(IJACSA) International Journal of Advanced Computer Science and Applications,

Vol. 17, No. 7, 2026

Migration Method for Parametric Features in
Heterogeneous CAD Systems

Gang WANG, Guangfa ZHANG
College of Mechanical Engineering, Shanghai Dianji University, Shanghai, China

Abstract—Parametric feature migration across different
Computer-Aided Design (CAD) systems is a core technology that
supports cross-platform collaborative design and product data
reuse. Addressing the fundamental limitation of traditional
geometry-based data exchange methods—their inability to
transfer high-level design intent information such as construction
history, parametric constraints, and feature dependency
relationships—this study proposes a three-stage parametric
feature migration method based on JavaScript Object Notation
(JSON) neutral files. Following the methodology of "exchanging
the modeling process rather than the model itself", the complete
migration workflow is decomposed into three stages: Feature
parameter extraction, which leverages the source CAD system's
application programming interface to traverse the model feature
tree in depth and serialize the modeling history into a structured
JSON exchange file; Topology identification, which employs a
multi-dimensional geometric descriptor-based topological element
identification method and writes identification results into the
JavaScript Object Notation file; and Data validation, which
validates feature parameters to be transferred and retrieves
transient data required for modeling to ultimately achieve model
reconstruction. Taking Siemens NX and ZW3D (formerly VX
CAD) as representative source and target systems, a complete
feature extraction and regeneration prototype plugin was
developed, verifying the feasibility of the proposed method
between heterogeneous CAD systems.

Keywords—Heterogeneous CAD; feature migration; JSON
neutral file; information extraction; topology identification

I.  INTRODUCTION

In the context of globalization and deep integration of digital
technologies in manufacturing, product collaborative design has
become a critical means for enterprises to enhance their core
competitiveness. Hoffmann et al. [1] pointed out in their
foundational work on user-defined features that parametric
features are not merely collections of geometric elements, but
rather encapsulations of design knowledge—feature
dependency relationships, constraint networks, and modeling
sequences collectively constitute the design intent of a product.
In collaborative design practice, different enterprises and
departments select different computer-aided design (CAD)
systems for product development based on functional
requirements, operational habits, and economic considerations,
leading to heterogeneity in model data formats and feature
semantic systems [2]. Concurrently, with the widespread
adoption of Model-Based Definition (MBD) technology in high-
end manufacturing sectors such as aerospace and aviation,
product 3D models have evolved from purely geometric carriers
into comprehensive data containers that embody design,
manufacturing, and inspection information [3]. This places

higher demands on information exchange between
heterogeneous CAD systems—requiring not only the transfer of
geometric shapes but also the complete preservation of
construction  history, parametric  constraints, feature
associations, and engineering annotations as high-level design
intent. Therefore, achieving reliable migration of parametric
feature models between heterogeneous CAD systems has
become a critical technology for building cross-platform product
collaborative development frameworks.

Existing data exchange methods between heterogeneous
CAD systems primarily fall into two categories: geometry-based
exchange and feature-based exchange [4, 5]. The first category
employs the Initial Graphics Exchange Specification (IGES),
Standard for the Exchange of Product Model data (STEP), and
other neutral file formats as bridges, realizing cross-system
geometric data transfer through the exchange of Boundary
Representation (B-Rep) models. Rappoport [6] proposed an
early architecture for universal CAD data exchange, establishing
a theoretical framework for subsequent research. The STEP
AP242 application protocol can express certain feature semantic
information, but mainstream commercial CAD systems have
only implemented a limited functional subset of the standard; in
practical engineering scenarios, high-level information such as
modeling history, parametric constraints, and feature
associations cannot be effectively transferred [7]. After
conversion, the model essentially degrades into a "static
geometric entity", losing its parametric editing capability.

To overcome these deficiencies, academia has proposed
feature model-based data exchange methods. Choi et al. [8] were
among the first to explore CAD part model exchange based on
the macro-parametric approach. Mun et al. [9] subsequently
proposed a set of standard neutral modeling commands,
achieving procedural data exchange between heterogeneous
CAD systems. Li et al. [10] further proposed a two-stage
modeling procedure recovery method—whose core concept is
to exchange the complete modeling operation process rather
than the model itself, "simulating a human designer" in the target
system to reconstruct parametric feature models step by step.
This method decomposes the feature migration workflow into
first-order information extraction and second-order information
reconstruction stages: the first-order information extraction
stage recovers explicit modeling operation sequences from the
source CAD system's macro recording file; the second-order
information reconstruction stage reconstructs interactive
selection information (such as reference elements, datum
elements, and direction elements of features) and implicit
information automatically generated by the CAD system (such
as constraint relationships, implicit parameters, and feature
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geometric attributes) from operation sequences, thereby
supplementing the key semantic information missing from
macro files. This two-stage framework has been validated
between typical CAD systems such as SolidWorks, UG, Pro/E,
and CATIA. Zhang et al. [11] further investigated
interoperability issues during feature data exchange from a
quantitative  optimization  perspective,  proposing a
computational model for evaluating conversion quality. Shao et
al. [12] systematically established a feature operation-centric
model conversion interface scheme, defining feature operation
primitives independent of specific CAD systems and accessing
and reconstructing CAD model information at both the feature
layer and geometric layer simultaneously, ensuring consistency
of feature trees, dimensions, and constraint information before
and after conversion. Zheng et al. [13] built upon Shao's work to
propose four migration principles for singular features and the
(F, T, P) topological element identification method, providing
important methodological guidance for the complete
preservation of design intent between heterogeneous CAD
systems. At the semantic level of feature migration, Qin et al.
[14] constructed an ontology-based feature mapping framework,
while Tessier and Wang [15] proposed a feature mapping and
verification method between CAD systems from an ontological
perspective; these two contributions established a theoretical
foundation for semantic interoperability of heterogeneous CAD
models. In the domain of engineering annotation exchange,
Camba et al. [16] proposed an extended 3D annotation
mechanism to explicitly convey geometric design intent,
offering new possibilities for the preservation of non-geometric
information during feature migration.

The above research has laid an important theoretical
foundation for heterogeneous CAD feature migration, but the
following common limitations exist: in the process of
heterogeneous CAD feature migration, to maintain the transfer
of parameters, feature information, and assembly relationships
while avoiding data loss, the majority of transfer content is
stored and compiled in Extensible Markup Language (XML ) file
format. Sun [17] also adopted XML as the intermediate file
format in his research on feature-based data exchange between
heterogeneous CAD systems, further corroborating the
prevalence of this technical approach. However, XML, while
being a markup language with strong semantics, strict
validation, and extensibility suitable for complex documents,
metadata, configuration files, and scenarios requiring rigorous
data validity, exhibits high redundancy and slow parsing when
handling simple models composed of multiple small
components.

To improve the compatibility and generality of neutral files
in heterogeneous CAD data transfer, and to facilitate efficient
conversion of simple model feature data, this study employs
JavaScript Object Notation (JSON) neutral files as the
intermediate data storage container for research on feature-based
heterogeneous CAD model conversion technology. The
proposed method follows a three-stage experimental framework
of "feature parameter extraction + topology identification + data
validation".

The overall technical approach is illustrated in Fig. 1. This
framework divides the process of heterogeneous CAD
parametric feature migration into three sequentially connected
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stages: the first stage is feature parameter extraction, which
accesses the source CAD system's internal feature tree through
its Application Programming Interface (API), serializing feature
parameters and modeling history into a structured JSON
exchange file; the second stage is topology identification, which
constructs a multi-dimensional geometric descriptor-based
topological element identification method and writes results into
the JSON file; the third stage is data validation, which takes into
account the fact that operating methods and kernels may differ
between distinct CAD systems in order to maximally preserve
the model's design intent during CAD system migration and
ensure successful regeneration of feature models, thus verifying
that feature parameter data can be accurately imported. Taking
NX and ZW3D as typical cases, a corresponding prototype
system was developed to verify the feasibility and effectiveness
of the method.
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Fig. 1. Overall framework of heterogeneous model conversion.

II.  THREE-STAGE METHOD FOR HETEROGENEOUS CAD
PARAMETRIC FEATURE MIGRATION

As shown in Fig. 2, for the entire process of creating a source
model, each operation step performed by the user generates a
corresponding feature model based on the user's input command
parameters, including constraints, implicit parameters, feature
geometry, and physical attributes. The resulting feature model
can be observed by the user in the display system, and the
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driving feature parameter data is stored in the corresponding
feature modules within the system. In addition to the model's
feature parameters, there exist interactive information generated
during the user's creation process, typically referring to the
feature reference elements, base elements, and direction
elements at the time of feature creation. This information is
crucial for model reconstruction and serves to preserve design
intent, particularly the correspondence of topological structures
before and after model modifications.

Sketch Extrusicn Extrusion Edge blend
Feature Feature Feature Feature Operation

A T A A Type

Geometric Feature
—» Model

Interactive Object
Information

Fillet Geometric Feature
Parameters Parameters

Sketch Extrusion
Parameters Parameters.

Fig. 2. Information generated during the creation of a parametric feature
model.

A. Geometric Feature Parameter Extraction and Storage

The geometric feature parameter extraction stage requires
the complete and accurate acquisition of all explicit modeling
information of the parametric feature model from the source
CAD system, organized in a structured and self-describing
format to provide a data foundation for subsequent topology
identification and target CAD feature model reconstruction.

Feature-based CAD systems accessed directly through their
APIs generate a corresponding feature tree concurrently with
user-interactive modeling, within which geometric feature
information is recorded in internal data structures [12]. The
traversal of the feature tree uses depth-first traversal (DFT),
which was chosen over breadth-first traversal (BFT) for a
deliberate reason: in parametric CAD modeling, feature creation
follows a strict temporal sequence in which each feature depends
on the geometric state produced by previously created features.
DFT naturally reproduces this chronological ordering because it
follows each branch of the feature tree to its deepest leaf before
backtracking, thereby preserving the parent-to-child
dependency chain. BFT, by contrast, would group features by
their depth level and disrupt the temporal dependency order,
potentially causing reconstruction failures in the target system
when a child feature is reconstructed before its prerequisite
parent feature has been fully resolved.

In the domain of heterogeneous CAD data exchange, the
selection of a neutral file format directly affects the
completeness of information, expressive capability, and
engineering practicality. The fundamental deficiency of
traditional STEP and IGES standards as neutral files for
geometry-level exchange lies in the fact that their exchange
target is the B-Rep of the parametric feature model rather than
the modeling process [4]. In terms of information storage format
selection, this method adopts JSON as the neutral exchange file
format.
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Compared with XML, JSON offers four principal
advantages for storing CAD feature data:

1) Stronger adaptability: Through key-value pairs and
nested arrays matching the CAD feature tree hierarchy,
it can flexibly accommodate heterogeneous parameters
of various features without strict format constraints.

2) Lower system resource consumption: It can intuitively
express entity association relationships; one-to-many
array relationships can be directly displayed through
arrays, and topological elements carry their own tags
and geometric data, eliminating the need for system
reverse queries.

3) Higher parsing efficiency: As a native data structure of
programming languages, it can be directly deserialized
into C++ in-memory objects through lightweight
libraries such as nlohmann/json, significantly reducing
parsing overhead.

4) Better cross-platform generality: With concise syntax
and a compact type system (only six data types: object,
array, string, number, Boolean, and null), it can adapt to
various CAD systems with API capabilities, effectively
reducing the data interfacing costs between
heterogeneous systems.

The JSON storage structure is illustrated in Fig. 3. Using the
sketch feature as an example: this structure is capable of storing
the basic feature parameters, sketch member parameters,
constraint member parameters, and work coordinate system
parameters of a sketch in a CAD system. By indexing the feature
tree sequence, it reflects the temporal order of CAD feature
creation, the structure, and the relationships between features
created at each structural level.

Feature Parameters =

31 Sketch Element
Parameters

Sketch-Based
Feature Paramefers

[ £ 1)

()] Constraint Parameters

DATUM _CSYS™ {

X.yz].
[ [XxXy.Xz][Yx.Yy.Y7)[Zx 2y Z2] ]

Other Features and Parameters

Fig. 3. JSON storage structure of feature data.

B. Basic Topological Element Identification

Basic topological elements refer to vertices, edges, and faces
in a model. In the heterogenecous CAD system feature migration
process, the creation of sketch-based features, dress-up features,
and transformation features all depend on the precise positioning
of topological elements.
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When users create features in a CAD system, interaction
with topological elements of the target geometric body is
unavoidable.

For example, an extrude operation requires a closed profile
or face within a sketch to drive it, as shown in Fig. 4(a). The
termination condition "extrude to face" requires referencing a
target termination face, as shown in Fig. 4(c). Chamfer feature
creation requires selecting a target edge, as shown in Fig. 4(b).
Draft features require specifying the neutral face and faces to be
drafted, mirror features require a mirror plane, and so on.
Therefore, the topology identification stage is a core component
of heterogeneous CAD system data exchange: to ensure
topological relationship stability and that the target model
possesses the same design intent as the source model, geometric
elements must be identified.

(a)Extrusion Driving Face
Interaction

®=0

(c)Extrusion Limiting Face
Interaction

(b)Fillet Edge
Interaction

Fig. 4. User-interactive object selection.

To precisely identify referenced topological elements, the
parametric definitions of such elements must be clearly
established. Referenced geometric elements are classified into
two categories: edges and faces. Edges include straight lines,
circles, circular arcs, etc.; faces include planar faces, cylindrical
faces, conical faces, spherical faces, toroidal faces, etc. Ensuring
accurate and error-free referencing of topological elements is
critical for the subsequent geometric feature reconstruction
process.

As shown in Table I, the format for obtaining various
parameters of referenced topological eclements from a
rectangular block and a cylinder is provided. The approach is
fundamentally similar: select the target topological element
type, invoke the corresponding API functions to obtain its
individual parameters. For straight edges, the primary
parameters are the 3D coordinates of the start point and end
point. For circular and arc edges, the primary parameters are the
radius, center point, and start/end angles; it is worth noting that
all arcs in the UGNX system rotate in the counterclockwise
direction. For faces, the primary parameters are the center point
and normal vector. Because face types differ, the reference for
center point and normal also differs: for example, the center
point of a planar face is located at the 3D coordinate center of
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the midpoint between its tight bounding box minimum and
maximum corner points, and its normal is perpendicular to the
face. The center point of a cylindrical face is located at the center
of its bottom circular edge, and its normal is aligned with its
axial vector.

TABLE L PARAMETRIC DEFINITION OF TOPOLOGICAL GEOMETRY AND
ITS JSON REPRESENTATION.
Geometry Parameter JSON Representation
Edge type "edge type": "Linear",
Parent feature handle "parent_feat tag": #,
5, Start point "start point": [X, Y, Z],
i »/] | Endpoint "end point": [X, Y, Z]
E Face type "face type": "Plane",
[ 5 g Center point "center_point": [X, Y, Z],
Fmmm ] Normal "normal": [X, Y, Z],
- Box min "box_min": [X, Y, Z],
Box max "box_max": [X, Y, Z],
Parent feature handle | "parent feat tag": #
Edge type "edge type": "Arc",
Parent feature handle | "parent feat tag'": #,
Radius "radius": #,
AR Arc center "arc_center": [X, Y, Z],
Start angle "start angle": #,
End angle "end_angle": #,
— 1 Sweep angle "sweep_angle": #
Face type "face_type": "Cylinder",
P Center point "center_point": [X, Y, Z],
ls, O y | Normal "normal": [X, Y, Z],
. - | Boxmin "box_min": [X, Y, Z],
o Box max "box_max": [X, Y, Z],
Radius "radius": #,
Parent feature handle | "parent feat tag": #

The topology identification workflow is shown in Fig. 5.
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| Obtain the topological |

Obtain the topological type 7"and
parameter P to be identified

Obtain all topological elements of
the parent feature F, total count

type 7;

Obtain the corresponding
parameter P, of this edge or face

Fig. 5. Topology element identification process.

This approach references the (F, 7, P) triple identification
method proposed by Xie et al. [ 18]—where the parent feature
is used to narrow the search scope, the topology type T is used
for filtering, and geometric parameters P are used to complete
identification and matching. During the feature reconstruction
process, the parameters of topological elements to be identified
are obtained from the JSON file; using the feature name F from
the parameters, all edges or faces in that feature are selected; a
determination is made as to whether the selected edge or face is
of the required type; if so, the geometric parameters P; of the
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selected topological elements are sequentially compared with
the corresponding parameters in P to determine whether they are
equal; if they are equal, the topological element is identified as
the target topological element. When the model is relatively
complex, selecting edges or faces dependent on features can
effectively narrow the search scope and improve the search
efficiency for topological elements.

C. Data Validation

Because the operating methods and kernels of different CAD
systems may differ, it is necessary to extract and verify the
feature data before regeneration to maximally preserve the
model's design intent during CAD system migration and ensure
the successful reconstruction of feature models. Prior to this,
essential data validation and supplementation of missing
information must be performed.

1) Tracing disappearing transient information. During
feature operations in a CAD system, certain topological
structures may undergo deformation or even disappear as a
result of the operation. These disappearing transient topologies

are often an indispensable part of maintaining operational intent.

For transient information that disappears after modeling, the
fillet feature is used as an example: when the user performs a
fillet operation and selects a target edge, that edge becomes a

cylindrical face, and the target edge is suppressed by the system.

By obtaining the edge’s handle, temporarily suppressing its
feature, and querying its parent feature, the original parameter
information of the edge can be retrieved. This method also
applies to draft features and other features that alter geometric
shape parameters.

A related but more challenging scenario involves features
that are completely consumed by subsequent Boolean
operations (union, difference, or intersection). For example, a
cylindrical extrude feature may be entirely absorbed into a larger
body through a Boolean union, leaving no standalone geometric
entity that can be traversed in the final model. To handle this,
the feature parameter extraction stage captures all feature
information before the Boolean operation is applied.
Specifically, the traversal algorithm records a snapshot of each
feature’s geometric parameters and topological references at the
moment of its creation within the feature tree, rather than from
the final consolidated model. This is achieved by iterating
through the feature tree’s creation history in temporal order: for
each feature, its parameters are extracted immediately after the
feature node is visited, regardless of whether the feature remains
visible in the final model. Boolean operations themselves are
recorded as separate feature entries in the JSON file with a tag
and an array listing the consumed features’ handles. During
reconstruction, the target system first reconstructs all constituent
features and then applies the Boolean operation, faithfully
reproducing the original modeling sequence.

2) Validating cross-system incompatibility information.
For incompatible information arising from differences in
feature construction methods between heterogeneous CAD
systems, alternative solutions must be adopted when unique
feature constraint types in the source CAD system have no
direct correspondence in the target system. One situation occurs
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when the source CAD system possesses a certain design intent
during feature interaction operations that the target CAD
system does not possess. For example, the extrude feature in
ZW3D includes a design intent of "extrude to a point", whereas
the UGNX system lacks this design intent. According to the
third principle proposed by Zheng et al. [13]—"converting
using different features and auxiliary formulas"—an auxiliary
plane is created at the target point, and by leveraging extrusion-
to-plane along with its extended surface features and
constructing an auxiliary plane, the conversion of extrusion-to-
vertex features can be achieved. This ensures that when the
vertex position changes, the constructed auxiliary plane
changes accordingly, thereby causing the extrusion length to
adaptively vary and thus preserving the design intent.

Another situation occurs when both the source and target
CAD systems contain the same construction method, but due to
differences in their underlying kernels, data extracted from the
source CAD system cannot be directly used between the two
systems and requires certain processing. In practice, to maintain
the stability and consistency of internally similar data, CAD
systems establish prescribed operational procedures. For
example, in the UGNX system, when creating an arc in a sketch
feature, to ensure the arc's rotation direction remains consistent,
the system relies on the arc orientation matrix and uses the
absolute coordinate system origin (0, 0, 0) as the reference for
orienting the arc, thereby ensuring the arc's rotation direction is
counterclockwise. If APIs are called to obtain the coordinates of
the arc center, these coordinates correspond to the arc center in
the local coordinate system of the arc. Generally, when creating
sketch curves, the input sketch is in the local coordinate system
or the absolute coordinate system. Therefore, data conversion is
required: the arc center coordinates in the local coordinate
system of the arc must be transformed to the arc center
coordinates in the sketch coordinate system.

Using API functions, the arc center coordinates and arc
rotation matrix based on the absolute coordinate system can be
obtained. The coordinate transformation is accomplished
through the following transformation equations:

Let Pyycq be the arc center in the local coordinate system of
the arc, and let R, be the corresponding arc rotation matrix.
The arc center P, in the absolute coordinate system is obtained
from:

Paps = RacrProcar Q)

The sketch coordinate system is described by its origin Og,
and rotation matrix R, (where Ry, transforms sketch local
coordinates to absolute coordinates, i.e.,v,ps = Ry Vs + Ogi).
Hence, the sketch local coordinate Py, is computed as:

Py = R.Zk(Pabs — Og) ()

where, RI, is the transpose of Ry, and, due to the
orthogonality of a rotation matrix, RT, = R;}. In practical
implementation, taking the three column vectors C,, C;, C, of
Ry, the dot product operation is employed:

Pgi = Ci(Paps — Ogi)» 1 =10,1,2 3)
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Thus, the parameter information that can be directly utilized
by the target CAD system in sketch features is obtained.

3) Complex Sketch Constraint Serialization. The complex
sketch geometric constraints addressed herein are primarily
constraint outcomes generated by patterned curves (mirrored
curves represent a special subtype of patterned curves).

Sketch constraints fall into two categories: dimensional
constraints and geometric constraints. Whether they are
geometric constraints such as perpendicularity or parallelism, or
dimensional constraints, all serve as mandatory restrictions
imposed on pre-existing curves.

Taking UG NX as an example, the constraint relationships
of existing curves within a sketch feature can be retrieved by
invoking two Application Programming Interface (API)
functions: “ UF_SKET ask geo cons_of sketch() ”  and

“UF_SKET ask dimensions_of sketch()” .

Child curves generated via the patterned curve operation
maintain a patterning association with one another and carry
identical geometric information. Counterintuitively, when the
information of these curves is extracted and reconstructed in the
target CAD system, the curves are found to be completely
coincident in appearance, rather than arranged sequentially in
accordance with the patterning order.

To address this issue, the following strategy is proposed:

o Aggregate all curves generated by the corresponding
patterned curve operation using the aforementioned
geometric constraint acquisition function.

o Identify the parent curve through the "smart container"
APIs in UG Open, and label the remaining curves as
child curves.

e Document the patterning mode, the parent curve and the
labeled child curves in the JavaScript Object Notation
(JSON) file, and mark the child curves as disabled during
reconstruction in the target CAD system.

e Execute the patterned curve operation on the parent curve
in the target CAD system.

This approach can maximally ensure the successful
conversion of patterning constraints.

III. EXPERIMENTAL VALIDATION AND ANALYSIS

A. Experimental Case Study

To verify the feasibility and effectiveness of the proposed
method, this study selects Siemens NX 12 as the source system
and ZW3D 2024 as the target system, and establishes a complete
feature migration prototype. First, the NX Open C++ APl isused
to traverse the model feature tree in depth, recursively obtaining
the construction type, parameter set, sketch data and constraint
information, topological face references, and geometric
attributes of each feature. All information is organized in a
structured hierarchical manner and output as a JSON exchange
file. Fig. 6 shows a code excerpt for parameter and topology
extraction from a UGNX extrude feature.
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Next, JSON parsing and system reconstruction are
implemented using ZW3D C++ API. Fig. 7 shows a code
excerpt for reconstructing an extrude feature in ZW3D.

nlohmann

Features:: # extrude = dynamic_cast<Features

nlohmann & )

Fig. 6. Code excerpt for parameter and topology extraction from UGNX
extrude feature.

xtrude. profileHandle = sketchHandle; Populate data
ude. endE = endDist;

"AP_BOTH;
nDirection = 1;

if (startFaceHandle. innerData) {
extrude. startEntityHandle = startFaceHandle;

€ endFaceHandle;
extrude. endToPoint = &endPoint;

shapeHandle = { 0 };
ate (extrude, &shapeHandle);// 6.Execute

Fig. 7. Code excerpt for reconstructing an extrude feature in ZW3D.

B. Results Analysis and Discussion

The experimental results are shown in Fig. 8. The results
indicate that the proposed method successfully achieved cross-
system migration of parametric features from NX to ZW3D. By
comparing the feature trees and feature models of the source and
target CAD systems, it can be observed that the target CAD
system is able to find feature trees corresponding to those in the
source system, and the feature model displays are similar to the
source models. This validates the effectiveness of the three
stages—feature parameter extraction, topology identification,
and data validation. It also demonstrates that JSON, as a neutral
file format, is capable of storing feature parameter information
and maintaining the potential for interactive design. The method
effectively preserves high-level semantics such as design intent,
parameter information, and feature information, enabling the
migration and sharing of heterogencous CAD models with
significant practical potential and application value.
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ZW3D Model 1
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UG NX System Feature ZW3D Model 2 ZW3D System Feature

UG NX Model 2

Tree Tree

Fig. 8. Model migration cases between UGNX and ZW3D.

IV. DiscussioN

A. Parametric Editability Verification

A key criterion for successful feature migration is whether
the migrated model remains fully parametric and editable in the
target CAD system. To evaluate this, parameter modification
tests were conducted on the migrated models. For each feature
in the target model, its critical dimension parameters were
modified and the model was regenerated. The test results
showed that for features reconstructed at the feature-level (those
with direct API mapping), all parameter modifications triggered
correct model updates, preserving the intended update
behavior—the model geometry changed exactly as it would in
the source system when the same parameter was modified.

Parameter Editing

r 7
)l

A
4
(72

ZW3D Model 2

ZW3D Model 2

Fig. 9. Editable target CAD model.

B. Generalizability Across CAD Kernels

The proposed method’s generalizability to additional CAD
systems with different geometric kernels relies on the API
abstraction layer implemented in the extraction and
reconstruction modules. The method has been designed with
kernel independence as a core architectural principle. The
feature parameter extraction module communicates with the
source CAD system solely through its published API, without
depending on kernel-specific data structures. Similarly, the

Vol. 17, No. 7, 2026

reconstruction module invokes only the target system’s
documented API functions.

C. API Version Compatibility

The software used for development is generally lower-
version releases, so API invalidation in CAD systems is
extremely rare. Should such a scenario arise, alternative APIs of
the same category may be invoked in adherence to the principle
of ensuring successful conversion.

For instance, two primary API function systems are
available in UG NX, namely UFun and NX Open. Both sets of
APIs shall be invoked simultaneously during the
implementation of the aforementioned patterning constraint
guarantee strategy.

V. CONCLUSION

Addressing the common challenge of feature migration
between heterogeneous CAD systems, this study proposes a
tiered regeneration feature migration method based on JSON
neutral files, founded on a three-stage framework of feature
parameter extraction, topology identification, and data
validation. In the feature parameter extraction stage, modeling
history is serialized into JSON structured data, improving the
completeness of information extraction and the generality of the
method. In the topology identification stage, a multi-
dimensional geometric descriptor-based topological element
identification method is constructed and JSON data is populated
and written. In the data validation stage, to maximally preserve
the model's design intent during CAD system migration, system
transient information is traced and retrieved, and cross-system
incompatibility information is refined and converted.

Taking NX and ZW3D as typical cases, prototype
development and verification were completed. Experimental
results demonstrate that models migrated using the proposed
method are capable of inheriting the feature information and
modeling history of the source CAD system, preserving the
model's design intent.

Future research on this method will advance along two
directions: first, tracking the iterative expansion of target CAD
system APIs to broaden the coverage of mappable features;
second, addressing the limited expressive capability of JSON for
complex curves or features—further investigation into more
flexible data organization approaches is needed to handle mixed
hierarchical relationships that the tree structure of JSON may
struggle to represent.
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