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Project Goals and Objectives

The desire to create a system which will autonomously
guide a model airplane on a collision course with a
specific target using image recognition.

To experience using microcontrollers to control plane
navigation.

To experience designhing schematics to interface with
various components.

To experience synchronizing multiple microcontrolle
to control airplane flight.

To implement image manipulation while minimizing
processing time.




Project Specification and
Requirements

. Track and collide with target using image processing

without user input.

2. Capture frame from camera, store into SRAM, conduct
image processing, and send target offset to flight
microcontroller.

3. Use target offset coordinates and flight hardware to
correct the plane's flight course.

4. Design a dual microcontroller circuit which will

interface flight sensors with optical hardware.




Design Approach and
Implementation

® Minimization of abstraction layers
o Appropriate data formats
o Direct interfacing

® Robust physical and electrical construction

o Shock resistance

o Operating margins prevent restarts

= Cannot afford to restart flight microcontrolle
in flight




Design Decisions

al Microcontrollers

o Flight controller maintains final decisions
regarding flight

Camera solutions
o Complete cameras vs. sensors

isplays

o Controlled vs controllerless




arall Block Diag
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Component Decisions

ClUR

Microcontroller | Development | Speed Availability Cost Pin I/O
Environment

STM32F4 Atollic 168Mhz Digikey $15.25 114

AT32UC3A4256S- | Atollic 66MHz Digikey $14.30 88




Component Decisions

mera.

Camera Resolution Speed Availability Cost Pin 1/O
GoPro 1280 x 1024 | 30fps Manufacturer | $149.99 | component/
website composite video
(analog)
oVv7670 640 x 480 >30fps Various $20.00 parallel data
(digital)
OV9655 1280 x 1024 | 30fps @ VGA Various $50.00 parallel data
15fps @ full (digital)




Component Decisions

emory:

Memory Access Availability Cost Pin I/O
time
SRAM 10ns digikey $149.00 parallel
SDHC 1.2ms various $9.00 serial




S192£TH 4ZEULS
N3"fd
IS
2z E1231EEMMK
oZaoom
AW IH MWWWMNNNNO_
by IOEHMOTOON®
mnul
v -
oA a
o :
e =
1 3
T =
ml [=|
’ By e
S m- af <o
= Y
w ~wo
ed 2
L ~
Lol -8 e ay > ]
Sd [T W Y TR I
vd b A jals g b
ed [ N 20 L 15 =
w Br A 19 I3 @
\d T A %18, = NEN)
od |t M q @ Mm
=0 86 ad 9 438
9192474300088
Sld NLW
vid U
£id [
2ld i
Ud 7
old 5
6d G INE
b Tk & : AT 1
AN Engy NO dad ad OEHIITASNEE+
— sd B
210} 2€a] va B 2z 5T 919le|
&d e.mwu |
d = /H
AAAA Sy
< B 5 g33¢
0d [y YR g &
— 9%y
9192274408088
Skd
7]
ld g
£ld N m v,
ud |z 219
ud e t: 2zE2
od |7 T
. 6d [ 154
= ol
2 ] <
O M 2 Ea
=[{= o SH
Of el T PH
$ vd fonr
g ed |y
© ———————— \Wie———
o 8 m I by AN
: £ e = L. “
s 8% 2 il m%: © o]
i 9 g & E N ibzinhe
b ¥
7 mam g
g | 1" gnozeosostd -
9 & © nrzeosotbld
TRRCEMTACTETY -3 44 gsIaudT
Zld WW- INRSITI T
Ld 568 THJT PR
old g1Jd pAL o
6d STRIT <H A
o T 44
d VINIT M
Q « TIHI0 i
Sd 5Jd A
vd vId Ve gk AL
£d EINI_EZTI0Y ded 55
24 TNTEZT00Y I ge
\d TINI_EZTI0Y B
0d QTINI_£ZTI09 B D
Z9d L D <
¢ hocs oy o o nee+ [ =
[IEERERRRE = Tud I x Z
o d  Tlioom Shd S18d €
4 4 vid v18d W el
= 7 : £ld NI EE+
b = zld NI NGF
& Nm YUS_Z321
4y IS 2T
g o Ti008 6d BTINIg
EE 4 m 8d BIHI0
N o s
BINJU
a4 3 sd NI 8+ &
=t u vd
229888 |g 5
b obrr |Y k!
A | ld AR SPNE TIUT T N
a od B
WW XSHOTT = o
o = 2 S S Z4d
J|§:i1~<z T TI0aTST UMS3JedL-00L 1= S 8
VWY TSAT] 4 49 209 .
2z 2 TI00S q 994
W UTUMS=SHI N d4 T ] &
— ATINS =TT d g € [V ] m
W TOL e S 9 HE
& [ et 1}
Sid o 9NS ;i 88
R
it
o1 0
e AL 0
=57
DO ANO T 0 0
UHDDDDDDDDW
£
Q o
OOENOTONDO ZINJ0
ool =
0
TIHIT e mlllj%
_ ~ 7 v/




T

o
SRR 1o = Ao o
“i ? - ! 94 KCKIKTKIKIXT
N T -
I
— NC123 IN11 -
ANC123 IN12!
anc123 _1N13
sl ~
Sy ¢
— z 8T8
2. %
] 1
1
i 1 =
T [}
=
= HOUSE
7 2 NE1
— 1 NE2
s ; 3 NE3
H3 183 3 NE4
—fk =, 4 NOE
X 2 5 NWE
s | v out A |1oschuk 11 S NELg
v OUT A |—— 7 NBL1
: 3 QUTE 2 8 CLK
aurs I — I 9 WAIT
our2 — 1@ INTH
2l oo oum 8 24 1N
= i 12 INT
- 13 €D
5 14 NIOYR
15 NREG
L] 16 NIORD
>_s0A 2C2_SClI
OSCClL gpa S3a
3 GNO
[ +3.3U
L c2s
=r 100
L DCMI T
@  USYNC Ty
1 HSYNC 4
2 PCLK
i De FH12A-4@S-8:53F05)
5 D2 +3.3U
6 D3
7 D4
8 DS
3 D&
10 07
s
&
Z
L
L Co0rse X
1 COUS o
g
:
RST




4

Design Decisions

age processing algorithms:

Algorithm Implementation Execution Speed Execution Scalibility
Difficultly Results
KLT Tracker High High High High
SIFT High High High High
olor Histograms Moderate Moderate Moderate Moderate
Low Low Moderate Low




Image Processing Overview

Target Acquisition
Mode

No
ser
presses
utto
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Computer color
( thresholds and scan Calculate_ Offset for
L Flight
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Requirements

Landing Mode ] [ Landing Mode J [ Collision Mode ]




Color Threshold

The image processing
uses a double
threshold to admit
only colors close to
the target color. The
first threshold is set
very low to only
accept colors very
close to target.
Since this will omit a
large portion of the
target, a second
threshold is set high
and will allow only
colors that are next
o a low threshold.




Target Center and Offset
Calculation

The target center is
conducted after the
first color threshold
pixel is found. From
the first pixel, the
algorithm will
determine the
height by going
down until the last
color threshold. The
width is calculated
by going half the
height and going
left and right. The
offset is calculated
y pixels from the
nter of the image




ptical Microcontro
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Flight Controller Process
Overview

ht Microcontroller State Diagram
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Project Difficulties
Flight processing difficulties:

® Gyroscope signal processing

® Barometric sensor produces inconsistent data
Optical processing difficulties:

® Communicating with subcomponents using I2C

® Communicating to LCD
® Storing camera data into memory

Image processing possible difficulties:
® Calculating correct color tolerance
® Optimizing target detection and offset calculation

Hardware difficulties:
® LCD connection




Administrative Content

Budget and Financing:

® §2000 for three systems, airplanes,
radios, and construction materials.
® Self financed




