We completed most of the attitude/specific forces computer. We still have to add the latitude/longitude
converter, update the gravity, and anew initialization of the directional cosine matrix. The code for the
computer can be seen below.

YB/READ DATA
cl ear gl obal
clear all

gl obal angl es;

[gtime, w.r, wp, wy, f.x, f.y, f.z, tenp, timecounts]...
=textread('c:/tenp/ I MJ pitch.txt',"% % % % % % % %

% ',"' headerlines',8);% delimter',",");
b = size(gtine);

gtime = gtine(:,1) - gtime(1,1);
f.x=f.x*9.8;

f.y=f.y*9.8;

f.z=f.z*9.8;

%/8/ATTI TUDE COMPUTER

%nter the roll, pitch, yaw
yaw = 0;
pitch = 0;
roll = 0;
lat = 40;
delt = 1/207;
h = 200;
i =1,
me = 0;
b-1

ti
b=

earth = earth_param %obtain earth data

g = gravity(h, lat);

cbn = cbninit(yaw, pitch, roll); % nital directional cosine matrix
a =1[0;0;g];

a = cbn * a;

acc.n=a(1);

acc.e=a(2);

acc.d=a(3);
cnb = chn'; %get cnb to relate NED to body for wnb
eul er(cbn, i); %obtain the eul er angles
for i = 1:b
if i ==

vtenmp.n = O;

vtenp.e = 0;

vtenp.d = O;

wib =1[0,0,0]";

[ pos, vtenp] = position(acc, vtenp, lat, h, g, delt);

p.n(1l) = 0;

p.e(1) = 0;

p.d(1) = 0;
el se

% MU dat a

a = [f.x(i); f.y(i); f.z(i)];
a = cbn * a;
acc.n = a(l);



[ pos, vtenp] = position(acc, vtenmp, lat, h, g, delt);
if rem(i, 2000)==

end

p.n(i) = pos.n + p.n(i-1); %positions
p.e(i) = pos.e + p.e(i-1);

p.d(i) = pos.d + p.d(i-1);

wib = [wr(i)*pi/180; w. p(i)*pi/180; w.y(i)*pi/180];
% MJ angul ar rates

end

win = trEARTH_I| F_NED(I at); % urn rate of the earth wr.t
inertial frame in the NED frane

wen = trLGF_earth(vtenmp, lat, h); % urn rate of the NED frame w.r.t

earth in the NED frame
wnb = tr BODY_NED_BODY(wi n, wen, wi b, cnb); % urn rate of the body w.r.t NED in
the body frame

skewwnb = skew(wnb); Y%skew wnb

cbn = update_cbn(cbn, delt, skewwnb); Yupdate the directional cosine matrix
cnb = chn';

eul er(cbn, (i+1)) %obtain the eul er angles

end

%Rol |, Pitch, Yaw
figure(l), subplot(311), plot(gtinme, angles.r), grid
title('"Roll - Time in seconds')

subpl ot (312), plot(gtine, angles.p), grid
title("Pitch - Time in seconds')

subpl ot (313), plot(gtine, angles.y), grid
title('Yaw - Time in seconds')

%Posi tion
figure(2), subplot(311), plot(p.n), grid
title('Position Movenent North')

subpl ot (312), plot(p.e), grid
title('Position Movenent East')

subpl ot (313), plot(p.d), grid
title(' Position Movenent Down')

We also changed the function that takes the directional cosine matrix to obtain the euler angles. We added
the state where the pitch is approaching +-90 degrees. At that state we need an alternate routein finding
theroll and yaw. Below showsthe code we have thusfar.

function euler(cbn, i)

% eul er (cbn, position) Derive the euler angles fromchbn
%

% Witten By: Brian Bl eeker

% Rob MacM | | an



gl obal angl es
angles.p(i) = (asin(-cbn(3,1)))*180/ pi

if abs(angles.p(i)-90) <=1
if rem(i,2)==0
angles.r(i) = angles.r(i-1)
angles.y(i) = atan2((cbn(2,3)-cbn(1,2)),(cbn(1,3)+cbn(2,2)))*180/pi +
angles.r(i);

el se
angles.y(i)=angles.y(i-1);
angles.r(i) = -atan2((cbn(2,3)-cbn(1,2)),(cbn(l,3)+cbn(2,2)))*180/pi +
angles.y(i);
end
el seif abs(angles.p(i)+90) <=1
if remii,2)==
angles.r(i) = angles.r(i-1)
angles.y(i) = atan2((cbn(2,3)+cbn(1,2)),(cbn(1,3)-cbn(2,2)))*180/pi -
angles.r(i);
el se

angles.y(i)= angles.y(i-1);
angles.r(i) = atan2((cbn(2,3)+cbn(1,2)),(cbn(1,3)-cbn(2,2)))*180/pi -

angles.y(i);
end
el se
angles.y(i) = (atan2(cbn(2,1),cbn(1,1)))*180/pi
angles.r(i) = (atan2(cbn(3,2),cbn(3,3)))*180/pi
end

Wedid several tests onthe IMU to seeif the attitude computer and euler angle functions are working
properly. First we did a 360 degreetest of the yaw axis. Werotated the IMU, by hand, 360 degrees. As
seen in the graph below, everything worked pretty well.
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Fig - Rall, Pitch, and Y aw angles for 360 degree yaw turn

Theroll, and pitch did change less than a half degree over the 10 second test, but that is very minimal for
what is supposed to be anoisy system.

Then we did atest on theroll. Once again, by hand, we rotated the IMU 360 degreesin theroll axis. Shown
on the next pageisthe graph obtained from thistest. Itisseen that the roll angle rotates afull 360 degrees
as expected. The pitch does drop almost 10 degrees, but that is ok because the IMU roll rotation was tested
by hand and wasn't rotated exactly just onit’sroll axis.

Next, we tested the pitch axis. Once again, by hand we rotated the IMU 360 degrees. Show on the next page
isagraph of thistest. It can be seethat at 90 degreesthe roll and yaw change unexpectedly at this point.
We'll haveto do further testslater to find out why thisis.

We wanted to do another test to make sure that at least part of the pitch euler angle program was working
properly. Sowe moved the IMU, about 45 degrees up and then back down to level ground. Thisworked
properly as expected.
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Fg - Rall, Pitch, and Y aw anglesfor 360 degreeroll test
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The next step we want to takeisto fix the directional cosine matrix initialization. Thisinvolves a series of
equations, taking datafrom the IMU when it isin afixed position and aligning the axis of the IMU to that of
NED. Below isthe code for this process.

function [cbn] =angl e_adjust(a, g, win, |at)
% angl e_adj ust(a, g, Wwin) Create Cbn frominitial data
%



% a= the x,y and z acceleration of the body nmeasured in G s

% g= the acceleration of gravity at
% win= turn rate of the earth w.r.t
% lat= latitude

%

% Witten By: Brian Bl eeker

% Rob MacM I | an
earth= earth_param

% hird colum vector

C31 = -a(1)/g;
C32 = -a(2)/g;
C33 = -a(3)/g;
% irst columm vector

Cll = (win(l)/(earth.o*cos(lat)))-((
Cl2 = (win(2)/(earth.o*cos(lat)))-((
C13 = (win(3)/(earth.o*cos(lat)))-((

% esol ution of second colum vector

C21 = (-C12*C33) + (C13*C32);
C22 = (C11*C33) - (C31*Cl13);
C23 = (-Cl11*C32) + (C31*C12);
% nitial CBN matri x

our
inertial

cbn=[ Cl11, C12, C13; C21, C22, C23; C31, C32, C33] ;

| atitude

frame in the NED frame

a(l)*tan(lat))/qg);
a(2)*tan(lat))/g);
a(3)*tan(lat))/qg);




