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Summary

Reverse engineering enables us to create CAD models of new or existing
products by capturing surface data fast and easily. To describe an object in
the three-dimensional senses, however, the multiple range images are
required in general. These multiple images are to be registered or merged
properly to restore or reconstruct the measured object in the computer
system. Recently, several methods to automate the registration processes
have been studied and developed for the accurate reconstruction of the object
in the computer system. A new registration algorithm in this research has
been developed for the 3D automatic registration of the multiple range
images. Our new method is similar to the iterative approaches. But we
confirm that our new algorithm works more powerfully than the existing
methods, when the overlapped area between images is narrow. It is due to
the introduction of the local coordinate systems.

The advantages of the local coordinate systems are as follows.

1. We can eliminate the unnecessary data points effectively. So, we can

reduce the calculation load in the computer system.

2. The selection of sampling points for the optimization process is easier in

the local coordinate systems

3. It is easy to obtain the proper initial solution of the optimization because

of the introduction of the local coordinate systems

High-speed machining has been improved significantly over the past
several years. This kind of machine will be used not only in hard tooling

applications but also in product development efforts. Contrary to the



traditional production methods like the CNC(Computer Numerical Control),
RP(Rapid Prototyping) system generates physical object directly from the
geometric data. RP and related technologies are being applied in many ways
throughout the product development process. By using these technologies, we
tried to machine one CAD model at the first stage into which we merged
multiple range images of objects such as ‘Harubang' images, human face
images. Even though we can not demonstrate the efficiency of these
technologies by comparing them with the existing ones, both high-speed
machine and RP system will be emerging technologies. They can play
promising roles in reducing the production time in the industrial world in the

near future. The machined models can be seen in Appendix A and B.
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Fig. 2 Translation and rotation of two triangle
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Fig. 4 Two range images with a narrow
overlapped areas
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Fig. 8 3D multiple range images of the Harubang model
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(a)

Fig. 9 3D registration examples : (a) rightl (b) right2

_22_



(a)

Fig. 10 3D registration examples: (a) registered images of Fig. 9 (a),
(b) and (b) left registered image of the Harubang
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(a) (b)

(a) (b)

Fig. 12 Registration example : (a) registered images of a
human face and (b) side view of (a)
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Fig. 13 High Speed Machine(HR-600)

Table 1 Machine Specifications

| MODELS
4 HR-600
| ITEMS
‘ TRAVEL X.Y.Z(mm) 500 x 600 x 150(250)
TRAVEL SIZE W % D 550 % 6350
LOAD OF WORK
Kgs 200
! TABLE
SPINDLE SPEED R.P.M 3000-24000
MAX TOOL DIA mm 1-12
RAPID TRAVERSE 10-15000mm/min
FEED RATE 10-12000mm/min
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Table 2 Cutting Condition & Machining Time
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Fig. 15 Machining models by using High
~-Speed Machine: Front, Leftl, Left2

Fig. 16 Machining models by using High
-Speed Machine: Front, Leftl, Left2
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ModelMaker IIE ©] &3l 7€ ®2HEo| 1, Fig. 213 Fig. 22% Z-402& o]
43ty 7t¥ " mdSo|n}

Fig. 17 ModelMaker 11

Table 3. ModelMaker II Specifications

Technology Ink Jet, 3D plotting
Material Plastic wax
Build Volume 30.5cm X 152ecm X 22.8cm
Layer Thickness 0.013mm ~ 0.13mm
Accuracy 23cm3A 7] 4 0.013mme] &}
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Fig. 18 Z-402

Table 4 Z-402 Specifications

Technology 3D Printting (128-jet Ink Jet)
Material Powder (starch and cellulose based)
Build speed 1~2 inch/hour
Build Volume 8" X 10" X 8" (203 X 254 X 203cm)
Layer Thickness 0.003"~0.010"(0.076mm ~ 0.254mm)
Accuracy X/Y axis: 0.5%(0.005” per 1)
Z axis' 1%(0.01" per 1”)
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Fig. 19 Machining models by using Model
Maker II: Front, Leftl, Left2

Fig. 20 Machining models by using Model
Maker II' Back, Rightl, Right2



Fig. 21 Machining models by using
Z402: Front, Leftl, Left2

5§
i

Fig. 22 Machining models by using
Z402: Back, Rightl, Right2
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X,

Fig. 24 An arbitrary transformation matrix for an axis

passing through the origin
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