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1: struct vertex

2: float x,y,z;

3: short value;

4: Procedure SampleTetrahedron(vertex A, B, C, D, Tex3D outGrid)

5: aabb boundingBox = outGrid.computeAABB(A, B, C, D);

6 foreach (voxel in boundingBox)

7 float4 baryCoords = computeBaryCoords(voxel.center, A, B, C,
D
8

if (centerLiesInsideTetrahedron(baryCoords))
9: short newValue = interpolateValue(baryCoords, A, B, C, D);
10: setValue(voxel, newValue);
11: end if

12:  end foreach
13: end procedure

At

-

1% struct vertex

2: float x,y,z;

3: float tx,tx,tz;

4: Procedure SampleTetrahedron(Mat4 X, vertex A, B, C, D, Tex3D
outGrid, Tex3D inVolume)

5. aabb boundingBox = outGrid.computeAABB(A, B, C, D);

6: foreach (voxel IN boundingBox)

7: float4 baryCoords = computeBaryCoords(voxel.center, A, B, C,
D); /* 4 3 %/

8: if (centerLiesInsideTetrahedron(baryCoords))

9: float4 inpos = X, * baryCoords;

10: float4 newValue = tex3D(inVolume, inpos.xyz);

11: setValue(voxel, newValue);

12:  end if

13: end foreach
14: end procedure
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thread1Did = threadld(x,y,z) =zXxnuXn+tyXn+zx
smldld = smlxllyllz] = zx(n+1)X(n+1)+yxn+1)+zx

thread1Did= A EE =3
gE 1AH¢o® siAg YAE yetdth Z2F Agte Ff wEYo SHE
AAE AAtloF gttt oAl E E0] no] 491 A%, smldide] W= [0,63]0]12
A

© /* Kernel launch */

cudaMemset(DeformedVolume, 0, VOLX*VOLY *VOLZ *sizeof(short))
Procedure resampleKernel <<< <block, thread >>>

11 struct vertex

20 vec3 op /*original position*/

3t vec3 tp /* pos_transfomed™®/

4: global__ void resampleKernel

5: int tx = threadldx.x, ty = threadldx.y, tz = threadldx.z

6: int myld =tz * n * nt ty * nt tx

7: __shared_ sm buffer[n + 1][n + 1][n + 1]

8: vertex v = X, X

9: if myld  (n+D)*(n+1)*(n+1) then buffer[n+1][n+1][n+1] = v
10: SampleTetrahedron(buffer[tz][tyl[tx], buffer[tz + 1][ty][tx],
buffer[tz + 1ltylltx + 11, buffer[tz + 1]ty + 1]{tx])

11: SampleTetrahedron(buffer[tz + 11ty + 1][tx], buffer[tz + 1]ty +
ltx + 11, buffer[tz + 1l[tylltx + 1], buffer[tz]l[ty + 11[tx + 11)
12: SampleTetrahedron(buffer[tz + 1][tylltx + 1], buffer[tz][tyl[tx +
1], buffer[tzl[tylltx], buffer[tz][ty + 1l[tx + 1])
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13: SampleTetrahedron(buffer[tz]ltyl[tx], buffer[tz]lty + 1][tx],
buffer[tz + [ty + 1]lltx], buffer[tz]lty + 1lltx + 1])

14: SampleTetrahedron(buffer[tz + 1]ty + 1l[tx], buffer[tz + 1][tylltx
+ 11, buffer[tz][ty + 1lltx + 1], buffer[tz]ltyl[tx])

Procedure SampleTetrahedron(vertex A, vertex B, vertex C, vertex D)
1: aabb boundingBox = computeAABB(A.tp, B.tp, C.tp, D.tp)

2:  foreach (voxel IN boundingBox of target volume)

3: float4 baryCoords = computeBaryCoords(voxel.center, A, B, C,
D)

4: if (centerLiesInsideTetrahedron(baryCoords))

5: float4 inpos = A.op™ baryCoords[0] +B.op* baryCoords[1]
+C.op*baryCoords[2]+ D.op*baryCoords[3]

6: float4 newValue = tex3D(inVolume, inpos.xyz)

7: setValue(voxel, newValue);

8: end if

9: end foreach
10: end Procedure
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6.1 A4 4%

a2 3 JPEES visual studio®}t CUDAE o]&3t H

Stof, c++2 AlFSH. Adde 71E e a4

x=7

i)

2 olg

o Mk

= o] AMESIAC
dlo] /A" (Levoy, M., 1988)& AF&3t1 CUDA (Kim, J., 2019)E ©]-&3}
of ¥E A st

A2 GeForce GTX 1650 Mobileo] #2HH LEEW} GeForce RTX
2080, GeForce rtx 3800°0] Azt= dlA3E £ A 71A] A&E:E A &35t
Ak Adol AMEH EF dlolE+ oE3Hd o= o|nz] CT Holg o,
AR AR (& 6-1]0] 715t
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[# 6-1] °ol= 94 CT dlol" 27] 9 8%

EREIEX o
257 512 x 512 x 300 150MB
| 512 x 512 x 316 158MB
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cosf —sinf 0
p’=|sinf cosh 0|(p—c)+c
0 0 1
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T AAeEE 7ssHl & AER S5 whE SEolth

4d 3d 3d 4d 3d 3d
HY double double float (a)/(c) double double float (a)/(c)
(a) (b) (c) (a) (b) (c)

flolE 348.14 150.55 22.55 15.43x 892.85 360.26 60.40 14.78x
2E 37611 166.57 26.56 14.16x 989.42 41530 98.55 10.03x

= 385.36 168.49 17.44 22.09x 940.06 402.53 58.39 16.09x
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template <{typename T)
T Determinant () {

T nll = 255.9, n12 = 256.7, n13 = 256.7, n14 = 255.9;

T n21 = 256.7, n22 = 255.9, n23 = 256.7, n24 = 255.9;

T n31 = 133.1, n32 = 133.4, n33 = 132.3, n34 = 132.3;

Tnd4l =1, n42 =1, nd3 = 1, ndd = 1;

T t11 = n23*n34*n42 — n24*n33*n42 + n24*n32*n43 — n22*n34*n43 —
n23*n32*n44 + n22*n33*n44;

T t12 = n14*n33*n42 — nl13*n34*n42 — nl4*n32*n43 + nl2*n34*n43 +
nl13*n32*n44 — nl12*n33*n44;

T t13 = n13*n24*n42 — nl4*n23*n42 + nl4*n22*n43 — nl2*n24*n43 —
nl13*n22*n44 + n12*n23*n44;

T t14 = n14*n23*n32 — nl13*n24*n32 — nl4*n22*n33 + nl12*n24*n33 +
nl13*n22*n34 — nl12*n23*n34;

T det = n11*tll + n21*t12 + n31%t13 + n41*tl4;

return det;
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ABSTRACT

Real-time Visualization of Large Deformable
Volume Data using Enhanced Parallel Resampling

Park, Chailim

Major in Computer Engineering
Dept. of Computer Engineering
The Graduate School

Hansung University

Virtual medical procedure planning prior to actual medical
procedures plays an important role in improving healthcare quality. The
recognition of virtual medical procedures as an important and essential
technology is driven by the accurate deformation simulation using real
human body data, and the suitability of volume—based deformable body
modelling for medical procedures involving complex operations such as
incisions and suturing. In the past, due to the vast size of volume data,
deformation calculations took a significant amount of time, which limited
real-world applications. However, recent advances in GPUs and several
algorithms(chain—mail, mass—spring) have significantly improved the
processing speed and efficiency.

In this paper, we propose four methods that can process large
volumes of data in real-time while providing high—quality visualisation
results. We improve the time—consuming process of texture sampling and
inverse matrix computation in modern deformation modelling. Then, we
introduce a block—based acceleration technique to minimise resampling of
unnecessary, non—visible regions. Finally, additional speedup was achieved
by utilising shared memory. The proposed methodology improves
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processing speed without compromising image quality and extends its
applicability in medical simulation. This is of great significance as it can
lead to the construction of fast and precise medical simulation systems
required for real-world surgery.

[Keyword]  massive computing for volume deformation, parallel
resampling, GPU parallel computing, Empty—space skipping
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