1. Chamfer Distance between Sphere Sets
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A=z, 2y ...} (x; : center of sphere)
B= {y1.yy..-} (y; : center of sphere)
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CD (sphere_tree A, sphere_tree B, level k){
cd=0;
for each sphere x in A in level k{
cd+=find_minimum_distance(x,B);

s

for each sphere y in B in level k{
cd+=find_minimum_distance(y,A);

}

return cd;

}

find_minimum_distance(sphere x, sphere_tree A){
min_d=0;
for each sphere y in A{
min_d min(min_d, distance(x,y));
+
return min_d

}




2. EMD between Sphere Sets
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Sum of weights of xand yis 1 = EMD(x, y) = 222.4



- Applying to Sphere Set

A=z, 2y ...} (x; : center of sphere)

B= {y;.y,...} (y; : center of sphere)

(Chamfer Distance?} =U3}7 AA)

wlz)=wly;)=1

(22] EA19] 2 7t vertex(sphere center)?] weight2 T & 102 MASH]C}H)
sphere set A, B9] Algt 37]7} 402 =5ty mfj2o(xleaf leveloAl= weightS A&
HiAIZ1A] = o, EMDE A8&AZ 4 Qlsyth) EMDE 12 4 Qlil, edge®] capacity®=
12 sty 919 AubAlel Zenc BAPE 23 desiAyt
A9l vertex=1 B9 vertex5S T5 AZARX|ZTFL AYZESHH weight edge(weight2 7t
sphere center Ato]9] distance)’} 2+ Bipartite graphof]A] Minimum weight bipartite
matching Problemo] EUrt}.
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EMD_optimal (sphere_tree A, sphere_tree B, level k){

for each sphere x in A in level k{

d_min = min_distance(x, B);

subtract d_min from all weights(or distances) between x and spheres in B.
}
for each sphere y in B in level k{

d_min = min_distance(y, A);

subtract d_min from all weights(or distances) between y and spheres in A.

find_maximal_matching(subgraph);

while(matching is not maximal){

minimum_cost = min{weights(distances) from labeled sphere in A to unlabeled sphere in B}

for each edge with weight>0 such that from labeled sphere in A to unlabeled sphere in B{
subtract minimum_cost from the cost of the edge

X

for each edge with weight>0 such that from unlabeled sphere in A to labeled sphere in B{
add minimum_cost from the cost of the edge

I

add new 0-cost edges into subgraph from Initial Step 2
find_maximal_matching(subgraph);
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EMD_heuristic (sphere_tree A, sphere_tree B, level k){

EMD=0;

Q_A=list of spheres in A

Q_B=1 of spheres in B

for each sphere x in A in level k{
cd+=minimum_distance(x,Q_B);

}

for each sphere y in B in level k{
cd+=find_minimum_distance(y,Q_A);

I

return cd/2;

}

minimum_distance(sphere x, Q_B){
min_d=0;
for each sphere y in Q_B{
min_d min(min_d, distance(x,y));
tmp=y;

pop out tmp from Q_B
return min_d

}



