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1. Introduction

The 3D model of a mature product may be relatively large for storage, making it difficult to transmit
and review in real time [7]. Data formats such as STL can lighten 3D model data, but it is difficult to
express annotation information. In practical industrial applications, there will be multiple phases that
need to report the schedule within a project life cycle. Generally, CAD models are not used for
reporting, but Microsoft Office software PPT is used as the carrier. The local areas of the 3D model can
be captured, after which a summary PPT file can be generated with the captured images and
annotation information.

Engineers can take screenshots of specific local positions of 3D models through operations such
as movement, rotation, and scaling and add the images and annotation information to the PPT pages.
However, in practical projects, there may be thousands of positions that require screenshots to
illustrate, and manual adjustments can take up a lot of time. Moreover, sometimes, it is uncertain what
effect the model needs to present in the graphic window, which can only be determined after
considering the model features and conducting extensive calculations. Therefore, in the project
reporting phase, it can greatly improve the efficiency of information summarizing by taking
screenshots of local positions of a 3D model and generating a PPT file automatically. This article
presents a method for the extraction of 3D model information and the generation of a PPT summary
file based on CATIA.

2. Main Idea

2.1 Related Fundamentals
(1) CAA

CAA (Component Application Architecture) is a set of secondary development interfaces provided
by CATIA, with rich functional extension APIs (Application Programming Interface) that users can use
to develop functions that are suitable for their specific business needs [2, 4].

(2) Window equivalent size

In this article, the term "window equivalent size" is used to refer to the smaller of the height and
width of the graphic window. In CAA, the 3D model window has its own specific API object class,
which is CAT3DViewer.

(3) Bounding sphere

The bounding sphere is a mathematical object that includes two numerical parameters: the centre
and the radius. In CAA, the class of the bounding sphere is CAT3DBoundingSphere. According to the
classification of purposes, bounding spheres can be divided into two types: window bounding sphere
and model bounding sphere. The window bounding sphere refers to the sphere with the largest radius
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that can be fully displayed in the window, and its diameter is equal to the window's equivalent size.
The model bounding sphere refers to the sphere with the minimum radius that can completely
surround the model [3, 5]. As shown in Fig. 1, the larger sphere is the window-bounding sphere, and
the smaller sphere is the model-bounding sphere.

When only focusing on local models or elements, the CAT3DViewer::ReframeOn method can be
used to center the model and maximize it within the window range. In this case, the model's bounding
sphere parameters, including the center and radius, will be the same as those of the window-bounding
sphere.

2V

Fig. 1: The window bounding sphere and the model bounding sphere.

(4) Camera parameters

The graphic window displays a projection image, which is equivalent to setting up a camera to
capture the image results of a 3D model at a particular position. Camera parameters refer to a set of
parameters for observing the pose of the 3D model, also known as viewpoint, which includes
parameters such as Eye Position, Target Position, and Target Direction. In CAA, the camera parameters
of a model can be expressed using CATViewpoint. Each window object has a main viewpoint, which can
be obtained by the CATViewer::GetMain3DViewpoint method.

2.2. Relationship between Length and Pixel

When taking a window screenshot of the 3D model, the coordinates of the model elements in the
image will change with the camera parameters [1], as shown in Fig. 2. The visual effects presented vary
depending on the camera parameters.
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Fig. 2: The different results of the model projection under different camera parameters.

The result is that the pixel length in different images varies with the same actual length in the 3D
model. The coordinates of model elements in 3D space are easy to obtain, and CAA provides rich APIs
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for calculating the 3D coordinates of model elements and their distances from other elements.
Therefore, in the context of 3D models, the relative coordinates between elements are also relatively
easy to obtain. At this point, for each image, if we have a correspondence between the actual length in
the 3D model and the pixel length in the image, then the pixel coordinates of each element in the
image can be further calculated. Here we refer to the correspondence between the actual length and
the pixel length as the Length-Pixel relationship or the Lp relationship that represents the actual
model length of unit pixel length.

When a 3D model is centred in the interactive window of the CAD software, the model bounding
sphere fills the entire window, and its parameters are the same as those of the window bounding
sphere. Assume that if the radius of the window bounding sphere (actual length) and the size of the
window (pixel length) can be obtained, the Lp relationship can be easily calculated, and the image

coordinates of any element can be calculated using the Lp relationship. At this point, the problem can
be refined as to how to obtain the radius of the window bounding sphere and the size of the window.
In CAA, the size of the CATIA main window can be obtained using the CATViewer::GetGraphicSize
method, and the window bounding sphere can be obtained using the
CAT3DViewer::GetGlobalBoundingSphere method. At this point, the Lp relationship can be calculated
Lp=L/P (1)

r'y r'y

Actual length
in model

Pixel length
in image

Fig. 3: The Lp relationship of window bounding sphere.

2.3. Calculation of Image Coordinates

The model bounding sphere can be constructed from two values: the centre and the radius, which can
be calculated according to the actual situation. For the regular models, such as cubes and vertebrae,
their bounding spheres can be calculated through mathematical relationships. For the irregular
models, their bounding spheres can be obtained through the following technical paths: first, transfer
the model (or some elements) to the CATI3DGeoVisu interface; then use its parent class method
CATIVisu::GiveRep to obtain the visual representation CAT3DRep of the model;, and its method
GetBoundingElement can be used to obtain the parameters of the bounding sphere.

In fact, when a model is centred using the CAT3DViewer::ReframeOn method, the diameter D of
the window bounding sphere is slightly smaller than the window equivalent size W, and the
relationship is as follows:

D=09W (2)

The point A(z,y,2) in the 3D world coordinate system OXYZ is used as an example in the Fig. 4 to

introduce the method of calculating image coordinates. This point can be the centre of gravity of a
part or that can represent the position of the 3D model.

Step 1: Centre the model and construct a plane P parallel to the screen with the centre of the
sphere as the origin.
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Step 2: Project the point A onto the plane P to obtain the projection point A'(zL, yL) on the plane.
The coordinate system in which the point A' is located is the 2D coordinate system O'X'Y"', with the
point O' corresponding to the centre point of the graphics window as the origin.

Step 3: Use the Eqn. (1) to convert the coordinate values (zL, yL) of the point A' from length to

pixel values (zP,yP)

xP=1/Lp*zL

yP=1/Lp*yL 3)

Step 4: As the image coordinates have the centre of the upper left corner, the X axis of the
rightward direction and the Y axis of the downward direction, it is necessary to calculate the
transformation of point A'into the O"X"Y" coordinate system, which is the image coordinates
AM(z"y") of the 3D model point.

LA R

QLA
=
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A

Fig. 4: The image coordinates the calculation process of the point.

2.4. PPT coordinate calculation

The aim of the tool is to annotate information at typical positions corresponding to the 3D model in
the PPT text. To perform text annotation in the PPT, it is necessary to obtain the coordinates of the
target element in the PPT, and the calculation method is as follows:

(XModelfPPT’ YModelfPPT) = (XModelfhuage’ YModelfl‘mage) * }?Imaye&tale + (leugefPPT’ YlmagefPPT) (4)

Where,

(X ssoder—ppr> Yoroau_ppr) 18 the PPT coordinates of the model element.
(X ptodertmage: Y atoder—mage) 1S the image coordinates of the model element.

F, is the image scaling factor.

ImageScale
(X page— P72 Yimage_ppr) 18 the PPT coordinates of the image.

The scaling factor refers to the scaling factor at which an image is inserted into a PPT. For
example, if the original image size is 600 * 400 and it becomes 300 * 200 when inserted into the PPT,
the scaling factor is 0.5. The PPT coordinates of an image refer to the position where the image is
inserted into the PPT. The size of a PPT page is measured in pixels and is related to the page settings
of the PPT software [6]. Fig. 5 shows a page of the final PPT file resulting from the technology
mentioned in this article, which can accurately mark the key points of the 3D model.
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Fig. 5: One page of the final PPT file.

Conclusions:

The information of a 3D model can be described using a PPT document with model screenshots, which
can summarize a large amount of information and facilitate transfer and review. When locating
elements of a 3D model in images and PPT pages, it is necessary to calculate the correspondence
between the actual length in the 3D model and the pixel length in the image or PPT page. Then, the
pixel length corresponding to the actual length can be calculated, and the spatial coordinates can be
converted to pixel coordinates in the image or PPT page.
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