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A Building Matrix M in Eq.(3)
This derivation is essentially the same as given by [2], although the appearance is different.
The cost function of Equation (2) can be rewritten as
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Note that Xi is a submatrix of [mi]× extracting the first and the second rows since the rank of
[mi]× is two. We can see that Equation (A-1) is a linear least squares problem of t. Hence,
the optimal translation is given by

t =−(BT B)−1BT Ar. (A-3)

Substituting this into Equation (A-1), we have
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∥∥2
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)

r.

(A-4)

As a result, M is expressed by

M = AT A−AT B(BT B)−1BT A. (A-5)
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Here, it is possible to compute AT A, AT B, and BT B explicitly without matrix multiplication:
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B MATLAB Code for Kukelova’s automatic generator [1]
Rotation Matrix

% register the generator
setpaths;

% coefficient matrix
M = gbs_Matrix(’M%d%d’, 9, 9); % 9x9
M = M - tril(M) + triu(M).’; % symmetrization

% rotation matrix
syms a b c d e f g h k
R = [a b c; d e f; g h k];
r = reshape(R.’, 9, 1); % vector representation of R

% build polynomial equations
matMr = reshape(M * r, 3, 3).’; % Eq.(8)
P = R.’ * matMr - matMr.’ * R; % Eq.(11)
Q = matMr * R.’ - R * matMr.’; % Eq.(12)
g1 = R.’*R - eye(3); % Eq.(6)
g2 = R*R.’ - eye(3);
g3 = R(:,1) - cross(R(:,2),R(:,3)); % equal to det(R)=1 under Eq.(6)
g4 = R(:,2) - cross(R(:,3),R(:,1));
g5 = R(:,3) - cross(R(:,1),R(:,2));

eqs = [g1(:,1); g1(2:3,2); g1(3,3);
g2(:,1); g2(2:3,2); g2(3,3);
g3; g4; g5;
P(1,2); P(1,3); P(2,3); Q(1,2); Q(1,3); Q(2,3)]; % Eq.(13)

% collect known & unknown variables
unknown = {’a’, ’b’, ’c’, ’d’, ’e’, ’f’, ’g’, ’h’, ’k’};
vars = M(:).’;
known = {};
for var = vars, known = [known {char(var)}]; end

% gbsolver
[res export] = gbs_CreateCode(’solver_optDLS_rotmat’, eqs, known, unknown);
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Quaternion

% register the generator
setpaths;

% coefficient matrix
M = gbs_Matrix(’M%d%d’, 9, 9); % 9x9
M = M - tril(M) + triu(M).’; % symmetrization

% unit quaternion
syms a b c d
R = quat2mat([a b c d]); % Eq.(14)
r = reshape(R.’, 9, 1); % vector representation of R

% build polynomial equations
matMr = reshape(M * r, 3, 3).’; % Eq.(8)
P = R.’ * matMr - matMr.’ * R; % Eq.(11)
Q = matMr * R.’ - R * matMr.’; % Eq.(12)
g1 = a^2 + b^2 + c^2 + d^2 - 1; % Eq.(15)
eqs = [g1; P(1,2); P(1,3); P(2,3); Q(1,2); Q(1,3); Q(2,3)]; % Eqs.(13)

% collect known & unknown variables
unknown = {’a’, ’b’, ’c’, ’d’};
vars = M(:).’;
known = {};
for var = vars, known = [known {char(var)}]; end

% gbsolver
[res export] = gbs_CreateCode(’solver_optDLS_quat’, eqs, known, unknown);

Cayley parameterization

% register the generator
setpaths;

% coefficient matrix
M = gbs_Matrix(’M%d%d’, 9, 9); % 9x9
M = M - tril(M) + triu(M).’; % symmetrization

% Cayley parameterization
a = 1; % constant
syms b c d % unknown variables
R = quat2mat([a b c d]); % Eq.(16) without 1/s
r = reshape(R.’, 9, 1); % vector representation of R

% build polynomial equations
matMr = reshape(M * r, 3, 3).’; % Eq.(8)
P = R.’ * matMr - matMr.’ * R; % Eq.(11)
Q = matMr * R.’ - R * matMr.’; % Eq.(12)
eqs = [P(1,2); P(1,3); P(2,3); Q(1,2); Q(1,3); Q(2,3)]; % Eq.(13)

% collect known & unknown variables
unknown = {’b’, ’c’, ’d’};
vars = M(:).’;
known = {};
for var = vars, known = [known {char(var)}]; end

% call code generator
[res export] = gbs_CreateCode(’solver_optDLS_cayley’, eqs, known, unknown);
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