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A Technique for Object and Collision Detection by Z-buffer

HipEMI YAMACHIt and YOSHIAKI SHINDO'

This paper proposes a new technique to detect objects and collisions of geometric models
in 3D cyber space. This technique uses Z-buffer values generated by the rendering system.
To detect objects, the target area of detection is defined as the view volume and the scene is
drawn. If some objects exist in the target area, some pixel’s Z-values are less than the max
value of Z-buffer. To detect collision, the viewpoint is set at the sensor object and the scene
is drawn toward the direction to move. If no object is detected in the target area, no collision
will occur. Otherwise, the viewpoint is set at the direction of the destination and the scene
is drawn to obtain the Z-values of the sensor object’s front face. The distance between the
sensor object and target object(s) is obtained from these two Z-values. This technique costs
once or twice drawing processes and it is independent from object’s motion, complexity of
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their shape or deformation.
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1. Set the drawing conditions (Fig.1)

Some objects exist

Set the prove point

Set the direction toward the target area
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Target area space
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Fig.1 Definition of viewing volume for object detection.

ws, hs := Width and height of the target area
d := Distance of the target area
wp,hp 1= Projection width and height
2. Draw the scene
3. Get R (Range Distance Scope)
4. if min(R) = d
return false (no object is detected)
else
return true (object is detected)
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Fig.2 Definition of viewing volume for collision detection.
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1. Set up the drawing condition (Fig.2)
Set the prove point at Sensor Object
Set the direction to move
ws,hs := Width and height of Sensor Object
d := Distance to move
+ Length of Sensor Object
wp,hp 1= Projection width and height
2. Draw the scene without Sensor Object (Fig.3)
3. Get R (Range Distance Scope)
4. if min(R) =d
return false(no collision)
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5. Reset the drawing condition (Fig.4)
Set the prove point at the destination
Reverse the direction
6. Draw the scene (only Sensor Object)
7. Set M (Mask Distance Scope) (Fig.4)
Swap right and left pixel values
8. Set L (LookAt Distance Scope)(Fig.5)
L=R+M-d
9. if min(L) >Distance to move
return false (no collision is detected)
else
return true (collision is detected)
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Fig.3 Generation of Range Distance Scope for collision detecion.
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Fig.4 Generation of Mask Distance Scope.
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Fig.5 Generation of LookAt Distance Scope.
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Fig.6 Estimation of center of collision and normal vector.
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if Shape or moving direction changed
MaskReset := true
(I
if MaskReset = true then begin
if ws, hs = MaxSize then begin
ws, hs := Get size from Mask
MaskReset := false
end
else begin
ws, hs := MaxSize
Create Mask Distance Scope

end
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Table 1 Models of hardware for experiment.

model CPU GPU uses

Low-end Pentium3 450 MHz 3dLab Oxgen VX1 3D-Game

Middle-class Pentium3 1 GHz NVIDIA GeForce2MX Light CG-Animation, 3D-Game

High-class Pentium 4 1.8 GHz NVIDIA GeForce3 High Level CG-Animation, Visualization
Professional Xeon 1.8 GHz x2 3dLab Wildcat 5110 3D-CAD, Visualization, High Level CG-Animation
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2000-100 : Viewing Volume Size (Width, Height and Depth)
200%x200-25%x25 : Projeciton Size (Width and Height)
N : Normal Drawing
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Fig.7 Cost of collision detection.

ooboooboooboobdoond 100msecO O
goooooboooobooboooooooo
g 1250000000oooooooooooa

(3) ODO0OOUUOUOOOODOOOOOOOOOOO

gooooo 200000 1000C0O000COO
gobooboooobooooooooooon

(4) 0OOODO 200x20000 25x2500000

oboooooooobooboo

O0000o00oOd 100msecO000D0OOO0OODOO

00000000000 Low-end model DO OO
13,0740 26,8980 46,1940 100,626 D 0 OO OO 70
odooooOooopoOooooOoooooooUoooo
0000000000000 Ogn Draw TargetOO
00000000 Draw SensorD0 00000 OOO
0060%00 10%00000000000000000
00do00oooooooooooooooooooon
000000 Low-end model 000 0 0 msec 00O
10msecOOO0OOOO



Vol. 43 No. 6

2500

Prcjection Size
2000 H —*—50x50
—&— 100x100

P
500 /:///
—

o 3]
[=] [=]
o o

Cost (msec)

w

10 20 30 40 50
Number of Cyber Radar

(a) Low-end model: Normal Drawing 28.1 msec

250

200 A

Cost {msec)
> o
S o

\

10 20 30 40 50
Number of Cyber Radar

(c¢) Heigh-class model: Normal Drawing 10.0 msec

Zz000O00ooooOoooooooOooOooooo 1905

1200

1000

800 //
600 /
400

200 ——

0 I I

10 20 30 40 50
Number of Cyber Radar

Cost (msec)

(b) Middle-class model: Normal Drawing 19.6 msec
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(d) Professional model: Normal Drawing 8.0 msec

Number of total polygons: 6406
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Fig.8 Detection cost for number of Cyber Rardar.
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Min-max test of
Mask Distance Scope.
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Fig. 10 Reset target area space size by Mask Distance Scope.
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Fig.9 Viewing volume for object detection.
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Fig.13 Grasp simulation.
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Fig. 16 Number of detections and frame rate of grasp simulation.
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