showcases the results and discussions for navigation of

AGV in both the environments. The paper is concluded in

Section V.
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II. PATH PLANNING WITH OBSTACLE AVOIDANCE IN

NORMAL ENVIRONMENT

Path planning of robot in the known environment with

obstacle avoidance is considered to be an important task in

automation field. In the proposed system of path planning

with navigation function, the environment is considered to

be already mapped and robot can continuously track itself

on the map while moving in the environment. Some basic

assumptions are made such as the nature of obstacles eg.

they can be spherical objects. An Automated Guided Vehicle

(AGV) is used as prototype for testing the system. Also, the

environment for localization can be taken as 3D work space

such as in industrial workshops or multistorey inventories. In

order to ensure that the robot maneuvers through the given

obstacle(s) and reaches the desired position, the approaches

are proposed and explained,

A. Attractive and Repulsive Forces Approach

AGV is considered as object with highest positive potential

(global maxima). The obstacles in the environment are also

assigned positive potential but lower than that of AGV.

Destination is considered as the point with lowest negative

potential (global minima) [11] [12]. The planned trajectory

is supposed to follow the path from highest potential to the

least potential avoiding collision with other potential objects

in the environment as shown in Fig. 1.

Fig. 1. Environment Map for Attractive and Repulsive force based path
planning

The magnitude of the potential defines the strength of the

obstacle i.e. it determine repulsive forces between obstacle

and AGV. The basic principle for navigation with attractive

and repulsive forces is that more is the difference between

potentials more will be the force of attraction.

Electrical attractive and repulsive forces can be assumed

to act in this case and a potential function leads AGV to the

point of least potential for stabilization.

Though it is the simplest technique for path planning but

drawbacks in this approach are,

1) It treats the obstacles as spherical entities

2) It fails in the face of a saddle point.

The saddle point error can be overcome by identifying such

points and giving a small jerk to the robot in case of their oc-

currence. It has also a drawback of having multiple maxima

and minima points. Due to this, AGV may not follow desired

path and may stop at intermediate local minima considering

it as destination point. Therefore, a better approach, namely,

Navigation Function, can be used which has a unique minima

and maxima.

B. Navigation Function

The problem of multiple local minimas discussed in pre-

vious section can be solved by using a unique minima in

the navigation environment. It assures that AGV will plan

accurate path to the destination point [12]. There are some

restrictions such as spherical environment should have only

spherical obstacles in simulation.

The navigation function is described as,

N(q) =
(d2(q, qGoal))

((d(q, qGoal))2k + Γ(q))1/k
(1)

where Γ is defined as

Γ(q) =
n∏

i=0

Γi(q) (2)

where, n = number of obstacles and definitions of Γ(q) are

as,
Γ0(q) = −d2(q, q0) + r20 (3)

Γi(q) = −d2(q, qi) + r2i (4)

where, qi is the center and ri is the radius of the obstacle

q0 is the center and r0 is the radius of the environment

Control parameter k controls the intensity of obstacles.

Value of k determines the effect of obstacles on the path

planning of AGV. The higher values of k will result in

plain environment neglecting less effective obstacle with

comparatively low potentials. The effect of k on trajectory

is shown in Fig. 2.

(a) (b)

Fig. 2. Effect of values of k on path planning in environment (a) Low
value of ’k’ (b) High value of ’k’

The defined potential function can be difficult to

understand as it is artificially implemented.

Let, (d(q, qGoal))
2k + Γ(q) = m

∇N(q) =
(2d(q, qGoal)∇d(q, qGoal)(m

1/k))

m2/k

− (d
2(q, qGoal)∇(m1/k))

m2/k

(5)
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Clearly,

∇(m1/k) =
m

1
k−1

k
(2k(d(q, qGoal))

2k−1∇d(q, qGoal)+∇Γ(q)))
(6)

If Γ = a.b.c...

∇Γ = ∇a.b.c+ a.b.∇c+ a.∇b.c

So,

∇Γ(q) =
n∑

i=0

∇Γi(q)

n∏
j=0,j �=i

Γj(q)

∇Γ(q) =
{−2d(q,q0)∇d(q,q0)=−2(q,q0),i=0
2d(q,qi)∇d(q,qi)=2(q,qi),i>0

⎫⎪⎪⎬
⎪⎪⎭

(7)

To apply navigation function for path determination, coor-

dinates of goal and obstacles and the radius of the obstacles

are assumed to be given. The threshold, i.e. the distance

from the goal that is allowed to cover before the program

terminates is also decided beforehand. Similarly, the thresh-

old in x-coordinate and y-coordinate is also decided. Linear

regression is used to obtain the direction of steepest descent.

The x-coordinate is updated till its threshold is not reached.

It is computed as given below,

xi = xi−1 − α∇Nx (8)

xi is current x-coordinate and xi−1 is previous x-

coordinate.
Likewise, y-coordinate is updated till its threshold is

reached. It is computed as,

yi = yi−1 − α∇Ny (9)

1) Tackling the Saddle Points: If the AGV gets stuck in

a saddle point, it needs to be displaced so as to continue

tracking.
If the saddle point is encountered such that the x-

coordinate does not change even when the x-coordinate

threshold of goal has not been reached, the algorithm as

shown in flowchart of Fig. 3 is executed. shift is the unit by

which the vehicle needs to be displaced or ”shifted”. The

same logic is applied, when the y-coordinate doesn’t change

in the case of a saddle point.

III. OPTIMAL PATH TRACKING WITH OBSTACLE

AVOIDANCE IN GUIDED ENVIRONMENT

An optimal path algorithm integrated with obstacle avoid-

ance is designed for AGV. This AGV can be used in

industrial environment with number of loading and unloading

points called as junctions. In the structure, junctions are

referred to as nodes and the path connecting them as edges.

This structure with nodes and edges gives rise to a graph

known as Route Map. The length of each edge is referred

to as it’s weight. Different techniques like Vision, Magnetic

tapes, Lasers and Sensors can be used for detection of guided

path. We have used IR sensors to detect the path and follow

it. Each junction has a unique RF(Radio Frequency)-ID tag

which denotes the node number. An RF-ID reader is fitted

on the AGV to read RF-ID tag and detect a particular node.

Fig. 3. Flowchart for decision making on encountering saddle point

A. Implementation of Optimal Path Algorithm

The industrial environment can be treated as a non-directed

graph and hence, AGV can follow multiple paths to traverse

between two nodes [13]. The AGV needs to find the optimal

path from a source node to a destination node. Dijkstra’s

Algorithm [14] can be used to find the shortest path between

two nodes. This algorithm generates shortest path for the

given source and destination node. The output is an optimal

path array which contains set of nodes in shortest path which

AGV must follow to reach destination [15].

A step-wise implementation of Dijkstra’s Algorithm is

shown in Fig. 5. The source node a is assigned distance

zero and subsequent nodes are represented by the shortest

distance from the source node as obtained by the algorithm.

To traverse the shortest path obtained from algorithm,

AGV requires information about the direction in which it

must move to reach a node. This will depend upon the current

orientation of the vehicle. Therefore, a look-up table as in
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Fig. 4. Sample structure of the Guided Tracking environment

Fig. 5. Implementation of optimal route determination using directed graph

Fig. 6 is created to solve the purpose. The look-up table

is a four dimensional matrix, where the fourth dimension

(l) denotes the current node position of the vehicle. The

total number of nodes present are represented by n. Third

dimension (k) represents the current orientation of the ve-

hicle which is given as 1: forward, 2: right, 3: backward

or 4: left. Second dimension (j) gives the direction vehicle

should rotate to reach an adjacent node which can take values

10: move forward, 20: turn right or 30: turn left. The first

dimension (i) denotes adjacent node.

Therefore, a generalized element in the look-up table is

denoted by node (i, j, k, l). If the AGV is present in lth node

with an orientation denoted by k, then to reach a node i, it

has to move in a direction given by j.

Fig. 6. Decision Look-up table for AGV

Algorithm 1 Optimum path following with Obstacle
avoidance

1) Create a graph with defined nodes and edges with

weights

2) Set Source and Destination Node

3) Apply Dijkstra’s Algorithm

4) Get optimum path with the corresponding set of nodes

5) Create the Look-up table

6) Initialize reference orientation of vehicle as forward

7) Initialize a counter i = 1
8) While RF-ID reader value �= Destination node ID

9) If RF-ID reader value = ith node ID in

optimum path

10) Check for next node in optimum path

11) Assign direction for next node

12) Update i ← i+ 1
13) Send Arduino Signals to change direction

of vehicle

14) end
15) Path following of the vehicle

16) Get Ultrasonic sensor signal values from

Arduino

17) If Obstacle is detected

18) Stop the vehicle

19) Reverse motion of AGV (path following)

20) If Previous Node is detected

21) Assign zero weight to the edge with

obstacle

22) Create a non-zero matrix of the graph

thus eliminating the edge with obstacle

23) Apply Dijkstra’s Algorithm

24) Update optimum path with the

corresponding set of nodes

25) Initialize counter i = 1
26) end
27) end
28) end
29) If RF-ID reader value = Destination Node ID

30) Stop the vehicle

31) end
32) end

B. Obstacle Avoidance

As discussed in the previous section, the optimal path array

is estimated and nodes in the estimated array are followed

to reach destination. In real time the optimal path may have

obstacles which the AGV can’t surpass i.e. path is blocked.

The existing algorithm doesn’t have any provision to tackle

such situations. It means that if any obstacle appears in

guided path then the vehicle will get stuck at that point.

It is because the vehicle is guided by the color tapes or

magnetic tapes which are now blocked by unknown object

(obstacle(s)). Hence, an algorithm to re-estimate optimal path

avoiding such obstacles is proposed in this section.

If the obstacle(s) is small then it can be removed from
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path with robotic manipulator but if it is large then the AGV

should divert its path and take some other way to reach

destination. Sometimes, Industry floors with guided tracks

may get broken, then this should not result in malfunctioning

or failure in navigation of the AGV. Hence, to overcome such

situations, optimal path estimation with obstacle avoidance

is developed. The algorithm is given in Algorithm 1.
A Depth camera or Ultrasonic sensor can be used to detect

the obstacle. The sensor calculates the distance of the object

from vehicle and a particular threshold distance is set to

confirm the presence of an obstacle. Then, the vehicle is

moved along the path accordingly. If the sensor detects an

obstacle then AGV stops at that point and moves back to the

previous node. It recalculates the optimal path, eliminating

the edge(path) where the obstacle is present. It iterates till

the AGV reaches destination

IV. RESULTS AND DISCUSSIONS

The experimental setup for testing the proposed naviga-

tion has an Automated Guided Vehicle with a Guided and

Normal(Unguided) environment. Fig. 7 shows the guided

environment with an AGV.

Fig. 7. AGV with guided map environment

A. Navigation Function
Implementation of navigation function is experimented

in several scenarios with multiple obstacles. The control

parameter k is kept at an arbitrary value. The value of k
decides whether an object is considered to be a potential

obstacle or not. Only the potential obstacles affect the path

planning of AGV. The results obtained for path planning with

multiple obstacles are as shown in Fig. 8.
For the purpose of simulation in 2D work-space, obstacles

are considered to be spherical objects. Also, Navigation

function tries to estimate circular trajectory as shown in

figures. In Fig. 8 (a), environment has one obstacle and as

seen in the figure the vehicle takes a near to semicircular path

to reach destination point. Fig. 8 (b), (c) has three obstacles

while Fig. 8(d), (e), (f) has four obstacles.
As seen in Fig. 8, for different number of obstacles at

different positions, the implemented algorithm is able to

navigate from source to destination successfully.
For all the above mentioned cases, the control parameter k

is tuned. For less than 3 obstacles, the value of k is kept 1.9

(a) (b)

(c) (d)

(e) (f)

Fig. 8. Path estimated by Navigation function for different number of
obstacles

for successful navigation. For 4 or more obstacles, k is kept

at 4. The threshold value from goal point is kept qGoal±0.5.

Value of shift, as discussed in Section 2, is kept at 0.2.

B. Optimal Reverse Tracking with Obstacle Avoidance

As discussed in previous section, the reverse tracking

algorithm is implemented on environment consisting of 7

nodes and 8 edges (paths). The structure is depicted in Fig.

9. Each edge (path) is assigned a corresponding weight. Node

1 is set as the source and Node 6 is set as the destination.

As seen in the Fig. 9 (a) there can be multiple ways to reach

node 6 from node 1.

TABLE I

PATH AND DISTANCE WITHOUT OBSTACLE

Possible Paths from Node 1 to Node 6 Path Distance
[1,2,3,7,6] 3.6

[1,2,5,6] 3.5

[1,4,5,2,3,7,6] 4.5

Optimal: [1,4,5,6] 2.4
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(a) (b)

Fig. 9. Optimum path without obstacle (a) Node Structure(Guided
Environment) (b) Optimal Path for Node-1 to Node-6

Table-I shows multiple paths to reach Node 6 from Node 1

along with path distance. Path distance can be considered as

path cost. It has been seen that, Path [1,4,5,6] has minimum

cost and is the optimal one. Hence vehicle starts following

this optimal path, but as it crosses Node-4 it detects an

obstacle on the path. Then, the vehicle traverses back to

previous node and re-estimates the optimal to be followed.

The re-estimated path and cost is as shown in Table-II.

(a) (b)

Fig. 10. Optimal path with obstacle (a) AGV waiting for obstacle to clear
(b) Recalculated Path

TABLE II

PATH AND DISTANCE WITH OBSTACLE

Possible Paths from Node 4 to Node 6 Path Distance
[4,1,2,3,7,6] 4.1

Optimal: [4,1,2,5,6] 4

For the re-estimated trajectory, path [4,1,2,5,6] with cost

4 is found to be the optimal path. Hence, the AGV moves

back and tracks the new optimal path. The correct optimal

path tracked is shown in Fig. 10 (b) indicated in red line.

V. CONCLUSIONS

The widespread development in automation has led to

increase in use of AGVs in different sectors and applications.

The AGVs are widely used in manufacturing units, ware-

houses, surveillance sectors, and defense purposes. Since

the nature and purposes differ, the environments in which

they are deployed also differ. The navigation by AGVs

thus differ accordingly. The unguided environment has no

provision of paths whereas AGVs follow paths in guided

environment. The paper implements different techniques for

these two environments. Artificial potential function is used

for unguided navigation whereas optimal path calculation

and reverse tracking is used for guided navigation. Both the

techniques take care of obstacle avoidance. These techniques

can be employed in other AGVs. The future scope of

this work can take care of, a) non-stationary obstacles and

b) consensus among multiple AGVs while navigation in

different environments.
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