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Introduction
The challenge is to make a robot that can score as many points as possible in a robot version of
the ten-pin bowling game. The task of the robot is to fetch a red ball from a ball rack, locate the
pins at the end of the lane and to knock as many pins down as possible by rolling the ball
towards the pins.
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Game Description:
A round of robot bowling consists a number of frames. In each frame, the robot bowler will have
the chance to knock down as many pins as possible by rolling up to three balls towards the pins.
The balls are taken one by one from the ball rack and rolled as in ten-pin bowling.
A frame starts with the robot completely in the base area (the black line is part of the base area).
After the robot has been started, the robot must autonomously leave the base area, fetch balls
one by one from the ball rack and for each ball fetched the robot should roll the ball towards the
pin area. The robot must roll the ball without touching or crossing the foul line.
If a robot bowler is able to knock down all 10 pins with the first ball, a strike is awarded and the
robot bowler is allowed to use the next two balls to knock down as many extra pins as possible
before returning to the base area. If the robot bowler is able to knock down all 10 pins with the
first two balls of a frame, it is known as a spare and the robot bowler is allowed to use the third
ball to knock down as many extra pins as possible before returning to the base area. In case of a
strike or a spare all ten pins are setup again. If neither a strike nor a spare is obtained the robot
bowler must return to the base area after the second ball.
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In the pin area there are 5 triangular locations for positioning the 10 pins:

In the pin obstacle area there are 3 triangular locations for positioning the 3 pins:
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The pins are configured in one of three ways:
I.

II.

As in ten-pin bowling, 10 white pins are positioned in a triangular form in one of the
locations A to E. The location is determined randomly by drawing.

10 pins are positioned in a triangular form in one of the locations A to E. An additional
green pin is positioned in one of the other marked positions in the pin area:

The location of the 10 white pins and the green pin is determined randomly by drawing.
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III.

10 pins are positioned in a triangular form in one of the locations A to E. In front of the
pin area there are 3 obstacle pins.

The location of the 10 white pins is determined randomly by drawing. The location of the
3 obstacle pins is chosen after the drawing so the 3 obstacle pins are in front of the
location of the 10 white pins: In location E in case the white pins are in location A or B,
location F if white pins in location C and in location G if white pins are in location D or E.

Game Rules:
1. There are 3 rounds:
a. First preliminary round:
i.
Consist of 2 frames, every team play one frame and after that all teams go
to the next frame as in ordinary bowling.
ii.
Pin configuration I: There are 10 pins in the pin area set in triangular
form in location A, B, C, D or E based on a random drawing.
b. Second preliminary round:
i.
Consist of 2 frames, every team play one frame and after that all teams go
to the next frame as in ordinary bowling.
ii.
Pin configuration II: There are 10 pins in the pin area set in triangular
form in location A, B, C, D or E based a random drawing. An additional
green pin is also positioned in the pin area based on a random drawing.
c. Final round:
i.
Consist of 5 frames, every team play one frame and after that all teams go
to the next frame as in ordinary bowling.
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ii.
iii.
iii.

The first 2 frames use the pin configuration I from the first preliminary
round: 10 pins.
The third and fourth frame uses the pin configuration II from the second
preliminary round: 10 white pins and 1 green pin.
The fifth frame uses the pin configuration III: There are 10 pins in the pin
area set in triangular form in location A, B, C, D or E based on a random
drawing and 3 obstacle pins are set in the corresponding location in front
of the 10 pins.

2. Before each frame in a round the pins location is determined by random drawing:
1) The location of the 10 white pins is determined randomly by drawing from a nontransparent box one of the letters A to E each written on a piece of paper.
2) (Only for the pin configuration II) The location of the green pin depends on the
location of the white pins. If the white pins are in location A, the green pin can only
be in location C, D or E, white in B means green in D or E, white in C means green in
E or A, white in D means green in B or A and white in location E means that green
can be in location C, B or A. The location of the green pin is obtained by drawing
from a non-transparent box one of the letters with the possible locations for the
green pin given the location of the white pins. After the location of the green pin is
determined it is placed in the middle position of the triangle:

3) The drawing is done three times. The first pin location chosen by drawing will be
used for initial position of the pins. The second pin location will be used if a strike is
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awarded after the first roll. The third pin location will be used if a spare or a strike is
awarded after the second roll.
The pin locations are the same for all teams in a frame.
3. The robot starts from within the base area, a square of 450x450 mm. The robots
dimension must not exceed 450x450x450 mm before start and the projection of the
robot must be completely within the base area. The black line is part of the base area.
After start the size of the robot is not restricted.
4. (Only for EV3 based robots) Before the robot is placed in the quarantine area for
inspection the robot must have only one project on a EV3 brick. The name of the project
must be "WRO2016" and the main executable file must be named "run". The judge is
allowed to do inspection of the brick before the run starts. If more than one project is
detected the participant must remove all files, which violates the requirement.
5. The robot will have 240 seconds to complete a frame. Time begins at the point when the
judge gives the signal to start. The robot must be switched off. The participants are
allowed to make physical adjustments to the robot in the starting area. Preparation time
a team could use before each frame may not exceed 90 seconds. However, it is not
allowed to enter data to a program by changing positions or orientation of the robot
parts. If a judge identifies that the team could be disqualified from the competition.
Once physical adjustments have been made to the satisfaction of the participants, the
judge will give the signal for the robot to be switched on (for EV3 based robots). After
that a program is selected (but not run).
6. As soon as the judge’s signal to start time begins and participants should set the robot
into motion:
•
•

If myRIO/KNR is used the robot must start after the power is on;
If the EV3 brick is used the program on the robot must be run.

7. The robot must pick one ball at a time from the ball rack and use it before picking up
another ball. Unused balls must stay within the ball rack. If unused balls (at least one)
get completely out of the ball rack (the ball is not touching the internal surface of the ball
rack and the projection of the ball on the lane is outside of the projection of the ball rack)
before the current ball is rolled either on purpose or accidentally, the frame ends. The
ball is considered as rolled when its projection is outside the lane or behind the foul line.
8. The robot is only allowed to roll the ball on the lane towards the pin area and the speed
must not exceed 3 m/s.
9. The ball need to be released anywhere before the foul line. The projection of the robot
must not touch or cross the foul line. If that happens the frame ends, the robot will
receive zero points for that frame (i.e. the robot will not get points for e.g. taking the first
ball or points for previous rolls in this frame).
10. After a robot rolls a ball, the robot needs to wait at least 15 seconds before the next roll.
This time is needed to clean the lane from fallen pins or set up new pins on the lane for
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the next roll in case of a strike or a spare. If a robot begins rolling the ball too early the
frame ends.
11. Depending on the result of a roll the robot can use the rest of the balls on the ball rack to
get more points:
a. If the first ball obtains a strike the robot is allowed to roll two more balls.
b. If two balls are rolled and the second ball obtains a spare the robot is allowed to
roll one more ball.
c. If the first two balls are rolled and the robot obtains neither a spare nor a strike
the robot must returns to the base without using the third ball.
When awarding a strike or a spare only the 10 white pins are taken into account, not the
green pin or the 3 obstacle pins.
12. A pin is counted as knocked down if it is not upright after a ball roll. No matter how
much a pin is moved after a ball roll the pin is NOT considered as knocked down if the
pin is still upright.
13. It is not allowed for the teams to touch the robot during the run.
14. If there is any uncertainty during the task, the judge makes the final decision. They will
bias their decision to the worst outcome available for the context of the situation.
15. A frame ends and time is stopped if:
a.
b.
c.
d.
e.
f.
g.
h.
i.

The time for a frame (240 seconds) has ended.
Any team member touches the robot during the run.
Any part of the robot touches the surface outside of the bowling lane.
A team member shouts “STOP” to end the run.
Other balls get completely out of the ball rack box (rule 7).
The robot touches or crosses the foul line (rule 9).
The robot does not wait for 15 seconds before rolling the next roll (rule 10).
The robot tries to roll a third ball without having obtained neither a spare nor
strike with the first two balls rolled (rule 11c).
When the projection of the robot is completely in the base area.

16. No points gathered after the frame ends are taken into account. E.g. if the time has
ended when the ball is rolled points earned by the robot as part of this role are not taken
into account.
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Scoring:
1. Score will be calculated during each frame of a round and the scoring for each frame is
accumulated to give the score for a round.
2. Points gathered in the two preliminary rounds are accumulated. The accumulated points
are used to rank the teams and determining the teams that will proceed to the final
round.
3. If teams have the same score, ranking is decided by the number of strikes (10 pins
knocked down by one roll). If the teams have the same number of strikes, the teams are
ranked by the fastest time recorded for a round. The time for a round is the accumulated
time of each frame in the round.
Scoring Table:
Particulars

Points Each

Max in a frame

White pin knocked down.

1 points per pin

30 points

Green pin knocked down.

5 points per pin

15 points

First red ball picked up from the ball rack
and positioned on the robot without
touching the lane.

5 points

Robot ends completely in base area (wheels
touching the lane is stopped). The robot
must have rolled all its balls:
• Three balls in case of strike or spare
• Two balls if no strike neither spare is
obtained.

5 points

Other balls get completely out of the ball
rack box before a ball is rolled.

-5 points

The third ball is rolled without having
obtained neither a spare nor strike with the
first two balls rolled.

-5 points

The robot does not wait for 15 seconds
before rolling the next ball.

-10 points

Obstacle pin knocked down.

-5 point per obstacle pin

-45 points
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Lane Specifications:

1.
2.
3.
4.
5.
6.

The dimension of the lane is 4800 mm × 1200 mm.
There are no walls around the lane.
The lane is leveled up above the floor at least 17 mm.
The marking of the lane is printed on a mat and the mat is fixed on the lane surface.
Primary color of the mat surface is white.
The black lines around the base area and black lines for the reference and foul lines are
20 ± 1 mm.
7. Gray circles mark the pin positions. The diameter of the circle is 15 mm.
8. Dimensions may vary within ± 5 mm unless otherwise specified.
Game Object Specifications:
Robot bowling pins:
1. The pin material is wood.
2. The primary color of the pin is white (except the green pin)
3. There are two red stripes on the pin.
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The robot bowling ball is a standard red pool ball and will have a diameter of 57 mm ± 1 mm:

The ball rack is made out of acryl plates (5 mm thick), inside measures 300x80x80 mm,
diameter of the 3 holes 15 mm, and distance between the holes centers is 100 mm. The ball rack
is rigidly fixed to the bowling lane so that the robot can push gently against it as guidance.
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Backdrop:
1.
2.
3.
4.

The height of the backdrop is 600 mm.
The width of the backdrop is 1800 mm.
The distance between the lane and the backdrop is 200 mm.
The primary color is mat black. Black textile can be used.
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Alternative Rules Suggestions:
Some country organizers may wish to modify the ball rack to simplify their local challenge. The
TETRIX or Matrix parts can be used to assemble an alternative ball rack.
Alternative ball rack from TETRIX parts:

Alternative ball rack from Matrix parts:

	
  

