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Thanet Suphan 2007: Multidimensional Binary Clustering Tree for 3D Surface
Simplification. Master of Science (Computer Science), Major Field: Computer
Science, Department of Computer Science. Thesis Advisor: Mr. Chakrit Watcharopas,

Ph.D. 63 pages.

This research objective is to presents the surface simplification algorithm,
Multidimensional Binary Clustering Tree (MBC Tree) that can quickly simplify surface and is
still comparable to other algorithms such as Divisive Hierarchical Clustering (DHC),

Incremental Clustering (INC), and K-Mean Clustering (KMC).

The data sets in this research are 3D points sampled from real surface using a modern
3D scanner device. The data sets are then simplified with surface simplification process to
compare effectiveness among simplification algorithms. Thereafter, we compare surface

reconstruction time and surface quality between the resulting surfaces and original one.

The results in this research indicate that MBC Tree outperforms other algorithms shown
in the research on simplification process and uses less amount of simplification time. Whereas,
the surface reconstruction time taken by MBC Tree, DHC and KMC are still comparable. The

results also show that spends the most amount time on both simplification and reconstruction.
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Multidimensional Binary Clustering Tree for 3D Surface Simplification
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kdtree (list_of _points pointList, int depth)

if pointList is empty
return null

else
int axis = depth mod k //dimension of data
select median from pointList
tree_node node
node. location = median
node.leftChild = kdtree(pointList before median, depth+1)
node.rightChild = kdtree(pointList after median, depth+1l)
return node
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mbctree (list_of _points pointList, int depth)
if pointList is empty
return null
else
tree_node node
calculate centroid of pointList
int axis = depth mod k //dimension of data
if size of pointList less than or equal to clustSize
node.location = centroid
node.leftChild = null
node.rightChild = null
else
node.location = centroid
node. leftChild = mbctree(pointList before centroid, depth+1)
node.rightChild = mbctree(pointList after centroid, depth+1)
return node
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dhc (list_of_points pointList)
if pointList is empty
return null
else
tree_node node
calculate centroid of pointList
if size of pointList less than or equal to clustSize
node.location = centroid
node . leftChild = null
node.rightChild = null
else
calculate covarianceMatrix of pointList
calculate eigenvector of covarianceMatrix
define splitPlane by centroid and eigenvector
node.location = centroid
node. leftChil dhc(pointList before splitPlane)
node. leftChil dhc(pointList after splitPlane)
return node
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incremental

1. Decide a value of c.

2. Decide seed from all objects.

3. Calculate distance between seed and objects.

4. Decide the class memberships of the c objects by assigning them
to the nearest seed.

5. If all objects decide the class membership, goto 6. Otherwise
goto 2.

6. Calculate centroid from class memberships as new simplified
points.
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1. MethunsenaanNuFudeuvesnuidsdulidanguuuunimanaeiia

private static void mbctree(int depth, int clusterSize, int head, int tail) {
// input: ArrayList(Point3D) as input data of point could
// output: ArrayList(Point3D) as output data of simplified point
if (tail - head + 1 <= clusterSize) {
if (tail - head + 1 > 0)
output.add(getCentroid(head, tail));

return;

int h = head, t = tail;

Point3D current = input[h], centroid = getCentroid(h, t);

switch (depth % 3) {
case O:
while (h <=1) {
if (current.x >= centroid.x) {
Point3D temp = input[t];
input[t] = current;
—t;
current = temp,
H
else {
input[h] = current;
++h;

current = input[h];

break;
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case 1:
while (h<=1t) {

if (current.y >= centroid.y) {
Point3D temp = input[t];
input[t] = current;
—t;
current = temp;

H

else {
input[h] = current;
++h;

current = input[h];

break;

case 2:
while (h<=1t) {

if (current.z >= centroid.z) {
Point3D temp = input[t];
input[t] = current;
—t;
current = temp;

H

else {
input[h] = current;
++h;

current = input[h];
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break;

if (t - head + 1 <= clusterSize) {
if (t - head + 1 >0)
output.add(getCentroid(head, t));
return;
H
else

mbctree(++depth, clusterSize, head, t);

if (tail - h + 1 <= clusterSize) {
if(tail-h+1>0)
output.add(getCentroid(h, tail));
return;
H
else

mbctree(++depth, clusterSize, h, tail);

2. Mvdansenann NNFUFouve INUAINILMSIANUUUURIAVTUINUUALEIN

private static void dhc(int clusterSize, int head, int tail) {
// input: ArrayList(Point3D) as input data of point could
// output: ArrayList(Point3D) as output data of simplified point
if (tail - head + 1 <= clusterSize) {
if (tail - head + 1 > 0)
output.add(getCentroid(head, tail));

return;
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int h = head, t = tail;

Point3D current = input[h], centroid = getCentroid(h, t);

Matrix covarianceMatrix = getCovarianceMatrix(h, t, centroid);

EigenvalueDecomposition eigenVector = new EigenvalueDecomposition(covarianceMatrix);
Matrix NormalVector = getMaxNomalVector(eigenVector.getD(), eigenVector.getV());

double splitPlane = matrixDotProduct(point2matrix(centroid), NormalVector);

while (h <=t) {
if (matrixDotProduct(point2matrix(current), NormalVector) >= splitPlane) {
Point3D temp = input[t];
input[t] = current;
—t;

current = temp;

H
else {
input[h] = current;
++h;
current = input[h];
H
H

if (t - head + 1 <= clusterSize) {
if (t - head + 1 >0)
output.add(getCentroid(head, t));
return;
H
else

dhc(clusterSize, head, t);

if (tail - h + 1 <= clusterSize) {
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if (tail-h +1>0)
output.add(getCentroid(h, tail));
return;
H
else

dhc(clusterSize, h, tail);

3. MPEAINTAAANNNFUTOUVBINUAIN M IVANINIV AN Y

private static void inc(int clusterSize) {
// input: ArrayList(Point3D) as input data of point could
// output: ArrayList(Point3D) as output data of simplified point
PriorityQueue q = new PriorityQueue();

Point3D cur = input.remove(0);

while (input.size() > clusterSize) {
for (int i = 0; i < input.size(); i++)

g.add(i, 100.0 - Point3D.sqrDist(cur, input.get(i)));

ArrayList<Point3D> temp = new ArrayList<Point3D>();
temp.add(cur);
int curldx = 0;
int[] remIdx = new int[clusterSize];
for (int i = 0; i < remldx.length; i++) {

remlIdx[i] = Integer.parselnt(q.remove().toString());

if (i == remldx.length - 1)

curldx = remldx[i];

}

Arrays.sort(remlIdx);



for (int i = remldx.length - 1;i>=0; i--) {
if (curldx != remlIdx[i])
temp.add(input.remove(remldx[i]));
else

cur = input.remove(remIdx[i]);

output.add(getCentroid(temp));
q.clear();

H

input.add(cur);

output.add(getCentroid(input));

4. Medansenann NNFUFouve INUA I M IIANGINLLIA-TiY

private static void kmc(int numCluster) {
// data: double[][] as input data of point could
// output: ArrayList(Point3D) as output data of simplified point
int totalData = data[0].length;
double[][] sum = new double[4][numCluster];
double[][] centroid = new double[3][numCluster];
// initial centroid
for (inti=0;1<3;i++) {
int ii = 0;
for (int j = 0; j < numCluster; j++) {
centroid[i][j] = data[i][ii];

il =1i + step;
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// start cluster
int cluster = 0;

boolean isStillMoving = true;

while (isStillMoving) {

isStillMoving = false;

// move point to its cluster

for (int i = 0; i < totalData; i++) {
double minDist = Double. MAX VALUE;
double x = data[0][i];
double y = data[1][i];
double z = data[2][i];

for (int j = 0; j < numCluster; j++) {
double newDist = dist(x, y, z, centroid[0][j], centroid[1][j], centroid[2][j]);
if (newDist < minDist) {
minDist = newDist;

cluster = j;

if (data[3][i] != cluster) {
data[3][i] = cluster;

isStillMoving = true;

}

// cluster change
if (isStillMoving) {
// calculate new centroid of each cluster

sum = new double[4][numCluster];
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for (int i = 0; i < totalData; i++) {
sum[0][(int)data[3][i]] += data[O][i];
sum[1][(int)data[3][i]] += data[1][i];
sum[2][(int)data[3][i]] += data[2][i];
sum[3][(int)data[3][i]] += 1;

for (int i = 0; i < numCluster; i++) {
centroid[0][i] = sum[O0][i] / sum[3][i];
centroid[1][i] = sum[1][i] / sum[3][i];

centroid[2][i] = sum[2][i] / sum[3][i];

}

// output points

for (int i = 0; i < numCluster; i++) {
Point3D p = new Point3D(centroid[0][i], centroid[1][i], centroid[2][i]);
if (! p.toString().equals("NaN NaN NaN"))

output.add(p);
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