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The quaternion is a useful expression for rotation used in flight simulation. The relation between the

quaternion and its angular rate is linear and the quaternion doesn’t have a singular point like Euler

angles. Euler angles are often used to describe aircraft dynamics.

Mr. Yatabe's paper “Convenient note for calculating Quaternion” appeared in last year's MSS

Technical Report. In his paper, Mr. Yatabe summarized useful equations for attitude calculation using

the quaternion. My paper compares quaternion and Euler angle expressions for rigid body dynamics.

MATLAB is used to formulate and simulate rigid body dynamics as follow :
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%function dem = euler2dcm(euler)
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sin_euler = sin(euler);

cos_euler = cos (euler);

dem =[ cos_euler(2) *cos_euler(3), cos_euler(2) *sin_euler(3), -sin_euler(2);"

- cos_euler(1) *sin_euler(3) + sin_euler (1) *sin_euler(2) *cos_euler(3),

cos_euler (1) kcos_euler(3) + sin_euler(1l) *sin_euler(2) *sin_euler(3),
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- sin_euler (1) *cos_euler(3) + cos_euler (1) *sin_euler(2) *#sin_euler(3),

sin_euler (1) *cos_euler(2);:

sin_euler (1) ¥sin_euler(3) + cos_euler (1) *sin_euler(2) *cos_euler(3),

cos_euler (1) *cos_euler(2)];
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function euler = decm2euler (dem)

%function euler = dcm2euler (dem)

%HARFTILP S A1 F—HBEHEH

%euler : 74 5 —# [rad] , cm: HAKKTHI

euler =[ atan2(dem(2,3), dem(3,3));
atan2(-dem(1,3), sqrt(dem(2,3)"2 + dem(3,3)"2));"
atan2(dem(1, 2), dem(1,1))];
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function g = dem2quat (dem)
%function q = dem2quat (dem)
% HBEARKTIHN SV +—2=F L 5E5E
%q: 74 —8=F >, dem: HRKKITII
q = [sqrt(1 + dem(1,1) - dem(2,2) - dem(3,3))/2;
sqrt (1 - dem(1,1) + dem(2,2) - dem(3,3))/2;
sqrt (1l - dem(1,1) - dem(2,2) + dem(3,3))/25
sqrt (1 + dem(1,1) + dem(2,2) + dem(3,3))/2];
[x, ix]= max(q);
switch ix
case 1
q([2 3 41)=0.25/q(1) * [dem(1, 2) +dem (2, 1) 5 dem(1,3) +dem(3, 1) 5 dem(2, 3) -dem(3,2) 15
case 2
q([1 3 4])=0.25/q(2) * [dem(1, 2) +dem (2, 1) ; dem(3,2) +dem(2, 3) 5 dem(3, 1) -dem(1,3)1;
case 3
q([1 2 4]1)=0.25/q(3) * [dem(3, 1) +dem (1, 3) ; dem(3,2) +dem (2, 3) ; dem(1, 2) -dem(2,1) 5
case 4
q([1 2 3])=0.25/q(4) * [dem(2, 3) -dem(3, 2) ; dem(3,1) -dem(1, 3) ; dem (1, 2) -dem(2,1) 15
end

7 dcm2quat B8%L

function dx = euler_eq(t,x)

%function dx = euler_egq(t,x)
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global rate;
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phi =
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cos_phi = cos (phi);

%A HIER

dx = [p + (g*sin_phi + r*cos_phi) *tan(the);
g*cos_phi - ri¥sin_phij-
(g% sin_phi + r*cos_phi) *sec(the)];
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function dx = quat_eq(t,x)

%function dx = euler_eq(t,x)
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%dx : 74 —F=F > OREES, t:#fls], qivr—%2=F>
global rate;

%P

p = rate(1);

q = rate(2);
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r = rate(3

dx = 0.5%[ 0 r -g pi
£ 0 p g
q-p 0 ri
-p -q -r 0]%x;
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%AAT—BETF—2=F AL BRBAFTH L
global rate;
% DR A
euler0 = [-30; -20; -10]%*pi/180;
%euler0 =[0; 80; 0]*pi/180;
% B
rate =[5; 10; 15]%pi/180;
%rate =[0; 5; 0]*pi/180;
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g0 = dcm2quat (euler2dem(euler0));
%ETEEE. EAT T 3 VERE
tspan =[0:10e-3:10];
ode_opt = odeset(’InitialStep’, 10e-3,...
’MaxStep’, 10e-3);
%F 17 —RBIZ L B8EE
[t1, y1] = ode23('euler_eq’, tspan, euler0, ode_opt);
%Y+ —2ZA LRRICS A
[t2, y2] = ode23 ¢ quatieq' , tspan, g0, odeiopt) N
%7+ —2ZF CRBICL PBEGREF 1 T —AICER
y3 = zeros(length(t2), 3);
for ii = l:length(t2)
y3(ii, ) = dem2euler (quat2dem(y2(ii, :)))’;

end
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