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Executive Summary

The project will involve a small toy robot to navigate
through a fixed area and avoid collisions with obstacles. The
robot will use ultrasonic sensors to detect distance between
the robot and objects. There will be a grid system updated
and used to navigate around the obstacle to the desired
destination point.

Problem and Solution

» Problem:
» Automated robots can collide with obstacles.

» The robot will need not only know if obstacle is in
front, but also best path to navigate to destination.

» Solution:
» Use ultrasonic sensors to detect obstacles and distance

» Use a grid map to track paths and obstacle to find most
efficient path to follow.
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Overview Diagram
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System Requirements

» The system shall not collide with stationary objects, while
in motion.

» The systems shall store information about position of
objects in relation to the system.

» The system should find the path to take least amount of
travel time.

» The system shall operate in a fixed test area, indoor, flat
wood floors and at room temperature.
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Program’s Main Components

» Ultrasonic sensor detect where the obstacles are located.

» Obstacle Grid stores where the obstacles are located in the test
area

» Heuristic Grid shows the path to the destination and uses the
Obstacle Grid to know how to avoid obstacles.

» The robot has different movement functions used to move the
robot to specific points on the grid map.

> The robot slowly steps toward the destination and has to stop
each time it takes a reading from the sensors, and updates the
Obstacle and Heuristic Grids.
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: Sidu ot
UIrasonic SENSOrs e e
4 LS ) ]
> Uses high frequency sonic e s |
pulse to detect distance F - 0
Lisabek| ;| Erron
» Soft and furry substances
can absorb sound and give Hmp.., -
bad readings. B : E
» The object must be at a ne : |
right angle to get the best s P
reading. '
» Robot only moves four Desingie) fovein)_
directions to keep the —T
objects at right angles. B o
» Readings aren’t constant 2B 8 _
and created a function to
filter out the error.
; Obstacle Grid:
Obstacle Grid 000GCGC0D1060000GC
000CCO0011000GC
» Two dimensional array to FIEEIEEE O EEE
store the different grid 0000C0CO0O0O0COCD0O00O0ODC
points 0000C0C000C0CO0O00D0GC
0000C0C000C0COO00D0GC
» Zero shows a free space 000CCO00CGCOCO0DGC
without obstacle, and one g g g g g g g g g g g g g
marks an obstacle 00o0COCOO0OCOCOOGO O
» The grid is a quarter the :23::23::;333
size of the actual test area. 10000000CC000GC
- . 1000600000000 GC
» The grid is populated while 1000C000CGCGCO00 G
the robot is in motion 0C00CCOD0DCCO0OD0GC
S 0000C0C000C0CO0O00D0GC
» Use a GridPoint class for 0000C0C000CO0CO0O00O0GC

points
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Heuristic Grid:

o ) 98 7 6 7-1-1-1-112
Heuristic Grid 87656 7-1-1-111
765456 78 910
» The grid represents the 65434567809
intersection points within the 5432345678
Obstacle Grid. 4321234567
_ 321123456
» The values stored at each point 43212346567
represent the number of steps 5432345678
needed to reach the destination. 6543456789

) 765456 78

» The values are populated using a 7656 7 8 9
recursive function that steps away 8 7 6 7 8 9101112
from the destination and slowly 9 8 7 8 910111213
works throughout the grid 101 9| & 9110111112/ 13114
1110 910 11 12 13 14 15
» The robot uses these points for 13 12 11 10 11 12 13 14 15 16
where to move. 14 13 12 11 12 13 14 15 16 17

Heuristic Grid cont.

-1 -1 -1 -1 -1 -1 -1 -1 30 19 18 17 18 13 20 -1 -1 -1 -1
<1 =1 =1 -1 -1 -1 -1 20 19 18 17 16 17 18 19 20 -1 -1 -1
-1 =1 =1 =1 -1 -1 20 13 18 17 1§ 15 16 17 18 15 20 -1 -1
=1 =1 =1 =1 =1 20 1% 18 17 16 15 14 15 16 17 18 1§ 20 -1

-1 -1 -1 -1 20 1% 1# 17 16 15 O 13 14 15 1€ 17 12 19 20
=1 =1 =1 20 1% 18 17 16 15 14 12 15 16 17 18 1% 20 -1
-1 -1 20 19 18 17 16 15 14 13 11 14 15 18 17 18 19 20
-1 20 1% 18 17 16 15 14 13 12 10 13 14 15 16 17 12 19
20 1% 18 17 16 15 14 13 12 1 12 13 4 15 16 17 1B
1% 18 17 16 15 14 13 12 11 g 11 12 13 4 15 16 17
18 17 16 15 14 13 12 11 10 9 7T 10 11 12 13 14 15 16
17 16 15 14 13 12 11 10 9% & g % 10 11 12 13 14 15

e e
w

=1 =1 20 1% 18 17 16 15 14 13 14 13 4 15 16 17 18 19 20
-1 20 1% 1& 17 16 15 14 13 12 13 12 13 14 15 16 17 18 19
20 1% 12 17 16 15 14 13 12 11 12 11 12 13 14 15 16 17 18
19 12 17 16 15 14 13 12 11 10 11 10 11 12 13 14 1% 16 17
8 17 16 15 14 13 12 11 10 % 0 9 10 11 22 13 14 1% 16

19 18 17 16 15 14 13 12 11 & 1 & 9 10 11 12 13 14 15
12 17 16 15 14 13 12 11 10 7 2 7 & & 10 11 12 13 14
17 16 15 14 13 12 11 10 ¢ 3 & 7 & % 10 11 12 13
16 15 14 13 12 11 10 % & 5 4 S5 6 7 & § 10 11 12
15 14 13 12 11 10 % & 7 € 5 € 7 & 9% 10 11 12 13
1615 14 13 12 11 10 3 & 7 & 7 & 9 10 11 12 13 u4
17 16 15 14 13 12 11 10 & & 7 @& 9 10 11 12 13 14 15
14 13 12 11 1w % & 7 & 5 4 5 € 7 €& § 0 11 12
13 12 11 10 9 & 7 €& S5 4 3 4 % & 7T & % 10 11
12 11 10 % & 7 & 5 4 3 2 3 4 S5 € 7T & % 1O
11 % &8 7 € 5 4 3 2 1 2 3 4 5 & 7 B 9
0 % & 7 &€ 5 4 3 2 1 0 1 2 3} 4 5 €& 71 B
11 10 % B 7 &€ 5 4 3 2 1 2 3 4 5 € T & 9
12 11 10 % & 7 & 5 4 3 T 3 & 5 & T B § 10
13 12 11 10 9 & 7 & 5 4 3 4 % €& 7 & 9 10 11
4 13 12 11 10 9% & 7 & S5 4 S5 &€ 7T & 9 10 11 12
15 14 13 12 11 10 % & T 6 5 6 7 &8 9 0 11 12 13 12
16 15 14 13 12 11 W 9 & 7 & 7 B 9 10 M 12 13 u
17 16 1§ 14 13 12 11 10 9 & 7 & 9% 10 11 12 13 14 15
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i i Heuristic Grid:
System Validation 987-1-1-1- 1011121314
87 656 7 8 910111213
N . 7654567891011
> Flrs_t_lnltlallzes the starting 6543456 78 91011
position of the robot 143 2 345678 910
» Moves to the nearest Heuristic =% 3 2.1 23 456 783
Grid point -1 2 1 1 2 3 45 68 7 8
P 1 456 9
» Steps through the different - 5 67 10
Heuristic Grid points towards the g ; 3 E
destlnatlpn.usmg the values in Mo 30l 12l 12 13
the Heuristic Grid. 1113121110 91011 12 13 14
» Each time it stops, scans for -1 ISE 13| 12) 11)10) 11, 12} 13) 14, 15

obstacles and updates the SR EUELERECEEEETECE
-1 17 16 15 14 13 12 13 14 15 16 17

Obstacle and Heuristic Grids. 118 17 16 15 14 13 14 15 16 17 18

» Sounds a buzzer once it reaches 201218 171615 14 15 16 17 181319&%
the destination.

Conclusions and Lessons Learned

» Conclusions

» The robot does navigate, but has to stop each step to
make sure to get good sensor readings.

» The angled sensors cause more problems than help due
to the angled reading giving bad information and
“shadow’ obstacles

» Learned
» Work within limited memory of the microcontroller.

» Overconfidence when planning and have more
problems than intended

» Program how to calculate scenarios instead of how to
react to scenarios.
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Improvements

» Use a computer or laptop as a command center for the
navigation to deal with the memory restriction issues and
support a larger test area.

» Use a Wi-Fi attachment to allow the computer to communicate
with the robot

p Have a beacon connected with the command center to
help the robot keep track of current position.

» Found information on using a router as the beacon and for
communication

Questions

16
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