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Abstract -  This  paper  presents  part  of  our  experience  in 
preparing students for participation in international robotics 
competitions. We make a brief overview of some of the most 
popular robotics competitions in the world and then we stop 
at some of the common problems that students and mentors 
face while preparing as a team.
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I. INTRODUCTION

There  are  literally  hundreds  of  robotics  competitions 
throughout  the  world  held  every  year.  Most  of  the 
competitions are open for participation from international 
teams  while  others  are  directly  positioned  as  entirely 
international competitions. 

Generally  every  competition  is  targeting  one  of  the 
following groups – school students, college and university 
students, professionals. 

Although they are different in almost every aspect from 
preparation  to  execution,  most  competitions  share  a 
common mission that  is  to improve the education in the 
field  of  Science,  Technology,  Engineering  and 
Mathematics  (STEM).  Even  competitions  for  students  at 
the age of 7-8 are trying to light up the interest in students 
and to engage them further in experimentation, exploration, 
innovation and technical science.

A. Important competitions

World Robotics Olympiad  – started in 2000 as a co-
venture between South Korean company “Learning Tools” 
and LEGO Education with four countries participating in 
the  first  competition.  In  2004  there  are  more  than  12 
countries  participating  and  as  a  proof  of  the  continuing 
growth in popularity  in 2011 there  are  more  the 15 000 
students from 34 countries. [5]

The simple  idea  of  the  competitions founders  and  the 
ambitious goal  set  by them is  to  have  robots  competing 
again  humans  in  every  sport  and  winning  these 
competitions, and this should happen by 2050.

The Olympiad is held in three categories: 
• Regular
• Open
• Football second generation

The regular challenge is based on a specific task and a 
team  of  students  must  program  a  robot  to  climb  stairs, 
gather balls or sort different  objects, as an example. The 
competition is held in three age categories and the age is 
taken into account when developing the missions and tasks 
for the competition.

In  the  open  challenge  the  team  must  construct  and 
program a  robot  on  a  given  subject  like  “humanoid”  or 
“robot helping seniors”.

The Football category is one of the most attractive since 
most people are familiar with football rules. Students must 
be at the age between 10 and 19 years. Two teams compete 
against each other in a 10 minutes round using a specially 
developed ball. 

FIRST  LEGO  League –  FIRST(For  Inspiration  and 
Recognition  of  Science  and  Technology)  is  an  non-
governmental  organization  (NGO)  based  in  USA  and 
founded in 1989 by Dean Kamen. Right after founding the 
organization he has started preparing the FIRST Robotics 
Competition (FRC). The competition was held in 1992 for 
the first time.

Afterwards FIRST starts working with younger students 
and organizes the FIRST VEX Challenge in 2005. There 
are certain hardware requirements for the competition, but 
it leaves great freedom for the teams.

In 1999 the idea of FIRST LEGO League competition is 
first formed. Students between the age of 9 and 14 years 
are competing using LEGO MINDSTORMS base robotics 
kit.  Initially  there  are  1000  (one  thousand)  teams 
participating in the first season. Twelve years later there are 
an  overall  of  60  countries,  19  000  teams  and  200  000 
participants taking part  in the competition. For USA and 
Canada the age requirement is 9-14 while for the rest of the 
world it is 9-16. [4]

FIRST LEGO League main differences from the other 
FIRST competitions are:

• Students can use only official  LEGO bricks and 
electronics.  The controller must be the one from 
the MINDSTORMS or RIS robotics kit. 

• The firmware  of  the  controller  is  open  sourced. 
Currently  57 programming languages  are  ported 
and could be use to program the controller [7]. To 
make  the  competition  fairer  and  to  allow  even 
younger students to have a chance against students 
at the age of 16, all teams must use the NXT-G 
programming language. 

• Every team consists of 5 to 10 students.

The following graphic shows the number of teams taking 
part in the competition worldwide from 1999 to 2011.
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Figure 1. Number of teams in FLL

From 2011 School of robotics “Robopartans” along with 
the partnership of  German NGO Hands-on-technology is 
organizing  a  local  FIRST  LEGO  League  tournament  in 
Bulgaria. On 26 November 2011, 80 students in 11 teams 
took part  in the competition. In 2012, 15 teams and 120 
participants are expected. [6]

The  following  graphic  shows  the  number  of  teams, 
countries and tournaments held in Central Europe.

Figure 2. FLL in Central Europe

FIRST  Tech  Challenge  – is  one  of  the  other  most 
popular FIRST competitions for students at the age of 14 to 
18. The competition aims to make a smooth transition from 
FLL to FRC. The initial idea of the competition is to create 
a robotics platform that should be used by all teams. As a 
result the VEX Robotics Design System is developed and 
initially used. Students are allowed to use NXT-G, RobotC 
or LabVIEW for programming the robots.

Figure 3. Example for FTC robot

On the tournament day the teams competed on a 3657.6 
by 3657.6 mm play mat. The robot must not exceed 457.2 
mm in every direction, but is allowed to expand after the 
start of the match. Both teams have two robots on the field. 
The round lasts 160 seconds. For 40 seconds the robots are 
autonomous and for the remaining 120 seconds the robots 
are controlled by the team players.  

FIRST  Robotics  Competition is  an  international 
competition for students at the age of 14 to 18. On average, 
a team consist of 25 students, but their number can vary 
between 4 and 100. First held in 1992 the competition is 
one of  the most prestigious in  the field of robotics.  The 
pilot season had 28 team and the last season in 2011 had 
2075  teams  from  11  countries.  Compared  to  the  other 
FIRST competitions FRC requires a more serious budget, 
that starts at about 10 000 $ per team. 

In  each  round  of  the  competition  the  robots  are 
controlled by the team players for 120 seconds and operate 
autonomously for 10-15 seconds. [4]

Figure 4. Example for FRC match

Junior FIRST LEGO League first started in 2004 and 
targets  children at  the age of  6 to 9.  The competition is 
created  as  an  analog  of  FIRST  LEGO  League,  but  the 
challenge  is  consistent  with  the  age  of  the  students. 
Children must search and present a solution of a problem to 
the jury and must also build a prototype for this solution 
using LEGO bricks.

B. Preparing teams for robotics competitions

As the goal of most competitions is to engage students in 
STEM  education,  many  of  the  students  do  not  have  a 
previous background in building and programming robots. 
The mentors of the teams may also lack specific technical 
skills that would allow them to help the team. 

Preparing a team for FIRST LEGO League may require 
8  to  12  weeks.  Every  team  is  led  by  one  or  two 
mentors/coaches. The goal of the mentor is to organize the 
team, to solve any conflicts, to help the students with the 
logistics  and  to  motivate  them.  Mentors  should  keep  in 
mind that the competition is about the students and should 
limit their direct influence in solving the missions. 
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The problems that each team face can be summarized in 
the following categories.

Software – students are allowed to use only the NXT-G 
software  for  programming  the  robots.  The  interface  is 
based on a “drag-and-drop” concept and can be used even 
by students at the age of 8 to 9. Although developed for 
younger  students  NXT-G  is  a  complete  programming 
language  that  includes  instructions,  loops,  switches, 
variables, etc.

Figure 5. Screen of NXT-G

Parallel  execution –  one  of  the  main  problems  that 
students face  with programming the robots is  controlling 
the motors and the sensor of the robot in parallel. In many 
situations  we  have  seen  students  trying  to  read  input 
information from the sensors and command the motors in a 
sequence  of  commands.  This  leads  to  the  problem  that 
while  the  motors  are  functioning  the  controller  can  not 
accept input from the sensors. For example: counting the 
claps  while  moving.  If  the  blocks  are  executed  in  a 
sequence, no claps are counted while the robot is moving. 
This may sound way too familiar for a specialist from the 
field of technical science, but in many cases is unnatural 
for the students. 

The solution for the mentor is to help the team build the 
robot  in  a  behavior-driven  manner  or  even  as  a  state 
machine with transitions between different states.

Program complexity  – as teams are implementing the 
robot program the complexity of the program will develop 
over time. This may lead to longer debugging times and 
harder implementation of changes in the algorithm of the 
program.

A solution  that  mentors  and  the  team could  use  is  to 
think of the robot in terms of its behavior, not in the terms 
of the instructions that the robot follows. This allows the 
team  to  implement  the  different  behaviors  and  separate 
function calls, called blocks. 

Motor speed and accuracy  – LEGO MINDSTORMS 
uses  9V  servo  motors  for  the  robot  movement.  The 
characteristics  of  the  motors  greatly  depend  on  the 
batteries,  load  and  desired  speed.  One  of  the  first 
challenges that students have when using the motors is to 
synchronize  the  motors  and  make  the  movement  of  the 
robot more accurate. 

The  following graphic  shows  the  characteristics  of  an 
NXT motor versus applied load using different batteries.

Figure 6. Mechanical Power vs. Torque

The graphic clearly shows that the motor depends on the 
used  battery  which  in  most  of  the  cases  leads  to 
misinformation  in  the  teams.  Since  they  know  that  the 
battery influences the behavior of the motor initially they 
blame it for most of the mistakes that the robot makes.

The  next  graphic  shows  another  difference  in  motor 
performance when different batteries are used.

Figure 7. Rotation Speed vs. Torque

Aware of this problem LEGO developed a battery for the 
robotics  kits  that  could maintain the voltage  to  a  certain 
level for a longer period of time. The voltage drops only 
just before the battery is off. 

All  the  problems  connected  with  motor  accuracy  and 
battery charges are a good opportunity for the mentor or the 
teacher to have a more deep discussion with the team on 
subjects like voltage, current, speed, torque, etc. 

In all the teams we have seen non of them had any real 
problems with the new batteries from LEGO. 

The accuracy of the robot also depends on the motors 
synchronization. If the two motors are not synchronized in 
their movement and the robot positioning is entirely based 
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on  trigonometry  without  the  use  of  sensors,  then  all 
positions will be highly inaccurate. 

A solution to this problem is to choose which motors to 
use in pairs.  The process  of  choosing the motors  can be 
separated in a few steps where each two motors are tested 
together and the ones that diverge less are then chosen as 
well synchronized motors.

Setups as the one shown below can be used:

Figure 8. Synchronization of NXT motors

Electronics  and embedded components –  when first 
using and directly controlling electronic components on a 
low  level  students  are  overwhelmed  by  the  volume  of 
information  they  have  to  gather  before  even  building  a 
moving robot.  

Our  experience  shows  in  is  a  good practice  to  attach 
newly developed sensors or motors to an already existing 
platform  like  LEGO  MINDSTORMS.  This  gives  the 

students an initial boost in productivity while giving them 
great freedom and allowing them to learn more about the 
internal protocol of communications of the platform. The 
connector  is  similar  to  RJ12,  although  not  entirely 
compatible.  All  external  communications  are  done  using 
multi-master serial single-ended computer bus I2C. There is 
a great variety of third party components already available 
from  companies  like  HiTechnic,  Dexter  Industires, 
R.J.McNamara and others.

II.CONCLUSION

All  teams  preparing  for  a  FIRST  LEGO  league 
tournament competition or robotics competition in general 
face  common  problems  in  their  training  activities.  The 
current paper presented some of the problems and solutions 
we have found. Every similar problem is an opportunity for 
the students to learn some concrete details from the world 
of technical science and an opportunity for the mentor or 
teacher to present the sometimes not so interesting material 
in a more engaging way.
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