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4. Introduction 
PML-30 robot was created for the FTC competition. Lego Mindstorms Education set (9797) and 

Lego Tetrix set (739 144) were used. We had a strict limit in the number of parts because we had only 
one set of each type. 

4.1 Requirements for the robot 
General Robot Rules 

Team has presented Bill of Material listing all Non-TETRIX (or MATRIX) parts used 
on their Robot  I7 

Robot fits within the Sizing Box (18” x 18” x 18”) without exerting force on box sides 
or top  RG4&I3 

Robot does NOT contain any components that could damage the playing field or other 
robots  RG3a&b 

Robot does NOT contain any hazardous materials  RG3c 

Robot poses NO obvious unnecessary risk of entanglement  RG3d 

Robot does NOT contain any sharp edges or corners  RG3e 

Main Power Switch is readily accessible and visible to competition personnel and 
installed properly  

RG5 & 
R3d 

All batteries are securely attached to the robot  RG6 
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NXT battery can be easily removed with minimal disassembly of the robot  RG7a 

USB ports (NXT and Samantha) are easily accessible  RG7b 

NXT Controller and Samantha Module buttons are readily accessible  RG7b 

NXT Controller liquid crystal display and Samantha LEDs are readily visible  RG7c 

Electrical components are mounted such that they are protected from Robot-to-Robot 
contact  RG7d 

Robot Flag Holder is present and adequately holds the flag during normal robot 
operation  RG8 

Team Number is visible from at least 2 sides (180 deg. apart), 3” tall, 1/2” stroke on a 
contrasting background. The numbers are robust enough to withstand the rigors of 
match play.  

RG9 

Stored energy is provided by approved sources  RG10 

Game elements launched by the robot don’t exceed height and range constraints  RG11 

Robot Parts and Materials Rules 

All preformed components on the Robot are from the TETRIX, LEGO, and MATRIX 
robotic systems  R1 & R2c 

Robot does NOT contain COTS assemblies other than those specifically allowed in the 
rules  R2a 

Robot does NOT contain prefabricated and/or preformed COTS plastics or metal  R2b 

Robot does NOT contain additional mechanical parts other than the items listed in R2d  R2d 

Robot has exactly one (1) NXT controller and additional microprocessors comply with 
R3a  R3a 

Robot has one (1) official NXT rechargeable battery pack (AC or DC) or six (6) AA 
batteries (not both)  R3b 

Robot has exactly one (1) official TETRIX or MATRIX main battery pack  R3c 

Only HiTechnic or MATRIX motor and servo controllers are used (any quantity is 
permitted)  R3e 

Maximum of eight (8) TETRIX or MATRIX motors and twelve (12) servos, all 
controlled by HiTechnic or MATRIX controllers  R3f 

Each NXT motor port (A, B or C) controls no more than: (i) one NXT Interactive 
Servo Motor, or (ii) one XL Power Function Motor, or (iii) two E Power Function 
Motors, or (iv) two M Power Function Motors, or (v) one E plus one M Power 
Function Motors  

R3g 

Robot has exactly one (1) Samantha module and one (1) USB cable  R3h 

All sensors attached directly to the NXT, HiTechnic Sensor Multiplexor, or HiTechnic 
Touch Sensor Multiplexor are LEGO or HiTechnic products  R3i 
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HiTechnic 9-volt Battery Box (if used) is only used as part of the NXT Sensor 
Multiplexor  R3j 

HiTechnic SuperPro Prototype Board and NXT Prototype Board comply with the 
specified constraints  R3k 

Only LEGO approved NXT extension and conversion cables are used  R3l&m 

Electrical connectors are Anderson PowerPole, crimp, or quick connect styles  R3n 

Power, motor control, servo, and encoder wires are the correct size  R3o 

Only visible light LEDs are used and powered by either the main battery or no more 
than one battery of any type not to exceed 9 volts  R3p 

Robot contains only specifically allowed electrical components and the electrical 
components have NOT been modified from their original state except as permitted by 
the rules  

R3s 

LEGO Pneumatic Elements have NOT been modified to change their pressure limits  R4 

Decorative components used on the robot are constructed with allowed parts or they 
are non-functional. Decorations are in the spirit of Gracious Professionalism  R7 

 
Robot PML-30 satisfies all the requirements listed above. 

4.2 Goals and Objectives 
The purpose of this robot is that it would defeat the opponent, gaining more points. The competition 

consists of 2 periods: 
1. Autonomous period. 
2. Period involving operators of robots. 
 
1. Autonomous period: This period lasts for 30 seconds, during which the robot has to hang on hooks 

(marked with IR transmitter) autonomous rings. A robot should be autonomous. For each ring on a 
hook the alliance receives 50 bonus points and this hook in the property. 

 
2. Period involving operators of robots: An operator has to get the following goals using a 

manipulator: 
Hang rings on hooks hanger, put them on the surface of the central "gate" or on hooks corner "gate." 

Hanger has two independent sides, each of them has three rows of hooks, three hooks in a row. A ring 
of any alliance (i.e., red or blue) and any type (normal or weighted) can bring their alliance deserved 
points on any hook (i.e., for example, all of the relevant points for the red rings that hang on the side of 
the hanger, facing the site for the alliance, "blue", will be awarded without any restrictions). The team, 
managed to hang on a particular hook more rings than its opponents, receives the "ownership" of such 
a hook, except in cases where the hook is independent of the opposing team a ring, giving it an 
unqualified "ownership" on a hook. If both of the alliance have the same number of rings (more than 
zero) on one hook, the "ownership" of such a hook will belong simultaneously to both alliances. Ring 
lying on the surface of the central "gateway" field of play must be entirely within their external borders 
(ie, no part of the ring can not be a boundary line for the central "gate"). Only weighted rings can bring 
their alliance score, being on the hook angle "gate." Conventional and autonomous ring placed on the 
corner "gate" will not count and do not bring any points.) 
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Final Stage. This stage lasts for the last 30 seconds of the period with the operators of robots, in this 
period of time a robot team can raise their robot alliance partners over the surface of the playing field 
in order to earn bonus points for lifting the robot. Robots that perform recovery, protected zone of the 
alliance (autonomous robots). 

In order to get the bonus points for lifting the robot, it is necessary that the weight of the robot lifted 
completely relied on the robot partner in the alliance without any objects or elements of the game (ie, a 
robot that performs the recovery, must independently hold 100 percent of the weight to be lifted robot). 
A robot that performs recovery, may not use any elements playing field (for example, stands, holders 
of the Rings, etc.), in order to raise the robot partner. Raised by robots should be held above the 
playing field for at least one (1) minute or as long as the referee has completed the scoring and bonus 
points for lifting the robot after the match. 

The system of scoring a match in the final stage of the game. 
Bonus points for lifting robots - robots that are raised and held above the playing field at a height of 

not less than 1 inch (2.5 cm), the alliance will bring his 30 bonus points. The height is measured from 
the lowest point of the robot to the coating surface playing field. 

In addition, alliances can get another five (5) bonus points for each additional inch (2.5 cm) high, 
which raised the robot, while the maximum allowable height above the surface of the playing field (61 
cm). 

 
The purposes for our robot: 
1. The robot must be able to take the ring off the hook. 
2. The robot must be controlled with a joystick using Samantha module. 
3. Create a design that will allow for these resources to hang the rings on the maximum height. 
4. The robot must be able to take two rings at the same time. 
5. The robot should be able to get on the stair of the central gate. 
6. Controlling the robot should be as convenient as possible for the operator. 
7. Robot operator should be able to distinguish the heavy ring of light. 
8. In autonomous mode, the robot should hang a ring on a hook marked with IR transmitter. 
9. Model of the robot is to be implemented in Creo. This is necessary to ensure that if you have to 

disassemble the robot, it can be easily restored. Also in Creo can be viewed as the robot's behavior 
changes when modifying, without touching the robot, thus reducing the risk of failure during 
testing. 
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5. Main part 

17.11.2012 
1. Date and time of the meeting: 

Date of Meeting: 11/17/2012. 
Start time: 16:00. 

 
2. The goals: 

2.1. To design a construction that goes and hangs the ring at the same height. 
2.2. To write a program to control the robot. 

 
3. Implementation of the goals: 

3.1. The construction was designed: an engine raises two beams, the robot captures their ring 
and throws him to the top of the septum (Figure 1). 

3.2. For quick access to the battery pack NXT was raised vertically (usually RG7a). 
3.3. The front wheels have been replaced by a hemisphere, because the wheels need a lot of 

room for turns. 
3.4. First, for the greater stiffness of the beam capture were bonded together in the middle. 

But the fixtures were removed in order to better keep the ring in captivity. 
3.5. In order to make sure we do not take more than 2 rings (if you take more, it will be fine) 

was installed partition. 
3.6. With 4 sensor touch control panel has been assembled, and writing control: 1 sensor - go 

right, 2 sensor - go to the left, 1 and 2 sensor simultaneously - go ahead, 3 and 4 of the 
sensor at the same time - to go back, 3 sensor - to lower the beam, 4 sensor - to lift the 
beam. 

4. The results and outcome of the meeting: 
4.1. Assembled a two-wheeled robot with gripper. 
4.2. The robot is controlled by a touch sensor, takes the ring at the same height, goes and 

hangs them back. 
 
A final design: 

 
Figure 1. The simplest robot FTC. 

 
5. Ideas for the following meetings: 

5.1. To buy a joystick. 
5.2. To write a program to control the robot through a joystick. 
5.3. To connect NXT brick to a PC via Bluetooth. 
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22.11.2012 
1. Date and time of the meeting: 

Meeting Date: 11/22/2012. 
Start time: 16:00. 
 

2. The goals: 
2.1. To connect NXT brick to a PC via Bluetooth. 
2.2. Implement a program for joystick control. 
 

3. Implementation of the goals: 
3.1. NXT has been connected to the PC via Bluetooth. 
3.2. Program was implemented to control the robot via Bluetooth, the joystick. 
3.3. When using the robot was very uncomfortable to grab the ring - it "pulls". It was 

therefore two modes of control: at low speeds and at large. 
3.4. Sometimes, when the robot took the ring, he rolled over on his back to prevent this from 

happening, the rear rack has been installed. 
 
4. The results and outcome of the meeting: 

4.1. NXT has been connected to the PC via Bluetooth. 
4.2. Implemented control robot with the joystick on the Bluetooth. He takes the ring at the 

same height, goes and hangs them back. 
4.3. Implemented two control modes: fast and slow speeds. 
 

5. Ideas for the following meetings: 
The resulting robot goes and hangs on one of the ring height.It broadcasts to the rings on 
different heights hooks were ideas: 
 
5.1. We use an additional motor to lift the seizure to the desired height. But then you have to 

connect an extra block NXT, this goes against the rules (rule R3a). 
5.2. Use the third motor not for lifting beams and lifting boxes for rings in the tracks. Rings 

will be lifted from the bottom, hold the side of the box and removed the hook at the 
expense of the robot from the hook (Figure 2 and 3) 

 

 
Figure 2. A side view.    Figure 3. Front view of a robot hanging a ring. 

 

motor 

Box for 
rings 

track 
Box for 
rings 
 

motor 
 

track 
 

ring 
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24.11.2012 
1. Date and time of the meeting: 

Meeting Date: 11/24/2012. 
Start time: 15:00. 

 
2. The goals: 

(Our organization has purchased a Tetrix set. Now we are going to implement a robot on the 
based of Tetrix set.) 
 
2.1. Acquainted with the Tetrix set. 
2.2. Construct a standard Tetrix trolley. 
2.3. Invent construction to the robot for the FTC. 
2.4. Implement the best construction for the robot FTC. 
2.5. Implement a standard trolley Tetrix in the Creo. 

 
3. Implementation of the goals: 

3.1. The standard trolley Tetrix was built. 
3.2. Ideas of the robot construction: 

3.2.1. The first idea - to make the rails on which, as on the loader, will be raised capture 
for the rings: 
3.2.1.1. We had  idea of using gearwheel. But it was rejected due to lack of special 
axles the gearwheel: 
 

 
Figure 4. Special axles for gearwheel. 

 
3.2.1.2. We had idea to raise capture for the rings by rope, that will be reel in.  

 

capture 
for the 
rings 

motor 

rope 

coil 

 
Figure 5. Raising capture by rope. 

 
This construction was rejected because it would not fit in size (rule RG4). But the 
idea of raising the capture by the rope was considered as promising. 

 
3.2.2. The idea to make traveling rails: 
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Figure 6. Leaving rails. 

 
In order to reach to the top hook would we must to make a 3-level, because the 
distance from the top of the standard trolley to an acceptable by more than 2 times 
less than the distance to the top hook. It would take a lot of details, but we have only 
one set of Tetrix. Therefore, this construct is irrational and difficult to implement. 

 
3.2.3. The idea to reversal beams for 180º by servo 

 
3.3. Idea of reversal beams for 180º was implemented. 
 

 
Figure 7. Turn beams by servo.  

Figure 8. Deployed position. 

3.4. Raising of the assembly: 
Because all servos are busy, we installed 2 motors Lego to raise the assembly: 
 

 
Figure 9. Lego motors side 

view. 

 
Figure 10. Lego motors top 

view. 

 
Figure 11. Lego motors front 

view. 

 
3.5. Thus, it was formed four levels: 

Level 1 - the vertical beam with fixed motors Lego. 
Level 2 - beam, affixed to motors Lego, with the first servo at the end. 
Level 3 - beam, affixed to the first servo, with a second servo at the end. 
Level 4 - capture for the rings - a box for rings, affixed to the second servo. 

3.6. Standard trolley Tetrix was implemented in a Creo. 

1 level 

2 level 

3 level 
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4. The results and outcome of the meeting: 

4.1. Robot base was assembled. 
4.2. Lego motors was affixed to vertical beam. 
4.3. Of servos and Tetrix design details were collected construction that allows to get the ring 

from the top hook. 
4.4. In Creo was implemented a standard Tetrix trolley. 
 

5. Ideas for the following meetings: 
5.1. Implement resulting model of robot in Creo. 
5.2. Make a hanger.
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29.11.2012 
1. Date and time of the meeting: 

Meeting Date: 11/29/2012. 
Start time: 16:00. 

 
2. The goals: 

2.1. Test the resulting construction. 
2.2. Eliminate the identified shortcomings. 
2.3. Make a hanger. 
2.4. Implement the model in Creo. 

 
3. Implementation of the goals: 

3.1. We made hanger. 
3.2. Lego motors cant raise the construction from the lower position. So that construction not 

fall below position, where motors can raise construction, we set special stand. 
3.3. When we assembling the Lego details with Tetrix details they were combined very bad, 

because they not proportionality, and construction was tottered. To avoid this we set two 
beams on each side and pulled construction by beams. 

3.4. For quick access to the battery position of NXT was hanged. 
3.5. When robot arm was straightening the wire did not reach to the top motor. So we So we 

moved the Motor Controller to the vertical beam. 
3.6. When we checking the robot turned that Lego motors cant raise the construction. So we 

developed a system of counterweights. 
3.7. As a result, the height of the robot was above the permissible size, to reduce the height of 

robot we "hid" capture for the rings under the arm of robot: 
 

 
Figure 12. Capture for the rings. 

 
3.8. When construction folding and unfolding beams strongly hit each other and broke the 

wire. Wire was repaired and fasten to the beam.  
3.9. As a result of short-circuit one servo was broken. 
 

4. The results and outcome of the meeting: 
4.1. One servo was broken. 
4.2. Was made hanger. 

 
The resulting construction: 
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Figure 13. The folded position.  

Figure 14. Deployed position. 

 
5. Ideas for the following meetings: 

5.1. Make a gear ratio to Lego motors. 
5.2. Replace the blown motor or change the construction. 
5.3. Buy ring for we can train. 
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01.12.2012 
1. Date and time of the meeting: 

Meeting Date: 12/01/2012. 
Start time: 16:00. 

 
2. The goals:. 

2.1. Replace the blown servo with the Lego motor. 
2.2. Test it. 
2.3. If it does not work, change the construction. 
2.4. Prepare for competitions First - Russia. 

 
3. Implementation of the goals: 

3.1. Instead burned servo motor was installed Lego. But he did not have the power to raise 
the structure. 

3.2. Was removed between the capture bar for rings and burned actuator. 
3.3. Capture was installed in place of burnt servomotor. 
3.4. Now capture is in the other side of the engine Lego, and they left to lift the structure. To 

solve this problem, additional weights were suspended for a counterweight. 
 
4. The results and outcome of the meeting: 

4.1. Burnt servo and 3 level was dismantling (item 3.5. from 24.11.2012). 
4.2. We suspended additional weights. 
 
The resulting design: 

 

 
Figure 15. The folded position. 

 
Figure 16. Deployed position. 
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02.12.2012. FTC competition. 
Moscow hosted the competition First Russia FTC. 
 
1. The result: 

1.1. In the match the team finished 5th in the ranking of 9. 
1.2. Technical book not take the prize place, because it was not finished and of bad quality. 
 

2. Problematic moments and their solutions: 
2.1. Technical book was incorrectly structured. Technical book will be carried out in detail. 
2.2. The robot did not fit in length permissible dimensions (rule RG4). Was outweighed by 

the rear cargo. 
2.3. Goods were fasten tape, it is ruled. WE did it with special fasteners. 
2.4. The battery was attached with special fasteners. 
2.5. USB cable has been connected to the module Samantha so that the collision could 

damage it. A beam was installed in the middle of the robot and Samantha was moved 
there. 

2.6. Robot was placed in front plate supporting the servo controller. 
2.7. the team name plate was installed. 
2.8. There was no program for autonomous period, it was realized with the function wait for 

start. 
.2.9. Controlling the robot was implemented for the joystick ... and the competition was a 

stick ... so inconveniently placed buttons. The value of the buttons has been changed, as 
have decided to buy a joystick. 

2.10. Lego motors failed to raise the arm together with the ring, so the robot can only get 
down to the lower hooks. Decided to implement a gear ratio. 

2.11. During a match at deployment of the folded position capture caught on the front plate, 
the operator tried to unhook the capture, resulting in the robot turned. The plate was 
outweighed lower. 

2.12. Robot can climb a stair of central gate in the situation only when it is at an angle to the 
step due to the fact that the wheels are parallel to the step. To solve this problem, the idea 
is not to put the front wheels parallel to the body but expanding them to 45 º, to the inner 
side. 

2.13. We realized that the rear wheels are posed not symmetrical - the axis of rotation is not 
in the middle of the motor. Decided to rearrange the motors so that the axis of rotation is 
at the lowest point for the stair does not hit the motor. 

 
2. Methods and solutions of opponents: 

3.1.  

 
Figure 17. 
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This design uses wooden blocks - it allows you to save the details. Actuators installed on 
the gear ratio. Also front mounted counterweights. 

 
3.2. 

 
Figure 18. 

 
In this design, the drive wheels are set in rows, it would be better to turn. 

3.3. 

 
Figure 19. 

 
This design uses a lot of details and ineffective. 

3.4. 

 
Figure 20. 

 
The design is raised by two servo motors - this is not optimal, it is better to use a single 
servo with a gear ratio, and the second used to enable the next level (as in Figure 17). 
 

4. Tactics: 
4.1. Our tactics before the competition was to hang the ring by one (two, we do not raise 

exactly) in a row on the average height hooks, first one side, then the other. If the alliance 
of opponents will hang a ring on the middle height hooks, we will be placing the second 
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ring, not to give them the right to obtain ownership of medium height hooks. If the 
alliance will be enemies to do that, then we will be placing on the two rings on the lower 
hook to the line. 

4.2. Before the competition was that the Lego motors can not raise the grip together with the 
ring, so the tactics were changed: to take two rings and hang them on the bottom hooks. 
Take one ring is easier and faster, but since robots participants could only hang on the 
lowermost hanger, it was decided to take two rings to have ownership. 

4.3. The tactics of opponents in the period with the operators of robots (the performance) was 
to take one ring and hang them on the different hooks, gathering line. 

4.4. None of the competitors did not feature heavy ring of light. None of the robots have the 
sensors to determine the weight of the ring. 

4.5. None of the competitors did not raise his ally in the alliance over the floor. There was no 
a single attempt. 

4.6. In the autonomous period, only one party standalone ring hung on a hook. He did not 
have infrared sensors, he hung it on the hook strictly programmed. The rest of the robots 
either remained stationary, or drove a short distance ahead. 
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06.12.2012 
1. Date and time of the meeting: 

Date of Meeting: 12/06/2012. 
Start time: 16:00. 
 

2. The goals: 
2.1. Construction was restored. (When robot was transporting it was partially disassembled) 
2.2. Rearranged the rear motors according to item 2.13 from 02.12.2012. 
2.3. Change the position of the front wheels according to item 2.12 from 02.12.2012. 

 
3. Implementation of the goals: 

3.1. Structure was restored (Figure 15, item 4 from 02.12.2012) 
3.2. Rear motors were rearranged, item 2.13 from 02.12.2012. 

 

 
Figure 21. Rear motors. 

 
Figure 22. Rear motor. 

 
3.3. The front wheels were turned according to item 2.12 from 02.12.2012. 
 

 
Figure 23. The front wheels. 

 
Figure 24. The rear wheels. 

 
3.4. In this position, the robot takes up more space. It was verified that the robot climbs in 

allowable size - now its width is 36 cm 
3.5. To make the gear ratio top was pulled. 
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4. The results and outcome of the meeting: 

4.1. Top was demolished. 
4.2. The front wheels were turned. 
4.3. The axis of rotation of the rear wheel was moved. 
 
The resulting construction: 

 
Figure 21. Demolished top. 

 

5. Ideas for the following meetings: 
5.1. Ideas of implementation of gear ratio: 
 

5.1.1. First, for the implementation of the gear ratio we were taken Lego gear, but then we 
were selected Tetrix gear, because they are more reliable, and the coefficient of gear 
ratios of Tetrix gear more than coefficient of Lego gear. 

5.1.2. Pass between the motors axle and  attach on her parts-adapters with attached gears. 
5.1.3. Set one engine instead of two. If it will not cope set two motors on each side.
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08.12.2012 
1. Date and time of the meeting: 

Date of Meeting: 12/08/2012. 
Start time: 16:00. 

 
2. The goals: 

2.1. Make gear ratio. 
2.2. Modify the program to the desired number of Lego motors. 
 

3. Implementation of the goals: 
3.1. Large gears were installed on the vertical beam. 

 
Figure number 22. Large gears. 

 
3.2. Lego motor with small gears was installed under the big gears. Lego parts are not 

proportional Tetrix parts, so adapters were installed unbalanced on the axis. Otherwise 
gears will not coincide. 

 

 
Figure 23. One Lego motor form 

right view. 

 
Figure 24. One Lego motor rear 

view. 

 
Figure 25. One Lego motor left 

view. 
 

3.3. To the resulting construction was fixed rail on the end with the capture for the rings 

3.4. The system was tested, turned that the one motor cant raise the construction. So then we 
set second Lego motor laterally. 

3.5. A system with two motors was not working too, so we installed the third motor: 
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Figure 26. 

Three Lego motors rear view. 

 
Figure 27. 

Three Lego motors side view. 

 
Figure 28. 

Three Lego motors top view. 
 

3.6. Three motors had not raised construction. Because we can’t use more, than three Lego 
motors, it was decided to set the counterweight. As a counterweight we were taken 
wheels from the Tetrix set. 

 

 
Figure 29. Counterweight. 

 
With counterweight motors raised and lowered construction. 

3.7. We measured the length and height of the robot. It turned out that he did not fit into the 
parameters (rule RG4). 

3.8. We rearranged the arm of robot. Now wis length is 46 cm. 
3.9. It was verified that with rearranged arm the robot can take the ring with the hook average 

by the height. 
3.10. Was implemented program with management of robot via Bluetooth, with three Lego 

motors. 
 

4. The results and outcome of the meeting: 
4.1. We set three Lego motors. 
4.2. Was realized gear ratio. 
4.3. Was installed counterweight. 
4.4. Program of management the robot was implemented. 
 

5. Ideas for the following meetings: 
5.1. We decided to set a barrier in the middle of the capture for the rings so as to each rings 

was in its module. 
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10.01.2013 
1. Date and time of the meeting: 

Date of Meeting: 10/01/2013. 
Start time: 16:00. 

 
2. The goals: 

2.1. To set two Touch Sensor in the capture-hand. 
2.2. To connect them to the NXT. 
2.3. To write a program to distinguish the heavy and the light rings. 
 

3. Implementation of the goals: 
3.1. Two touch sensors were assigned. We fixed a little part on them, so ring can reach the button 

of a sensor. 
 

 
Figure 33. Touch sensors. View from above. 

 
Figure 34. Touch sensors. A side view. 

3.2. The NXT brick was turned so that sensor inputs were at the top. In this case the wires can 
reach the sensors. However, in the highest position the wires do not reach them. 

 

 
Figure 35. Inverted NXT. 

 
3.3. A wire to the Tetrix servo motor was attached to a movable beam. 
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Figure 36. Wire attached ties. 

 
3.4. The robot has not incurred in size in length in the folded position for capture, so a grip was 

rotated 90º with respect to the actuator. 
3.5. Now, the initial position of the capture has changed, and to capture or caught in the process of 

unfolding, the servo controller has been moved to the vertical beam: 
 

 
Figure 37. Two blocks Tetrix. Side view. 

 
Figure 38. Two blocks Tetrix. Front view. 

3.6. NXT block prevented the capture of decomposed, so it was moved. 
 

 
Figure 39. Moving the unit NXT. 

 
3.7. Samantha block was moved along the beam, which is installed close to Lego motors, that 

would not interfere with the capture of decomposed. 
3.8. Wires from the sensors were fixed one to the other with ties. 
3.9. A program was written, which is responsible for the difference between a heavy or light ring. 

How it works: if you press the first Touch Sensor, the robot emits a one sound, when you press 
the second Touch Sensor, the robot emits a different sound. 
 
if(SensorValue(S2)>0) 
  PlaySound(soundBeepBeep); 
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if(SensorValue(S3)>0) 
  PlaySound(soundBlip); 
 

3.10. When we checked a robot, we found that when capturing is still, touch sensors react only on 
the heavy rings. Therefore it was decided to use them as weight sensors. 

3.11. To remove the ring off the hook and hang them to the bottom hook without using Lego 
motors, a support was changed: 

 

 
Figure 40. A support. Raised position. 

 
Figure 41. A support. Lowered position. 

Old support had to be replaced because an angle of capture was changed. 
 

4. The results and outcome of the meeting: 
4.1. When robot capture the heavy ring, it makes a sound. 
4.2. There are no obstacles to the deployment of capture. 
4.3. The lower level of the robot hangs ring without using Lego motors. 
 

5. Ideas for the following meetings: 
5.1. To install front weights on the robot, so robot does not fall over (mass of robot is concentrated 

in the rear part). 
5.2. Since the autonomous period, we will need 2 sensors: infrared sensor and a color sensor, to 

travel on the line, and input for sensors was only one, to solve this problem we decided to 
purchase an Extender for Touch Sensors. 
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12.01.2013 

1. Date and time of the meeting: 
Date of Meeting: 12/01/2013. 
Start time: 15:00. 
 

2. The goals: 
2.1. To devise and implement a program for the autonomous period. 
2.2. To design of new capture-hand with the help of which the ring for autonomous period will be 

kept in it. 
 
3. Implementation of the goals: 

3.1. We do not have an infrared sensor, so we decided to implement the program with the sonar. 
Sonar was installed on the axis of rotation of the rear wheels. 

3.2. Program was implemented: the robot travels a little forward, rotates 45 degrees and travels 
until he sees obstacle by sonar, turns 90 degrees and goes forward grip. (see Figure 42). The set 
of Tetrix what we have don’t contain any sensors, which reads the turns of the wheel, so we 
used the "wait" function. Because of this, every time a turn had a little different angle. 
The robot in the autonomous period, relative to the field from different perspectives: 

 

Figure 42. Traffic pattern in the autonomous period. 
 

3.3. A design was implemented and by means of this design the ring for the autonomous period 
is kept in capture-hand. It is a string tied on one side, threaded through the ring and the other a 
fixed beam, which is tied to the pad, the other thread. When expanding ring rope pulls the pin 
that pops out and another thread is no longer attached to the side of an ode. 
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Figure 43. Thread. View from above. 

 
Figure 44. Thread. A side view. 

3.4. In order to a counterweight don’t hit the Lego Motors, and for the impossibility to take 
manipulator back to the end (otherwise, the maximum altitude at which the robot can grasp the 
wheel, would have been less), a limit was set in the rear part of a robot. 

 

 
Figure 45. 

Limiter. Rear view. 

 
Figure 46. 

Limiter. A side view. 
 
4. The results and outcome of the meeting: 

4.1. A program for the autonomous period with sonar was implemented. 
4.2. An autonomous ring holder was implemented. 
 

5. Ideas for the following meetings: 
5.1. To buy IR sensor. 
5.2. To buy an Extender for Touch Sensors. 
5.3. To write a program for autonomous period, using an infrared sensor and a color sensor. 
5.4. To rearrange the drive wheels forward, which would at turns the robot left and right grip 
position changed to a smaller distance.
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17.01.2013 
1. Date and time of the meeting: 

Date of Meeting: 17/01/2013. 
Start time: 16:00. 
 

2. The goals: 
2.1. To rearrange the drive wheels forward. 
2.2. To attach the sonar above the axis of rotation of the drive wheels without using adapters from 
Tetrix to Lego (they ran out, and still need one to fix the light sensor). 
2.3. To set a light sensor on the symmetry line of capture. 
2.4. To make the design for the robot which could move the fallen ring on the front gate. 
 

3. Implementation of the goals: 
3.1. The drive wheels were swapped forward and the front back. Sonar also been repositioned over 

the axis of rotation of the front wheels. 
 

 
Figure 47. The drive wheels on the front. 

 
It turned out that when the drive wheels in the front, they slip, because of most of the mass of 
the robot is concentrated in the back part of robot. So the wheels were swapped back. 

3.2. Sonar was secured without the use of an adapter. 
 

 
Figure 48. Mounted sonar. 

 
3.3. Front plate has been installed, which will collect the fallen ring on the front gate. 
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Figure 49. The front plate. 

 
3.4. A light sensor was installed in the middle of the robot. 
 

 
Figure 50. Light sensor. View from above.  

Figure 51. Light sensor. Bottom view. 
 

4. The results and outcome of the meeting: 
4.1. The idea of driving wheels permutations forward was rejected. 
4.2. Sonar was secured without the use of adapters. 
4.3. Front plate was installed. 
4.4. Light Sensor was fixed. 
 

5. Ideas for the following meetings: 
5.1. To implement a traffic on the line. 
5.2. To dilute two joystick controls. 
5.3. To buy sensors for reading degrees that turned the wheel (motor encoders). 
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21.01.2013 
1. Date and time of the meeting: 

Date of Meeting: 21/01/2013. 
Start time: 16:00. 
 

2. Goals: 
2.1. To implement a traffic on the line. 
2.2. To dilute two joystick control. 
2.3. To use a "nMotorEncoder", in spite of “wait” function in autonomous period. 
 

3. Implementation of the goals: 
3.1. The central gate was built. But instead of white line on black background - black lines on a 
yellow background. 

 
Figure 52.The central gate. 

 
3.2. When the robot drive up to the front gate at 45 º, he could not get on the step, because the front 

wheel became parallel to the step. It was decided to set the front wheels perpendicular to the 
rear. 

 

 
Figure 53. .Front wheels, perpendicular position. 

Front view. 

 
Figure 53. Front wheels, perpendicular position. 

A side view. 

3.3. A control was diluted by two joysticks. Since the first joystick performed a motion control of a 
robot (control is made by two servomotors Tetrix). With the second joystick control is 
performed to capture: Servo manipulator – Lego Motor. 

3.4. The initial position (for the autonomous period) of the robot was changed to 180º. 
3.5. Was realized through movement.  

Sequence of actions the robot in autonomous mode: the robot is set at 45 º one wheel, reads the 
light sensor, going backwards until the work Sonar, turns 90 º, deploys capture, going forward 
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until the sensor light matches with the first value, then travels 10 centimeters, to climb up on 
the step, then look for the line turns, when it finds it then move on it on the relay controller. 

3.6. Stop the robot after he hung up the ring was not realized. It is assumed that the robot stop the 
ring by touching sensor touch. 

3.7. Was acquired by the sensor to read the degree to which the wheel is turned. Function "wait" 
has been replaced by the function "nMotorEncoder". 
 

4. Result of meeting: 
4.1. The front wheels were turned. 
4.2. The initial position of the robot was changed. 
4.3. A new sequence of traffic was realized. 
4.4. Sequence of actions the robot in autonomous mode was changed. 
4.5. Functions "wait" has been replaced by the function "nMotorEncoder". 
4.6. Control was diluted to two joysticks. 
 

5. Ideas for the following meetings: 
5.1. To implement stopping the robot, after it hung up the ring. 
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02.02.2013 
1. Date and time of the meeting: 

Date of Meeting: 21/01/2013. 
Start time: 15:00. 
 

2. Goals: 
2.1. To completely finish management by two joysticks (1 – for movement, 2 – to grip rings) 
 

3. Implementation of the goals: 
3.1. For lesion the management by two joysticks has been completed. Operators were trained in 
the management of the robot by two joysticks. 

 
4. Result of meeting: 

4.1. Management by two joysticks was fully completed. 
 

5. Ideas for the following meetings: 
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6. The final model of the robot 
(for the 05.02.2013) 
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7. The final version of the program 
(for the 05.02.2013) 

7.1 Joystick controlled period (only a raw code): 
 
#pragma config(Hubs,  S1, HTMotor,  HTServo,  none,     none) 
#pragma config(Sensor, S2,     ,               sensorTouch) 
#pragma config(Sensor, S3,     ,               sensorTouch) 
#pragma config(Motor,  motorA,           ,             tmotorNXT, openLoop) 
#pragma config(Motor,  motorB,           ,             tmotorNXT, openLoop) 
#pragma config(Motor,  motorC,           ,             tmotorNXT, openLoop) 
#pragma config(Motor,  mtr_S1_C1_1,     motorD,        tmotorTetrix, PIDControl) 
#pragma config(Motor,  mtr_S1_C1_2,     motorE,        tmotorTetrix, PIDControl) 
#pragma config(Servo,  srvo_S1_C2_1,    servo1,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_2,    servo2,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_3,    servo3,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_4,    servo4,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_5,    servo5,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_6,    servo6,               tServoNone) 
//*!!Code automatically generated by 'ROBOTC' configuration wizard               !!*// 
 
#include "JoystickDriver.c" 
 
task main() 
{ 
  float k = 300, n = 0,d = nMotorEncoder(motorA),q=1.582, m, r,f = 0; 
  while (true) 
  { 
 
    getJoystickSettings(joystick); 
    r = f/255 + 172; 
 
    if(r < 1) 
     f = -170*255; 
 
    if(r > 254) 
     f = 81*255 ; 
 
    r = f/255 + 172; 
    servo[servo1] = r; 
    d = nMotorEncoder(motorA) ; 
    servo[servo1] = r; 
 
    if(joystick.joy1_y1 > 0) 
    { 
      motor[motorB] = joystick.joy1_y1/q; 
      motor[motorC] = joystick.joy1_y1/q; 
      motor[motorA] = joystick.joy1_y1/q; 
   } 
 
   if(joystick.joy1_y1 < 0) 
    { 
      motor[motorB] = joystick.joy1_y1/(q*4); 
      motor[motorC] = joystick.joy1_y1/(q*4); 
      motor[motorA] = joystick.joy1_y1/(q*4); 
   } 
 
    if (nMotorEncoder(motorA) > d) 
    { 
      f += k * (nMotorEncoder(motorA) - d); 
    } 
 
    if (nMotorEncoder(motorA) < d) 
    { 
      f += k * (nMotorEncoder(motorA)-d); 
    } 
 
    if (joy1btn(7) > 0) 
      f += 30; 
 
    if (joy1btn(8) > 0 ) 
      f -=30; 
 
    if (nMotorEncoder(motorA) > d) 
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    { 
      f += k * (nMotorEncoder(motorA) - d); 
    } 
 
    if (nMotorEncoder(motorA) < d) 
    { 
      f += k * (nMotorEncoder(motorA)-d); 
    } 
 
    if (joy2Btn(6) > 0) 
    { 
     motor[motorD] = joystick.joy2_y1 / 10 - joystick.joy2_x2 / 10; 
      motor[motorE] = -joystick.joy2_y1 / 10 - joystick.joy2_x2 / 10; 
    } 
    else 
    { 
      motor[motorD] = joystick.joy2_y1 / 5 - joystick.joy2_x2 / 5; 
      motor[motorE] = -joystick.joy2_y1 / 5 - joystick.joy2_x2 / 5; 
    } 
 
    if (joy2Btn(5) > 0) 
    { 
      motor[motorD] = 0; 
     motor[motorE] = 0; 
    } 
 
    if (joy2Btn(2) > 0) 
    { 
     while (joy2Btn(2) > 0) 
     { 
       motor[motorD] = -30; 
       motor[motorE] = 30; 
 
       if (joy2Btn(5) > 0) 
        { 
          motor[motorD] = 0; 
         motor[motorE] = 0; 
        } 
      } 
    } 
    if (joy2Btn(4) > 0) 
    { 
     while (joy2Btn(4) > 0) 
     { 
       motor[motorD] = 30; 
       motor[motorE] = -30; 
 
       if (joy2Btn(5) > 0) 
        { 
          motor[motorD] = 0; 
         motor[motorE] = 0; 
        } 
      } 
    } 
    if (SensorValue(S3) > 0) 
     PlaySound(soundBlip); 
 
    if (SensorValue(S2) > 0) 
     PlaySound(soundBeepBeep); 
  } 
} 
 

7.2 Autonomous period (only a raw code): 
 
#pragma config(Hubs,  S1, HTMotor,  HTServo,  none,     none) 
#pragma config(Sensor, S2,     ,               sensorLightActive) 
#pragma config(Sensor, S3,     ,               sensorTouch) 
#pragma config(Sensor, S4,     sonar,          sensorSONAR) 
#pragma config(Motor,  mtr_S1_C1_1,     motorD,        tmotorTetrix, PIDControl) 
#pragma config(Motor,  mtr_S1_C1_2,     motorE,        tmotorTetrix, PIDControl) 
#pragma config(Servo,  srvo_S1_C2_1,    servo1,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_2,    servo2,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_3,    servo3,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_4,    servo4,               tServoNone) 
#pragma config(Servo,  srvo_S1_C2_5,    servo5,               tServoNone) 
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#pragma config(Servo,  srvo_S1_C2_6,    servo6,               tServoNone) 
//*!!Code automatically generated by 'ROBOTC' configuration wizard               !!*// 
 
void Rotate1 (float L, float d, float a) 
{ 
  long n = nMotorEncoder(motorD) = 0; 
 while (n > (-1 * (d * a / L * 8))) 
 { 
  nxtDisplayCenteredTextLine(3, "%d", n); 
    motor[motorD] = -30; 
    motor[motorE] = 0; 
    n = nMotorEncoder(motorD); 
 
  } 
 
  motor[motorD] = 0; 
  motor[motorE] = 0; 
} 
 
void Rotate2 (float L, float d, float a) 
{ 
  long n = nMotorEncoder(motorD) = 0; 
 while (n > (-1 * (d * a / L * 4))) 
 { 
  nxtDisplayCenteredTextLine(3, "%d", n); 
    motor[motorD] = -30; 
    motor[motorE] = -30; 
    n = nMotorEncoder(motorD); 
 
  } 
 
  motor[motorD] = 0; 
  motor[motorE] = 0; 
} 
/*void a (float R, float d) 
{ 
  while (nMotorEncoder(motorD) < 
  { 
   motor[motorD] = -20; 
    motor[motorE] = 20; 
  } 
 
  motor[motorD] = 0; 
  motor[motorE] = 0; 
}*/ 
 
task main() 
{ 
 float up = 0, k = 0.1, L = 6.9, d = 30.9, light, light2; //L - lenght (wheels), d - diameter of 
wheel 
 int black = 65; 
 
 servo[servo1] = 172; 
 
  motor[motorD] = 0; 
   motor[motorE] = 0; 
 
  Rotate1 (L, d, 45); 
 
  light = SensorValue(S1); 
 
  while(SensorValue(sonar) > 30) 
  { 
   motor[motorD] = -40; 
   motor[motorE] = 40; 
  } 
 
  motor[motorD] = 0; 
  motor[motorE] = 0; 
 
  Rotate2 (L, d, 90); 
 
  servo[servo1] = 20; 
 
  while ((SensorValue(S2) - light > 45) 
  { 
   motor[motorD] = 40; 
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   motor[motorE] = -40; 
  } 
 
  motor[motorD] = 0; 
  motor[motorE] = 0; 
  nMotorEncoder(motorD) = 0; 
 
  while (nMotorEncoder(motorD) < 1200) 
  { 
   motor[motorD] = 40; 
   motor[motorE] = -40; 
  } 
 
   motor[motorD] = 0; 
   motor[motorE] = 0; 
   nMotorEncoder(motorD) = 0; 
 
   if (SensorValue(S2 > black) 
   { 
     while ((nMotorEncoder(motorD) < 500) || (SensorValue(S2) > black) 
     { 
       motor[motorD] = 20; 
       motor[motorE] = 0; 
     } 
 
     motor[motorD] = 0; 
     motor[motorE] = 0; 
 
     if (SensorValue(S2 > black) 
     { 
       while ((nMotorEncoder(motorD) > 0) || (SensorValue(S2) > black) 
       { 
         motor[motorD] = -20; 
         motor[motorE] = 0; 
       } 
     } 
 
     motor[motorD] = 0; 
     motor[motorE] = 0; 
     nMotorEncoder(motorE) = 0; 
 
     if (SensorValue(S2 > black) 
     { 
       while ((nMotorEncoder(motorE) > -500) || (SensorValue(S2) > black) 
       { 
         motor[motorD] = 0; 
         motor[motorE] = -20; 
       } 
     } 
   } 
 
   motor[motorD] = 0; 
   motor[motorE] = 0; 
 
   if (SensorValue(S2 > black) 
   { 
     while ((nMotorEncoder(motorE) < 0) || (SensorValue(S2) > black) 
     { 
       motor[motorD] = 0; 
       motor[motorE] = 20; 
     } 
   } 
 
   motor[motorD] = 0; 
   motor[motorE] = 0; 
 
   while (true) 
   { 
     if ((SensorValue(S1) < 62) && (SensorValue(S1) > 58)) 
     { 
       motor[motorD] = -20; 
       motor[motorE] = 20; 
     } 
 
     else if (SensorValue(S1) > 51) 
     { 
       motor[motorD] = 3; 
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       motor[motorE] = -10; 
     } 
 
     else 
     { 
       motor[motorD] = 10; 
       motor[motorE] = -3; 
     } 
 
   } 
 
 
  /*servo[servo1] = 10; 
  wait10Msec(20); 
  motor[motorE] = -50; 
  motor[motorD] = 50; 
 
  while(SensorValue[S3] < 1) 
  { 
   while(sensorvalue[S2]<35) 
   { 
      motor[motorD] = 20; 
     motor[motorE] = 20; 
    } 
    up = SensorValue[S2]*k ; 
    motor[motorE] = 50 - up; 
    motor[motorD] = 50 + up ; 
  }*/ 
} 
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