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ABSTRACT 

This paper proposes the design and implementation of one of the final stages in any production process using 

cooperative robotics and an organization based on ant colonies. The document presents a system focus on the selection and 

packaging; commonly, final steps in an industrial system. The strategy addressed using robotic mechanisms that emulate 

the ant's behavior in a colony, converting every stage into an efficient, flexible, effective process, even in the presence of 

production changes. 
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1. INTRODUCTION 

Sorting and packaging is the final stage of most 

industrial processes. The selection includes the 

determination of the adequate quantities of the final 

product, the discrimination between different final 

products to quality control. On the other hand, the 

packaging determines the packing and the correct sealing 

of the product (if necessary) as well as the location of the 

packed product in the desired place either a warehouse or 

a truck for its prompt distribution. 

Although it is not easy to quantify with 

percentages the number of factories that have some degree 

of automation at this stage is not difficult to see, in 

countries like Colombia, that this process is still done 

manually (with human operators) in most cases. In 

countries whose production is high and highly 

technological like China and Germany this final part of the 

manufacturing is only done by machines, allowing 

investment in more specialized labor in other more critical 

stages. 

 

1.1 State of the Art 

The creation of solutions based on bio-inspired 

engineers doesn’t have an exact date of origin, but their 

more relevant work was presented in 1956 by Pierre-Paul 

Grassé, a French biologist who created the Stigmergy 

theory. This theory models the behave of nesting of the 

termites [1].  

This model offered the possibility of generating 

new solutions for computational processing, robotic 

systems, etc; using different kinds of insect colonies. M. 

Dorigo, in 1991, proposed the first algorithm based on 

ant’s colonies for his Ph.D. thesis. This work generated 

particular interest in one bold characteristic of ants, the 

ability to create paths with pheromones, which are 

completely compressive for the ants but they’re not a 

physical boundary for others [2].  

Inspired by this characteristic, some pherobts had 

a search and recollection simulation [3]. The simulation 

had relevant work for the inclusion of algorithms of panic 

sensation and spatial interference reduction. 

Another characteristic emulated is the ant’s 

ability to construct its nest cooperatively. [4] shows an 

investigation where 3 robots cooperate to adapt a field 

using bio-inspired algorithms. [5] presents some 

algorithms and comparisons between different processes 

made for structures that emulate ants colonies' behavior, 

showing their efficiency in different tasks like finding the 

best path, based on pheromones paths, and carrying 

objects with relative big size. 

 

1.2 Ant Colony Theory 

Ants explore areas near to their nest to find some 

food when they find it, they assess the quality and the 

quantity and take a sample of it to the nest.  On the way 

back, the ants segregate pheromones to the air, this will 

help other ants to find their way to the food source, so this 

can be taken, completely to the nest.  

The study of the process mentioned before has 

concluded that the communication between ants allows 

them to find the shortest path between the nest and the 

food source [6 -11]. 

Figure-1 illustrates an example that explains the 

behavior mentioned before: If an ant goes out of its nest 

looking for food, and has reached a point where it needs to 

decide about which direction should it take, it could be 

right or left. If there aren’t pheromones in the air, the ant 

would have to choose randomly. R is named for the ants 

that turned right, and L for the ones that turned left. 

 

 
 

Figure-1. Ants taking a decision. 

 

mailto:jcamargo@udistrital.edu.co


                                VOL. 16, NO. 11, JUNE 2021                                                                                                                  ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1179 

Figure-2 shows what would happen if all the ants 

had the same speed. The dotted lines show how many 

pheromones the ants have segregated. 

 

 
 

Figure-2. Random path selection and the effect on the pheromones’ segregation. 

 

Figure-2 also shows that there will be more ants 

moving by the shortest path. On the way back to the nest, 

the shortest path would be the one with the highest 

concentration of pheromones, so the ants won’t have to 

make the decision randomly again. 

By feeling the concentration of pheromones the 

ants would interpret that the path with the most 

concentration of pheromones would be the shortest road to 

the food. Figure-3 shows how this process increases due to 

the positive feedback of the ants. 

 

 
 

Figure-3. Pheromones’ accumulation in the shortest path. 

 

2. LEGO MINDSTORM NXT 2.0 

LEGO Mindstorm NXT is the second generation 

of robotics products made by LEGO™. The first 

generation was launched in 1998 with the name “Robotic 

Invention System” [12 - 15].  

This system had such an impact that LEGO had a 

category in worldwide competitions such as “RoboCup”, 

in a junior version [16 - 18], FLL (First LEGO League), 

and WRO (World Robot Olympiad) [19]. It also had 

different symposiums [20], forums, journals [21], etc. 

 

2.1 CPU (Brick) [12] 

▪ Main processor: Atmel 32-bit ARM, 

AT91SAM7S256.  

▪ Coprocessor: Atmel 8-bit tipo AVR, ATmega48. 

▪ 4 Input ports: Digital interface 6-wire, it can work 

with digital or analogical signs  

▪ 3 Output ports: Digital user interfaces, 6-wire. 

▪ Bluetooth: CSR BlueCoreTM 4 v2.0 +EDR System, 

works with SPP (Serial Port Profile). 

▪ USB 2.0: 12 Mbit/s speed 

▪ Screen: LCD screen 100 x 64 píxels monocromatic.  

▪ Speaker: 8 bits resolution. 

 

2.2 Sensors 

The CPU uses analogical or digital sensors to 

communicate with the environment. The analogical 

sensors depend on the current created by a generator in the 

Brick. This generator provides energy to the sensor for 3 

ms and then measures the analogical value for the next 0.1 

ms.  

The measurement of the LEGO Mindstorms NXT 

sensors, using the analogical/digital converter, needs to 

contain the time required by RCX. For this reason, the 

tactile, light, sound, and temperature sensors must be 

measured every 3 ms.  

On the other side, digital sensors, an external 

microcontroller to measure the variables, communicated 

between them using I2C protocol. 

 

2.3 Software 

LEGO and National Instruments (Labview 

developers) created a programming environment named 

NXT-G that uses a computational language named G 

(Based on visual flow of data). 

In this process, the union of blocks that represent 

motors, sensors, and operations creates some basic 

programs. However, NXT-G has limited performance, and 

this doesn’t allow create and diagnosis of specific 

algorithms in real-time. In this context, some tools were 

created to improve the performance of the robot, those 

tools are LabVIEW Toolkit para LEGO, BricxCC, pbLau, 

leJOS NXJ, Urbi. 

 

3. PROTOTYPE 

After many tests, this investigation established that 

the prototype needs to be composed of the elements listed 

forward, this will ensure the appropriate operation of the 

system: 

 

▪ Scale model (Work environment) 

▪ Robotics agents: 

▪ Fixed robotic agents 

▪ Mobile robotic agents 

▪ Computer (HMI) 
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3.1 Scale Model 

The scale model is where the robotics units are, 

and where they do the selection, packaging, and sealing 

process of the boxes, as well as afterward transportation 

and location. Figure-4 shows a scale model with 6 main 

components: 

 

 
 

Figure-4. Prototype’s scale model. 

 

▪ Floor: there must be ensured a flat, hard, subdued 

color 

▪ Walls: walls surround the scale model and are 

fundamental for the location of the mobile agents. 

▪ Warehouses: Warehouses are the final destiny for the 

boxes that are already packaged. The robot can 

distinguish between warehouses for the floor’s color.   

▪ Line: The line gives the robot an initial position, it 

goes from the transportation exit to the initial 

position, it’s compound form three colors.    

▪ Ramp: The ramp provides the balls that the conveyor 

belt selects to package the boxes.    

▪ Deposit: It’s the place where the final products that 

were not used are stored.   

 

3.2. Robotic Agents  

The robotic agents provide the services necessary 

to do all the tasks that must be done during the selection, 

transportation, packaging, and storing process.  

There are two different types of robotics agents: 

fixed robotic agents, and mobile robotic agents.  The two 

types of robots use the Mindstorms de Lego® parts which 

include: sensors, CPU, and motors. 

 

 

3.2.1 Sensors’ conditioning Ultrasound sensor 

The ultrasound sensors allow the robot to 

measure the distance from an object.  They also detect 

obstacles. At the moment of testing these sensors, some 

parameters weren’t as the user manual described, for 

example:  

 

▪ Range: It wasn’t possible to measure distances 

smaller than 7 cm.  When the sensor finds an obstacle 

within this distance it shows a value of 255, which is 

the same value as for no obstacle.  

▪ Interference: The interference exits when two robots 

find themselves in front of each other. This situation 

is implausible for this system.   

▪ Moving behavior: If the sensors have medium or 

high vibration levels, the measurement will be 

affected, especially between 40 cm and 50 cm of 

distance. To solve this, the sensors were placed in a 

platform that gives higher stability.  Additionally, the 

mean value of the measurements was used to avoid 

amounts where the sensors didn’t detect any object.  

▪ Shape variation on the objects: Precision in the 

measurements depends on the object that produces the 

measure. If there is an object as small as the sensor 
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the result would have a considerable measurement 

error. 

 

Color sensor 

The color sensor for the fixed robotic agents 

allows the selection of products. On the other hand, this 

sensor for mobile robotic agents is a tool to explore and 

understand their environment.  

The color sensor used in this investigation was 

the NXT Color Sensor V2 (NCO1038, produced by 

HiTechnic. This sensor uses one LED for lightening an 

objective and afterward analyzes the red, blue, and green 

components in the reflected light.   

The sensor returns a value between 0 and 17, 

each number represents a color. Table-1 shows the colors 

selected to be used in the prototype. 

 

Table-1. Corresponding numbers for the colors used  

in the prototype. 
 

Color No. Element 

Yellow 6 Warehouse’s floor 1, and central line. 

Blue 3 Balls type 1. 

Brown 14 Floor. 

Orange 7 Faulty balls 

Black 0 Stops’ lines in the packaging zones. 

Red 8 
Warehouse’s floor 2, and left outside 

line. 

Pink 10 Balls type 2. 

Green 4 Right outside line. 

 

Compass 

The compass is used for the mobile and fixed 

agents to obtain information about their position. The 

digital compass NXT (NMC1034) uses the magnetic field 

to give a value that represents where the sensor is pointing.  

The magnetic north is 0°, and the angle provided depends 

on it, with a value between 0° and 359°.  

The compass sensor required mayor training due 

to its no-linear behavior. The measurement range was 

from 0° to 345° with 15° intervals. Table-2 shows the 

results obtained.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-2. Measurements used to obtain the compass 

characteristic equation. 
 

Real value 
Measured 

value 
Real value 

Measured 

value 

0° 0° 180° 126° 

15° 10° 195° 145° 

30° 18° 210° 160° 

45° 27° 225° 174° 

60° 39° 240° 194° 

75° 46° 255° 217° 

90° 58° 270° 249° 

105° 72° 285° 270° 

120° 82° 300° 285° 

135° 90° 315° 319° 

150° 100° 330° 334° 

165° 110° 345° 252° 

 

The data described above were used to obtain the 

characteristic curve of the sensor. Equation (1) describes 

the behavior of the data.  

 

y = 0.000005x3 − 0,0044x2 + 1,9108x − 4,170    (1) 

 

Figure-5 shows the characteristic curve for the compass. 

 

 
 

Figure-5. The characteristic curve for the  

HiTechnic compass. 

 

Equation (1) was used to measure the angle 

where the robot is pointing. This was done to obtain 

precise turns. However, the mobile and fixed agents have 

an architecture that allows turns with a precise angle of +/-

2°. 

 

Accelerometer 

The acceleration /inclination sensor (NAC1040) 

produced by Hitechnic allows us to measure the 

acceleration and inclination that the sensor experiences.  

The accelerometer had a satisfactory 

performance. However, the mean of 16 measurement data 

was used to avoid any mistaken measure. 
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3.2.2 Fixed agents 

The fixed robotic agents have the function of 

selecting and packaging the object. These robotic agents 

work cooperatively, so they have continuous 

communication to do their labor. The fixed robotic agents 

used in this investigation were: 2 robotic arms and a 

conveyor band. 

 

Robotic arms 

The robotic arms separate the faulty product from 

the good ones, they also remove the plastic balls when the 

quantity required for the user has been completed.  

 

Conveyor band 

The conveyor band and the robotic arms are made 

of Mindstorms parts, distributed by Lego®. The conveyor 

band has a color sensor, this transports the balls from the 

warehouse to the boxes placed at the end of the conveyor. 

This sensor also helps to number the balls required by the 

user and counts the defective balls. 

3.2.3 Mobile agents 

The mobile agents are the ones that look for a 

better path for the box’s transportation. They also transport 

the boxes with the right amount of objects required by the 

user.  

The mobile agents work collectively with the 

fixed agents, with continuous communication to obtain the 

whole process of packaging and transportation. The 

components of the mobile agents are: 

 

▪ 1 CPU (Brick) 

▪ 2 servo-motors. 

▪ 2 ultrasound sensor by Lego®. 

▪ 1 HiTechnic NXT Color Sensor Version 2 for LEGO 

MINDSTORMS NXT. 

▪ 1 HiTechnic NXT Compass Sensor for LEGO 

Mindstorms NXT. 

 

Table-3 presents the robots used in the system. 

 

Table-3. Robotics constituents of the system. 
 

Robot Category Assigned task Imagen 

ARM1 Fixed agent Balls selection 

 

ARM2 Fixed agent Box sealing 

 

CONVEYOR Fixed agent Box packaging 

 

ROBOT_1/ 

ROBOT_2 

Mobil 

agent 

Looks for storing 

and packaging 

 

HUB HMI Communication 
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3.2.4 Human-machine interface (HMI) 

The human-machine interface is the way how the 

user can communicate with the system; this interaction 

was done using software that gives the instructions of the 

user to the robotic agents. For this purpose, this 

investigation used a CPU NXT de Lego® using a USB 

connection.  

Each CPU NXT has 10 Mailboxes, that allows 

the exchange of information between CPU’s or with a 

computer. When these messages are exchanged using a 

Bluetooth® connection the transmissions are Remote. The 

information sent could be Boolean, a number, or text.  

On the other side, when the exchange of 

information is via USB, only a String message can be 

exchanged. Figure-6 shows the sequence needed to send a 

message from HMI to HUB and vice versa. 

 

 
 

Figure-6. Tx’s sequence form HMI to the robotic agents. 

 

4. ALGORITHMS USED 

The algorithm used in this research was divided 

into five main processes, which are: 

 

▪ Environment exploration  

▪ Path calculation  

▪ Boxes’ transportation  

▪ Selection and packaging  

▪ Boxes’ sealing 

 

4.1 Environment Exploration  

One of the main characteristics of this system is 

that it has high autonomy. The user only needs little data 

to make it work. The algorithm has two random states: 

 

▪ Initial direction:  ones the robot left the sealing zone, 

it picks a random number between 0 to 2, which will 

decide the direction to take, go left, go right, or go 

forward.  

▪ Turn angle: when the robot hits an obstacle, it moves 

back and turns using the motor for a specific time. 

 

4.2 Path Calculation  

After finding the warehouse, the robots have to 

find the shortest path and the one with the fewer number 

of turns to transport the boxes. The algorithm done allows 

one robot can to understand the path and simplify the route 

to the warehouse. 

4.3 Boxes’ Transportation  

When an ant gets the information that a box is 

ready, it transports the box to the sealing area.  

During the sealing process, the ant verifies the 

location of the warehouse, if it doesn’t know where it is 

the ant communicates via Bluetooth® with another ant, an 

explorer ant.  

The explorer ant will give a coordinate to the first 

ant, so this can arrive at the final point. 

 

4.4 Selection and Packaging of Products.  

The selection and packaging of balls is a process 

done by two robots. One robot puts the balls in the box, 

the other robot is the conveyor belt that is in charge of 

moving the balls. 

 

4.5 Sealing the Boxes 

For the sealing of the box, the robot pushes the 

top of the box and presses it to seal it. 

 

5. FINAL RESULT 

The final result was the union of all the processes 

explained above. Table-4 shows the processes depending 

on the time since the box is packaged, sealed, and 

transported to the warehouse.  
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Table-4. Final synchronization. 
 

Time Process 1 Process 2 

0 User requirements to the HMI  

1 
HMI (HUB) ends the data about the number of balls of 

each color and the warehouse to the conveyor. 
 

2 
ROBOT_2 informs the conveyor that it is in the initial 

position and requests information about the warehouse. 
 

3 ROBOT_2 moves to the packaging and sealing zone.  

4 
ROBOT_2 asks ROBOT_1 to locate the box in the initial 

position. 
 

5 
ROBOT_1 takes the boxes to the initial position  (black 

mark) 
 

6 ROBOT_2 looks for the warehouse CONVEYOR and ARM1 fill the 

boxes and inform ROBOT_1  

when it's complete. 7 
ROBOT_2 finds the warehouse and returns to the 

transporting zone (red mark). 

Both processes must be completed to continue 

8 ROBOT_1 moves and asks ARM2 to seal the box.  

9 ROBOT_1 asks ROBOT_2  coordinates to the warehouse  

10 ROBOT_1  takes the box to the warehouse. ROBOT_2 follows the line to the 

initial point. 11 ROBOT_1 leaves the box and park in the red mark. 

The robots wait for new instructions from  HMI 

 

6. CONCLUSIONS 

The algorithms made had a high computational 

cost and required a long time for the implementation 

process.  The implementation of the pheromone was not 

feasible because it required multiple iterations to find an 

efficient path. On the other hand, the random movements 

and pseudo-dependent of the environment make the 

location of the boxes a dynamic process.  

The accurate synchronization of the system 

requires proper communication and the right amount of 

sources like batteries, computational cost, etc. The NXC 

software allowed the right communication process and 

gave the possibility of doing functions remotely, assessing 

the path, and operating different variables.  

The HMI was implemented in a computer using 

LabView and with a CPU NXT simultaneously.  The 

additional CPU optimized the Bluetooth communication 

of the CPU NXT with the computer.  

The system made was efficient, dynamic, 

autonomous, and a feasible model for a real scale design. 
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