E} Innopolis Open Robotics 2025-2026 [ VHUBEPCUTET
]NNOBESOPEN BTtopoii atam. 9-11 knacc UHHOMONUC

BTopo# oT60poYHbIN 3Tan

CTapluas Bo3pacTHas rpynna

3apgaua G. Line follow
Task

In the TRIK Studio simulator, prepare a control program that moves the robot along a line, turns left
at crossroads, and stops the robot at the fourth crossroad encountered.

Robot Parameters

The robot is a differential platform equipped with four downward-facing reflected light sensors:
The left side sensor is connected to port A3.

The left front sensor is connected to port A5.

The right front sensor is connected to port A6.

The right side sensor is connected to port A4.

The dimensions of the model in the TRIK Studio simulator are shown in the image.
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The robot's left motor is connected to the M4 port, and the right motor is connected to the M3 port.

The robot's encoders return the rotation angle of the wheels in degrees. Positive numbers indicate
rotation of the wheel that moves the robot forward, while negative numbers indicate rotation of the
wheel that moves the robot backward.

Realistic physics and motors are enabled, while realistic sensors are disabled.
The polygon
The total size of the polygon is 4 x 4 meters.

The starting section and the robot's starting position are precisely in the center of the polygon, facing
to the right.

The line width is at least 25 mm.

It is ensured that the line is located between the A5 and A6 sensors at the start. It is ensured that the
first 300 mm of the line is a straight section. This is followed by turns with a radius of at least 150 mm.
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It is ensured that the side lines at the intersections are at least 125 mm away from the main line and

have a width of at least 25 mm.

Example of a polygon:

AHYS
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Scoring

The control program is tested on five polygons: one known in advance (from the exercise) and four
unknown, having different configurations of turns, straight sections and intersections. Up to 20% of
points are awarded for each field. The polygon has the following events that occur when the following
conditions are met:

e "Qut from start" - displays the message "Out from start" in the console; required conditions:
o none of the robot's projection points are above the start zone;
o the speeds of the left and right motors are non-zero.

e "Finish checker" - awards 10 points and displays the message "Successful finish" in the console;
completes the test; required conditions:

o the "Out from start" event occurred earlier;
o therobot's center is in the finish zone;
o the speeds of both robot motors are zero.
Examples of tasks and a test project
The attached archive contains the files:
e sen_task_3_exercise.qrs - an exercise file with a configured training field;
e sen_task_3.py - a program file with the participant's source code.

The exercise files can be used for debugging programs. After debugging, the program code should be
transferred to the sen_task_3.py file and submitted as a solution to the task.
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Solution:

The solution is based on the solution of tasks F and J for the junior age group of the second qualifying
stage of the 2024-25 Olympiad (these tasks can be found in the preparation materials on the official
Olympiad website). The sensor ports have been modified, and the coefficients and threshold values
for detecting intersections and lines during turns have been slightly changed.

The final program code is as follows:
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. import
. import
. import
. import

pi =

sys
time
random
math

. class Program(): ) . :
__interpretation_started_timestamp_ = time.time() *

3.141592653589793

Diam=0.056 #auameTp kKonec poboTa, B MeTpax

L=0.077 #nonykonesa poboTa, B MeTpax
kf=0.9
kp=1.0
ki=0
kd=0
errold=0
1=0
s1f=0
s2f=0
s3f=0
s4f=0

def execMain(self):
#p06aBbTe CBOW KOJA HUXe
self.Crossroads(4)

#0CTAaHOBKA MOTOPOB Ha (QUHULWeE
brick.motor('"'mM3™) .poweroff()
brick.motor("mM4") .poweroff()

brick.stop()
return

def RotateToLine(self):

brick.motor("mM3") .setPower(25)
brick.motor("mM4™) .setPower(-25)
script.wait(1000)
s5 = brick.sensor("A5").read()
while s5<30:

s5 = brick.sensor("A5").read()
brick.motor("'mM4™) .poweroff()
brick.motor("mM3") .poweroff()

def LineTrace(self):
s5 brick.sensor("A5").read()
s6 brick.sensor("A6").read()
err = s5 - s6
P=self.kp*err
self.I=self.I+self.ki*err
D=self.kd*(err-self.errold)
U=P+self.I+D
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52. TeftSpd = 50-u
53. rightspd= 50+U
54. brick.motor(''mM3") .setPower(rightSpd)
55. brick.motor('"'mM4") .setPower (leftSpd)
56. self.errold = err
57. script.wait(10)
58. pass
59.
60. def LineToCrossroad(self):
61. s3 = brick.sensor("A3").read()
62. s4 = brick.sensor("A4").read()
63. while (s3+s4)<60:
64. s3 = brick.sensor("A3").read()
65. s4 = brick.sensor("A4").read()
66. self.LineTrace()
67. brick.motor(''mM4™) .poweroff()
gg. brick.motor('"mM3") .poweroff()
70. def LineToDist(self, dist):
71. starteEncL = brick.encoder("mM4").read()
72. starteEncR = brick.encoder("mM3").read()
73. pathAngle=0
74. alpha = (360*dist)/(math.pi*self.Diam)
75. while pathAngle < math.fabs(alpha):
76. pathL=brick.encoder("mM4") .read()-startEncL
77. pathR=brick.encoder("m3").read()-startEncR
78. pathAngle = (pathL+pathR)/2
79. self.LineTrace()
80. brick.motor(''mM4™) .poweroff()
g%. brick.motor("mM3") .poweroff()
83. def Crossroads(self, crossNum):
84. n=0
85. while n<crossNum:
86. self.LineToCrossroad()
87. self.LineToDist(0.0475)
88. n=n+1
89. self.RotateToLine()
90. brick.pTayTone(1000, 100)
91.
92. def main(Q):
93. program = Program()
84. program.execMain()
5.
96. if _name__ == '_main__":
97. main(Q)
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3apaua H. The Wall
Task

In the TRIK Studio simulator, prepare a control program that can move the robot along a line and along
a wall, switching between these modes. The modes of operation are in the following sequence: first,
moving along a line, then along a wall, and finally, moving along a line again until reaching a
crossroads.

Robot Description

The robot is a differential platform equipped with four sensors:
The left line sensor is connected to port A5.

The right line sensor is connected to port A6.

The middle line sensor is connected to port A4.

The distance sensor facing to the right at 90 degrees relative to the robot's direction of movement is
connected to port Al.

The distance sensor facing to the right at 75 degrees relative to the robot's direction of movement is
connected to port A2.

The dimensions of the model in the TRIK Studio simulator are shown in the figure.

55 mm
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The robot's left motor is connected to the M4 port, and the right motor is connected to the M3 port.

The robot's encoders return the rotation angle of the wheels in degrees. Positive numbers indicate
rotation of the wheel that moves the robot forward, while negative numbers indicate rotation of the
wheel that moves the robot backward.

Realistic physics and motors are enabled, while realistic sensors are disabled.
The polygon
The total size of the polygon is 4 x 4 meters.

The starting section and the robot's starting position are exactly in the center of the polygon, facing
to the right.

The line width is at least 25 mm.
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Itis guaranteed that the line is located between the A5 and A6 sensors at the start. It is also guaranteed
that the first 300 mm of the line is a straight section. After that, there are turns with a radius of at
least 150 mm. It is guaranteed that the side lines at the intersections are at least 125 mm away from
the main line and have a width of at least 25 mm. It is guaranteed that when the robot moves along
the line from the start, the wall will appear to the right of the robot at a distance of 300 mm; by the
end of the first section of the line, there will be a wall section of at least 300 mm to the right. It is
guaranteed that there will be a cross line 300 mm before the wall ends, where the robot will need to

turn left.

Example of a polygons:
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The start zone is marked in green - its center coincides with the center of the robot at the start; the
size of the zone is 300x300 mm.

The intermediate zone is marked in blue - its center coincides with the line of completion of movement
along the wall, and is located at a distance of 300 mm from the wall; the size of the zone is 300x300
mm.
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The finish zone is marked in red - its center coincides with the center of the crossroad; the size of the
zone is 300x300 mm.

Scoring

The control program is tested on five polygons: two known in advance (from the exercises) and three
unknown, having different configurations of turns, straight sections and walls. Up to 20% of points are
awarded for each field. The polygon has the following events that occur when the following conditions
are met:

e "Out from start" - displays the message "Out from start" in the console; required conditions:
o no point of the robot's projection is above the start zone;
o the speeds of the left and right motors are non-zero.

e ‘"Intermediate zone checker" - awards 10 points and displays the message "Successful
movement along the wall"; required conditions:

o the "Out from start" event occurred earlier;
o the center of the robot's projection is in the intermediate zone.

e "Finish checker" - awards 5 points and displays the message "Successful finish" in the console;
completes the test; required conditions:

o the center of the robot is in the finish zone;
o the speeds of both robot motors are zero.
Examples of tasks and a test project
The attached archive contains the files:

e sen_task 4 1 exercise.qgrs / sen_task_4 2 exercise.qrs - an exercise files with a customized
training fields;

e sen_task_4.py - a program file with the participant's source code.

The exercise files can be used for debugging programs. After debugging, the program code should be
transferred to the sen_task_4.py file and submitted as a solution to the task.

Solution:

The task involves moving along a line and along a wall, as well as switching between these modes
depending on external conditions. To make the code easier to write, you can define references to
motors and sensors using shorter and more intuitive names at the beginning of the program (see lines
6-14 in the final program code).

The movement along a line was discussed in the previous task. It is more convenient to separate it
into a separate function, LineTrace(), and call it as needed in other functions, such as those with
specified switching conditions.

The movement along the wall can be implemented in a similar way using a controller. The robot model
includes two distance sensors, and participants can choose the most suitable one. In the following,
the solution will be based on using the sensor on port A2, as it is slightly forward-facing (this makes it
easier to move along the wall). The controller's error ("non-compliance") will be calculated as the
difference between the sensor's readings and the desired distance to the wall. Since the line is 30 cm
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away from the wall, we will use 30 cm as the desired distance. It is more convenient to separate the
movement along the wall into a separate function, WallTrace().

The switching between modes can be done according to the following rules:

The robot starts moving along the line and continues doing so until the line ends, which means
that all three sensors collectively see more than a certain threshold (if all three sensors see
white, their readings will drop to near-zero values). This is implemented by the LineToEnd()
function.

After the line ends, the robot switches to moving along the wall and continues doing so until
the central sensor (located in front of the other sensors) detects a black line. This is
implemented by the WallToLine() function.

After the central sensor detects the line, the robot moves forward by 15 cm (0.15 m) with the
motors synchronized to position the wheels approximately on the line (this makes it easier to
make a turn while searching for the line). This is implemented by the SyncToDist() function.

The robot rotates to the right until it sees a black line with its right sensor, which means that
the sensors are on opposite sides of the line. This is implemented by the RotateTolLine()
function.

The robot moves along the line until it reaches the intersection. This is implemented by the
LineToCrossroad() function.

The final program code may look like this:
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. import sys

. import time

. import random
. import math

. centrLine = brick.sensor("A4").read
. leftLine = brick.sensor("A5").read

rightLine = brick.sensor("A6").read
distSensl = brick.sensor("Al").read

distSens2 = brick.sensor("A2").read
leftMotor = brick.motor("mM4")
rightMotor = brick.motor("mM3")
leftEnc = brick.encoder("mM4").read
righteEnc = brick.encoder("mM3").read

class Program(): ] _ _
__interpretation_started_timestamp_ = time.time() * 1000

pi = 3.141592653589793

Diam=0.056 #diameter of the robot's wheels, in meters
L=0.077 #half-track of the robot, in meters
driveSpd=50

turnsSpd=25

kf=0.9

kp_1ine=0.9

ki_Tine=0

kd_Tine=0

kp_wall=1.9

ki_wall1=0

kd_wall=0.1

kp_enc=1.0

ki_enc=0

kd_enc=0
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34. errold_Tine=0
35. errold_wall=0
36. errold_enc=0
37. I_Tline=0
38. I_wall=0
39. I_enc=0
40.
41. def execMain(self):
42. #add your code here
43. self.LineToEnd()
44 print("KoHel NuWHUK, nepeknw4YeHMe Ha CTeHy'")
45. self.wallToLine()
46. print("KoHel CTeHbl, MOBOPOT HA JINHMI")
47. self.SyncToDist(0.15)
48. self.RotateToLine()
49, print("ABuxeHne no nuHun')
58. self.LineToCrossroad()
51.
52. #motor stop on finish
53. brick.motor(''mM3™) .poweroff()
54. brick.motor('"'mM4") .poweroff()
55. script.wait(10)
56.
57. brick.stop()
58. return
59.
60. def RotateToLine(self):
61. rightMotor.setPower(self.turnSpd)
62. TeftMotor.setPower(-self.turnspd)
63. script.wait(1000)
64. while rightLine()<30:
65. pass
66. TeftMotor.poweroff()
67. rightMotor.poweroff()
68.
69. def LineTrace(self):
70. err = leftLine() - rightLine()
71. P=self.kp_line*err
72. self.I_line=self.I_line+self.ki_line*err
73. D=self.kd_1line*(err-self.errold_1line)
74. U=P+self.I_Tine+D
75. TeftMotor.setPower(self.driveSpd-u)
76. rightMotor.setPower(self.driveSpd+u)
77. self.errold_1line = err
78. script.wait(10)
79. pass
80.
81. def LineToEnd(self):
82. while TeftLine()+centrLine()+rightLine()>5:
83. self.LineTrace()
84. TeftMotor.poweroff()
85. rightMotor.poweroff()
86. errold_Tine=0
87. I_line=0
88.
89. def wallToLine(self):
90. while centrLine() <50:
91. self.wallTrace()
92. TeftMotor.poweroff()
33. rightMmotor.poweroff()
4,
95. def wallTrace(self):
96. err = distSens2() - 30
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97. P=self.kp_wall*err

98. self.I_wall=self.I_wall+self.ki_wall*err

99. D=self.kd_wall*(err-self.errold_wall)

100. U=P+self.I_wall+D

101. rightMotor.setPower(se]f.driveSpd - U

102. TeftMotor.setPower(self.drivespd + U)

103. self.errold_wall = err

104. script.wait(10)

105.

106. def LineToCrossroad(self):

107. while ( leftLine() + rightLine() )<60:

108. self.LineTrace()

109. TeftMotor.poweroff()

%%g. rightMotor.poweroff()

112. def SyncToDist(self, dist):

113. brick.encoder("E3").reset()

114. brick.encoder("E4") .reset()

115. pathAngle=0

116. alpha = (360*dist)/(math.pi*self.Diam)

117. while pathAngle < math.fabs(alpha):

118. pathL= leftEnc()

119. pathR=rightEnc()

120. pathAngle = (pathL+pathR)/2

121. self.SyncMove()

122. TeftMotor.poweroff()

123. rightMotor.poweroff()

124.

125. def Syncmove(self):

126. err = leftenc() - rightenc(Q

127. P=self.kp_enc*err

128. self.I_enc=self.I_enc+self.ki_enc*err

129. D=self.kd_enc*(err-self.errold_enc)

130. U=P+self.I_enc+D

131. rightMotor.setPower(se]f.driveSpd + U)

132. TeftMotor.setPower(self.driveSpd - U)

133. self.errold_enc = err

134. script.wait(10)

135.

136. def LineToDist(self, dist):

137. startencL = leftEnc()

138. starteEncR = rightenc()

139. pathAngle=0

140. alpha = (360*dist)/(math.pi*self.Diam)

141. while pathAngle < math.fabs(alpha):

142. pathL=leftEnc()-startEncL

143. pathR=rightEnc()-startEncR

144. pathAngle = (pathL+pathR)/2

145. self.LineTrace()

146. TeftMotor.poweroff()

147. rightMotor.poweroff()

148.

149. def main(Q:

150. program = Program()

151. program.execMain()

152.

153. if _name__ == '__main__":

154. main()
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3apaua l. Following the border of the colored zones
Task

In the TRIK Studio simulator, prepare a control program that moves the robot along the border of
color zones. The zones can be red or green, but at the start, it is unknown which zone is to the left or
right of the robot.

Robot Description

The robot is a differential platform equipped with three downward-facing reflected light sensors:
The left sensor is connected to port A5.

The right sensor is connected to port A6.

The middle sensor is connected to port A4.

The dimensions of the model in the TRIK Studio simulator are shown in the image.
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The left motor of the robot is connected to the M4 port, the right motor is connected to the M3 port.

The robot's encoders return the angle of rotation of the wheels in degrees. Positive numbers indicate
the rotation of the wheel, which ensures the robot's forward movement, and negative numbers
indicate backward movement.

Realistic physics and motors are enabled. Realistic sensors are disabled.
The polygon
The total size of the polygon is 4 x 4 meters.

The starting section and the starting position of the robot are exactly in the center of the polygon, in
the direction to the right.

There are two colored zones on the arena: red (code ff0000) and green (code 00ff00). It is guarantee
d that the color zones border
has form a closed loop, allowing the robot to return to the starting zone when following it.
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It is guaranteed that at the start, the robot’s left sensor is positioned over a zone of one color, the rig
ht sensor is over a zone of the other color, and the middle sensor is over the color
zones border. It is also guaranteed that the first 150 mm of the border line is a straight segment.

Example of a polygons:

The start zone is a 300x300 mm area, the center of which coincides with the center of the arena and
the robot at the start moment.

Intermediate zones 1 and 2 are 300x300 mm areas, the centers of which coincide with the boundary
of the color zones (the intermediate zones are located on straight segments of the color zone bound
aries).

Scoring

The control program is tested on five arenas: one known in advance (from the exercises) and four un
known ones, each with a different configuration of color zones. Up to 20 %
of the total score is awarded for each field.

The arena features the following events, triggered when the corresponding conditions are met:
e "Out from start" - displays the message "Out from start"; required conditions:
o no point of the robot’s projection is over the start zone;

o the speeds of both the left and right motors are non-zero.
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e '"Intermediate 1 zone checker"- awards 5 points and displays the message "The robot arrived
at the first intermediate zone"; required conditions:

o the "Out from start" event occurred earlier;
o the center of the robot's projection is in the intermediate zone 1.

e '"Intermediate 2 zone checker"- awards 5 points and displays the message "The robot arrived
at the second intermediate zone"; required conditions:

o the"Intermediate 1 zone checker" event occurred earlier;
o the center of the robot's projection is in the intermediate zone 2.

e "Finish checker" - awards 5 points and displays the message "Successful finish"; completes the
test; required conditions:

o the"Intermediate 2 zone checker" event occurred earlier;
o the center of the robot's projection is in the start zone.
Examples of tasks and a test project
The attached archive contains the files:

e sen_task 12 exercise.qrs / sen_task_12 exercise_alt.qrs - an exercise files with a customized
training fields;

e sen_task_12.py - a program file with the participant's source code.

The exercise files can be used for debugging programs. After debugging, the program code should be
transferred to the sen_task_12.py file and submitted as a solution to the task.

Solution:

In previous tasks, the robot had to move along a black line on a white background, which is the border
between two contrasting colors. In this task, the goal is to move the robot along the border between
two contrasting colors.

Like the previous task, it is convenient to define the motors and sensors with convenient names at the
beginning of the program (see lines 6-12 in the final program code). We will use a single sensor
connected to port A4 for movement. On a red background, the sensors show approximately 25%
brightness, while on a green background, they show approximately 75%. The average value that the
sensor should see on the border between the colors is approximately 50%. If the central sensor's
readings increase, it means that the robot is moving towards the green color and needs to steer
towards the red color, and vice versa.

In this task, it is unknown which side of the robot contains the red and green colors. To determine this,
we can use the left and right sensors at the start. The algorithm is as follows:

e At the start, we store the readings of the left and right sensors in separate variables named
left_light and right_light.

e The movement along the line is implemented in a loop. At each step of the loop, we calculate
the "left" and "right" errors as the difference between the readings of the central sensor and
the values of left_light and right_light stored at the beginning of the program. The total error
is calculated as the difference between the absolute values of the "left" and "right" errors. The
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goal is to ensure that the "left" and "right" errors are equal in magnitude, which means that
the readings from the central sensor are "equidistant” from the brightness of the colors on
either side of the robot. If this is not the case, the controller will generate an error, and the
robot will need to steer in the desired direction.

e The loop for moving along the line can be made infinite, as the task does not require the robot
to stop once it returns to the starting area.

The final program code may look like this:

1. import sys

2. import time

3. import random

4. import math

5.

6. centrLine = brick.sensor("A4").read

7. lTeftLine = brick.sensor("A5").read

8. rightLine = brick.sensor("A6").read

9. TeftMotor = brick.motor('"mM4")

10. rightMotor = brick.motor('"mM3")

11. leftEnc = brick.encoder("™M4").read

12. rightEnc = brick.encoder("mM3").read

13.

14. class Program():

%g. __interpretation_started_timestamp__ = time.time() * 1000
17. pi = 3.141592653589793

18. Diam=0.056 #amameTp Konec poboTa, B MeTpax
19. L=0.077 #nonykonesa poboTa, B mMeTpax
20. driveSpd=50

21. turnSpd=25

22. kf=0.9

23. kp_T1ine=0.9

24. ki_Tline=0

25. kd_Tine=0

26. errold_Tine=0

27. I_Tline=0

28.

29. Teft_light = 0

30. right_Tight = 0

31.

32. def execMain(self):

33. #106aBbTe CBOM KOJ HUXe

34, self.left_light = TeftLine()

35. self.right_light = rightLine()

36. while True:

37. self.LineTrace()

38. #motor stop on finish

39. brick.motor("'mM3™) .poweroff()

40. brick.motor("mM4") .poweroff()

41. script.wait(10)

42.

43. brick.stop(Q)

44, return

45.

46. def LineTrace(self):

47 . errL = centrLine() - self.left_Tlight
48. errR = self.right_light - centrLine()
49, err = abs(errL) - abs(errR)

50. P=self.kp_line*err

51. self.I_Tline=self.I_line+self.ki_Tline*err

52. D=self.kd_1line*(err-self.errold_1line)
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53. U=P+self.I_Tine+D
54. TeftMotor.setPower(self.driveSpd-u)
55. rightMotor.setPower(self.driveSpd+U)
56. self.errold_line = err
57. script.wait(10)
58. pass
59.
60. def main(Q):
61. program = Program()
gg. program.execMain()
64. if _name__ == '__main__":

65. main()
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3apgaua J. Odometry by the border of the colored zones
Task

In the TRIK Studio simulator, prepare a control program that moves the robot along the border of
color zones and stops after returning to the starting zone. The zones can be red or green, but at the
start, it is unknown which zone is to the left or right of the robot.

Robot Description

The robot is a differential platform equipped with three downward-facing reflected light sensors:
The left sensor is connected to port A5.

The right sensor is connected to port A6.

The middle sensor is connected to port A4.

The dimensions of the model in the TRIK Studio simulator are shown in the image.

95 MM N

aﬁﬁ

A4 Ab ry

135 mm

The left motor of the robot is connected to the M4 port, the right motor is connected to the M3 port.

The robot's encoders return the angle of rotation of the wheels in degrees. Positive numbers indicate
the rotation of the wheel, which ensures the robot's forward movement, and negative numbers
indicate backward movement.

Realistic physics and motors are enabled. Realistic sensors are disabled.
The polygon
The total size of the polygon is 4 x 4 meters.

The starting section and the starting position of the robot are exactly in the center of the polygon, in
the direction to the right.

There are two colored zones on the arena: red (code ff0000) and green (code 00ff00). It is guarantee
d that the color zones border
has form a closed loop, allowing the robot to return to the starting zone when following it.
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It is guaranteed that at the start, the robot’s left sensor is positioned over a zone of one color, the rig
ht sensor is over a zone of the other color, and the middle sensor is over the color
zones border. It is also guaranteed that the first 150 mm of the border line is a straight segment.

Example of a polygons:

The start zone is a 300x300 mm area, the center of which coincides with the center of the arena and
the robot at the start moment.

Intermediate zones 1 and 2 are 300x300 mm areas, the centers of which coincide with the boundary
of the color zones (the intermediate zones are located on straight segments of the color zone bound
aries).

Scoring

The control program is tested on five arenas: one known in advance (from the exercises) and four un
known ones, each with a different configuration of color zones. Up to 20 %
of the total score is awarded for each field.

The arena features the following events, triggered when the corresponding conditions are met:
e "QOut from start" - displays the message "Out from start"; required conditions:
o no point of the robot’s projection is over the start zone;

o the speeds of both the left and right motors are non-zero.
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e '"Intermediate 1 zone checker"- awards 5 points and displays the message "The robot arrived
at the first intermediate zone"; required conditions:

o the "Out from start" event occurred earlier;
o the center of the robot's projection is in the intermediate zone 1.

e '"Intermediate 2 zone checker"- awards 5 points and displays the message "The robot arrived
at the second intermediate zone"; required conditions:

o the"Intermediate 1 zone checker" event occurred earlier;
o the center of the robot's projection is in the intermediate zone 2.

e "Finish checker" - awards 5 points and displays the message "Successful finish"; completes the
test; required conditions:

o the"Intermediate 2 zone checker" event occurred earlier;
o the center of the robot's projection is in the start zone;
o the speeds of both robot motors are zero.

Examples of tasks and a test project

The attached archive contains the files:

e sen_task 13 exercise.qrs / sen_task_13 exercise_alt.qrs - an exercise files with a customized
training fields;

e sen_task_13.py - a program file with the participant's source code.

The exercise files can be used for debugging programs. After debugging, the program code should be
transferred to the sen_task_13.py file and submitted as a solution to the task.

Solution:

The task is similar to the previous one, but it requires the robot to stop after returning to the start
zone (after completing a full circle). Since the polygon does not have any explicit markings for the start
or intermediate zones, the robot needs to determine its coordinates and understand its location. This
can be achieved using odometry, which involves using internal sensors, such as motor encoders, to
determine the robot's position and movement. For more information, refer to the video
"OuddepeHumnanbHaa naatbopma pobotos" In this task, you can use the full formulas from the video
or simplified formulas, assuming that the length of the chord is approximately equal to the length of
the arc for small "steps" (movements of the robot).

The solution to the previous task was used as a basis, with the addition of a termination condition in
the loop that moves along the boundary of the zones. The loop continues until the distance from the
center of the robot to the start point is greater than 17.5 cm (half the width/height of the start zone).
To prevent the loop from terminating immediately at the start (since the robot is initially in the correct
zone), a preliminary loop with a "reverse condition" was added to move along the boundary of the
zones until the robot moves 30 cm away.

The distance to the center is calculated using the Pythagorean theorem, as the hypotenuse of a
triangle with sides equal to the X and Y coordinates of the robot (since the initial coordinates are zero).


https://www.youtube.com/watch?v=FOTqfAZB7sU
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If you use simplified odometry formulas that assume that the chords and arcs are equal, the error may
accumulate too quickly, causing the robot to inaccurately determine its coordinates and stop outside
the start zone or pass by it. To improve the calculation result, you can add pauses of 30-50 ms at each
step of the loop. This will result in fewer calculations, which will slow down the accumulation of errors.

The final program code may look like this:

1. import sys

2. import time

3. import random

4. import math

5.

6. centrLine = brick.sensor("A4").read

7. leftLine = brick.sensor("A5").read

8. ri%htLine = brick.sensor("A6").read

9. TeftMotor = brick.motor('"mM4")

10. rightMotor = brick.motor('"mM3")

11. leftEnc = brick.encoder("mM4").read

12. rightEnc = brick.encoder("mM3").read

13.

14. class Program():

%g. __interpretation_started_timestamp__ = time.time() * 1000

17. pi = 3.141592653589793

18. Diam=0.056 # diameter of the robot's wheels, in meters

19. L=0.077 # half-track of the robot, in meters

20. X=-0.0475 # robot's start X coordinate, in meters

21. Y=0.0 # robot's start Y coordinate, in meters

22. orient = 0.0 # robot's orientation, in degrees or radians, at
the participant's discretion

23. driveSpd=50

24. turnSpd=25

25. kf=0.9

26. kp_1ine=0.9

27. ki_Tine=0

28. kd_Tine=0

29. errold_Tine=0

30. I_Tine=0

31.

32. Teft_light = 0

33. right_Tight = 0

34.

35. enclL=0

36. encR=0

37.

38. Nleft_o1d=0

39. Nright_o1d=0

40.

41. def execMain(self):

42. #add your code here

43. self.X=-0.0475

44, self.left_light = leftLine()

45. self.right_light = rightLine()

46. while math.sqrt( (self.X)**2 + (self.yY)**2)<0.3:

47 . self.LineTrace()

48. print("oTbexann Ha 0.3 meTpa')

49, while math.sqrt( (self.X)**2 + (self.Y)*%*2)>0.175:

50. self.LineTrace()

5%. print("BepHynucb Ha cTapTt')

52.

53. #motor stop on finish

54. brick.motor('"mM3") .poweroff()
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55. brick.motor('"mM4™) .poweroff()

gg. script.wait(10)

58. brick.stop()

59. return

60.

61. def LineTrace(se1f):

62. errL = centrLine() - self.left_light

63. errR = self.right_light - centrLine()

64. err = abs(errL) - abs(errr)

65. P=se1f.kp_1ine*err

66. self.I_line=self.I_line+self.ki_line*err

67. D=self.kd_1line*(err-self.errold_1line)

68. U=P+self.I_Tine+D

69. TeftMotor.setPower(self.driveSpd-u)

70. rightMotor.setPower(self.driveSpd+U)

71. self.errold_1line = err

72. Nleft=leftEnc()

73. Nright=rightEnc()

74. dsleft = math.pi * self.Diam *(N1eft - self.Nleft_old) /360

75. dSr1ght = math.pi * self.Diam (Nr1ght - self.Nright_old) /360

76. self.X = self.X+(dSright+dSleft)/2*math.cos( self.orient +

77.

(dsright- dS%eft)/(4 *self.L) )

f.Y = self.y+(dsright+dsleft)/2*math.sin( self.orient +

g (dsright-dsleft)/(4*self.L) )

79.
80.
81.
82.

83.

self.orient = self.orient+(dSright-dsleft)/(2*self.L)
self.Nleft_old = Nleft

self.Nright_old = Nright

script.wait(50)

def main(Q:

84.
85.
86.

87.

if

88.

program = Program()
program.execMain()

__hame__ == '_main__"
main()
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3apaua K. Clock face
Task

In the TRIK Studio simulator, prepare a control program that can move the robot to a specified distance
while aligning it with the gyroscope. The robot determines its direction by following a line, but the line
ends one meter before the finish zone.

Robot Description

This is a differential platform robot equipped with four sensors:
The left front sensor is connected to port A5.

The right front sensor is connected to port A6.

The middle line sensor is connected to port A4.

The dimensions of the model in the TRIK Studio simulator are shown in the image below.

170 mm

135 mm

le
<

A

3
>

The robot's left motor is connected to port M4, and the right motor is connected to port M3.

The robot's encoders return the rotation angle of the wheels in degrees. Positive numbers indicate
rotation of the wheel that moves the robot forward, while negative numbers indicate rotation of the
wheel that moves the robot backward.

Realistic physics, sensors, and motors are enabled.
The polygon
The total size of the polygon is 4 meters by 4 meters.

The polygon resembles a clock face, with lines forming "hands" and numbers representing the robot's
stop zones. One of the "hands" is directed straight down, in the direction of 6 o'clock. The second
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"hand" can be directed towards any number on the clock face, except for 6. The transition between
the "hands" forms an arc with a radius of 150 mm. The width of the "hands" line is at least 25 mm.

It is guaranteed that there is exactly 1 meter between the end of the second "hand" and the center of
the corresponding stop zone.

Example of a polygon:

The green area represents the start zone, with its center aligned with the center of the robot at the
start. The size of the zone is 300 mm by 300 mm.

The finish zones are marked in red. Their centers coincide with a circle of diameter 3.5 m and are
located at angles of 0, 30, 60 ... 330 degrees. The zones have dimensions of 350x350 mm.

Scoring

The control program is tested on five polygons: one known in advance (from the exercise) and four
unknown ones with different arrow configurations. Each polygon can earn up to 20% of the total score.
The polygon has the following events that occur when the following conditions are met:

e "Qut from start" - displays the message "Out from start" in the console; required conditions:
o no point of the robot's projection is above the start zone.

e "Successful finish checker" - awards 20 points and displays the message "Successful finish";
completes the test; required conditions:

o the "Out from start" event occurred earlier;

o the center of the robot is in the finish zone indicated by the second "hand";
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o the speeds of both robot motors are equal to zero.

e "Partial finish checker" - awards 10 points and displays the message "Partial finish"; completes
the test; required conditions:

o the "Out from start" event occurred earlier;
o any point of the robot's projection is in the finish zone indicated by the second "hand";
o the speeds of both robot motors are equal to zero.
Examples of tasks and a test project
The attached archive contains the following files:
e sen_task 19 exercise.qrs - exercise files with customized training fields;
e sen_task_19.py - a program file with the participant's source code.

The exercise files can be used for debugging programs. After debugging, the program code should be
transferred to the sen_task_19.py file and submitted as a solution to the task.

Solution:
Let's decompose the task into components:
e The robot needs to move along the line until it ends.
e After the line ends, the robot needs to continue moving in the same direction for 1 meter.

The implementation of moving along the line until it ends is described in task H (Wall). Moving for one
meter can be implemented by synchronizing the motors, for example, as in task H. However, if the
polygon is configured with "arrows" in the direction of 5 and 7 o'clock, the length of the "arrow" may
not be sufficient for the robot to align effectively. As a result, the robot may miss these stop zones. To
solve this problem, you can use the robot's built-in gyroscope.

The algorithm for solving the task using the gyroscope is as follows:

e Before starting the movement, the robot calibrates the gyroscope and stores the current
direction as zero.

e The robot moves along the line until it ends.

e At the end of the line, the robot determines the zone in which it is currently moving. For
example, if the gyroscope readings are between -15 and 15 degrees, the robot is moving in the
direction of "12 o'clock," which is the ideal direction of 0 degrees; if the gyroscope readings
are between 75 and 105 degrees, the robot is moving in the direction of "3 o'clock," which is
the ideal direction of 90 degrees.

e The robot moves for 1 meter while adjusting the gyroscope to the ideal direction.

The gyroscope controller is like the controllers used for moving along a line, along a wall, and so on.
The controller's error is calculated as the difference between the gyroscope readings and the ideal
direction.

The final program code may look like this:

1. import sys
2. import time
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3. import random

4. import math

5.

6. centrLine = brick.sensor("A4").read

7. leftLine = brick.sensor("A5").read

8. rightLine = brick.sensor("A6").read

9. leftMotor = brick.motor("mM4™)

10. rightMotor = brick.motor("mM3")

11. leftEnc = brick.encoder("mM4").read

1%. righteEnc = brick.encoder("mM3").read

13.

14. class Program():

%g. __interpretation_started_timestamp__ = time.time() * 1000

17. pi = 3.141592653589793

18. Diam=0.056 #diameter of the robot's wheels, in meters

19. L=0.077 #half-track of the robot, in meters

20. driveSpd=50

21. turnSpd=25

22. kf=0.9

23. kp_Tine=1.5

24. ki_Tine=0

25. kd_Tine=0

26. kp_enc=1.0

27. ki_enc=0

28. kd_enc=0

29. errold_Tine=0

30. errold_enc=0

31. I_Tine=0

32. I_enc=0

33.

34, def execMain(self):

35. # wWhen calibrating in 2D, the robot's direction is remembered,
from which the angle will be calculated.

36. # The robot's initial direction is due north.

37. # Lengthy 2D calibration is not required.

38. brick.gyroscope().calibrate(200)

28. script.wait(300)

41. #add your code here

42.

43. self.LineToEnd()

44 print("KoHel NWHUM, nNepeknwvyeHne Ha CUHXPOHHbIM noe3a')

45, moveAngle = self.GetCleanAngle()

46. print( "Yron aBuxeHua = ", moveAngle )

47 . self.GyroToDist(moveAngle, 1.0)

48. print("Npoexan 3aaaHHoe paccTosHue')

49, #motor stop on finish

50. brick.motor('"'mM3™) .poweroff()

51. brick.motor("mM4") .poweroff()

52. script.wait(10)

53.

54. brick.stop(Q)

55. return

56.

57. def LineTrace(self):

58. err = leftLine() - rightLine()

59. P=self.kp_line*err

60. self.I_line=self.I_line+self.ki_line*err

61. D=self.kd_1line*(err-self.errold_1line)

62. U=P+self.I_1line+D

63. TeftMotor.setPower(self.driveSpd-u)

64. rightMotor.setPower(self.driveSpd+U)
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65. self.errold_1line = err

66. script.wait(10)

67. pass

68.

69. def LineToEnd(self):

70. while leftLine()+centrLine()+rightLine()>70:

71. self.LineTrace()

72. TeftMotor.poweroff()

73. rightMotor.poweroff()

74. errold_Tine=0

75. I_1line=0

76.

77. def SyncToDist(self, dist):

78. brick.encoder("E3").reset()

79. brick.encoder("E4").reset()

80. pathAngle=0

81. alpha = (360*dist)/(math.pi*self.Diam)

82. while pathAngle < math.fabs(alpha):

83. pathL= leftEnc()

84. pathR=rightEnc()

85. pathAngle = (pathL+pathR)/2

86. self.SyncMove()

87. TeftMotor.poweroff()

gg. rightmotor.poweroff()

90. def Syncmove(self):

91. err = lTefténc() - rightenc()

92. P=self.kp_enc*err

93. self.I_enc=self.I_enc+self.ki_enc*err

94. D=self.kd_enc*(err-self.errold_enc)

95. U=P+self.I_enc+D

96. rightMotor.setPower(se1f.dr1veSpd + U)

97. TeftMotor.setPower(self.driveSpd - U)

98. self.errold_enc = err

99. script.wait(10)

100.

101. def GetCleanAngle(self):

102. gyrobData = brick.gyroscope().read()

103. rawAngle = gyrobData[6]/1000

104. cleanAngle = 0

105. if rawAngle>-180 and rawAngle<-135:

106. cleanAngle = -150

107. elif rawAngle>=-135 and rawAngle<-105:

108. cleanAngle=-120

109. elif rawAngle>=-105 and rawAngle<-75:

110. cleanAngle=-90

111. elif rawAngle>=-75 and rawAngle<-45:

112. cleanAngle=-60

113. elif rawAngle>=-45 and rawAngle<-15:

114. cleanAngle=-30

115. elif rawAngle>=-15 and rawAngle<15:

116. cleanAngle=0

117. elif rawAngle>=15 and rawAngle<45:

118. cleanAngle=30

119. elif rawAngle>=45 and rawAngle<75:

120. cleanAngle=60

121. elif rawAngle>=75 and rawAngle<105:

122. cleanAngle=90

123. elif rawAngle>=105 and rawAngle<135:

124. cleanAngle=120

125. elif rawAngle>=135 and rawAngle<180:

126. cleanAngle=150

127. return cleanAngle
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128.

129 def Gyromove(self, angle):

130. gyrobData = brick.gyroscope().read()

131. rawAngle = gyrobDatal[6]/1000

132. err = rawAngle - angle

133. P=self.kp_enc*err

134. self.I_enc=self.I_enc+self.ki_enc*err

135. D=self.kd_enc*(err-self.errold_enc)

136. U=P+self.I_enc+D

137. rightMotor.setPower(self.driveSpd + U)

138. TeftMotor.setPower(self.driveSpd - U)

139. self.errold_enc = err

140. script.wait(10)

141.

142 def GyroToDist(self, angle, dist):

143. brick.encoder("E3").reset()

144. brick.encoder("E4").reset()

145. pathAngle=0

146. alpha = (360*dist)/(math.pi*self.Diam)

147. while pathAngle < math.fabs(alpha):

148. pathL= leftEnc()

149. pathR=rightEnc()

150. pathAngle = (pathL+pathR)/2

151. self.GyroMove(angle)

152 TeftMotor.poweroff()

%gz. rightMotor.poweroff()

155 def mainQ:

156 program = Program()

157 program.execMain()

158.

159. if _name__ == '__main__":

160 main()
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3apaua L. Honeycomb maze with lines
Task

In the TRIK Studio simulator, create a control program that can move the robot through a maze of
hexagonal elements called "honeycomb" (similar to honeycomb of a beehive). The robot starts in the
center of the maze and must reach the cell with the address E2. The floor of the polygon is marked
with black lines to help the robot navigate.

Robot Description

The robot is a differential platform equipped with four sensors:

The left front sensor is connected to port A5.

The right front sensor is connected to port A6.

The distance sensor facing the robot's direction is connected to port Al.

The distance sensor facing 60 degrees to the left of the robot's direction is connected to port A2.
The distance sensor facing 60 degrees to the right of the robot's direction is connected to port A3.

The dimensions of the model in the TRIK Studio simulator are shown in the image.

135 mm

56 Mmm Y

154 mm N

|
The robot's left motor is connected to the M4 port, and the right motor is connected to the M3 port.

The robot's encoders return the rotation angle of the wheels in degrees. Positive numbers indicate
rotation of the wheel that moves the robot forward, while negative numbers indicate rotation
backward.

Realistic physics and motors are enabled, while realistic sensors are disabled.

The polygon
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The total size of the test field is 4 x 4 meters. The field is equipped with a maze of walls that form

hexagonal honeycombs. Each honeycomb measures 1000 x 866 mm.

The robot starts moving in the center of the polygon, in the C2 cell, in the upward direction.

©

Each cell is marked with three intersecting black lines. The intersection point is in the center of the

is at least 25 mm. The lines are marked even if they lead to a wall.
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The start zone is marked in green, and its center coincides with the C2 cell. The size of the start zone
is 866x866 mm.

The finish zone is marked in red, and its center coincides with the E2 cell. The size of the finish zone is
866x866 mm.

Intermediate zones are marked in blue - in all cells except C2 and E2, the zones are 866x866 mm in
size, and their centers coincide with the centers of the cells.

Scoring

The control program is tested on five polygons: one known in advance (from the exercise) and four
unknown ones with different wall configurations. Each polygon can earn up to 20% of the total score.
The polygon has the following events that occur when the following conditions are met:

e "Out from start" - displays the message "Out from start" in the console; required conditions:
o none of the robot's projection points are above the start zone.

e "XY-checker" - 15 events for 15 intermediate zones, each of which earns 1 point and displays
a message in the console; required conditions:

o all of the robot's projection points are in the corresponding intermediate zone;
o the speeds of both robot motors are equal to zero;

o thelast message displayed on the robot's screen matches the name of the intermediate
zone's cell (for example: A1, B2, D4, etc.).

e "Finish checker" - earns up to 20 points (meaning that the total score will be exactly 20,
regardless of the points earned for the intermediate zones) and displays the message
"Successful finish" in the console; it completes the test; required conditions:

o all of the robot's projection points are in the finish zone;
o the speeds of both robot motors are equal to zero;
o the last message displayed on the robot's screen was "E2" (without quotation marks).

e "Not finish checker" - displays the message "Not zone finish" in the console; completes the
test; required conditions:

o none of the robot's projection points are located in the finish zone;
o the speeds of both robot motors are equal to zero;
o the last message displayed on the robot's screen was "E2" (without quotation marks).
Examples of tasks and a test project
The attached archive contains the files:
e sen_task_5_exercise.qrs - an exercise file with a customized training field;
e sen_task_5.py - a program file with the participant's source code.

The exercise files can be used for debugging purposes. After debugging, the program code should be
transferred to the sen_task_5.py file and submitted as a solution to the task.

Solution:
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The task involves moving through a maze, but it has a non-standard shape. To navigate the maze, you
can use the "right-hand rule" or the "left-hand rule" algorithm. It may take a long time to complete
the maze (more than 180 seconds, which is the time limit for completing the polygon), so you may
need to increase the base speed of line movement and turns to complete all the mazes.

The solution will be based on the "right-hand rule."

In each new "cell", you need to determine the path to the next "cell". To do this, you can check the
right distance sensor, and if it shows more than 70 cm (which means that there is a passage to the
next "cell"), then you should turn right to the line and drive to crossroad to the next cell. If the right
distance sensor shows less than 70 cm, then you should check the front distance sensor and drive to
the next cell if there is a passage. If the front distance sensor also shows less than 70 cm, then you
should turn left and check the front distance sensor until you find a passage.

Each passage to the next "cell" should be performed according to the following algorithm:
e drive along the line to the crossroad;

e drive along the line for 14.5 cm (so that the center of the wheel axis is at the intersection,
making it easier to turn);

e turn right to the line so that the next search for a passage does not miss the passages on the
right.

After implementing the "right-hand rule" for navigating the maze, you need to teach the robot to
determine its current coordinates. Each time you drive from one "cell" to another, you need to update
the coordinates by adding or subtracting 1 from the robot's X and Y coordinates. The letters in the
name of the "cell" will represent the X coordinate, and the numbers will represent the Y coordinate.
These coordinates will change according to different rules depending on the robot's direction and the
parity/oddness of the X coordinate. You can find the detailed algorithm in the final program code:

. import sys

. import time

. import random
. import math

leftIK = brick.sensor("A2").read

. centrik brick.sensor("Al").read

rightIk brick.sensor("A3").read

TeftLine = brick.sensor("A5").read
rightLine = brick.sensor("A6").read
leftMotor = brick.motor("mM4")
rightMotor = brick.motor('"mM3")
leftEnc = brick.encoder("mM4").read
rightEnc = brick.encoder("mM3").read

OOoONOUVITDAWN
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class Program(): _ _ _
__interpretation_started_timestamp__ = time.time() * 1000

pi = 3.141592653589793
Diam=0.056 #auameTp konec poboTa, B MeTpax
L=0.077 #nonykonesa poboTa, B MeTpax

NININ 2
NROWooN

N
w

X=-0.0475 #koopamHaTa X poboTa, B MeTpax

Y=0.0 #koopauHaTa Y poboTa, B MeTpax

orient = 0.0 #opueHTauus poboTa, B rpaaycax WaM paauaHax Ha
YCMOTPEHUE y4yacCTHUKA
26. #Ha CcTapTe BCe KOOpAWHATH poboTa Hynesble

NN
(U2
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27. #HyneBsaa opueHTauusAa O3HAayaeT HanpasieHWe BAONMb OCU OX
28. #BO BpeMs ABUXEHUS pPeKOMeHAyeTCsi OBHOBNATb 3TU MepeMeHHble
29. cellx=3

30. celly=2

31. cellorient=0

32.

33. driveSpd=80

34. turnSpd=40

35. kf=0.9

36. kp_1line=0.7

37. ki_1ine=0.15

38. kd_Tine=0

39. kp_wall=1.0

40. ki_wal1=0.05

41. kd_wall=0.1

42 . kp_enc=1.0

43. ki_enc=0

44, kd_enc=0

45, errold_Tine=0

46. errold_wall=0

47. errold_enc=0

48. I_Tline=0

49, I_wall=0

50. I_enc=0

51.

52. encL=0

53. encR=0

54.

55. NTeft_old=0

56. Nright_o1d=0

57.

58. def execMain(self):

59. #pn06aBbTe CBOW KOJA HUXe

60.

61. while (self.cellX != 5) or (self.celly != 2):
62. self.PrintCellcoordinate()
63. TeftMotor.poweroff()

64. rightmotor.poweroff()

65. script.wait(10)

66. self.RightHandMove ()

67.

68. self.PrintCellcCoordinate()
69. print("Finish")

70.

71. #0CTaHOBKA MOTOPOB Ha (uHUWE
72. brick.motor(''mM3™) .poweroff()
73. brick.motor('"'mM4™) .poweroff()
74. script.wait(10)

75.

76. brick.stop()

77. return

78.

79. #MNOUCK NYTW B CNej KAeTKY Mo NpaBuay MNPaABON PYKMU
80. #N0 OKOHYAHMU POOOT JAONXKEH CTOATb B HANpaB/eHUU CNejl KIeTKU
81. def FindRightPath(self):

82. if rightik()>70:

83. #NOBOPOT HanpaBO AO JINHUU
84. self.RotateRightToLine()
85. self.cellorient=(self.cellorient+1)%6
86. elif centrik()>70:

87. #npoes3n B chep KJeTKy

88. pass

89. else:
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90. #NOBOPOT HanNeBO, MOKA He HauAeMm npoes3n
91. while centrIik() < 70:
92. self.RotateLeftToLine()
93. self.cellorient=(self.cellorient-1)%6
94. pass
95.
96. #npoe3a B Cnep KNeTKy NO NpaBuay NPaBON PYKWU
97. #nocne npoesaa NOBOPOT HanpaBO Ha OAHY JMHUIO
98. def MoveToNextCellRight(self):
99. #npoe3n B cnep KIeTKy
100. self.LineToCrossroad()
101. self.LineToDist(0.14)
102. self.uUpdateCellCoordinate()
103. #NOBOPOT HanpaBO Ha OAHY JIMHUID
104. self.RotateRightToLine()
18%. self.cellorient=(self.cellorient+1)%6
106.
107. def RightHandMove(self):
108. self.FindRightPath()
%28. self.MoveToNextCellRight()
111. def PrintCellcCoordinate(self):
112. letter = 'Z'
113. if self.cellX == 1:
114. letter = 'A'
115. if self.cellX == 2:
116. letter = 'B'
117. if self.cellX == 3:
118. Jetter = 'C'
119. if self.cellX == 4:
120. letter = 'D'
121. if self.cellX == 5:
122. Jetter = 'E'
123. addr = Tetter+str(self.celly)
124. print(addr)
125. brick.display().addLabel (addr, 20, 20, 20)
%%6. brick.display().redraw()
7.
128. def uUpdateCellCoordinate(self):
129. if self.cellorient == 0:
130. self.cellX += 0
131. self.celly += -1
132. if self.cellorient == 1:
133. if self.cellx%2 == 0:
134. self.celly += -1
135. else:
136. self.celly += 0
137. self.cellX += 1
138. if self.cellorient == 2:
139. if self.cellx%2 == 0:
140. self.celly += 0
141. else:
142. self.celly += 1
143. self.cellX += 1
144. if self.cellorient == 3:
145. self.cellX += 0
146. self.celly += 1
147. if self.cellorient == 4:
148. if self.cellx%2 == 0:
149. self.celly += 0
150. else:
151. self.celly += 1

152.

self.cellX += -1
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153 if self.cellorient == 5:

154. if self.cellx%2 == 0:

155. self.celly += -1

156. else:

157. self.celly += 0

158. self.cellX += -1

159.

160 def RotateLeftToLine(self):

161. rightMotor.setPower(self.turnSpd)

162. TeftMotor.setPower(-self.turnspd)

163. moveTime=0

164. startTime = time.time() * 1000

165. while moveTime<500:

166. moveTime = time.time() * 1000 - startTime

167. script.wait(20)

168. while rightLine()<30:

169. script.wait(20)

170. TeftMotor.poweroff()

171. rightmotor.poweroff()

%;%. brick.playTone (1000, 100)

174 def RotateRightToLine(self):

175. rightMotor.setPower(-se1f.turnSpd)

176. TeftMotor.setPower(self.turnspd)

177. moveTime=0

178. startTime = time.time() * 1000

179. while moveTime<500:

180. moveTime = time.time() * 1000 - startTime

181. script.wait(20)

182. while leftLine()<30:

183. script.wait(20)

184. TeftMotor.poweroff()

185. rightMotor.poweroff()

186. brick.playTone (1000, 100)

187.

188 def LineTrace(self):

189. err = leftLine() - rightLine()

190. P=self.kp_line*err

191. self.I_line=self.I_line+self.ki_line*err

192. D=self.kd_line*(err-self.errold_1line)

193. U=P+self.I_Tine+D

194. TeftMotor.setPower(self.driveSpd-u)

195. rightMotor.setPower(self.driveSpd+u)

196. self.errold_1line = err

197. script.wait(20)

198.

199 def LineToCrossroad(self):

200. while ( TeftLine() + rightLine() )<60:

201. self.LineTrace()

202 TeftMotor.poweroff()

203. rightMotor.poweroff()

204 .

205 def SyncToDist(self, dist):

206. brick.encoder("E3").reset()

207. brick.encoder("E4") .reset()

208. pathAngle=0

209. alpha = (360*dist)/(math.pi*self.Diam)

210. while pathAngle < math.fabs(alpha):

211. pathL= leftEnc()

212. pathR=rightEnc()

213. pathAngle = (pathL+pathR)/2

214. self.SyncMove()

215. TeftMotor.poweroff()
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%%6. rightMotor.poweroff()
7.
218. def SyncMove(self):
219. err = lTefténc() - rightenc()
220. P=self.kp_enc*err
221. self.I_enc=self.I_enc+self.ki_enc*err
222. D=self.kd_enc*(err-self.errold_enc)
223. U=P+self.I_enc+D
224. rightMotor.setPower(self.driveSpd + U)
225. TeftMotor.setPower(self.driveSpd - U)
226. self.errold_enc = err
227. script.wait(20)
228.
229. def LineToDist(self, dist):
230. starteEncL = leftEnc()
231. starteEncR = righteEnc()
232. pathAngle=0
233. alpha = (360*dist)/(math.pi*self.Diam)
234. while pathAngle < math.fabs(alpha):
235. pathL=leftEnc()-startEncL
236. pathR=rightEnc()-startEncR
237. pathAngle = (pathL+pathR)/2
238. self.LineTrace()
239. TeftMotor.poweroff()
%48. rightMotor.poweroff()
41,
242. def main(Q):
243. program = Program()
244. program.execMain()
245.
246. if _name__ == '__main__":
247. main()

After implementing these algorithms, it is enough to configure the output of coordinates to the robot
screen and to the console (for convenience debugging). And configure the condition for the loop that
performs the search of the path by the right-hand rule — repeat it until the coordinates of the robot
become E2 (that is, X=5, Y=2).
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BTopoi oTOOpPOYHbIN 3TanM

Craplwas Bo3pacTHaa rpynna

3apava G. [iBuxKeHue no AMHUU
3apgaHue

B cumynaTtope TRIK Studio noaroToBuTb ynpasastoLLyo Nporpammy, nepemeLlatoLLyto poboTta BLONb
NMHUK, NOBOPAYMBAIOLLYIO HANIEBO Ha BCTPEYEHHbIX NEepeKpecTKax M OCTaHaBAMBAIOLWLYHO €ro Ha
4eTBEPTOM BCTPEYEHHOM NepeKkpecTKe.

OnucaHue pobora

OnddepeHumanbHas nnatdopma. PobOT OCHaLLEeH YeTbipbMs [ATYMKAMM OTPAXKEHHOro CBETa,
HanpaBAEHHbIMU BHU3:

K nopTty A3 noakntoueH nesblii GOKOBOM AaTUMK.

K nopty A5 nogKkntoueH ieBblit nepegHunii gaT4ymk.
K nopty A6 noaknto4eH NpaBbii NepeaHnii 4aTumk.
K nopty A4 noakntoueH npasblii GOKOBOM AaTUMK.

Pasmepbl mogenn B cumynatope TRIK Studio npegcTaBneHbl Ha pUcyHKe.

175 mm

»

45 mm
|

L 135 mm

65 mm

NeBblii moTop poboTa noakntodeH K nopty M4, npaBblit MOTOP - K nopTy M3.

JHKoZepbl pobOTa BO3BPALLAOT Yron MOBOPOTA Kosiec B rpagycax. [onoKuTenbHble 4ucaa
0603HavaloT BpaleHMe Koneca, obecneumBalowWwero AsuxeHne poboTta Bnepes, oTpULATENbHbIE -
Has3ag,

PeanuctmnyHble Gm3nKa 1 MOTOPbI BKAKOYEHBI. PEanncTuyHble CEHCOPbI OTKAOYEHDI.
MonuroH
O6wuin pazmep NoAMroHa coctasanet 4 x 4 meTpa.

CTapToBasA CeKuMA U CTapTOBOE MOJIOXKEeHWe poboTa - TOYHO B LEHTPE MOAWUIOHA, B HaMpaBieHUK
BMNpaso.

WnpnHa nnHnUmM He meHee 25 mm.
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FapaHTUPYETCA, YTO Ha CTapTe IMHUA PACMONOXKeHa MeXAay AaTunkamum A5 1 A6. FapaHTMpyeTcs, 4To
nepsble 300 MM NMHUM - NPAMOI y4acTok. [lanee cnenytoT NOBOPOTLI C PagMycom He meHee 150 mm.
FapaHTMpyeTCA, YTO BOKOBbIE IMHMM Ha NMEePEKPECTKAX OTCTOAT OT OCHOBHOM /IMHUM HE MEeHee YeM Ha

125 MM 1 UMeIoT WNPUHY HEe meHee 25 mm.

Mpumepbl nonei:

THYIS

HauucneHue 6annos

Ynpasnawowaa nporpamma nNpoBepAeTca Ha NATM NOAUIOHAX: OAHOM W3BECTHOM 3apaHee (M3
YMNPa)KHEHMA) U YeTbipex HEU3BECTHbIX, MMEILWMX PasHyo KOHPUrypauulo MoBOPOTOB, MPAMbIX
YYaCTKOB M NEPEKPECTKOB. 3a KaxkAoe nose Haumcnaetca a0 20% 6annos. NonMroH umeeT cieagyouimne
cobbITMA, NpoucxoaALLMe Npu COBNALEHUN CeAYOLNX YCIOBUIA:

e "Out from start" - BbIBOgUT coobuieHme B KoHconb "Out from start"; Tpebyembie ycnosus:
O HW OAHa TOYKa NPOeKLMnN poboTa He HAXOAUTCA HaZ 30HOM CTapTa;
O CKOPOCTWU 1eBOrO U NPABOro MOTOPOB HEHYNEBbIE.

e "Finish checker" - Hauncnset 10 6annoB 1 BbiIBOAUT coobuieHue B KoHcob "Successful finish";
3aBepLIaeT NPoBepPKyY; Tpebyemblie ycnoBua:

O paHee Hactynuno cobbitve "Out from start";
O UueHTp poboTa HaxoanUTCA B GUHULLHON 30HE;
O CKOpoCTK 060Mx MOTOPOB poboTa pPaBHbI HYAHO.
Mpumepbl 3aaaHNT U TECTOBbIA NPOEKT:
B npunoxeHHOM apxmBe Haxo4ATcs cneayowme danbl:
e sen_task_3_exercise.qrs - daiin-ynparKHeEHME C HACTPOEHHbIM TPEHUPOBOYHbIM MONEM;
e sen_task_3.py - daiin-nporpamma c MCXOAHbIM KOAOM YyYaCTHMKA.

daiinbl-ynpaskHEHMA MOTYT MCNO/Ib30BaTbCA ANA OTAaAKM nporpamm. [locne oOTnagkM Kog
nporpammbl HeobxogmMmo nepeHecTn B daiin sen_task_3.py u oTnpaBuTb B KayecTBe peLleHuUA
3a/aun.

PeweHune:
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. import
. import
. import
. import

sys
time
random
math

. class Program():

__interpretation_started_timestamp__ =

pi =

3.141592653589793

Diam=0.056 #amameTp kKonec poboTa, B MeTpax

L=0.077 #nonykonesa poboTa, B mMeTpax
kf=0.9
kp=1.0
ki=0
kd=0
errold=0
I=0
s1f=0
s2f=0
s3f=0
s4f=0

def execMain(self):
#p06aBbTe CBOW KOA HUXe
self.Crossroads(4)

#0CTAaHOBKA MOTOPOB Ha (QUHMWe
brick.motor(''mM3™) .poweroff()
brick.motor('"'mM4") .poweroff()

brick.stop()
return

def RotateToLine(self):

brick.motor("'mM3") .setPower(25)
brick.motor("mM4"™) .setPower(-25)
script.wait(1000)
s5 = brick.sensor("A5") .read()
while s5<30:

s5 = brick.sensor("A5").read()
brick.motor(''mM4™) .poweroff()
brick.motor("mM3") .poweroff()

def LineTrace(self):
s5 = brick.sensor("A5").read()
s6 = brick.sensor("A6").read()
err = s5 - s6
P=self.kp*err
self.I=self.I+self.ki*err
D=self.kd*(err-self.errold)
U=P+self.I+D
TeftSpd = 50-u
rightSpd= 50+U

brick.motor("M3").setPower(ri%hthg)
tSp

brick.motor("mM4™) .setPower(le
self.errold = err
script.wait(10)

pass

YHUBEPCUTET
MHHOMOJTUC

3a 0CHOBY pelleHuns B3ATO pelleHne 3aga4 F 1 J mnaglwel BO3pacTHOM rpynnbl BTOPOro oT60poYHOro
aTana onMmnuagbl ceaoHa 2024-25 rr (X MOXKHO HaMTKM B MaTepuanax NoAroToBKM Ha opULMaIbHOM
canite onumnuagbl). M3meHeHbl NOPTbI MOAKNOYEHMA [AATYMKOB,
KO3pPULMEHTbI M NOPOroBble 3HAYEHMA A/1A OnpeneneHna NePeKPECTKOB U IMHUIA NPU NOBOPOTAX.

He3Ha4YnTe/IbHO U3MEeHEHDbI

time.time() *
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def LineToCrossroad(self):
s3 = brick.sensor("A3").read()
s4 = brick.sensor("A4").read()
while (s3+s4)<60:
s3 = brick.sensor("A3").read()
s4 = brick.sensor("A4").read()
self.LineTrace()
brick.motor('"'mM4™) .poweroff()
brick.motor('"mM3") .poweroff()

def LineToDist(self, dist):

starteEncL = brick.encoder("mM4").read()

starteEncR = brick.encoder("mM3").read()

pathAngle=0

alpha = (360*dist)/(math.pi*self.Diam)

while pathAngle < math.fabs(alpha):
pathL=brick.encoder('"mM4") .read()-startEncL
pathR=brick.encoder("M3").read()-startEncR
pathAngle = (pathL+pathR)/2
self.LineTrace()

brick.motor("'mM4™) .poweroff()

brick.motor("mM3") .poweroff()

def Crossroads(self, crossNum):

n=0

while n<crossNum:
self.LineToCrossroad()
self.LineToDist(0.0475)
n=n+1
self.RotateToLine()
brick.playTone(1000, 100)

def main(Q:
program = Program()
program.execMain()

if _name__ == '_main__":
main()
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3apaya H. CreHa
3apaHue

B cumynsatope TRIK Studio nogrotosuTb ynpasastoLyo nporpammy, CnocobHyo nepemelats poboTa
BAO/Ib IMHUM U BAO/Ib CTEHbI, MEPEKAOYAACh MEXAY 3TUMU pexmmamu. Pexkumbl paboTbl nayT B
cnepylouwen nocnenoBaTe/IbHOCTU: CNepBa ABUMKEHME BAO/b IMHUM, NOTOM BA0/b CTEHbI, U B KOHLLE
OnATb BAO/b IMHUM A0 NepeKkpecTKa.

OnucaHue poborta

AndodepeHumnanpHaa nnatpopma. PO6OT OCHaLLEH NATLIO AAaTYMKAMMU:
K nopty A5 nogKnto4ueH feBbli 4aTYMK INHUN.

K nopty A6 noaKknto4eH NpaBblii JATYUK TUHUN.

K nopty A4 noaKntoueH LEeHTPAIbHbIN AATYMK IMHUMN.

K nopTy Al nogxntoueH AaTYMK PacCTOAHUA, HanpaBaeHHbIM Hanpaso nog 90 rpagycoB OTHOCUTENBHO
HanpasneHMA ABUKEHUA poboTa.

K nopTy A2 nogxntoudeH AaTYMK PacCTOAHWUA, HanpaBAeHHbIM HanpaBo Nog 75 rpagycoB OTHOCUTENBHO
HanpasneHMA ABUKEHUA poboTa.

Pasmepbl mogenn B cumynatope TRIK Studio npeactaBneHbl Ha pUCyHKe.

T

135 mm

NeBblii moTop poboTa noagkntodeH K nopty M4, npaBblit MOTOP - K nopTy M3.

JHKoZepbl pobOoTa BO3BPALLAOT Yron MOBOPOTA Kosec B rpaaycax. [ONoMKuTesnbHble 4mucna
0603HavaloT BpalleHMe Koneca, obecneumBalowWwero AsuxeHne poboTta Bnepes, oTpuLaTENbHbIE -
Ha3ag,

PeanuctnyHbie pU3nMKa U MOTOPbI BKAKOUYEHBI. PEanncTUYHbIE CEHCOPbI OTKOYEHDI.
MonwuroH
O6uwuit pasmep NoAMroHa coctasnnet 4 x 4 metpa.

CTapToBas CeKUuMa U CTapToBOE NONOXKeHMe poboTa - TOYHO B LLEHTPE MOJIMIOHA, B HamnpaB/eHUM
BNpaBo.

WnpunHa nnHumM He meHee 25 mm.

FapaHTUPYETCA, YTO Ha CTapTe IMHUA PACMONoXKeHa MeXAay AaTunkamum A5 n A6. FapaHTMpyeTcs, 4To
nepsble 300 MM NNMHUM - NPSAAMOI y4acTok. [lanee cnenytoT NOBOPOTLI C PagMycom He meHee 150 mm.
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lapaHTUpyeTca, YTo HOKOBbLIE IMHMM Ha NEePEKPECTKAaX OTCTOAT OT OCHOBHOM IMHUN HE MeHee YeM Ha
125 MM 1 UMEIOT WNPUHY HEe MeHee 25 MMm. MapaHTUpyeTCa, YTO NpU ABMMKEHUM NO IMHUK CO CTapTa
CTeHa noABMTCA cnpasa oT poboTa Ha paccToaHMM 300 MM; K KOHLY NEepBOro y4acTka IMHMM cnpaBa
OyaeT y4acToK cTeHbl asnHon He meHee 300 mm. MapaHTMpyeTtca, yto 3a 300 MM A0 3aBepLUEHUs
CTeHbl byaeT nonepeyHasa IMHUA, Ha KOTOPoI poboTy noTpebyeTca NOBEPHYTb HAaNEBO.

Mpumepbl nonei:

b1 p k)
s T

AW

3eneHbIM 0603HayeHa 30Ha CTapTa - ee LLeHTP COBMAAAET C LeHTPoM poboTa Ha CTapTa; pa3smepbl 30HbI
300x300 mm.

CvHUM 0603HavYeHa NPOMENKYTOUYHAA 30Ha - ee LEHTP COBMNAZAET C IMHUEN 3aBEpPLUEHUNA OBUKEHUA
BAONb CTEHbI, HAX04MTCA Ha paccToAaHUM 300 mm OT CcTeHbl; pasmepbl 30HbI 300x300 mm.

KpacHbim 0603HauYeHa 30Ha GMHULIA - ee LEeHTP COBNaAaeT C LEHTPOM NEPEKPECTKA; Pa3mMepbl 30HbI
300x300 mm.

HauucneHue 6annos

Ynpasastowaa nporpamma MpOBepAeTcA Ha NATU MNOAWUIOHaX: ABYX W3BECTHbIX 3apaHee (u3
YNpPa*KHEHUM) N TPEX HEM3BECTHbIX, UMEIOLLMX Pa3HY0 KOHOUIypaLuo NOBOPOTOB, NPAMbIX Y4aCTKOB
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M CTeH. 3a KaxKaoe nosie Hauucnsetca ao 20% 6annos. MNoAWroH MMeeT cneayrolme cobbiTus,
npoucxoasalLmMe Npu coBnageHnn cneayowmx yCa1oBUin:

e "Out from start" - BbIBOgUT coobuweHmne B KoHcoNb "Out from start"; Tpebyembie ycnosus:
O HM OfHa TOYKA NpoeKLMM poboTa He HAXOAUTCA HAZ 30HOW CTapTa;
O CKOPOCTW NEBOTO W NPABOro MOTOPOB HEHYNEBbIE.

e '"Intermediate zone checker"- Hauucnaer 10 6annos un BbiBOAUT coobuieHue "Successful
movement along the wall"; Tpebyembie ycnosus:

O paHee Hactynuno cobbite "Out from start";
O LEeHTp NpoeKumnn poboTa HaXxoaUTCA B MPOMEKYTOYHOM 30HeE.

e "Finish checker" - HauucnaeT 5 6annos 1 BbIBOAUT coobuleHne B KoHcob "Successful finish";
3aBeplUaeT NPoBepKy; Tpebyemblie ycnosus:

O UeHTp poboTa HaxoanTcA B GUHMLLHON 30HE;

O CKOpOCTU 06oMx MOTOPOB POo6OTa paBHbI HY/HO.
Mpumepbl 3a4aHUNA U TECTOBbIA NPOEKT
B npunoxeHHOM apxuBe HaxoaATcs cieayowme danbi:

e sen_task 4 _1 exercise.qrs / sen_task_4 2 exercise.qrs -  @alnbl-ynpaxkHeHMA C
HACTPOEHHbIMWN TPEHNUPOBOYHBIMW NONAMM;

e sen_task_4.py - ¢ann-nporpamma ¢ UCXOAHbIM KOAOM Y4aCTHMKa.

dalinbl-ynpaskHeHNa MOryT MCMo/b30BaTbCA AN OTAAAKM nporpamm. [locne OTNafaku Kog
nporpammbl HeobxoaMmo nepeHecTn B ¢aiin sen_task_4.py v oTnpaBUTb B KayecTBe peLueHus
3agauum.

PeweHune

3ap,aqa noapa3symeBaeT ABUXKeHUe no IMHMUN U BAOJIb CTEHbI, @ TaKXKe nepeKkItod4eHne mexay asTumu
pexnmmamum B 3aBUMCUMOCTU OT BHELLIHUX YCI'IOBMI;'L

[nsa ynobcTBa HanMcaHWA KoAa B Havasne NPorpaMmmbl MOXKHO onpeaennTb obpalleHma K MOTopam U
AaTYMKaM C nomoulbto 60siee KOPOTKMX M MOHATHbIX MMEH (CM. CTPOKM 6-14 B MTOroBOM Koze
nporpammbl).

[BUKeHne Nno NMHUK PacCMOTPEHO B npeabiayuiei 3agade. Ero yaobHee BbIHECTU B OTAE/bHYIO
dyHKUMo LineTrace() w Bbi3biBaTb €e MO HeobxoAUMOCTU B Apyrux OYHKUMAX, Hanpumep, C
NPOMNUCAHHbIMU YCNOBUAMMU NEPEKNHOYEHUS.

[BuKeHne BAONb CTEHbl MOXXHO pPeann30BaTb aHaNOMMYHbIM 0Bpa3omM, C NOMOLLbIO perynatopa.
Mpuuem moaenb poboTa COAEPKUT ABA AaTYMKA PACCTOAHUA, YH4aCTHUKN MOTyT BbibpaTb Hanbonee
noaxogAawmin. B nanbHelwem peweHne byaet cTpOUTbCA HA UCNOIb30BaHMM AaTYMKa Ha nopTty A2,
TaK KaK OH HanpaBneH HemHoro Bnepén (3to obneryaetr ABuKeHWE BOONb CTeHbl). Owwnbka
(«HeBA3Ka») perynaTopa 6yAeT BbIMMCAATLCA KaK Pa3HULLA MEXAY NOKA3aHMAMM AaTYMKA U 33 aHHBIM
3HaYeHUeM — KenaemblM PacCTOAHMEM A0 CTeHbl. TaK KaK IMHMA HaxoauTcA Ha pacctoaHmmn 30 cm oT
CTEHbI, TO M 3a Xesaemoe paccTosaHue npumem 3HadeHune 30. [BuxkKeHuMe BAONb CTeHbl yaobHee
BbIHECTM B oTAenbHYy0 PyHKuno WallTrace().

MepekntoyeHme pexMMoB MOXKHO NPOM3BOAUTL MO CIeAYOWMM NPaBUaaM:
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Po60T HauMHaeT ABUXEHME MO JIMHUMU, U BLINOJHAET ero A0 Tex MNop, NoKa JIMHUSA He
3aKOHUYMTCA, TO eCcTb NOKa BCE TPWU AaTyMKa CYMMapHO BUAAT 6osee Kakoro-To NoporoBoro
3HaYeHuA (ecnn Bce TP AaTumKa BUAAT 6enoe, To MoKa3aHMA Ha HUX yNagyT 40 OKOJIOHYEBbIX
3Ha4yeHui). PeannsosaHo ¢yHKumen LineToEnd().

Mocne OKOHYaHMA NMHUM POBOT NepeKIoYaETCA HA ABUKEHME BLOb CTEHbI U BbINOIHAET €ro
[0 Tex Mop, NOKa LLeHTPasbHbIA AATYMK (PacrnoNoXKeHHbIA Bnepean BCEX OCTAJIbHbIX) He
YBUAMUT YepHYto nnHuIo. PeannsosaHo ¢yHKumen WallToline().

Mocne obHapyXeHUA MHUWN LEeHTPaNbHbIM AAaTYMKOM pobOT BbINONHAET Npoess Bnepes ¢
CUHXPOHM3aUunen motopoB Ha 15 cm (0.15 m), YTOBbI OKas3aTbCA KOonecamu NPUMEpPHO Ha
MHUM (B 3TOM COCTOAHMKM yaobHee pgenaTb MOBOPOT C MOUCKOM /MHWUKM). PeannsoBaHo
byHKumen SyncToDist().

PoboT coBepLuaeT MOBOPOT HAMPABO A0 TeX NOp, NOKa He YBUAWUT NPaBbiM SATYNKOM YEPHYIO
JMHUIO, TO €CTb MOKA He OKaKeTcA AAaTYMKaMM MO pasHble CTOPOHbI OT AnMHWUK. PeannsosaHo
¢byHKUmMel RotateToline().

PoboT coBeplwaer npoe3g MO /MHUM OO0 NepekpécTka. PeannsosaHo dyHKUMeN
LineToCrossroad().

MNTOrosbIli KOA NPOrPaMmbl MOXKET UMETb CAeayoLWmiA BUA,:
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. import sys

. import time

. import random
. import math

. centrLine = brick.sensor("a4").read
. leftLine = brick.sensor("A5").read
rightLine = brick.sensor("A6").read
distsensl = brick.sensor("Al").read

distSens2 = brick.sensor("A2").read
TeftmMotor = brick.motor("m4")
rightMotor = brick.motor("mM3")
TeftEnc = brick.encoder("mM4").read
righteEnc = brick.encoder("mM3").read

class Program(): ) _ _
__interpretation_started_timestamp__ = time.time() * 1000

pi = 3.141592653589793
Diam=0.056 #diameter of the robot's wheels, in meters
L=0.077 #half-track of the robot, in meters
drivespd=50

turnSpd=25

kf=0.9

kp_Tine=0.9

ki_Tine=0

kd_Tine=0

kp_wall=1.9

ki_wall=0

kd_wall1=0.1

kp_enc=1.0

ki_enc=0

kd_enc=0

errold_Tine=0
errold_wall=0
errold_enc=0

I_Tine=0

I_wall=0

I_enc=0



':(\} Innopolis Open Robotics 2025-2026 . YHUBEPCUTET
PN BTtopoii atam. 9-11 knacc I MHHONONUC

471. def execMain(self):

42. #add your code here

43. self.LineToEnd()

44, print("KoHel NuMHUKM, nepeknyeHne Ha CTeHy'")

45. self.wallToLine()

46. print("KoHel CTeHbl, MOBOPOT HA JINHMI")

47 . self.SyncToDist(0.15)

48. self.RotateToLine()

49, print("aBuxeHne no nNuHuUn'")

59. self.LineToCrossroad()

51.

52. #motor stop on finish

53. brick.motor(''mM3™) .poweroff()

54. brick.motor('"'mM4™) .poweroff()

Sg. script.wait(10)

56.

57. brick.stop()

58. return

59.

60. def RotateToLine(self):

61. rightMotor.setPower(self.turnspd)

62. TeftMotor.setPower(-self.turnspd)

63. script.wait(1000)

64. while rightLine()<30:

65. pass

66. TeftMotor.poweroff()

gg. rightmotor.poweroff()

69. def LineTrace(self):

70. err = leftLine() - rightLine()

71. P=self.kp_line*err

72. self.I_line=self.I_line+self.ki_line*err

73. D=self.kd_1line*(err-self.errold_1line)

74. U=P+self.I_Tine+D

75. TeftMotor.setPower(self.driveSpd-u)

76. rightMotor.setPower(self.driveSpd+U)

77. self.errold_1line = err

78. script.wait(10)

79. pass

80.

81. def LineToEnd(self):

82. while leftLine()+centrLine()+rightLine()>5:

83. self.LineTrace()

84. TeftMotor.poweroff()

85. rightmotor.poweroff()

86. errold_Tine=0

87. I_Tline=0

88.

89. def wallToLine(self):

90. while centrLine() <50:

91. self.wallTrace()

92. TeftMotor.poweroff()

83. rightmotor.poweroff()

4,

95. def wallTrace(self):

96. err = distSens2() - 30

97. P=self.kp_wall*err

98. self.I_wall=self.I_wall+self.ki_wall*err

99. D=self.kd_wall*(err-self.errold_wall)

100. U=P+self.I_wall+D

101. rightMotor.setPower(self.driveSpd - U)

102. TeftMotor.setPower(self.driveSpd + U)

103. self.errold_wall = err

104. script.wait(10)

105.

106. def LineToCrossroad(self):
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107. whiTle ( TeftLine() + rightLine() )<60:

108. self.LineTrace()

109. TeftMotor.poweroff()

%%g. rightMotor.poweroff()

112. def SyncToDist(self, dist):

113. brick.encoder("E3").reset()

114. brick.encoder("E4").reset()

115. pathAngle=0

116. alpha = (360*dist)/(math.pi*self.Diam)

117. while pathAngle < math.fabs(alpha):

118. pathL= leftEnc()

119. pathR=rightEnc()

120. pathAngle = (pathL+pathR)/2

121. self.SyncMove()

122. TeftMotor.poweroff()

%%2. rightMotor.poweroff()

125. def Syncmove(self):

126. err = lTefténc() - rightenc()

127. P=self.kp_enc*err

128. self.I_enc=self.I_enc+self.ki_enc*err

129. D=self.kd_enc*(err-self.errold_enc)

130. U=P+self.I_enc+D

131. rightMotor.setPower(self.driveSpd + U)

132. TeftMotor.setPower(self.driveSpd - U)

133. self.errold_enc = err

134. script.wait(10)

135.

136. def LineToDist(self, dist):

137. startencL = leftEnc()

138. startEncR = righteEnc()

139. pathAngle=0

140. alpha = (360*dist)/(math.pi*self.Diam)

141. while pathAngle < math.fabs(alpha):

142. pathL=leftEnc()-startEncL

143. pathR=rightEnc()-startEncR

144. pathAngle = (pathL+pathR)/2

145. self.LineTrace()

146. TeftMotor.poweroff()

147. rightmotor.poweroff()

148.

149. def mainQ:

150. program = Program()

151. program.execMain()

152.

153. if _name__ == '__main__":

154. main()
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3apauva |. [lBuxkeHue no rpaHuLe LBeToB
3apaHue

B cumynatope TRIK Studio noarotoButb ynpasastowyo Nporpammy, nepemellatoLLyto pobota B0 b
rPaHMLUpbl LBETOBbIX 30H. 30Hbl MOryT ObITb KPAaCHOroO M 3e/1eHOTO LBETa, HO Ha CTapTe HEeWU3BECTHO,
KaKas 30Ha HAaxo4MTCcA cneBa Uaun cnpasa oT poboTa.

OnucaHue poborta

OnddepeHumnanbHaa nnatpopma. PobOT ocHaweH Tpemsas [aTiMKamu OTPArKEHHOro CBETa,
HanpaB/IEHHbIMU BHU3:

K nopTty A5 noakntoueH NeBblii AaT4YmK.
K nopty A6 noakntoueH Npasblii aTUYKK.
K nopty A4 noakntoueH cpegHUn AaTUMK.

Pasmepbl mogenn B cumynatope TRIK Studio npegctaBneHbl Ha pUCYHKe.

L 95 mm J

AS A4 Ab A

NeBbli moTOp poboTa NnoakatoyeH K nopTy M4, npasbiit MOTOP - K nopty M3.

JHKoZepbl poboTa BO3BPALWAOT Yroa MNOBOPOTa KoJsec B rpaaycax. [onoxutenbHbie 4mucna
0603HaualoT BpallieHMe KoJieca, obecneymBalollero ABuMKeHue poboTa Bnepea, oTpuULaTe/bHbIE -
Ha3ag.

PeannctuyHble pM3MKa M MOTOPbI BK/HOYEHBI. PeaincTMUYHbIe CEHCOpPbI OTKHOYEHDI.
MonwuroH
O6uwuit pasmep NOAUroHa coctasnnet 4 x 4 metpa.

CTapToBasA CeKuMA U CTapTOBOE MO/OXKeHWe poboTa - TOYHO B LEHTPE MOAMUIOHA, B HAMpaBieHUK
BMNpaso.

Ha nonuroHe npucyTcTBYIOT 30HbI ABYX LBETOB: KpacHoro (kog ff0000) n 3enéHoro (kog 00ff00).
lapaHTUpYyeTCA, YTO rpaHuLLA LBETOB 06pa3yeT 3aMKHYTYIO IMHUIO, NPU ABUMKEHUMU MO KOTOPOW poboT
MOXKET BEPHYTbCA K 30HE cTapTa.
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lapaHTUpYyeTCA, YTO Ha CTapTe /IeBbIN AaTYMK pobOTa YCTaHOBAEH HA 30HOM OAHOTO LBETA, MPaBbIN -
HaZ, 30HOM APYroro UBeTa, a CPEeAHUN - Haj, rpaHuL,amm LBeToB. MapaHTUpyeTca, 4To nepsblie 150 mm
rPaHMLbl IMHWUI - NPAMOM Yy4acCTOK.

MNpumepbl noneii:

30Ha cTapTa - 30Ha paamepom 300x300 MM, LLEHTP KOTOPOW COBMAZAET C LLEHTPOM NMOJIMFOHa U poboTa
B MOMEHT CTapTa.

MpomerKyTouHble 30HbI 1 1 2 - 30HbI pazmepom 300x300 MM, LLeHTPbI KOTOPbIX COBNaAaloT C rpaHuLEN
LIBETOBbIX 30H (MPOMEKYTOUHbIE 30HbI PACMO/IOXKEHbI HA NPSAMbIX YY4aCTKaxX rPaHMLUbl LBETHbIX 30H).

HauucneHune 6annos

Ynpasnswowan nporpamma MNpoBepsAeTca Ha MATUM MNOJWIOHaX: O4HOM WM3BECTHOM 3apaHee (u3
YMPa*KHEHWI) N YeTbIPEX HEN3BECTHbIX, UMEHLLMX Pa3HYo KOHOUTYpPaLMIO LBETOBbIX 30H. 3a Kaxaoe
none Hauucnsetrca o 20% 6annos. MNonuroH MmeeT cneayrolme cobbiTva, npoucxogawme npu
COBMaAEHUN CNenyoLmnx YCAoBUNA:

e "Qut from start" - BbIBOAUT coobLeHne B KoHconb "Out from start"; Tpebyemble ycnosus:
O HW OAHa TOYKa NPOEKUMM poboTa He HaXoAUTCA HaZ 30HOM CTapTa;
O CKOPOCTU /IEBOrO M NPaBOro MOTOPOB HEHY/IEBbIE.

e '"Intermediate 1 zone checker"- Hauncnaet 5 6annos 1 BbiBOAUT coobuieHune "The robot arrived
at the first intermediate zone"; Tpebyemble ycnosus:

O paHee Hactynuao cobbitne "Out from start";

O LEHTp NpoeKkumn poboTa HaxoaMTCA B MPOMEIKYTOUHOM 30He 1.
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e ‘"Intermediate 2 zone checker"- Hauncnaet 5 6annos 1 BbiBOAUT coobuieHune "The robot arrived
at the second intermediate zone"; Tpebyemble ycnosus:

O paHee Hactynuno cobbiTme "Intermediate 1 zone checker";
O LEeHTp NpoeKunn poboTa HaxoaUTCA B MPOMEXKYTOYHOM 30HE 2.

e "Finish checker" - HauucnaeT 5 6annos 1 BbIBOAUT coobuleHne B KoHcosb "Successful finish";
3aBeplUaeT NPoBepKy; Tpebyemble ycnosusa:

O paHee Hactynuno cobbiTne "Intermediate 2 zone checker";
O UueHTp poboTa HaxoAMTCA B 30HE CTapTa.
Mpumepbl 3aa4aHUIT U TECTOBDIN NPOEKT

B NMPUNOKEHHOM apXnBe HaxXxo4ATCA cheaytouime d)al'lbll

e sen_task 12 exercise.qrs / sen_task 12_exercise_alt.qrs daln-ynparkHeHMe ¢

HaCTPOEHHbIM TPEHUPOBOYHbLIM NONEM;
e sen_task_12.py - dpann-nporpamma c UCXOAHbIM KOAOM YHaCTHUKA.

daiinbl-ynpakHEHUA MOTYT UCMNO/b30BaTbCA AJ1A OTNAaAKM nporpamm. [locne OTnaaku Koz
nporpammbl Heobxoammo nepeHectn B ¢ann sen_task 12.py M OTNpaBUTb B KaYecCTBE peLleHusn
3ajaun.

PeweHune

PaHee B 3agayax TpeboBasnoch nepemeliatb poboTa Mo YePHOM IMHUM Ha Benom PoHe, To ecTb Mo
rpaHuLe ABYX KOHTPACTHbIX LLBETOB. B 3TOM 3a4aye cyTb aHaNorMyHan — Hago nepemelLatb poboTa no
rPaHULE KOHTPACTHbIX LiBETOB.

Kak n B npeapiayuien 3agade ana yaobcrsa obpallleHMA K MOTOpam M AaTyMKaM WX MOMKHO
onpeaennTb nog yaoobHbIMM UMEHaMK B CaMOM Hayane nporpammbl (CM. CTPOKKU 6-12 B UTOroBom
KoAe nporpammnl).

Ona nsuxkeHns byaem Mcnonb3oBaTb OAMH AATYMK, NOAK/OYEHHbIN K NopTy Ad. Ha kKpacHom ¢oHe
OATYMKM NOKA3bIBAKOT NpUMepHO 25% APKOCTU, Ha 3enEéHOM — npumepHo 75%. CpeaHee 3HauyeHue,
KOTOpOE AaTYUK O0/IKEH BUAETb HA rpaHuLe uBeToB npumepHo 50%. Ecnm noKasaHMA LEeHTPANbHOrO
AaTynKa byayT pactu, 3Ha4YUT PoOOT ye3rKaeT Ha 3e/1IEHbIN LUBET M eMYy HaZo NOAPY/MBATb B CTOPOHY
KpacHoro, n Haobopor.

Mo ycnoBumio 334,341 HEM3BECTHO, C KaKOM CTOPOHbI OT pob0Ta HAXOAUTCA KPACHbIN M 3eN1EHbIN LBeTa.
[na onpepeneHuns asToro Ha cTapTe MOXKHO UCMONb30BaTb JIEBbIN M MPaBbIi 4aTYMKKU. AAropuTm byaet
cnepyowmm:

e Ha cTapTe 3anoMnHaemM NOKasaHWA NIEBOTO M NPABOro AAaTYMKOB B OTAE/IbHbIE NEPEMEHHbIe
left_light v right_light.

e [IBM}KEeHMe Mo NNHUU pPeann3oBaHO B UMKAe. Ha KaXKAOM ero ware BblYUCASEM «/1EBYIO» U
«MNPaBYO» OWMBKM KaK pasHULY MeXKAY NOKa3aHWUA LLEHTPANbHOIO AaTYMKA U 3aNOMHEHHbIMM
B Hayasne nporpammbl 3HaveHunsmu left_light w right_light. O6ulyto oWNMBKY BbluMCIAEM KaK
Pa3HULY abCONOTHBIX 3HAYEHUM «IEBOM» U «NPABON» OWMBOK. CMbICA B TOM, YTODbI «1€BasA»
N «npaBas» OWUOKN 6blIM PaBHLIMW MO MOAY/NIO, TO €CTb 3HAYEHUA CO CpeaHero AaTyMKa
«pPaBHOYAANEHO» OT APKOCTU LBETOB CAeBa WM crpaBa oT poboTa; a ecim 3To He Tak, To
BO3HMWKAET oWwmnbKa («HEBA3Ka») perynatopa u oH NogpynmMBaeT poboTa B HyXKHYH CTOPOHY.
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o LMKA ABMMKEHUA MO NMHUM MOXKHO cAefiaTb BeCKOHeYHbIM, TaK KaK Mo YyCA0BUIO 3a4ayuM He
TpebyeTcAa ocTaHaB/AMBATLCA NOC/e BO3BPaTa B 30HY CTapTa.

MNTOroBbIli KOA NPOrPaMMbl MOXKET UMETb CAeAyoLWmMiA BUA,:

1. import sys

2. import time

3. import random

4. import math

5.

6. centrLine = brick.sensor("aA4").read

7. lTeftLine = brick.sensor("A5").read

8. rightLine = brick.sensor("A6").read

9. leftMotor = brick.motor("mM4")

10. rightMotor = brick.motor("mM3")

11. TeftEnc = brick.encoder("mM4").read

%g. rightEnc = brick.encoder("mM3").read

14. class Program():

%g. __interpretation_started_timestamp_ = time.time() * 1000
17. pi = 3.141592653589793

18. Diam=0.056 #auameTp kKonec poboTa, B MeTpax
19. L=0.077 #nonykonesa poboTa, B mMeTpax
20. driveSpd=50

21. turnSpd=25

22. kf=0.9

23. kp_1ine=0.9

24 . ki_Tline=0

25. kd_Tine=0

26. errold_Tine=0

27. I_Tine=0

28.

29. Teft_light = 0

30. right_Tight = 0

31.

32. def execMain(self):

33. #pn06aBbTe CBOW KOJA HUXe

34, self.left_light = leftLine()

35. self.right_light = rightLine()

36. while True:

37. self.LineTrace()

38. #motor stop on finish

39. brick.motor(''mM3™) .poweroff()

40. brick.motor("mM4") .poweroff()

4%. script.wait(10)

42.

43, brick.stop()

44 . return

45.

46. def LineTrace(self):

47. errL = centrLine() - self.left_light
48. errR = self.right_light - centrLine()
49, err = abs(errL) - abs(errR)

50. P=self.kp_line*err

51. self.I_line=self.I_line+self.ki_line*err
52. D=self.kd_1line*(err-self.errold_1line)
53. U=P+self.I_1line+D

54. TeftMotor.setPower(self.driveSpd-u)
55. rightMotor.setPower(self.driveSpd+U)
56. self.errold_line = err

57. script.wait(10)

58. pass

59.

60. def main(Q:

61. program = Program()
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62. program.execMain()
63.
64. if _name__ == '__main__":

65. main()
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3agaua J. OgomeTpua No rpaHuULLE LBEToB
3apaHue

B cumynatope TRIK Studio noarotosuth ynpasaatoLLyto Nporpammy, nepemellatolLyto poboTa Baob
rPaHMLbl LLBETOBbIX 30H U OCTaHAB/MBAIOLLYO NOC/AEe BO3BPaLLEHUA B CTAPTOBYIO 30HY. 30HbI MOTYT
6bITb KPACHOTO M 3€/1eHOTO LBETA, HO HAa CTapTe HEM3BECTHO KaKaa 30Ha HAaXOAMUTCA CeBa UK CnpaBa
oT poborTa.

OnucaHue poborta

OnddepeHumnanbHaa nnatpopma. PobOT ocHaweH Tpems [aTiMKamu OTPArKEHHOro CBETa,
HanpaB/IeHHbIMU BHU3:

K nopTty A5 noakntoueH NeBblii AaTUmK.
K nopty A6 noakntoueH Npasblii ATUYUK.
K nopty A4 nogKntoueH cpegHuUn gaTumk.

Pasmepbl mogenn B cumynatope TRIK Studio npeactaBneHbl Ha pUCyHKe.

L 95 mm |

135 mm

_ 154 mm

< >

»

NeBbli moTOp poboTa NnoakatodeH K nopTy M4, npasbiit MOTOP - K nopty M3.

JHKoAepbl poboTa BO3BPaALLAOT Yron NOBOPOTa Kojec B rpaaycax. [onosKuTenbHble 4uMcna
0603HayYaloT BpallleHMe Koseca, obecneunBalolLlero AsuxeHne poboTta Brnepen, oTpULATE/NbHbIE -
Ha3ag.

PeannctnyHble GUsMKa U MOTOPbI BKAKOYEHBI. PEaNNCTUUYHbIE CEHCOPbI OTKHOYEHDI.
MonuroH
O6wuin pazmep NoanroHa coctasnsnet 4 x 4 metpa.

CTapToBasA CeKuMA U CTapTOBOE MO/IOXKeHWe poboTa - TOYHO B LEHTPE MOAWUFOHA, B HAMpaBieHUK
BMNpaso.

Ha nonuroHe npucyTcTBYHOT 30HbI ABYX LBETOB: KpacHoro (kog ff0000) n 3enéHoro (kog 00ff00).
lapaHTUpYyeTCA, YTO rpaHuLLA LBETOB 06pa3yeT 3aMKHYTYIO IMHUIO, NPU ABUMKEHUM MO KOTOPOW poboT
MOXKET BEPHYTbCA K 30HE CcTapTa.
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lapaHTUpYyeTCA, YTO Ha CTapTe /IeBbIN AaTYMK pobOTa YCTaHOBAEH HAZ 30HOM OA4HOTO LBETA, NPaBbIN -
HaZ, 30HOM APYroro UBeTa, a CPEeAHUN - Haj, rpaHuL,amm LBeToB. MapaHTUpyeTca, 4To nepsblie 150 mm
rPaHMLbl IMHWUI - NPAMOM Yy4acCTOK.

MNpumepbl noneii:

30Ha cTapTa - 30Ha pa3mepom 300x300 mm, LEHTP KOTOPO COBMAAAET C LIEHTPOM NMoJInroHa 1 pobota
B MOMEHT CTapTa.

MpomerKyTouHble 30HbI 1 1 2 - 30HbI pazmepom 300x300 MM, LLeHTPbI KOTOPbIX COBNaAatoT C rpaHuLEN
LIBETOBbIX 30H (MPOMEKYTOUHbIE 30HbI PACMO/IOXKEHbI HA NPAMbIX Y4aCTKaxX rPaHuLLbl LBETHbIX 30H).

HauucneHue 6annos

Ynpasnswowan nporpamma npoBepsAeTcA Ha NATM MNOJIMIOHax: O4HOM WM3BECTHOM 3apaHee (43
YMPa*KHEHWI) N YeTbIPEX HEN3BECTHbIX, UMEHLLMX Pa3HYo KOHOUIYpaLMIO LBETOBbIX 30H. 3a Kaxaoe
none Hauucnsetrca o 20% 6annos. MNoAUroH MmeeT cneayowme cobbITUA, NPoUCXoaalLMe Npu
COBMAAEHUN CNenyoLnx YyCI0BUN:

e "QOut from start" - BbIBOAUT cooblueHne B KoHconb "Out from start"; Tpebyemble ycnosus:
O HM OfHa TOYKa NPOEKLUMN poboTa HE HAXOAUTCA HaZ 30HOM CTapTa;
O CKOPOCTU /IEBOTrO U NPaABOro MOTOPOB HEHY/IEBbIE.

e '"Intermediate 1 zone checker"- Hauncnaet 5 6annos n BbiIBOAUT cooblleHne "The robot arrived
at the first intermediate zone"; Tpebyemble ycnosus:

O paHee Hactynuao cobbitne "Out from start";
O UEHTp NpoeKunm poboTa HaXoANTCA B NPOMEXKYTOUYHOM 30He 1.

e '"Intermediate 2 zone checker"- Hauucnaet 5 6annos 1 BbiBOAUT cooblieHue "The robot arrived
at the second intermediate zone"; Tpebyemble ycnosus:
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O paHee Hactynuno cobbiTne "Intermediate 1 zone checker";
O UEHTp NpoeKumm poboTa HaxoamUTCA B NPOMEXKYTOUYHOM 30He 2.

e "Finish checker" - HauncnsieT 5 6annoB u BbIBOAUT cooblleHne B KoHconb "Successful finish";
3aBepLIaeT NPOBEpPKY; Tpebyemble ycnoBua:

O paHee Hactynuno cobbiTme "Intermediate 2 zone checker";
O LeHTp poboTa HaxoAMTCA B 30He CTapTa.
Mpumepbl 3a4aHKA U TECTOBbI NPOEKT

B NMPUNOKEHHOM apXnBe HaXxo4ATCA cheayouime d)al'lbll

e sen_task 12 exercise.qrs / sen_task 12 exercise_alt.qrs
HACTPOEHHbIM TPEHNUPOBOYHbLIM NONEM;

dann-ynpaxkHeHne ¢

e sen_task_12.py - paiin-nporpamma c MCXOLHbIM KOLOM Y4aCTHUKA.

daiinbl-ynpakHEHUA MOTYT WMCMNO/Ib30BaTbCA A/1A OTAAaAKM nporpamm. [locne oOTnafgku Kog
nporpammbl Heobxoammo nepeHectn B ¢ann sen_task _12.py M oTnNpaBuTb B KayecTBe pelleHus
3ajaun.

PeweHune

3agava noxoxa Ha npegblaylyto, HO TpebyeT OCTAaHOBKM Moc/ie BO3BpaTa B 30HY cTapTa (nocne
CoBepLeHNA NONHOro Kpyra). Tak Kak NONUIOH He MMEEeT HUKAKUX ABHbIX 0603HaYeHWUI cTapTa Uau
NPOMEKYTOYHbIX 30H, TO poboTy TpebyeTcs onpeaenaTb CBOM KOOPAWMHATbI U MOHMMATb, rAe OH
HaxoauTcA. 9TO MOXKHO Peann3oBaTb C MOMOLLbIO O40METPUN — ONpeaeneHns NoNoKeHMA poboTta u
€ro Yyacteu B MPOCTPAHCTBE 33 CYET BHYTPEHHMX AaTYMKOB, TO €CTb IHKOAEPOB MOTOpPOB. MoapobHo o
Hel paccka3aHo B BMAeo «AuddepeHumanbHaa naatdopma poboToB». B TEKywen 3agavye MOXKHO
BOCNO/1b30BATbCA NONHbIMWU GOPMYTAMM U3 BUAEO UAN YNPOLLEHHBIMW, NPeanonaras, YTo Npu Masibix
«warax» (nepemeleHumax pobora) gamMHa xopabl NPUMEPHO PaBHa AJIMHE AYIW.

3a OCHOBY B3AITO pelleHWe Npeablaylwen 3a4adn, y KOTOPOro B UUKA ABMXKEHMA MO FPaHULLE 30H
006aBneHO ycnoBME 3aBepLUEHUA — LMKA paboTaeT Ao Tex Nop, NoOKa paccToaHMe oT ueHTpa poboTa
[0 TO4YKM cTpaTe 6onee 17,5 cm (N0NOBUHA WUPUHBI / BbICOTbI 30HbI CTapTa). A YTO6bl UMKA He
3aBepluanca cpasy Ke Ha cTapTe (Tak Kak poboT M3HA4YaNbHO B HYyXHOW 30He), aobasneH
npeaBapuUTeNbHbIA LLUKA C «OBPaTHbIM YCIOBUEMY - €XaTb MO rPaHMULLE 30H A0 TeX Nop, NoKa poboT He
otbegeT Ha 30 cm.

PaccTosaHvMe A0 LeHTpa BbluMcnsetca no Teopeme Mudaropa, Kak rmnoTeHysa TpeyrosbHUKa co
CTOPOHaMU, paBHbIMM KoopAanHaTam X 1 Y poboTa (Tak KaK Haya/ibHble KOOPAMHATbI PaBHbI HY/H0).

Ecnv B pewieHnmn ncnonb3osaTb YNPOLLEHHbIA GOPMYyabl 0A40METPUN, NOAPA3YMEBAIOLME PABEHCTBO
XOp4 W Ayr, TO owmnbKa MOXKET HaKan/MBaTbCA CAULWIKOM BbICTPO, B UTOre poboT MOMKET HETOUYHO
onpeaenAaTb CBOM KOOPAMHATbI M OCTaHABAMBATLCA BHE 30HbI CTapTa, IMH60 NpoeskaTb MUMO Hee.
YT106bI YNYYLWINTL PE3YNLTAT BIYMCAEHMA MOXKHO A06aBUTb Nay3bl B 30-50 MC Ha KaXKAOM Lare UukAa.
B utore BbluMcneHus byayT NPoOMCXoauTb PeXKe, TO eCTb OLWMOKa byAeT HaKaniMBaTbCsA He TaK BbICTpo.

NTorosbIli KO4 NPOrPaMmMbl MOXKET UMETb CAeAyoLWmMiA BUA,:

import sys
import time
import random
import math

SOOUVIhWNER

centrLine = brick.sensor("A4").read


https://www.youtube.com/watch?v=FOTqfAZB7sU
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7
9.

10.
11.
12.

1eftL1ne = brick.sensor("A5").read
%htLine = brick.sensor("A6").read
leftMotor = brick.motor("mM4")
rightMotor = brick.motor("mM3")

13.

14.
15.

16.

17.
18.
19.
20.
21.

22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44 .
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
6l.
62.
63.
64 .
65.
66.
67.
68.
69.
70.
71.

TeftEnc = brick.encoder("mM4").read

rightEnc = brick.encoder("mM3").read

class Program():
__interpretation_started_timestamp__ = time.time() * 1000
pi = 3.141592653589793
Diam=0.056 # diameter of the robot's wheels, in meters
L=0.077 # half-track of the robot, in meters
=-0.0475 # robot's start X coordinate, in meters
Y=0.0 # robot's start Y coordinate, in meters

orient = 0.0 # robot's orientation, in degrees or radians, at
the participant's discretion

drivespd=50

turnSpd=25

kf=0.9

kp_Tine=0.9

ki_Tine=0

kd_1ine=0

errold_Tine=0

I_line=0

Teft_Tight = 0
right_Tight = 0

encL=0
encR=0

NTeft_old=0
Nright_old=0

def execMain(self):

#add your code here

self.X=-0.0475

self.left_light = leftLine()

self.right_light = r1ghtL1ne()

while math.sqrt( (self.X)**2 + (self.y)**2)<0.3:
self.LineTrace()

print("OoTbexann Ha 0.3 meTpa')

while math.sqrt( (self.xX)* “2 + (self.Y)**2)>0.175:
self.LineTrace()

print("BepHynucb Ha cTapT")

#motor stop on finish
brick.motor(''mM3™) .poweroff()
brick.motor('"'mM4™) .poweroff()
script.wait(10)

brick.stop()
return

def LineTrace(self):
errL = centrLine() - self.left_light
errR = self.right_light - centrLine()
err = abs(errL) - abs(errR)
P=self.kp_line*err
self.I_line=self.I_line+self.ki_line*err
D=self.kd_1line*(err-self.errold_1line)
U=P+self.I_Tine+D
TeftMotor.setPower(self.driveSpd-u)
rightMotor.setPower(self.driveSpd+U)
self.errold_line = err
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72. NTeft=TeftEnc()

73. Nright=righteEnc()

74. dsleft = math.pi * self.Diam *(N1eft - self.Nleft_ol1d) /360

75. dSr1ght = math.pi * self.Diam *(Nright - self.Nright_old)/360

76. self.X = self.X+(dSright+dsleft) /2% math cos( self.orient +
(dsright- dS'Ieft)/(4 self.L) )

77. elf.y = self.vy+(dSright+dsleft)/2*math.sin( self.orient +
(dsright- dS'Ieft)/(4 se'If L) )

78. self.orient = self.orient+(dSright-dsleft)/(2*self.L)

79. self.Nleft_ o1d Nleft

80. self.Nright_old = Nright

g% script.wait(50)

83. def main(Q):

84. program = Program()

gg program.execMain()

87. __hame__ == '"_main__"

88. main(Q)
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3apgaua K. Uudpepbnar
3apaHue

B cumynsatope TRIK Studio nogrotosuTb ynpasastoLyo nporpammy, CnocobHyo nepemewats poboTa
Ha 3aflaHHOe pacCTOAHME C BblPaBHMBaHWMEM MO rMpockony. HanpasneHue asukeHua pobot
onpenenseT, ABUTascb Mo SIMHU; HO 33 METP A0 30Hbl PUHULLA NANHMA 3aKaHYMBaeTCA.

OnucaHue poborta

AnddepeHumnanbHaa nnatpopma. PO6OT OCHALLEH YETbIpbMS AaTYUKAMMU:
K nopTty A5 noaknto4eH neBbit nepeaHnii 4aTumk.

K nopty A6 noakntoueH Npasbiit NepeaHnii 4aTumk.

K nopty A4 noaKNtOYEH LEeHTPabHbIA AaTUYMK.

Pasmepbl mogenn B cumynatope TRIK Studio npeacTaBneHbl Ha pUcyHKe.

55 Mmm
<>

170 mm

135 mm

A

3
>

NeBbli moTop poboTa NnoakatoyeH K nopTy M4, npasbiit MOTOP - K nopty M3.

JHKoZepbl poboTa BO3BPALWLAOT Yron MNOBOPOTa Konec B rpaaycax. [onoxuTenbHbie 4mucna
0603HaualoT BpalleHMe KoJsieca, obecneymBalollero ABuMKeHue poboTa Bnepea, oTpuULaTe/bHbIE -
Ha3ag.

PeanuctnyHble GuUsMKa, CEHCOPbI U MOTOPbI BK/IKOYEHbI.
MonuroH
O6wuin pazmep NoaMroHa coctasnsnet 4 x 4 metpa.

MonuroH BM3yanbHO HanomuHaeT umudepbnat: NAMHMA obpasyeT "cTtpenkn”, a umdpol umudepbnata -
30Hbl OCTaHOBKM poboTta. OgHa m3 "cTpenok" HanpaBaeHa CTPOro BHW3, B HanpaBieHUU 6 4acos.
Bropas "cTpenka" moxet 6bITb HanpasieHa Ha ftbyto undpy undpepbaata, Kpome 6. Mepexos mexay
"cTpenkamun" obpasyet ayry pagmycom 150 mm. LLnpuHa anHum "ctpenkn" He meHee 25 mm.
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lapaHTUpYeTCA, YTO OT KOHLA BTOPOM '"cTpenku" [0 LEeHTpa COOTBETCTBYHLLEN 30HbI OCTAHOBKM -
pOBHO 1 meTp.

Mpumep nonuroHa:

3eneHbIMm 0603HayYeHa 30Ha CTapTa - ee UeHTp coBnagaeT C UeHTpom po60Ta Ha CTapTe; pa3mepbl

30HbI 300x300 mm.

KpacHbim 0603HayYeHbl 30HbI GUHULLIA - UX LLEHTPbI COBMAAAIOT C OKPYKHOCTbIO AMameTpom 3,5 m n
pacnonoxeHsbl nog yrnamm 0, 30, 60 ... 330 rpaaycos; pasmepbl 30H 350x350 mm.

HauucneHue 6annos

Ynpasnsowaa nporpamma nNpoBepseTcs Ha MATU MNOJIMFOHax: OAHOM W3BECTHOM 3apaHee (u3
YNpPa*KHEHMWA) N YETbIPEX HEU3BECTHbIX, UMEIOLLMX Pa3HYI0 KOHPUIypaLMIO CTPENOK. 3a Kaxaoe none
Hauncnsaetca go 20% 6annos.. MoanroH nmeeTt ciegytowme cobbiTUA, NPOUCXOAALLME NPU COBMALEHNN
CneayoLmx yCnoBuiA:

e "QOut from start" - BbIBOAUT coobLiieHne B KoHconb "Out from start"; Tpebyemble ycnosus:
O HM OZHa TOYKA NPOEKunmM poboTa He HAXOAUTCA Haj 30HOM CTapTa.

e "Successful finish checker" - Hauncnsetr 20 6annos n BbiBOAUT cooblieHME B KOHCO/b
"Successful finish"; 3aBepliaeT npoBepky; Tpebyemble ycnoBus:

O paHee Hactynuno cobbite "Out from start";
O UeHTp poboTa HaxoamTCA B GUHULLHOM 30HE, Ha KOTOPYHO YKa3biBaeT BTopad "'cTpenka";
O CKopocTh 060Mx MoTOpOB poboTa paBHbI HY/IHO.

e "Partial finish checker" - Hauncnhsaet 10 6annoB u BbIBOAUT cooblieHne B KOoHconb "Partial
finish"; 3aBeplwaeT NnpoBepky; Tpebyemblie ycnoBus:

O paHee Hactynuno cobbiTne "Out from start";
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o ntobas ToYKa NpoeKumnmn poboTta HaxoaUTCA B GUHMULLHOMN 30HE, HA KOTOPYIO YKa3biBaeT
BTOpan "cTpenka";

O CKOopocCTU 06omnx MOTOpPOB Pob6OTa paBHbI HY/HO.
Mpumepbl 3a4aHUN U TECTOBbIA NPOEKT
B npunoxeHHOM apxuBe HaxoaATcs cieaytowme danbi:
e sen_task_19_exercise.qrs - ¢pannbl-ynparKHEHUA C HACTPOEHHbIMW TPEHNUPOBOYHBIMW NONAMMK;
e sen_task_19.py - dann-nporpamma c UCXOAHbIM KOAOM YHaCTHUKA.

dalinbl-ynpaykHeHNa MOryT MCMONb30BaTbCA A8 OTAAAKM nporpamm. [locne OTNaaku  Kop,
nporpammbl Heobxoanmo nepeHect B dain sen_task_19.py u oTnpaBuTb B KayecTBe pelleHus
3agauum.

PeweHune
Jekomnosmpyem 3agady Ha KOMNOHEHTbI:
e Pob60Ty HEOOXOAMMO ABMIraTbCA MO IMHUM 40 TeX NOP, MOKA OHA He 3aKOHYMUTCA.

e [locne OKOHYaHUA AMHMKM pPOBOTYy HEobXoAMMO MPOAO/XKUTL AOBUKEHME B TOM Ke
HanpaB/JeHMUM Ha paccToAaHne 1 meTp.

Peanusaums ABUXKEHMA MO IMHUN 10 ee OKOHYaHMA npusBedeHa B 3agadve H (CteHa). [BUXkeHMe Ha
OAMH METP MOXHO PeasiM30BaTb C CMHXPOHM3AUMEN MOTOPOB, HAaNpMMep, Kak B 3agade H. Ho npu
KOHOUTYpaLMmM NOIMIOHa CO KCTPEIKAMW» B HANPaBAEHUN 5 1 7 YacoB ANIMHbI «CTPENIKU» MOXKET ObITb
HeAoCTaToMHO A/1a Toro, Ytobbl poboT Ha Hel 3pPeKTUBHO BbIPOBHANACA. B ntore pobot moxker
NPOMAaxMBATbCA MMOM 3TUX 30H OCTAHOBKM. A pelleHns 3Tol npobaembl MOXKHO MCMO/1b30BaTb
BCTPOEHHbIN B poboTa rmpockon.

AI'IFOpMTM peweHnAa 3agayvm C UCNoJsib3oBaHMEM TMPOCKOnMa cnep,yrow,mﬁ:

e [lo Hayana ABWMKEHWs poboT NPoM3BOAMT KAaNMBPOBKY rMPOCKONa M 3aNOMMHAET TeKyliee
HanpaB/eHMe KaK Hy/ieBoe.

e Pobor ABMXeTcA No IMHUKN 40 ee OKOHYaHUA.

e B MOMEHT OKOHYaHMA NNMHMK PobOT onpeaenseT 30Hy, B HaNpPaB/JeHUN KOTOPOM OH ceinvac
asuxetca. Hanpumep, ecnm nokasaHusa rupockona ot -15 go 15 rpaaycos, To poboT aABuKeTca
B HanpassieHnn «12 yacos», TO eCTb B MAeasbHOM HanpasaeHuu 0 rpagycoB; ec/in NoKasaHuA
rmpockona ot 75 go 105 rpagycos, To poboT ABuKeTCcA B HanpaBaeHUM «3 Yaca», TO ecTb B
naeanbHom HanpassaeHmnn 90 rpagycos.

e Po60T coBepliaeT npoe3s Ha 1 MeTp C PeryiMpoBKOM MO TFMPOCKOMY B MAEaNbHOM
HanpaBAEHUN.

Perynatop no rupockony aHa/fiorMyeH PacCMOTPEHHbIM PaHEEe PEryiATopam ANA ABUNKEHMA NO TNHUM,
BAO/Ib CTEHbI M T.4. B KauecTBe OWMOKKU («HEBA3KUY») perynsatopa 6epértca pasHuLa B NOKa3aHUAX
rMPOCKONa U MAeasibHOM HanpasB/ieHUU. BakHO MOHMMATb, YTO TMPOCKON BO3BPALLAET 3aHYEHUS B
BMAE MWAIUIPAAYCOB, TO €CTb WX Hado AenuTb Ha 1000 nepep CpaBHEHMEM C UAEA/IbHbIM
Hanpas/aeHMeM

NTOroBbIli KO4 NPOrPaMmMbl MOXKET UMETb BUA,

1. import sys
2. import time
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3. import random
4. import math
5.
6. centrLine = brick.sensor("A4").read
7. leftLine = brick.sensor("A5").read
8. rightLine = brick.sensor("A6").read
9. TeftMotor = brick.motor(''mM4")

10. rightMotor = brick.motor("mM3")

11. leftEnc = brick.encoder("mM4").read

%g. rightEnc = brick.encoder("mM3").read

14. class Program():

12. __interpretation_started_timestamp_ = time.time() * 1000
16.

17. pi = 3.141592653589793

18. Diam=0.056 #diameter of the robot's wheels, in meters
19. L=0.077 #half-track of the robot, in meters

20. drivespd=50

21. turnSpd=25

22. kf=0.9

23. kp_line=1.5

24. ki_Tine=0

25. kd_Tine=0

26. kp_enc=1.0

27. ki_enc=0

28. kd_enc=0

29. errold_Tine=0

30. errold_enc=0

31. I_line=0

32. I_enc=0

33.

34. def execMain(self):

35. # when calibrating in 2D, the robot's direction is remembered,

from which the angle will be calculated.

36. # The robot's initial direction is due north.
37. # Lengthy 2D calibration is not required.
38. brick.gyroscope().calibrate(200)

38. script.wait(300)

40.

4%. #add your code here

42.

43, self.LineToEnd()

44 . print("KoHel NWHUK, nepekYeHne Ha CUHXPOHHbIM noe3a')
45. moveAngle = self.GetCleanAngle()

46. print( "Yron aBumxeHua = ", moveAngle )
47. self.GyroToDist(moveAngle, 1.0)

48. print("Npoexan 3agaHHoe paccTosiHue')

49, #motor stop on finish

50. brick.motor(''mM3™) .poweroff()

51. brick.motor('"'mM4™) .poweroff()

5%. script.wait(10)

53.

54. brick.stop()

55. return

56.

57. def LineTrace(self):

58. err = leftLine() - rightLine()

59. P=self.kp_line*err

60. self.I_Tline=self.I_line+self.ki_Tline*err
61. D=self.kd_1line*(err-self.errold_1line)
62. U=P+self.I_1line+D

63. TeftMotor.setPower(self.driveSpd-u)

64 . rightMotor.setPower(self.driveSpd+u)

65. self.errold_line = err

66. script.wait(10)

67. pass



BTtopoii atam. 9-11 knacc

E(\} Innopolis Open Robotics 2025-2026 i “ YHUBEPCUTET

OP=N WHHOMOJNC
68.
69. def LineToEnd(self):
70. while leftLine()+centrLine()+rightLine()>70:
71. self.LineTrace()
72. TeftMotor.poweroff()
73. rightMotor.poweroff()
74. errold_Tine=0
75. I_1line=0
76.
77. def SyncToDist(self, dist):
78. brick.encoder("E3").reset()
79. brick.encoder("E4").reset()
80. pathAngle=0
81. alpha = (360*dist)/(math.pi*self.Diam)
82. while pathAngle < math.fabs(alpha):
83. pathL= leftEnc()
84. pathR=rightEnc()
85. pathAngle = (pathL+pathR)/2
86. self.SyncMove()
87. TeftMotor.poweroff()
gg. rightmotor.poweroff()
90. def Syncmove(self):
91. err = lTefténc() - rightenc()
92. P=self.kp_enc*err
93. self.I_enc=self.I_enc+self.ki_enc*err
94. D=self.kd_enc*(err-self.errold_enc)
95. U=P+self.I_enc+D
96. rightMotor.setPower(se1f.dr1veSpd + U)
97 TeftMotor.setPower(self.driveSpd - U)
98. self.errold_enc = err
99. script.wait(10)
100.
101. def GetCleanAngle(self):
102. gyrobData = brick.gyroscope().read()
103. rawAngle = gyrobData[6]/1000
104. cleanAngle = 0
105. if rawAngle>-180 and rawAngle<-135:
106. cleanAngle = -150
107. elif rawAngle>=-135 and rawAngle<-105:
108. cleanAngle=-120
109. elif rawAngle>=-105 and rawAngle<-75:
110. cleanAngle=-90
111. elif rawAngle>=-75 and rawAngle<-45:
112. cleanAngle=-60
113. elif rawAngle>=-45 and rawAngle<-15:
114. cleanAngle=-30
115. elif rawAngle>=-15 and rawAngle<15:
116. cleanAngle=0
117. elif rawAngle>=15 and rawAngle<45:
118. cleanAngle=30
119. elif rawAngle>=45 and rawAngle<75:
120. cleanAngle=60
121. elif rawAngle>=75 and rawAngle<105:
122. cleanAngle=90
123. elif rawAngle>=105 and rawAngle<135:
124. cleanAngle=120
125. elif rawAngle>=135 and rawAngle<180:
126. cleanAngle=150
127. return cleanAngle
128.
129. def Gyromove(self, angle):
130. gyrobData = brick.gyroscope().read()
131. rawAngle = gyrobDatal[6]/1000
132. err = rawAngle - angle

133. P=self.kp_enc*err



':(\} Innopolis Open Robotics 2025-2026 . YHUBEPCUTET
PN BTtopoii atam. 9-11 knacc MHHONONUC
134. self.I_enc=self.I_enc+self.ki_enc*err
135. D=self.kd_enc*(err-self.errold_enc)
136. U=P+self.I_enc+D
137. rightMotor.setPower(self.driveSpd + U)
138. TeftMotor.setPower(self.driveSpd - U)
139. self.errold_enc = err
140. script.wait(10)
141.
142 def GyroToDist(self, angle, dist):
143. brick.encoder("E3").reset()
144. brick.encoder("E4") .reset()
145. pathAngle=0
146. alpha = (360*dist)/(math.pi*self.Diam)
147. while pathAngle < math.fabs(alpha):
148. pathL= leftEnc()
149. pathR=rightEnc()
150. pathAngle = (pathL+pathR)/2
151. self.GyroMove(angle)
152. TeftMotor.poweroff()
%53. rightMotor.poweroff()
54.
155 def main(Q:
156 program = Program()
157 program.execMain()
158.
159. if _name__ == '_main__":
160 main(Q)
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3apaua L. CoToBblif NabUPUHT C AMHUAMM
3apaHue

B cumynsatope TRIK Studio nogrotosuTb ynpasastoLLyo nporpammy, CnocobHyro nepemewatb poboTa
no NAabUPUHTY U3 WECTUTPAHHbIX 3/IEMEHTOB - "cOT" (MOXOXMUX Ha NYennHble coTbl). POBOT HaunHaeT
OBUXKEHMe B LeHTpe NabupuHTa 1 gonaxeH aobpaTtbca Ao coTbl ¢ agpecom E2. Ha nony nonuronHa
HaHeceHa pa3meTKa B BUAE YePHbIX IMHWUI ana obneryeHnsa HaBuraumm pobora.

OnucaHue poborta

AnddepeHumnanbHaa nnatpopma. POGOT OCHALLEH YETbIPbMS AaTYMKAMMU:

K nopTty A5 noakntoueH neBbit nepeaHnii 4aTumk.

K nopty A6 noakntoueH Npasbiit NepeaHnii 4aTumk.

K nopty Al noakntoueH AaT4MK PAcCTOAHUA, HANPaBAEHHbIM NO HAaNPaBAEHUIO ABUXKEHUA poboTa.

K nopTy A2 NoAK/OYeH AaTYMK PAcCTOAHMA, HanpaBAeHHbIM Haneso nog 60 rpasycoB OTHOCUTENLHO
HanpasneHMA ABUKEHUA poboTa.

K nopTy A3 nogxntoueH AaTYMK pacCTOAHWUA, HanpaBAeHHbIM HanpaBo nog 60 rpagycos OTHOCUMTENIbHO
HanpasneHMA ABUKEHUA poboTa.

Pasmepbl mogenn B cumynatope TRIK Studio npegctaBneHbl Ha pUCYHKe.

135 mm

NeBbli moTop poboTa NnoakatoyeH K nopTy M4, npasbiit MOTOP - K nopTy M3.

JHKoaepbl poboTa BO3BPALLAOT Yron MOBOPOTa Kojiec B rpaaycax. [oNoMKuTenbHble u4ucna
0603HavaloT BpalleHMe Koneca, obecrneuynBalowWero AsuxeHne poboTta Bnepes, oTpuLaTENbHbIE -
Ha3ag,.

PeannctnyHble dpM3MKa M MOTOPbI BKIOYEHBI. PeanincTMyHble CEHCOpPbl OTKAKOYEHDI.
MonwuroH

O6wuin pazmep noanroHa coctasnseT 4 x 4 metpa. Ha none cobpaH nabUpUHT U3 cTeH, 06pasyroLLNX
LIecTUrpaHHble coTbl. Pasamep Kaxkgom cotbl: 1000x866 mm.



YHUBEPCUTET
MHHOMOJIUC

Innopolis Open Robotics 2025-2026
Bropoii atam. 9-11 kace

INNOFLISOP=N

8590

Po6oT HaumHaeT ABUXXeHUe B LeHTpE NOQINTOHa, B COTE C2,8 HanpaB/i1eHUN BBEPX.

B Ka)-KAOl;i COTEé HaHECEHa Pa3MeTKa U3 Tpex nepecekarowmnxca YepHbIX NMHUIA. ToYKa nepece4vyeHumA -

B UeHTpe coTbl. LUnpuHa AMHUKN He meHee 25 mM. JINHUM HaHeCeHbl JaXe eCcau BeAyT K CTEHe.

MapaHTUpyeTCcA, UTO Ha CTapTe JIMHMA PACMONOKEHa MeXay AaTumKamun A5 n A6. NapaHTupyeTca, 4to
Ha CTapTe LeHTP ocx Kosnec poboTa B LLEHTPE COTbl M AAaTYMKM PACCTOAHMA HAaMNpaB/ieHbl POBHO BAO/b

JIVUHUIA.

Mpumep nonuroHa:

)
4

-
/ /2//
<

7

/
AR

3eneHbiMm 0603HaYeHa 30Ha cTapTa - ee LeHTp coBnagaet ¢ coTbl C2; pasamepbl 30HbI 866X866 MM.

KpacHbiMm 0603HayeHa 30Ha GMHMULIA - ee LEeHTP COBMNajaeT C LEeHTPOM coTbl E2; pasmepbl 30HbI

866x866 mm.

CHMM 0603HaYeHbl MPOMEKYTOUYHbIE 30HbI - BO BCex coTax, Kpome C2 n E2, pa3mepbl 30H 866x866

MM, @ LEHTPbI COBMNAAaloT C LEHTPAMMU COT.
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HauucneHue 6annos

Ynpasaaiowan nporpamma MNpoBepsAeTca Ha NATM MOJIMFOHAX: OAHOM W3BECTHOM 3apaHee (M3
yNpaXKHEeHMA) U YeTblpex HEU3BECTHbIX, UMEILINX Pa3HY0 KOHPUrypauuio CTeH. 3a Kaxaoe none
Hauucnnetca ao 20% 6annoB.. MoanroH umeet cnegyrouime cobbITUs, NponcxoasaLlme nNpu cosnageHnm
cneayroumx ycoBUi:

e "Out from start" - BbIBOgUT coobuweHme B KoHcoNb "Out from start"; Tpebyembie ycnosus:
O HM OfHa TOYKA NPoeKLMM poboTa He HAXOAMTCA HAZ 30HOM CTapTa.

e "XY-checker" - 15 cobbituii ana 15 npomeXKyTOUHbIX 30H, KaXK4aa HauucaseT no 1 6anny m
BbIBOAMUT co0bLLeHME 06 STOM B KOHCO/b; Tpebyemble ycnoBus:

O BCe TOYKM MPOEKLUUN POHOTa HAXOAATCA B COOTBETCTBYHOLLEN MPOMENKYTOYHOMN 30HE;
O CKOPOCTU 060MX MOTOPOB POHOTA PaBHbI HYAIO;

O nocnegHee BblBEAEHHOE Ha 3KpaH poboTa coobuieHne coBNagaeT C Ha3BaHUEM COTbI
NPOMEKYTOYHOM 30HbI (Hanpumep: Al, B2, D4 u T.4.).

e "Finish checker" - Hauucnaetr 6annbl go 20 (To ecTb uTorosbin bann 6yaet posHO 20,
He3aBMCUMO OT HabpaHHbIX paHee 6ann0B 33 NPOMEXKYTOUHbIE 30HbI) U BbIBOAUT COODLLEHME
B KOHcosb "Successful finish"; 3aBepliaeTt nposepky; Tpebyemblie ycnosus:

O BCe TOYKM NpoeKumnmn poboTta HaxoaaTca B GUHULIHON 30HE;
O CKOpOCTK 060MX MOTOPOB pob60Ta paBHbI HYIO;
O nocnegHee BblBeAEeHHOE Ha 3KpaH poboTa coobuieHume 6bino "E2" (6e3 KaBblyek).

e "Not finish checker" - BbiBoguT coobuieHne B KoHconb "Not zone finish"; 3aBepliaeT npoBepKy;
Tpebyemble ycioBus:

O HM OfZIHa TOYKa NPOEKLUUM poboTa He HaxoaATcA B PUHMLLHOM 30HE;
O CKOpOCTU 060MX MOTOPOB pob60Ta paBHbI HY/IO;
O nocnegHee BbiBeAEHHOE Ha 3KpaH poboTa coobuieHne bbiio "E2" (6e3 KaBblyek).
Mpumepbl 334aHUNA U TECTOBbIA NPOEKT
B npunokeHHOM apxuBe HaxoaAaTcsa caeaytowme epanbi:
e sen_task_5_exercise.qrs - palin-ynparkHeHne ¢ HaCTPOEHHbIM TPEHUPOBOYHbBIM NONEM;
e sen_task_5.py - dalin-nporpamma c UCXOA4HbIM KOAOM YyYaCTHUKA.

dalinbl-ynpaskHeHNa MOryT MCMNo/sib30BaTbCA AN OTNAAKM nporpamm. [locne OTNaaku Kop,
nporpammbl HeobxoaMmo nepeHectM B ¢aiin sen_task_5.py M oTnpaBuTb B KayecTBe peLueHus
3agauum.

PeweHune

3agaya noapasymeBaeT ABUMKEHME MO abUpUHTY, HO HecTaHAapTHoW d¢opmbl. [na npoxoaa
NabMpUHTa MOXHO MCMONb30BaTb a/IFOPUTM OAHOMN PYKM — «NPABUAO NPABOM PYKU» UAM «NPaBUIO
neBol pyku». MNMonHbIM 0b6xoa NabupuHTa MOXKET 3aHATb MHOro BpemeHu (6onee 180 cekyHA,
OTBEAEHHbIX Ha MPOXOXAEHME MO/MIoHa), NO3TOMy 6a30Bble CKOPOCTU ABUMKEHWUA MO JIMHUM U
NOBOPOTOB, BO3MOXKHO, NPUAETCA YBENMUNUTbL ANS NPOXOKAEHUA BCEX NAOUPUHTOB.

[anvHelilwee peweHne byaeT OCHOBAHO Ha «NpaBwU/Ie NPaBOMN PYKNY.
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B Kaxpoi HOBOW «coTe» CTpebyeTca onpeaenvTb NyTb K caegytowen «cote». A 3TOro MOXKHO
NPOBEPUTbL MPaBbIi AAaTYMK PACCTOAHMUA, U eCM OH NoKasbiBaeT 6onee 70 cm (To ecTb, Npoesy B
CNeAyoLyo «CoTy»), TO c/leayeT NOBEPHYTbCA HAMpPaBO A0 JIMHUM M exaTb A0 NepeKpécTka — B
cnepyowyto coty. Ecam e npasbli AaTunKk BUAMT meHee 70 cm, TO cnepyeT NpoBepuTb NepesHUi
AATYMK PACCTOAHMA U NPOEXATb B CIeAYHOLLYHO COTY, EC/IM TAaM eCTb Npoe3a. A eciv n nepeaHnii AaT4mK
He BUAMT Npoe3aa, TO Ha40 NOBOPAYMBATLCA HA/IEBO M MPOBEPATL NepesHUN AaTYMK 40 TeX NOp, NOKa
He Halgem npoesa,

Kaxkablit npoesg, B CiefyoLyro «COTy» AOJIXKEH BbINOHATLCA MO CAeAyOWeMY a/iTOPUTMY:
e npoesz No IMHWUN 40 NEPEKPECTKa;

e npoes3a no IMHUK Ha 14,5 cm (4TobbI LLEHTP OCK KONEC Nonas Ha NepeKpPECTOoK U yaobHee 6b110
NoBOPaYMBaTh);

e [OBOPOT HAanpaBo A0 /MHWK, 4YTOBbl cneaylowmin NOMCK Npoesaa He NPOnyCcTMA Npoe3abl
cnpasa.

MNocne peanusaumm npoesna nabupuHTa No npasBuay OAHOM PYKM TpebyetcAa HayuymuTb poboTa
onpenensaTb TEKyLMe KoopanHaTtbl. Kaxkablii pas, BbINoHAA NPOE3[ U3 «COTbI» B COTY» HeobxoamMmo
nx 06HOBNATb — [,06aBNATb UK BblYMTATb N0 eAUHMLE U3 KoopauHaT X 1 Y poboTa. byKBbl B Ha3BaHWUM
«coT» byayT koopamHaTtol X, umdpbl — KoopauHaTon Y. NMpruyém 3T KoopanHaTbl ByayT U3MEHATLCS
No pasHbiM MpaBuMAam B 3aBUCMMOCTM OT Hanpas/ieHMA poboTa M OT YETHOCTM / HeuyéTHOCTU
KoopAanHaTbl X. NoApo6bHO 3TOT aAropmuTM MOXKHO YBUAETH B UTOFOBOM KOZE NPOrpammbl:

. import sys

. import time

. import random
. import math

. leftIK = brick.sensor("A2").read

centrIK brick.sensor("Al").read

rightik brick.sensor("A3").read

leftLine = brick.sensor("A5").read
rightLine = brick.sensor("A6").read
TeftmMotor = brick.motor("m4")
rightMotor = brick.motor("mM3")
leftEnc = brick.encoder("mM4").read
righteEnc = brick.encoder("mM3").read

OOoOONOUVIDAWN =

RRERE
AWNRO-

==
[e2 X%, ]

class Program(): _ _ _
__interpretation_started_timestamp__ = time.time() * 1000

pi = 3.141592653589793
Diam=0.056 #amameTp konec poboTa, B MeTpax
L=0.077 #nonykonesa poboTa, B MeTpax

NININ =
NROWoN

N
w

X=-0.0475 #koopanHaTa X poboTa, B MeTpax

Y=0.0 #koopauHaTa Y poboTa, B MeTpax

orient = 0.0 #opueHTauus poboTa, B rpagycax WaM paaumaHax Ha
YCMOTpEeHMe yyacTHMKa

NN
[N

26. #Ha cTapTe BCe KOOpAMHAThl poboTa HyneBbie

27. #HyneBasa opueHTAUMUA O3HAYaeT HanpasieHue BAOJb OCU OX
28. #BO BpeMs [ABUXEHUS pPeKOMeHAyeTCA OOHOBNATb 3TU NMepeMeHHble
29. cellx=3

30. celly=2

31. cellorient=0

32.

33. driveSpd=80

34. turnSpd=40

35. kf=0.9

36. kp_T1ine=0.7
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37.
38.
39.
40.
41.
42.
43,
44 .
45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
6l.
62.
63.
64 .
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77 .
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.

ki_Tine=0.15
kd_Tine=0
kp_wall=1.0
ki_wal1=0.05
kd_wall=0.1
kp_enc=1.0
ki_enc=0
kd_enc=0
errold_Tine=0
errold_wall=0
errold_enc=0
I_line=0
I_wall=0
I_enc=0

encL=0
encR=0

Nleft_ol1d=0
Nright_old=0

def execmain(self):
#n06aBbTe CBOW KO4 HUXe

while (self.cellX != 5) or (self.celly != 2):

self.PrintCellcCoordinate()
TeftMotor.poweroff()
rightmotor.poweroff()
script.wait(10)
self.RightHandMove ()

self.PrintCellCoordinate()
print("Finish")

#0CTaHOBKA MOTOPOB Ha (UHUWe
brick.motor(''mM3™) .poweroff()
brick.motor('"'mM4™) .poweroff()
script.wait(10)

brick.stop()
return

#NOUCK NyTW B CNel KNeTKy No npaBuly NpaBow PyKM

#MNO OKOHYAHUU p06OT AOIKeH CTOATb B HaAnpaBJiIeHUU cCiel KJNEeTKU

def FindRightPath(self):
if rightIk()>70:
#MOBOPOT HaMpaBo A0 JINHUK
self.RotateRightToLine()

self.cellorient=(self.cellOorient+1)%6

elif centrik()>70:
#npoes3n B cnej KJeTKy
pass

else:

#NOBOPOT HaneBo, MNOKa He Hauaem npoesj

while centrik() < 70:
self.RotateLeftToLine()

self.cellorient=(self.cellorient-1)%6

pass

#npoes3n B cnej KNeTKY MO NpaBuay MNpaBon PyKu
#nocne npoesaa MOBOPOT HANpPaBO HA OAHY JIMHMIO

def MoveToNextCellRight(self):
#npoes3n B cnepl KNeTKy
self.LineToCrossroad()
self.LineToDist(0.14)
self.UpdateCellCoordinate()
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103. #NOBOPOT HAMPABO HA OAHY JINHUKO

104. self.RotateRightToLine()

%gg. self.cellorient=(self.cellorient+1)%6

107. def RightHandMove(self):

108. self.FindRightPath()

108. self.MoveToNextCellRight()

110.

111. def PrintCellcCoordinate(self):

112. letter = 'Z'

113. if self.cellX == 1:

114. letter = "A'

115. if self.cellX == 2:

116. letter = 'B'

117. if self.cellX == 3:

118. letter = 'C'

119. if self.cellX == 4:

120. letter = 'D'

121. if self.cellX == 5:

122. letter = "E'

123. addr = Tetter+str(self.celly)

124. print(addr)

125. brick.display().addLabel (addr, 20, 20, 20)

126. brick.display(Q) .redraw()

127.

128. def uUpdateCellCoordinate(self):

129. if self.cellorient == 0:

130. self.cellX 4= 0

131. self.celly += -1

132. if self.cellorient == 1:

133. if self.cell1x%2 == 0:

134. self.celly += -1

135. else:

136. self.celly += 0

137. self.cellX += 1

138. if self.cellorient == 2:

139. if self.cell1x%2 == 0:

140. self.celly += 0

141. else:

142. self.celly += 1

143. self.cellX += 1

144. if self.cellOorient ==

145. self.cellX += 0

146. self.celly += 1

147. if self.cellorient == 4:

148. if self.cellx%2 == 0:

149. self.celly += 0

150. else:

151. self.celly += 1

152. self.cellX += -1

153. if self.cellorient == 5:

154. if self.cellx%2 == 0:

155. self.celly += -1

156. else:

157. self.celly += 0

158. self.cellX += -1

159.

160. def RotateLeftToLine(self):

161. rightMotor.setPower(se1f.turnSpd)

162. eftMotor.setPower(-self.turnspd)

163. moveTime=0

164. startTime = time.time() * 1000

165. while moveTime<500:

166. moveTime = time.time() * 1000 - startTime

167. script.wait(20)

168. while rightLine()<30:
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169. script.wait(20)

170 TeftMotor.poweroff()

171. rightMotor.poweroff()

%7% brick.playTone (1000, 100)

73.

174 def RotateRightToLine(self):

175. rightMotor.setPower(-self.turnspd)

176. TeftMotor.setPower(self.turnspd)

177. moveTime=0

178. startTime = time.time() * 1000

179. while moveTime<500:

180. moveTime = time.time() * 1000 - startTime

181. script.wait(20)

182. while TeftLine()<30:

183. script.wait(20)

184. TeftMotor.poweroff()

185. rightMotor.poweroff()

186. brick.playTone (1000, 100)

187.

188 def LineTrace(self):

189. err = leftLine() - rightLine()

190. P=self.kp_line*err

191. self.I_line=self.I_line+self.ki_line*err

192. D=self.kd_1line*(err-self.errold_1line)

193. U=P+self.I_Tine+D

194. TeftMotor.setPower(self.driveSpd-u)

195. rightMotor.setPower(self.driveSpd+u)

196. self.errold_1line = err

197. script.wait(20)

198.

199 def LineToCrossroad(self):

200. while ( leftLine() + rightLine() )<60:

201. self.LineTrace()

202 TeftMotor.poweroff()

%82. rightMotor.poweroff()

205 def SyncToDist(self, dist):

206. brick.encoder("E3").reset()

207. brick.encoder("E4") .reset()

208. pathAngle=0

209. alpha = (360*dist)/(math.pi*self.Diam)

210. while pathAngle < math.fabs(alpha):

211. pathL= leftEnc()

212. pathR=rightEnc()

213. pathAngle = (pathL+pathR)/2

214. self.SyncMove()

215 TeftMotor.poweroff()

216. rightMotor.poweroff()

217.

218 def Syncmove(self):

219. err = leftenc() - rightenc(Q

220. P=self.kp_enc*err

221. self.I_enc=self.I_enc+self.ki_enc*err

222. D=self.kd_enc*(err-self.errold_enc)

223. U=P+self.I_enc+D

224. rightMotor.setPower(se]f.driveSpd + U)

225. TeftMotor.setPower(self.driveSpd - U)

226. self.errold_enc = err

227. script.wait(20)

228.

229 def LineToDist(self, dist):

230. startencL = leftEnc()

231. starteEncR = rightenc()

232. pathAngle=0

233. alpha = (360*dist)/(math.pi*self.Diam)

234. while pathAngle < math.fabs(alpha):
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235. pathL=TeftEnc()-startEncL

236. pathR=rightEnc()-startEncR

237. pathAngle = (pathL+pathR)/2

238. self.LineTrace()

239. TeftMotor.poweroff()

%40. rightMotor.poweroff()

41.

242. def main(Q):

243. program = Program()

244, program.execMain()

245.

246. if _name__ == '_main__":

247. main(Q)

Mocne peannsaumm 3TUX aITOPUTMOB A0CTAaTOYHO HAaCTPOUTL BbIBOA KOOPAMHAT Ha 3KpaH poboTa un B
KOHCONb (ana yaobcTBa oThagku). M HacTpouTb yCA0BUE ANA LMKNG, BbINONHAKOLWErO NOUCK NyTH MO
npaBsuay NPaBoi PyKun — NOBTOPATb €ro 40 TeX Nop, MOKa KoopAMHaTbl poboTa He cTaHyT E2 (To ecTb
X=5, Y=2).



