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 

Abstract: Although aspects of this research had been presented 
and demonstrated the first time in 2011, the ’autonomous picking 

of objects’ is still one of the hottest topics in this field. This 

research deals with the picking and handling of very large 
cylindrical objects such as paper reels or oil drums that are located 
inside industrial and commercial yards. It presents a new method 
for picking them autonomously according to their position, 
accessible direction, and surrounding barriers. Different 
terminology has been added to this research field. Three new 
algorithms; for picking a priority, for choosing the most 
appropriate direction for picking the target, and for choosing the 
safest path to reach the target without causing damage have been 
developed and implemented. The algorithms were tested 
successfully on simulation environment implemented using 
MATLAB and results taken from real experiments. 
 

Keywords : Autonomous picking, material handling, robotics, 
selection priority, unmanned vehicles 

I. INTRODUCTION 

Object grasping and picking has been extensively studied 
in the last two decades [1]. Robotic grasping is one of the 
most fundamental tasks of a robot and numerous studies 
have been carried on to enhance the robots ability to grasp a 
target object properly [2]. To achieve this task, “the robot 
needs to both perceive its surroundings correctly and decide 
on how to grasp the object based on its understanding. The 
robot usually resorts to using different sensors to perceive 
its environment” [3].  

In industry, logistics automation is one of the active 
researches and development fields. In reality, the concept of 
automating logistic must means that all aspect of the 
completely automated material handling solution, including 
the loading/unloading phase are addressed. Thus, 
“industrial autonomous vehicles must be able to understand 
their surroundings and to cope with uncertainty” [4].  

Research in the field of material transportation logistics 
and the need for picking algorithms is only one topic in the 
grasping and picking paradigm. Most research papers which 
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discussed industrial autonomous forklifts were focused on 
traditional pallet picking [4],[5]–[7]. However, the need for 
handling materials of different kind and shape such as paper 
reels in paper mills encouraged researchers [8] to create a  

 
 
modified autonomous forklift by changing the forks into 

cylindrical clamps. This had made dealing with material 
picking and grasping somewhat different from the research 
and developments (R&D) that focus on the traditional 
forklifts. 

This research was first presented in 2011 as part of the 
master’s degree project. The work itself is to complement 
the MALTA project [8] and to find both the best direction 
and best priority for picking paper reals. 

The following sections will review the previous work 
done on autonomous forklifts and pallet/object detection 
and, explain the reasons behind this work. Methods and 
explanations for object recognition, priority finding and 
picking direction algorithms will be discussed, results 
presented along with the conclusion. 

A.  Previous Works 

Autonomous forklifts have great potential to offer 
improvements in terms of cost, safety, efficiency.  The task 
of detecting pallets by sensors that are attached to the 
autonomous forklift is widely researched. It is one of the 
tasks that represents the greatest challenge. This is because 
completely or partially, previously as yet unknown 
environment, introduces a high degree of uncertainty to this 
task, making it less well defined. Therefore, more reliable, 
cost-effective and suitable sensors must be employed 
together with robust real-time algorithms. On the other 
hand, “faulty situations may also occur in highly repetitive 
and pre-determined tasks when, for example, a pallet lies in 
an unexpected position and a blind pick-up would cause a 
system fault and possible damage” [4].  

Garibott et.al. [6] were the earliest who addresses the 
problem of pallet localization and picking through his work. 
The problem itself was not addressed individually but as a 
part of the complete system. Almost all later works [9], [10], 
[4], [5], [7], [11]–[22] and [23] followed the same procedure 
by considering the detection and picking problem as a 
sub-problem of the complete system. Varga et.al. [24]: “the 
technical literature for the specific task of pallet detection is 
scarce, almost non-existent”. They were also the first who 
dealt with this specific aim as an individual task.  
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All previous researchers used various sensors for vision 
as the video camera, laser range finder (LRF), 3D time of 
flight cameras (ToF) and others or a combination of them (2 
or 3 sensors together), which becomes current practice. 
They also proposed a wide variety of algorithms each based 
on the available sensors on their respective machines. Each 
of those systems has its advantages and weaknesses. For 
example, it was noted [24] that algorithm inputs should 
contain ”a pair of images, an operation point position 
request, information about operation type (the number of 
pallets, the level, number of reference points, storage type, 
pallet dimensions, 3D static map” which required a lot of 
previous information to be ready before letting the 
autonomous truck operate. Later, Andreasson et.el [15]  and 
Stoyanova et. al. [23] noted that the autonomous grasping/ 
manipulation of unstructured goods at satisfactory cycle 
times are the key obstacles to overcome. Others, later, 
developed   a system for loading/unloading pallets and 
objects or parcels from pallets to shelves [7]. The system 
truck included forks for pallet handling and a hand for 
parcels handling. 

All those systems in the literature, dealt with a forklift with 
forks and either wooden or plastic pallets. Once the pallet 
tines are determined the picking problem becomes straight 
forward. The direction of the forklift at the moment of 
picking as well as the direction of picking is parallel and 
centered to the pallet face. To select the target pallet to be 
picked many algorithms had suggested, relying on labelling 
pallets with some kind of signs and labels, and internal 
systems for choosing and arranging the targets to be picked. 
However, the technical literature describing algorithms for 
both priority and direction of picking is so scarce, it may even 
be non-existent. 

Abdelbaki et.al. [8] retrofitted an automated truck to 
handle heavy cylindrical materials such as paper reels, oil 
drums and huge wire rolls. Creating this truck raises the 
importance of further research to address the question 
regarding the picking direction. Cylindrical objects have a 
total of 360◦ of direction to be picked. The behaviour of 
loading/unloading for those objects also raises the problem 
of priority selection. 

The detection and picking of autonomous picking of 
cylindrical objects had been described in the literature 
dealing with the aspect of grasping and manipulation by 
robotic arms and humanoid robots [25], [26]–[28]  and [29] 
and many others, too numerous to list here, using different 
kind of cameras associated with algorithms depends on 
image processing and machine learning. Recent research [3] 
used image processing with deep learning. However, until 
the present, the author of this article is not aware of any 
published research to detect an object with the aim of 
grasping it associated with a humanoid robot or robotic arm 
using LRF. 

The problem of grasp-planning is complex and 
extensively researched. Sahbani et. al. [1] and Bohg et. al.  
[2] classified grasp synthesis that can solve the grasp 
planning problem into two main categories. The 
model-analytical and the empirical approaches (Bohg 
named it data-driven approach) are complex, and both 

parametrize the grasp by, the grasping point on the object 
(named here as picking angle), the approach vector, the 3D 
angle as the robot hand approaches the grasping point with 
(referred to here as picking direction), with the wrist 
orientation of the robot hand (referred to as truck moving 
direction). The initial finger configuration step was not 
addressed in this research because the truck under 
investigation has only two grippers deals with only specific 
objects type and texture and the optimal grasping force was 
determined although not reported [8]. 

These two approaches were deemed to be too complex to 
be included in this research since the task of handling could 
be solved in 2D rather than at 3D level. The third dimension 
of this task can be neglected or/ incorporated easily by 
adding the height of objects that are needed to be handled. 
The objects usually has a constant height but the diameter of 
the cylinder is different. Hence, this paper addressed the 
problem at the 2D level only. Krug et.al [7] studied the 
grasp planning problem in 3D cylindrical object for the 
robotic arm attached to APPLE truck by confining the 
motion of the grippers to the 2D only , looked at grasping 
ability (this work refers to it as picking availability) as 
predefined pose envelope and by adding some constraints. 
However, the work never solved the question of grasping 
priority. 

The work presented here contributes to the field of 
research by answering three major questions relating to the 
MALTA truck; which is the first paper reel has to be 
picked? From which direction should the truck approach a 
targeted paper reel? How to track the change in paper real 
stack counts that may be caused by other human-driven 
trucks in the warehouse? 

B. Motivation and Related Works 

The truck created by [8], [30] has grippers instead of forks 
to handle heavy cylindrical objects safely especially paper 
reels inside a warehouse. In their published paper they 
discussed the entire system but they did not focus on the 
picking problem itself. For loading-unloading of paper 
reels, they used a scenario to place reels inside a predefined 
loading zone by manually-driven truck and the MALTA 
truck could then pick and take them to a container. To 
achieve the assigned task, the truck started driving towards a 
predefined point where the online-computed path could be 
initiated. Once at point A, the closest reel was selected as a 
target to be approached and be picked up. To do that, the 
online navigation module requested the position of the 
selected reel, generated B-spline and then sent them to a 
controller [8] which ordered the truck to follow the 
generated trajectory. When the truck reached the target reel, 
the controller proceeded with the loading-unloading 
operation. To avoid the situation of the clamps hitting the 
reel when turning, the truck was forced to drive straight at 
the final part of the B-spline. The various issues faced in 
their work have been reported as follows: 
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 The paper reel anywhere in the warehouse should be 
autonomously loaded-unloaded, not only the once in the 
loading zone. The major problem facing them was that 
the locations of the reels are in constant change, which 
would make data association difficult. 

 The use of predefined path was problematic and 
time-consuming. That is because the truck was not 
allowed to change path at run-time. 

The above description demonstrates-that half the work is 
done manually, and the truck approaches the targeted reel all 
the time from the same direction. This may be the main 
reason why they needed to gather reels by manually-driven 
truck to a loading zone. The investigators also reported that 
warehouse pillars of the same size of paper reels are located 
among the stake of paper reels. Detecting these pillars in a 
2D scanning causes, the truck controller to identify it as a 
paper reel which may require picking. 

The main motivation for this work was to solve the 
issues that are described in the previous two paragraphs for 
MALTA trucks which were there at the time of doing this 
research in 2011. Hence, this research used the available 
sensors and algorithms on the MALTA truck and the work 
was confined to only limited changes to the algorithm to 
enable limited retrofitting for the truck. The author is not 
aware of any subsequent developments on MALTA trucks 
after and at the time of the preparation of this paper for 
publication. 

II. METHODOLGY 

To solve the problems presented, a simulation 
environment had been created on MatLab. It contained a 
hypothesized warehouse, a door and container, pillars of the 
warehouse and a hypothesized stack of paper reels. A truck 
with an LRF fitted on the middle of its front edge was then 
inserted into the environment.  

With an assumption that ’there is no slip in motion’ the 
robot was modelled like a bicycle with two wheels, a steering 
wheel in the back and a tracking wheel in the front. The robot 
position can be described by the coordinates of its location 
and its heading angle; vector P . The positions of the paper 
reels and warehouse pillars are described by the same way as 
Preel. 

A. Scans, Errors and Feature extraction   

This section is based on works by [31], [32]. The 
simulated LRF sends and receives 360 beams with a 
precession of 0.5◦ and covers 180◦ with beam maximum 
range of 35m. Two normal distributed errors have been 
added; error to the robot position δPnoisy and error to the LRF 
readings dnoisy(i); where d(i) is the ith beam reflection. 

Two laser scanners were added to the simulation 
environment with the same error. The first one is fixed in the 
middle of the robots’ forklifts and directed straight forward. 
This laser scanner covers directions of 180◦

’s. The other is 
fixed beside the first one but with a different orientation, 
covering an area of 270◦

’s, 135◦
’s from each direction. This 

is to aid detecting of the objects. 
The segmentation process is done on the polar 

coordination system. The Point Distance-Based 

Segmentation method (PDBS) is used as described in [33].  
After segmentation, each segment is fitted to one of two 

objects; line or circle. The process was done as in Fig. 1. 
Circle fitting was achieved by combining two different 
methods that were taken from the work of Chernov and 
Lesort [34] and [35] for fast and optimized circle detection. 
Accepting or rejecting of any fitted circle were made by 
testing each circle covariance matrix by the predefined 
threshold. The variance of the three variables of the circle 
should be less than three times the variance of the LRF as 
follows. 

   2222 3 Rrba    

where 
2
a and 

2
b  are the variance of x and y position of 

the centre of the circle respectively, 
2
r  is the variance of the 

circle radius and 
2
R is the variance of LRF distance range. 

The line fitting is done according to the weighted linear 
regression method as mentioned in [36]. The acceptable line 
is the extracted line which has a covariance matrix that has 
the following condition. 

   222 2 Rd    

where α is the direction of the line, d is the perpendicular 
distance from the robot to the line and 

2
R  is the variance of 

the LRF range. 
Finally, all extracted circles are compared to predefined 

range of diameters. These predefined range of diameters 
were designed to describe and cover all possible range of 
paper reels diameters and the tolerance at each diameter. 
Once the extracted circle’s diameter falls outside this 

predefined range the extracted circle is ignored. 

B. Map Updating 

Once all features from the laser scanners were extracted 
the process of map building starts. The map building 
algorithm steps were as follows: 

1) Build a local map from the extracted features at each 
LRF’s scan.   

2) At a robot coordinate system, apply matching 
algorithms to match both current extracted maps 
from the two LRFs’ scans and add all objects from 

both scans to the local map. 
3) At a robot coordinate system, apply a matching 

algorithm to match the current extracted map to 
previous extracted map from the previous scan. 

4) Update the local map with newly appeared/ 
disappeared objects.  

5) Convert the resulting map to the global coordinate 
system. 

6) At the global coordinate system compares the 
current map with the previous global map if there. 

 
Fig. 1. Feature extraction algorithm flow chart. 
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7) Update the global  
8)  
9)  
10) map with newly appeared/ disappeared objects.  
11) Compare the final global map to a predefined map 

of the warehouse. 
12) At the global map match lines to walls of the 

warehouse (label them as walls), describe other lines as 
obstacles. Then find the circles that match the 
warehouse pillars, label them as pillars and describe 
other circles as paper reels. 

At the end of the process, the robot will have an updated 
global map with labels for all appeared objects and location 
of them. Error! Reference source not found. describes the 
matching algorithm that is used to match and update local 
maps using Kalman filter [37] in its static mode. The 
updating algorithm steps were:  
1) Transfer features that were considered as paper reels 

from previous sample time and from new sample time to 
the LRF1 frame. 

2) For each paper reel inside the LRF’s range, find its 
corresponding one from the new map.  

3) If there is a paper reel in the same location in the 
previous map but not in the new one, remove the reel 
from the global map. 

4) If there is a paper reel in the new map but not in the 
previous map update the global map by adding the new 
one. 

To keep tracking of all newly added and newly removed 
paper reels in the environment; the paper reels are extracted 
to a special data structure. In each localization step, and by 
using the dynamic mode of the Kalman filter, the new 
location of the robot itself and the new location of each 
paper reel in the data structure is predicted according to the 
velocity and direction of the robot. If the predicted step does 
not predict a paper reel but one is detected by the scanners, a 
new paper reel is added to the data structure and hence to the 
map. If a paper real is found in the data structure, and its 
new location is predicted, but there is no update stage for it, 
i.e. it does not appear in the scanner’s images, this paper reel 

is directly removed from the data structure and hence from 
the map. To avoid the situation of removing paper reels 
which are not in the LRF ranges, the main effort was 
concentrated on keeping track of only those reels that locate 
within the range of LRF’s scanners [37]. 

C. Path Selection  

To avoid damage of paper reels resulting from a crash 
between the truck and paper reels and because of the curving 
nature of the B-spline function, 6 points instead of 4   [38], 
[39] have been chosen as shown in Fig. 2. P1 is the centre of 
rotation of the robot. P 2 is the centre point of the robot’s two 
forks. To ensure straight forward motion and to avoid 
rotation in very close angle (which although is impossible in 
real environment), P 3 is chosen to be in front of the truck in 
the same heading direction, at a distance to the truck equal to 
1.5 times the length of truck (1.5d). This distance was 
measured from the truck’s centre of the rotation. P6 is chosen 
to be the centre of the target paper reel to be picked. P5 is  

chosen to be on the circumference of the reel in the same 
direction, from where the reel is to be picked up (Picking 
Direction). P4 is chosen to be at the same picking direction of 
the paper reel and at 1.5 times the length of the truck from the 
circumference of the paper reel. This point is chosen to 
ensure that the paper reel is reached in a safe, smooth and 
straight-forward manner, avoiding sudden rotation at such 
close proximity to the reels. 

The reverse-path is the path to the loading area. This path 
is generated the same way as above but with extra points, as 
in Fig. 3. Three extra points are added to the B-spline 
function used above. These three points are used to define 
the loading area location. P5 is a random point in the centre 
of the loading area door. A point in the place of the loading 
area is given in the predefined map. The accurate zone of the 
loading area is generated in the global map that is generated 
in II.B. The fourth point P4 is chosen at 1.5 times the truck 
length from P5 in the same direction as the direction the 
loading zone but to the outside of it. P6 is the mirror point to 
P4 and inside the loading area. 

The map building algorithm returns the coordinates and 
borders of the loading area and its occupied locations as part 
of the global map. The loading area is divided into virtual 
cells. Each cell is a square with side dimensions equalling 
the diameter of the paper reel plus a safe distance for truck 
grippers. The loading algorithm is made to fill the farthest 
row starting from the first empty location. The loading path 
to the first empty location of the farthest row of the loading 
area grid as described by the following nine points: 
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Where (Cx, Cy)t  is the centre of paper reel number t, t = 1, 
2, 3...n and n is the total number  of paper reels in the 
stack. P 5 is a random point on the loading area entrance. It 
should satisfy the condition as described in (2). Ilc is the 
left hand side entrance coordinate. Irc is the coordinate to 
the right hand side entrance. γ is the container orientation. 
w is the truck total width. ’d’ is the truck total length. Ecell 
is the nearest edge of the farthest unoccupied cell in the 
loading area. ’rt’ is the paper reel radius. αt is the picking 
direction of the target reels as in section II.D. The return 
path is described in the same way but in reverse order. 

T right]^\}\ {P }_ {1} ,\m athb it\ {P }_ {2} ,\m athb it\ {P }_ {3} ,\m athb it\ {P }_ {4} ,\m athb it\ {P }_ {5} ,\m athb it\ hb it{P }_ {6{P }_ 7,\m at} ,\m athb it\ {P }_ {8} ,\m athb it\ hb it{P }_ {9\left[\m at=b ac k}}_ {return_T b it{P ath}right]^\}\ {P }_ {1} ,\m athb it\ {P }_ {2} ,\m athb it\ {P }_ {3} ,\m athb it\ {P }_ {4} ,\m athb it\ {P }_ {5} ,\m athb it\ hb it{P }_ {6{P }_ 7,\m at} ,\m athb it\ {P }_ {8} ,\m athb it\ hb it{P }_ {9\left[\m at=_ b ac k}}}_ {returnthb it{P ath { \m ath{ \m a Tbackreturn PPPPPPPPPPath 123456789_ ,,,,,,,,  

Points P 1, P 2 and P 3 are calculated according to the location 
and picking direction of the new targeted paper reel t +1. 

D. Method for Selecting Paper Reels Priority 

Some new terminologies have been developed and 
imported to the algorithm to guarantee a smooth, accurate 
operation. 

i. Terms and Definition 

Obstacle is any objects (described as a line or a circle in 
the global map) that is located in a distance of the target 
reel less than or equal to 1.5 times the length of the truck. 
Picking direction (θ) is the heading angle θ of the truck at 
the moment of picking the target. 

Availability denotes all possible angles of picking 
directions, where the truck can navigate to easily and safely, 
without obstacle in the way of that picking direction. 
Picking interval (a) is the total sum of angles in degrees 
that the designer can consider as one direction at the 
moment of picking. The smaller this interval, the better 
result. 
Accessibility angle (γ) is the central angle of the paper reel 
which is opposite to the direction of picking provided, that 
the coordinate system origin is the centre of the paper reel. 
Thus  θ = γ + π . 
Centre to centre distance is the shortest distance between 
the centre of the target reel to the centre of obstacle in case 
of a circular obstacle. If the obstacle is linear, the centre to 
centre distance is the shortest distance to the surface of that 
obstacle. 

Centre to centre angle is the angle between the centre line 
and the x axis of the global map in the case of a circular 
obstacle. 
’ε’ is the angle between the picking direction and the centre 
line. 

ii. Reel Priority and Reel Directions 

Once the previous step had finished, all reels in the 
unloading area are inspected to select the nearest most 
accessible reel. To accomplish that, a five-stage 
algorithm is created as follows: 

1) Find all accessible reels in the internal data structure. 
2) Find the nearest one of the accessible reels. 
3) Generate paths to all possible accessibility angles of 

the nearest accessible reel by using path generating 
algorithm. 

4) The shortest path is the path of the truck. 
5) As each new reel appears, update the path of the truck 

by repeating steps (1,2,3,4) to two reels only (the selected 
reel and the newly appearing reel). 

“Before calculating the accessibility, each target reel is 
assumed to be accessible from 360o. For the sake of saving 
both computational power and memory space, the 
assumption was to check accessibility at intervals, which was 
sufficient enough to give clear evidence about what direction 
was accessible. Each paper reel has been given 72 accessible 
direction by steps of 5◦. This starts from 0◦ direction 
(positive x access on the global map) to 359◦, see Fig. 4. 
Accessibility direction of paper reels means that the truck 
has to be able to manoeuvre if it moves toward the reel from 
that direction. The truck is able to manoeuvre freely if the 
shortest distance between the surface of the reel and any 
obstacle surface is more than 1.5 times of the total truck 
length” [37] . 

Obstacles could be walls, columns or other paper reels. 
If the distance between any obstacle and the reel is less than 
1.5 times the total length of the truck, then the accessibility 
angle can be calculated according to the following 
procedure. In the case of paper reel or column obstacle, the 
algorithm calculates the maximum and minimum picking 
direction according to the belt problem [40], see Fig. 7   The 
two angles are described as follows:  

 P
grr  211sin  

    aroundUP a
ulus


  2,mod

max

    aroundDown a
ulus


  2,mod

min     (3) 

 
12

121tan xx
yy



  

where (a) is the picking interval. If the obstacle is a large 
surface such as walls or any other bulky circular object 
which is greater than predefined radius in the above 
suggestions, the shortest distance between the centre of the 
“reel and the obstacle is the perpendicular distance to that 
obstacle. The direction of robot movement (picking 
direction), between the reel and the obstacle creates a 
triangle as appears in Fig. 6.  
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Fig. 6 shows that the inaccessible directions are located 
between obstacle, reel and two picking angles say Θmin  and 
Θmax. If the minimum required distance, that allows 
manoeuvring is 1.5d -where d is the total length of the truck-  
is considered” [37], then the equations (3) become as in 
equations (4) 

 gd
grP

2
21sin



      

    aroundUP a

ulus


  


2,mod

max
2      (4) 

    aroundDown a

ulus


  


2,mod

min
2   

where λ is the obstacle norm global direction. g is the 
thickness of the truck groupers. 

 

 
Finally, to determine the accessibility angle, γ, the following 
definition had been made. The picking angels are a set of 
angles in ”a” intervals from Θmin to Θmax moving clockwise 
and including both of Θmax and Θmin. The accessibility angle 
γ is the picking  

  

 
angle plus 180◦. The example in the appendix demonstrates 
the concept above. 

III. RESLTS 

The working environment has been modelled as mentioned 
above and thus the truck was fitted with the two laser 
scanners. The scans of the two laser scanners were taken to 
the segmentation process. The P DBS segmentation process 
was chosen as mentioned previously [34]  because it is the 
robust algorithm for this environment. After different tests, 
the value of the noise reduction constant Co in the algorithm 
was selected to be equal to the error of the LRF. The error in 
the segmentation algorithm has been optimized especially on 
the fringe and on the nearest segments. Table I shows the 
results. 

 

Fig. 3. The path selection to transport reels from the 
unloading, to the loading area. The path is described 
by 9 points P1, P2 and P3 as points (P4 ,P5 and P6) in 

Fig. 2. 3 points (P4,P5 and P6) to guide the vehicle 
through the container entrance. Other 3 points (P7, P8 
and P9) to guide the vehicle to the farthest unoccupied 

cell in the container[37] 

Fig. 2.The six points that are chosen to generate 
the robot’s path to any paper reel and their 

arrangements. 
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The features were fitted directly from extracted segments. 
Features with high uncertainty were rejected by the 
algorithm. However, this did not affect the final results 
because of cumulative behaviour of the map building 
algorithm. Table II shows the result of fitting a circle and line. 
Note that the resulted error had been decreased to the 
minimum. Fig. 5 shows the result of segmentation and feature 
extraction algorithms. 
 

 

 
Fig. 6. Behaviour of truck-obstacle-reel at the moment of 

the grasping action if the obstacle is linear (wall) 
 
 

 
The use of Kalman filter to merge maps together as 
mentioned above, decreases the uncertainty in estimation to a 
minimum. It also makes rejection of segments more reliable 
and segments become more precise as they get closer to the 
truck. Thus, they appear in newer maps and therefore in the 
final map. 
Fig. 9 shows the result of building a global map with no 
prior knowledge about the environment. The map in this 
figure is built from 112 scan image from two different LRFs 
while the robot moving from point (10,10) to point (30,50) 
in an almost straight line. Table III shows the enhancement 
in the uncertainty of objects after the map building process. 
Note that some features overlap each other. These  
 
 
 
 
 

Fig. 7. Behavior of truck-obstacle-reel at the moment of 
grasping action if the obstacle is circular obstacle 
(warehouse pillar or another paper reel). The dots 

refer to the possible picking direction. The ×’s refer to 

inaccessible direction. 

Table I. A comparison between segmentation results;”number of 

effective segments and length of segments” when three values of 

noise reduction constants are used. The ineffective segments are 
segments on the beams fringes [37]. 

C0 0.5σr σr 1.5σr 

Total number of segments 12 15 17 
Number of effective segments 6 8 8 
Number of ineffective segments 6 8 9 
Number of incorrect segments 4 1 2 
Average length of a segment 10.9 12.2 13.6 
Average length of an effective segment 10.8 13 15.3 
Number of unconsidered scan points(of 
360) 

229 177 129 

 

Fig. 5. Extracting features and building a local map. 
Notice the ineffective segments on the periphery and 

the rejected segments. 

Fig. 4. Each reel has a 360◦ accessibility angles. 

Instead, it is considered as interval. Thus each reel 
has a small number of accessibility angles spread on 

the reel circumstance [37].
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Fig. 8. Changing the presentation of accessibility angles to linear presentation then removing the inaccessible angles 

and flagging them. 
 
 

 

overlapped objects are processed in the matching algorithm.  
In the matching algorithm, it was found that some 

features that should have been extracted as line are extracted 
as circles and vice versa. Thus, a new step to the matching 
algorithm was added as follows; [Calculate the 
perpendicular distance between each circle and each line in 
the map. If the distance is less than the radius of the circle, 
then calculate the intersection between          the line and the 
circle. If there is an intersection or overlap then remove 

the object with the lower sum of uncertainty matrix diagonal 
line]. The results had been noticeably improved. The 
updating process suggested above gave good results. 

However, there were some features which were extracted by 
mistake because of the error in the segmentation algorithm. 
These features are removed during the map-updating 
algorithm.  

The three consequential maps needed a lot of 
computational power and memory space. Implementing of 
this algorithm was found to be very difficult on the 
simulated environment. The algorithm was tested separately 
outside of the simulation process. The first three maps were 
used to generate the first global map. Once the fourth local 
map is extracted the first local map was deleted and the 
second local map becomes the first one, and so on. The 
extracted features were compared to each new-extracted 
features. Generally, the algorithm could decrease the 
segmentation error in the total process. 

The calculation of the priority of the paper reels and the 
picking direction was  made from   a fixed location for easy 
implementation. The results were as expected. Fig. 12 and 
Fig. 13 show the results of calculating the availability of 
each paper real in the stack after generating the global map, 
at prior to removing the first paper reel from the stack 
followed by removing the second one. Note how the 
Updating Algorithm finds the paper reel at the back of the 
first reel. The process of updating- calculating- choosing- 
moving continued until the desired stack had finished. The 
bold pink coloured dots in Fig. 12 and Fig. 13 show the 
availability intervals. Note the paper reel at (36, 52) appears 
in Fig. 13 but not in Fig. 12 where it is extracted and added 
to the map there. Hence, it has not appeared in Fig. 12 
because it is surrounded by two other reels, thus it could not 
be seen. The paper reels in the top row except the two 
corners are not available because they are very near to a wall 
or because there is a warehouse pillar blocking the way of 
the truck. The availability of paper reels in location (36, 51) 
increased noticeably after moving paper reel number 13, 
Fig. 13. In general, the paper reel that has the least number 
of inaccessible directions is the most available paper reel. 
Fig. 11 shows a closed look to the calculated picking 
interval for the paper reel in the left lowest corner of the 
stack.  

Table II. The uncertainty of features’ parameters that 

followed from fitting segments into features. 

Feature # 
Uncertainty 

UCx UCy UR 

Column1 0.0029 0.0057 0.0046 
Column2 0.0010 0.0071 0.0054 

Paper Real 
0.0474 
*10−3 

0.1713 
*10−3 

0.1485 
*10−3 

Wall 0.3644 0.0001 
 

Fig. 9. The result of building a global map of 56 
positions of the truck without any prior knowledge 

about the working environment. 
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To calculate the nearest paper reel in the simulation 
environment, the straight distance from the truck initial 
position to the paper reels stack is considered. Thus the shortest 
straight distance from the truck’s location first to the paper 
real, then to the centre of the loading zone becomes the 
deciding factor for selecting the first paper reel that should be 
moved. Of course, the result changes when the initial location 
of the truck changes. However, the above calculated 
assumption is still valid for the next paper reel when the truck 
drops its carriage in the loading area and returns to pick up 
the second paper reel where the calculation starts from the 
entrance of the loading area. Fig. 13 shows that the paper reel 
in the lowest right corner was the first reel selected and moved 
as expected. In a subsequent step, the paper reel in location 
(36, 51) was the second one selected. 

The path of the truck was generated as described above 
to fulfil the safety requirements. Fig. 14 shows a closer 
look at the results of the paths generated to each accessible 
direction.  

 
 

 
 

 
 

 

 

 

The total length of each path is calculated then the shortest 
path is chosen as in Fig. 14 and Fig. 15. Unfortunately, 
during the research phase, it was not possible to update the 
truck’s path automatically. Thus for convenience, the 
entrance of the loading area was chosen to be the starting 
point to calculate the first path for the first reel. However, for 
the next reel, the location of the truck after dropping down 
the previous reel inside the loading area was chosen to be the 
starting point for the next path for the next paper reel and so 
on. It appears from the figures above how the end of the path 
is almost a straight line to ensure safe manoeuvring to the 
paper reel. 

IV. CONCLUSION 

This work focused essentially on two problems; namely, how 
to choose the target paper reel to be picked and what are the 
best picking directions for the task? The results, as described 
above proved that the algorithm worked as well as expected. 
The results demonstrate the robustness of the algorithm for 
performing the tasks required.  

 
Fig. 15. The chosen path is the shortest and 

the easiest from paths in figure 15. 

 

 
Fig. 14. All possible paths to the paper reel. 

 

 
Fig. 13. Calculating of availability of paper reels 

after removing the first reel in stack.. 

 

 
Fig. 12. First calculation of availability of paper 
reels. 

 

 
Fig. 11. A closer look at the picking angles and 

access. 

 

 
Fig. 10. The initial arrangements of paper reels 

without column.. 
 

Table III. The position and uncertainty of some features 
in map Fig. 9. These features are represented in a right 

place as appears. 
Parameters Uncertainty 

Cx Cy R UCx UCy UR 

35.992 46.000 0.7446 10−4× 0.15 10−4×0.039 10−4×0.11 
35.597 50.814 0.7058 10−03× 0.14 10−03× 0.48 10−03×0.5 

32.526 50.845 0.7443 
10−04× 
0.051 

10−04×0.091 10−04×0.117 

23.217 50.717 0.6564 
10−03× 
0.077 

10−03×0.447 10−03×0.276 
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The research also provided an example to demonstrate how 
this algorithm works. The algorithm is tested in both a 
simulation environment and by real data collected from a 
warehouse by MALTA. The results were encouraging. It 
showed that it was possible to extend the applications of this 
algorithm into a different kind of industry such as drums that 
are used for transporting oil or chemical materials, and for 
picking applications of cable reels, or cans.  Nevertheless, 
further research may lead to progress and future advances in 
this field.  

APPENDIX A. DEMONSTRATION EXAMPLE  

Take Fig. 17 as an example to demonstrate the idea 
above. If the truck detected a paper reel of radius r = 
0.897m, located at 2.085m from a wall and has 3.48m 
from the nearest paper reel. The later one has r = 0.95m. 
If the truck total length is 3.7m and the grabber width is 
0.05m. The truck has updated its knowledge base with 
the following information: The location of the obstacle 
paper reel is at Φ = 210◦ from the targeted paper real, 
the location of the paper reel according to the wall is at  λ 
=90◦ . The picking interval  a = 5◦ is defined by the 
manufacturer. 

Note: It is not important to use degrees system or 
radian systems. The degree systems used here are only 
for demonstration purposes. The radian system is used 
for real application. 

Direct application to (4) leads to the following. 

    64.16sinsin 10370
107.895.2081

2
21

1 








gd
grp  

   34555
360,64.169090mod

max1 


 roundUP  

   19555
360,64.169090mod

min1 


 roundDown  

 

Thus, the picking angle from the wall are all directions 

[195 : 5 : 345] 

 

 

 

 

Now to calculate the picking angle from the other paper reel, 

use  (3) as follows.  

    03.33sinsin 348
5957.8911

2
21  

P
grr

  

   6555
360,03.3321090mod

max2 


 roundDown  

   35555
360,03.3321090mod

min2 


 roundDown  

Thus the picking angle from the other paper reel becomes the 
interval of angles 

[65 : 5 : 355] 

Now by removing the unavailable angles from the two 
intervals above, where interval of angles (15 : 5 : 165) not 
available from the wall and interval of angles ( 5 : 5 : 65) 
not available from the other paper reel, the following 
intervals where the availability angles of the targeted paper 
reel. 

[65 : 5 : 195] and [355 : 5 : 360] 

Fig. 16 illustrates how both picking angles have been 
converted to linear representation then added together to 
find out the total picking intervals. 
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