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Abstract

Household appliance product design is a big trend in current industrial design circle.
Reverse engineering is one of the most common CAID means in modern industrial design.,
In order to support reusing product appearance design knowledge, this paper. r&ys
the model used for resolving innovative product appearance case. Accordin to%'mree
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stages of aesthetics impression, semantic judgment and symbol contact
users to cognize product, this paper divides the product int; thyee ki
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innovative types of formal aesthetics, usage mode an
taxonomy principle and appearance design innovativ , th
kinds of appearance innovative types correspon esi

used for extracting and reusing appearance innova design edge. Such model is
applied to setting up product innovative caseg@ry, helpi esigner search and apply
previous successful cases and realizing.us tered prddQ development. Through the

use of such database by designer, this p WS its@ctiveness.
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1. Introduction \Q
Reverse engineair&wolog saxrewly-developing subject which develops rapids
alled, |

in recent years,\%g -seeking engineering. It includes shape reverse
engineering, teclinalogy revers ifleering and material reverse engineering. However,
current re gineeri echnology researches mostly focus on geometric model
revere engi g bas rt and sample piece, that is to produce corresponding CAD

model from the exis sical model or part and then improve design and fabrication.
petition is fiercer, product technological content is improved

At present, mar
constantly and iCation cycle is shortened constantly, reverse engineering technology

has been hasized more and more.

Revers%%gineering mainly depends on computer technology and network technology
of high rée integration, visualization and openness to construct product and realize
P , highly accurate and systematic operation platform from concept design,

design, engineering analysis, technological manufacturing, application
engiheering and market service in the whole process. Nowadays, we still need fabricate
sample for physical test, argument and evaluation, but it has not been an important means
and will be cancelled finally. For this thinking method, thinking is prior to real object and
real object is used to disprove reverse logical form of thinking. International
manufacturing circle call it reverse engineering. The purpose of carrying out reverse
engineering is to realize the parallel engineering of product design better, make product
design and related process synchronized, makes it optimized and improve one-time
successful rate of product design so as to shorten cycle, reduce cost, reduce risk, improve
quality and strengthen corporate competitiveness.
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2. Reverse Engineering

Traditionally, the development of industrial product follows development process with
rigid sequence, which is development procedure of forward product. Designer draws
sketch and design sketch according to the stated planning and design in product planning
stage, makes handmade model or construct CAD geometrical model according to design
sketch and conducts NC or RP processing procedure at last. Such engineering
development is called forward engineering. The process of forward engineering is shown
in Diagram 1 and 2.
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Reverse gmgineering usua ecute copy and development work of model. Reverse
engineering, based on PkOtg e or real object reduces development cycle of product
greatly owing to th @-o and convenient development method, thus it has wide
technological dema@ design and manufacturing field. Especially for parts without
original geome formation, reverse engineering is the sole method to complete

accurate geometgical model of parts, so it becomes technological hot topic in mould
design a anufacturing. Meanwhile, reverse engineering is able to provide main
appear ature of original product, modify its geometrical appearance and realize
rapi fication of product, so it can meet the requirement of seriation and

ation. Traditional copy method is to use 3D carving machine or profiling
ine to make 1:1 isometric mould and then carry out volume production. Such copy
method cannot establish picture file of workpiece dimension nor do any appearance
modification, so it has been replaced by digital reverse engineering system. At present,
so-called reverse engineering is to utilize 3D digital measuring instrument to measure
point data or contour line on surface of current workpiece rapidly, create surface, split
mold, process and manufacture the required mold; or transmit STL model file produced
by CAD system to rapid prototyping machine, make sample model until up to the
satisfying effect. In many reverse engineering application cases, it doesn’t mean to copy
original product totally, but to master original design idea and establish a similar design
model after adjustment, so the covered meaning of reverse engineering is not merely re-
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manufacturing, it also includes re-design, as is shown in Diagram 3. Therefore, reverse
engineering can be reduced to: functionally-oriented, descriptive mode, system as-is and
non-legacy system.

3. Realization Process of Reverse Engineering

Reverse engineering is usually used for the process of copy. That is to carry out 3D
digital processing for real object. Digital means includes traditional surveying and various
advance measurements. Take acquired SD discrete data as initial material, borrow special
surface processing software and CAD/CAM system to construct CAD model of real
object, input NC processing command or use STL file to drive rapid prototyping machine
to manufacture product or prototype, the technological process is shown in Diagram 1. Of
them, full line part is technological process of reverse engineering discussed in this paper
and dotted portion is another technological route of reverse engineering. 3R date,
measurement, data processing and 3D reconstruction are three key technologies %g;{e
engineering. (1) Geometrical measurement: gain 3D shape of product th %per
measuring methods; (2) data processing: process the acquired 3D data @« orm to
follow-up operation; (3) CAD modeling: set up a complﬁ\ B modef't ribe total

related information of product. Q \/
\bject correctly, rapidly

ical data of
ita proceS @)r 3D geometrical surface

3.1. 3D Data Collection

In reverse engineering, acquiring 3D geom
and comprehensively, which is 3D discrete
of object, is basis of realizing reverse & ring. D Iectlon means using certain
measuring method and equipment to aI coordinate of several group
points on surface of real object. The& e v&%C inds of data collection. In surface
digital technology, data colle o@ hods d|V|ded into contact type and non-
contact type according to fh%rl g me #Traditional method is contact type with
coordinate measuring machine CMV\QQ\ presentative, which is also the common

I

method in real engineering.gThe prebﬂ‘b s relatively accurate, but it easily damages
measuring head and s the %ce f tested parts.

3.2. Data Proc@ Q

Data prng is tep of reverse engineering and the result will affect the
quality of latéf model struction directly. The process includes the following work:
(1) data preprocessi

data segmentation; (3) data smoothing; (4) data optimization.
In Pro/E pro ect main menu command [File]/[New] to create a new entity part,

then select ma enu command [Application]/[Scan-tools], assign data density mode

(low denS’ é mode), set up coordinate system, read data and generate curve. If original

measur has great error, we must use remove scan point to remove the point with

big n. We can also use create scan curve, join scan curve and separate san curve
Imto process curve directly and gain satisfied curve. After generating scan curve,

%n create smooth curve, adjust and smooth curve with number of points’ method.

3.3. CAD Modeling

In reverse engineering, the reconstruction of 3D CAD model is to utilize scattered
points on surface of product to construct a similar model to approach product prototype
through interpolation or fitting. The reconstruction of 3D CAD model is the most key and
most complicated link in the whole reverse engineering and the basis of follow-up product
processing, rapid prototyping, engineering analysis and product redesign. 3D CAD
modeling of product means the process of producing corresponding CAD model from an
existed physical model or real part, including object discrete measuring point gridding,
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feature extraction, surface fragmentation and surface generation, etc. which is the most
key and most complicated link in the whole RE process and also provides mathematical
model support for follow-up engineering analysis, innovative design and processing and
manufacturing. The content involves multiple interdisciplines and engineering field such
as computer, photoshop, graphics, computation geometry, measurement and numerical
control processing, etc. It is hot topic and difficult problem widely concerned by foreign
and domestic academic circles, especially in CAD/CAM field.

In real product, it’s usual to have one surface of composition. Product surface is
usually made of various mixed surfaces. The type of surface is different, so the general
procedure of CAD model reconstruction is: segment point cloud data according to
geometrical feature firstly, fit each surface piece respectively and “sew up” various
surfaces into a whole through transition, intersection, cutting and rounding, etc. that is
reconstruct CAD model. Pro/E has many powerful modules, such as part modeling
module, engineering drawing module, numerical control processing module, etc. u
part modeling module to inverse seek modeling here and create 3SDCADModel rt
module. After creating 3DCADModel, we can use View/Advance d —»P@ der to

make high-quality renderings further.
3.4. Numerical Control Processing \* @

Import the created 3DCADModel to Manufa'g mo Q%/E set up new
Pro/NC file (create new Pro/NC mockup) and sel module n button under New
Menu. Select Manufacture Model option in Manqer%ect Reference Model and

Open Modeling Model in Assembly.,S@ manufac&{ setting, set up various
parameters, including setting of machi cutterefixture, reference and retract, etc.

then conduct processing setting, sele sequ ocessing, select profile option in
processing and then conduct s qnésetting, i ing choice of cutter and curve, and
parameter setting, etc. and r@

method.

ter go line of cam through contour processing
After confirming processing procexﬁg‘ ect, we can output program. Select CL data
t

option in Menu Mang ct outp file, and select CL file and MCD file option,
then output and ioh of N%essmg program is completed. Until now, after the

above inverse s odeli neration of NC processing program, set numerical
control pr des by Pro/E manually, send them to electric cremation
line cutting o ine or mg center for processing, then inverse seeking design and
manufacturing’of moul Is completed.

4. User’s Co Research

4.1. Desi eme Establishment

At h@ge of design scheme establishment, designers need refer to universal available

i of cognitive load of users to design matrix, establish interactive design scheme
%mg at cognitive load of users and make preparation for development of experimental
prototype system.

Detailed interactive design scheme establishment depends on specified interactive task,
so designers still need refer to related digital reading interface interactive design criteria.
At this stage, interactive design mainly appears in the form of design document, and
design document should include detailed information architecture method, interface
pattern, interface element, task process and interface sequence.
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4.2. Prototype System Architecture

At the stage of system realization, after determining interactive design scheme,
designers should refer to interactive design document to design and realize specific
interface content. Combing with general available matrix and design scheme of digital
reading can help to design interface information easily understood by users with different
cognitive levels.

In order to realize complete interaction process and make users experience real visual
effect, we can apply FLASH, etc. interface design tool to realize it.

4.3. Feedback Mode of User Experience

Internal process in Diagram 4 is the basic sequence of system operation perceived by
users according to self-knowledge and the current state of system and external process is
real operation sequence of system. Is the process perceived by users is in line real
process of system, then operation will be done normally according to sequence, Until §éal
completion; once the process perceived by users disagrees with the real pro ystem,
it will obstruct the smooth running of interaction. Now, designers should,afalyzé optimal
operation sequence according to the perception of oper '@&mess erS and adjust
original sequence of interaction process. For exa@ﬂe

pyovide opepétion process
demonstration for new user or provide operatio u re% r to make user

understand operation history and current schedule

N
7)@___'63*

External
process

—»  Supply

Target History
A
\\Q Disaccord State
t T
O~ (omsmn)
Diagr =Process Establishment and Implementation

Supply identiication and acquisition: whether to acquire correct supply relation or not
concerns uccess of the whole interaction task. In the current interactive process of
system, tdentifies executable operation according to self-knowledge, current situation
and state, realize the transition of current goal to next goal through a series of
s and confirm acquisition of supply by combining goal assessment. Detailed
ption is as shown in Diagram 5.
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Diagram 5. Supply Identification and Acquisition

The above information structure and interactive strategy are sufficient for imple,
human-computer interaction toward digital reading. It can provide a coheren
interaction modeling of digital reading interface and guide the establishm é
method.

4.4. Cognitive Load Assessment @

Cognitive load level has direct relation with dent |c and acquisition.
Related researches find that operation performa Q not d ith cognitive load
level and some high-performance experi ;@I scheme usuably cannot get higher

subjective satisfaction of users, this is beca rs pro gher cognitive load when
interacting with system. Therefore, 1t ssary ss cognitive load of users.
Cognitive load of users in human- co r inter cannot be measured directly at
present, which can only be evaluate gh mcg% ated indexes.
The assessment results are in Dla rarmv6 to 8. They represent cognitive load
indexes, satisfactions and m% erfo es of registered task of two prototype
din

systems operated by users. Ac %&S ic result, cognitive load, satisfaction and

performance of three tas erated b with prototype system is superior to various
indexes by using refe stem *

R 2°
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O 20 / H group
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d
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5
/
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Diagram 6. Average Cognitive Load Level Contrasts
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Diagram 8. Average Completion Time Contrasts

T applying the acquired date to independent sample T test, we find that there are
ﬂ'& ant differences between the satisfaction of reference system by experimental group
userS and reference group users and there are no significant differences between the
satisfaction of experimental prototype system A and experimental prototype system B. It
shows that reference system doesn’t take full consideration of interactive experiment
among aged users, new users and low degree of education users, while experimental
prototype system takes full consideration of special user group as well as without
affecting operation experience of mainstream user group. Therefore, interactive design
method toward digital reading interface discussed in this paper is effective to some extent.
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5. Conclusion

Reverse engineering, especially 3D model reconstruction is still a strongly professional
job. Except understanding product characteristic, manufacturing method, mastering CAD
software and reverse molding software, we should be familiar with the upstream
measuring device and measuring process to understand data structure and the requirement
of reconstructing model in follow-up processing. Therefore, the quality of model
reconstruction is still affected by experience and level of operator. How to improve
intelligence of software and reduce the dependency on designers is the direction of
development in the future.
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