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Nida Phunpeng 2009: Development of an Image Processing System for a Visually-
Guided Landing of a Small-Scaled Autonomous Helicopter. Master of Engineering
(Aerospace Engineering), Major Field: Aerospace Engineering, Department of Aerospace

Engineering. Thesis Advisor: Squadron Leader Sukon Puntunan, Ph.D. 86 pages.

The objective of this work is to develop an image processing system for a visually-guided
landing of a small-scaled autonomous helicopter. The CCD camera is mounted underneath an
autonomous helicopter and directed downwards to the landing target (Helipad). The axis of
camera is paralleled to the z-axis of an autonomous helicopter. The image from the camera is
analyzed to determine the position and orientation of an autonomous helicopter with respect to the
landing target. The purpose of this work is to develop a secondary positioning system which

provided more accuracy compare to traditional GPS.

In this work, an image processing method and the interface between the automatic flight
control and the image processing system are studied. Then, an image processing algorithm is
developed to determine the position and orientation of an autonomous helicopter with respect to
the landing target. Firstly, the image from the camera is filtered by using low-passed-filter.
Secondly, the filtered image is sent to the process of image segmentation to extract the object
image from background image. Thirdly, the object image is analyzed to determine the position and
orientation of an autonomous helicopter with respect to the landing target. Finally, the x-distance,
y-distance and orientation are sent to the automatic flight control system. The image processing
system could accurately determine the position and orientation of an autonomous helicopter with
respect to landing target. The calculated position is compared with the position obtained from the
DGPS system. The calculated orientation is compared with the orientation obtained from the Gyro
sensor. The RMSEs in x-axis, y-axis and orientation are 0.0534 meter, 0.0485 meter and 4.3569

degrees, respectively, at an altitude of 3 meters.
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%

Open a serial port

sl=serial'COMS','BaudRate',19200, DataBits',8,'DataTerminalReady','off', RequestToSend','off','T

nputBufferSize',14)

fopen(s1);

%

%

vid = videoinput('winvideo',1,'YUY2 160x120")

triggerconfig(vid,'manual');

set(vid, FramesPerTrigger',1 );

set(vid, TriggerRepeat',Inf);

start(vid);
for k = l:ing
Y%o---------- Receive Data Serial port

while(Data_True==0)
rx =0;
if (State == 1)

rx = fread(s1,1,'uint8");

ifrx ==165
State=2;
end

elseif State == 2
rx = fread(s1,1,'uint8");
ifrx ==90
State=3;
else
State=1;
Data True=0;

end

End Open a serial port

Image Processing

b



elseif State == 3
rx = fread(s1,1,'uint8");
ifrx ==11
State=4;
else
State=1;
Data_True=0;
end
elseif State == 4
rx = fread(s1,1,'uint8");
if rx ==200
State=5;
else
State=1;
Data_True=0;
end
elseif State == 5
rx = fread(s1,1,'int16");
Roll temp = rx;
ChkSum_Re = rx;
State = 6;
elseif State == 6
rx = fread(s1,1,'int16");
Pitch_temp =rx;
ChkSum_Re = ChkSum_ Re + rx;
State = 7;
elseif State == 7
rx = fread(s1,1,'uint16");
Heading_temp = rx;
ChkSum_Re = ChkSum_Re + rx;

State = §;
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elseif State == 8§
rx = fread(s1,1,'uint16");
Heigh temp = rx;
ChkSum_Re = ChkSum_Re + rx;
State = 9;
elseif State == 9
rx = fread(s1,1,'int16');
if rx == ChkSum_Re
theta Roll = Roll temp*0.01;
theta Pitch = Pitch temp*0.01;
theta Heading = Heading temp*0.1;
Height = Heigh_temp*0.01;
Data True=1;
State=1;
else
Data_True=0;
State=1;
end
end %if (State == 1)
end %while (Data True==0)
if (Data_True==1)
Data True=0;

end

trigger(vid);

imRGB = getdata(vid,1);
%figure(1),imshow(imRGB);
Ip=ones(5,5)/25;
imfil=imfilter(imRGB,lp);
%figure(7),imshow(gl);
imGRAY = rgb2gray(imfil);
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%imEq = histeq(imGRAY, 256);
%figure(4),imhistGimGRAY);
%figure(2),imshow(imGRAY);
sizeGray = size(imGRAY);
temp = imGRAY;

thresh = 155;

for i = 1:sizeGray(1,1)

for j = 1:sizeGray(1,2)

if temp(i,j) < thresh
temp(i,j) = 0;
else

temp(i,j) = 255;
end

end
end
figure(16),imshow(temp);
L = bwlabel(temp,8);
s = regionprops(L,'Centroid','Area','Orientation');
if[s.Centroid]

[max_area,idx] = max([s.Area]);

centroid = cat(1,[s(idx).Centroid]);

orientation = [s(idx).Orientation];
else

centroid = [0 0];

orientation = [0];
end
if orientation <0

orientation = orientation*(-1);
elseif orientation > 0

orientation = orientation*(-1);

else
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orientation = orientation;

end

centroid(1) = ((height m * Height)* ((horizontal m * Height)/(height m * Height)) *
centroid(1))/ horizontal pixel;

centroid(2) = ((height m * Height)* ((vertical m * Height)/(height m * Height)) *
centroid(2))/ vertical pixel;

x(k) = ((-horizontal m * Height)/2)+centroid(1);

y(k) = ((vertical_m * Height)/2)-centroid(2);

z(k) = orientation ;

yDistance=x(k); %MnuANUimage 1111 l)uunuvethelicopter (x(k) 191311 Yheli

xDistance=y(k); %MnuANUimage 1111 l)auunuvethelicopter (y(k) 11T Xheli

%theta Roll = theta Roll - (-8.5); %offset
%theta Pitch = theta Pitch - (5); %offset
%theta Heading = theta Heading - (121); %offset

yDistance _com=x(k) - Height * tan(theta Roll*pi/180);

xDistance _com=y(k) + Height * tan(theta Pitch*pi/180);

%-------- Send Data update Serial port--------
fprintf(s1,'%c',65); %]1 byte ascii'A'
fprintf(s1,'%c',53); %]1 byte ascii'5'
fprintf(s1,'%6.2f,yDistance); %06 byte

fprintf(s1,'%6.2f,yDistance_com); %06 byte
fprintf(s1,'%6.2f ,xDistance); %6 byte

fprintf(s1,'%6.2f xDistance_com); %06 byte

fprintf(s1,'%6.21,z(k)); %6 byte
fprintf(s1,'%6.2f theta_Pitch); %6 byte
fprintf(s1,'%6.2f theta Roll); %6 byte
fprintf(s1,'%6.2f ,thetaHeading); %6 byte
fprintf(s1,'%6.2f ,Height); %6 byte
Y%-------- End Send Data update Serial port--------

end %for k = 1:frame

% End mage Processing



fclose(sl);
clear sl;
%------ End Close a Serial port------

stop(vid),delete(vid),clear vid;
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Protocol

84

Gyro-Stabilized Euler Angles: 3DM-GX1

Function: The 3DM-GX1™ will transmit the gyro-stabilized Euler Angles
Command Byte: | 0x0E
Command Data: | None
Response: 11 bytes defined as follows
Byte 1 Header byte = 0xO0E
Byte 2 Roll MSB
Byte 3 Roll LSB
Byte 4 Pitch MSB
Byte 5 Pitch LSB
Byte 6 Yaw MSB
Byte 7 Yaw LSB
Byte 8 TimerTicks MSB
Byte 9 TimerTicks LSB
Byte 10 Checksum MSB
Byte 11 Checksum LSB




Gyro-Stabilized Euler Angles: Flight Control

Function: The Flight Control will transmit the gyro-stabilized Euler

Angles

Command Byte: | 0xAS, 0x5A

Command Data: | None

Response: 14 bytes

Byte 1 Header byte = 0xAS5

Byte 2 Header byte = 0x5A

Byte 3 Size

Byte 4 Type of packet

Byte 5 Roll Hi

Byte 6 Roll Lo

Byte 7 Pitch Hi

Byte 8 Pitch Lo

Byte 9 Heading Hi

Byte 10 Heading Lo

Byte 11 Height Hi

Byte 12 Height Lo

Byte 13 Checksum Hi

Byte 14 Checksum Lo
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