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3D object recognition using the CAD model and stereo vision
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Abstract: 3D object recognition is difficult but important in computer vision. The important thing is to understand about the

relationship between a geometric structure in three dimensions and its image projection. Most 3D recognition systems construct

models either manually or by training the pose and orientation of the objects. But both approaches are not satisfactory. In this

paper, we focus on a commercial CAD model as a third type of model building for vision. The models are expressed in Initial

Graphics Exchanges Specification(IGES) output and reconstructed in a pinhole camera coordinate.
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1. Introduction

The object recognition begins with designing adequate mod-

els. It depends largely on the object to be represented

and the algorithms at hand how to choose the method of

model representations. Generally, most model representa-

tions in 3D object recognition come from one of two direc-

tion: feature-based and appearance-based.

Feature-based models represent 3D objects through features,

their type, and their spatial relations. The identification

means finding a set of features which is uniquely distinctive

for an object. And, location is to match a number of image

and object features and solve for the position and orientation

of the 3D object. The advantage of feature-based models is

that they generate compact object descriptors, offer some

robustness against occlusion(if the features are local), and

some invariance against illumination and pose variations. A

disadvantage is that they cannot be compared directly with

images and require feature extraction and object descriptions

is obviously time-consuming and requires detailed knowledge

of the internal structure of the object recognition system.[1]

It is impractical in applications where the set of objects to

be recognized is large or changes frequently.[2]

Appearance-based models represent an object through one

or more images, as in eigenspaces method. Models are con-

structed using prototypical features and extracted from im-

ages of the object to be model. Recognition means to find

the image in a model set which is most similar to the one to

recognize. The advantage is that images and models can be

compared directly, and objects with no obvious features can

still be modelled. Disadvantages include the fact that illu-

mination, pose and location variations alter the images.[1]

In recent, the integration of mechanical CAD systems and

computer vision system introduce a third type of model-

building for vision. CAD model is kind of a feature-based

solid modeler that aids efficient building of 3D object mod-

els. It provides a quick and compact object representation

by incorporating view-dependant features and the object-

centered representation.

In this paper we focus on a scheme to produce a certain

model using the commercial CAD system. IGES, Initial

Graphics Exchange Specification, has been used as an in-

terface to the CAD system to infer the geometric informa-

tion necessary for object recognition. IGES is an industry

standard developed by the National Institute of Standards

and Technology to allow for transfer of CAD models between

various commercial CAD systems. We made several type of

CAD models and reconstructed it. To demonstrate the feasi-

bility of our reconstructed CAD model, We recognize 3D coil

shaped objects and identify its poses. The object recogni-

tion system works in two modes, off-line mode and run-time

mode. In the off-line mode, vision oriented data derived from

a 3D CAD system are used to generate the model database

for object recognition. In the on-line mode, depth map as

a result of a stereo vision is generated and edge feature is

extracted to recognize the pose and location of object.

2. A camera model and stereo vision
2.1. A camera model

The central projection describes the projection of an ob-

ject surface point of an object surface point of a three-

dimensional scene into the two-dimensional image plane.

The projective relationship between the concerned coordi-

nate systems(world coordinates, camera coordinates, ideal

image coordinates etc.) is of importance for techniques for

object reconstructions.

For the assumed ideal pinhole camera the projection of scene

points P = (X,Y,Z) of the XYZ-space on to image points

p = (x,y) of the xy-image plane is a central or perspective

projection. If the coordinate system of the XYZ-space is

defined to be the camera-centered coordinate system (focal

point = projection center, optical axis = Z-axis) then the

projection equations are given by

x =
fk ·X

Z
and y =

fk · Y
Z

(1)

XYZ-coordinate system that is adjusted with the camera is

called a camera coordinate system and is labeled by an in-

dex k. And, a XwYwZw world coordinate system is assumed

which is adjusted with a selected object that is positioned

in the three-dimensional space of the scenes. The camera

constant(fk,focal length) describes the orthogonal distance

between the center of the camera lens and the image plane.

The image plane is assumed to be behind the XkYk plane in

a distance of fk. World coordinates and camera coordinates

can be transformed into each other through a simple Eu-



Fig. 1. Geometry of a static stereo system.

clidean transformation. Let xb and yb be the coordinates of

pixels in the digital image which is considered to be the final

result of an image acquisition process. The mapping, object

points P = (Xw,Yw,Zw) in world coordinates are projected

into digital image points p = (xb,yb), can be split into sev-

eral coordinate transforms and is described by the following

linear transformation.



xb − cx

yb − cy

−fk


 =




r1 r2 r3

r4 r5 r6

r7 r8 r9


 ·




Xw −X0

Yw − Y0

Zw − Z0


 (2)

(cx, cy) are the coordinates of the principal point,the inter-

section point of the optical axis with the image plane, accord-

ing to the image coordinate system. ri are the coefficients of

the rotation matrix R = Rx ·Ry ·Rz of the Euclidean trans-

formation(world into camera coordinates). And, (X0, Y0, Z0)

are the coordinates of the projection center in world coordi-

nates.[3]

2.2. A stereo vision

Stereo vision refers to the ability to infer information on the

3D structure and distance of scene from two or more images

taken from different viewpoints. For the static stereo analy-

sis it is assumed that no object movements occur during the

time interval of image acquisition of the two stereo images.

We assume two cameras with identical effective focal length

f such that the distance between their focal points OL and

OR is equal to b. Both cameras may be tilted towards each

other. This allows that more object faces will be visible in

both images. We assume parallel Y-axes for both cameras.

The line between the two optical centers OL and OR is

called base line and value b is called base distance. Let the

angle subtended by the two optical axes be 2θ. The coordi-

nate systems XLYLZL and XRYRZR are the left and right

camera coordinates. The coordinate system XY Z is defined

such that Z-axis exactly divides the angle subtended by the

ZL axis and ZR axis into two identical angles θ.(Fig.1.)

The coordinate system XY Z can be transformed into the

coordinate system XLYLZL through a rotation by the angle

−θ about Y-axis.



XL

YL

ZL


 =




cos θ 0 sin θ

0 1 0

− sin θ 0 cos θ







X − b
2

Y

Z


 (3)

Analogously the coordinate system XY Z can be transformed

into the coordinate system XRYRZR through a rotation bye

the angle θ about the Y-axis and a translation by b/2 to the

right.




XR

YR

ZR


 =




cos θ 0 − sin θ

0 1 0

sin θ 0 cos θ







X + b
2

Y

Z


 (4)

A point P = (X,Y,Z) in 3D scene space is projected onto

the points (xL, YL) and (xR, yR) in the image planes of the

two cameras. For an assumed central projection it follows

that

xL =
f ·XL

ZL
, yL =

f · YL

ZL
, (5)

xR =
f ·XR

ZR
, yR =

f · YR

ZR
, (6)

We consider the case that the two corresponding image

points(xL, yL) and (xR, yR) are correctly determined in the

left and in the right image, respectively. Then the three-

dimensional position of the point P = (X,Y,Z) can be cal-

culated from the equations (3),(4),(5) and (6). It holds that

[−xL · sin θ − f · cos θ]X + [xL · cos θ − f · sin θ]Z

= −[
b

c
xL sin θ +

b

2
f ], (7)

[xR · sin θ − f · cos θ]X + [xR · cos θ + f · sin θ]Z

= −[
b

c
xR sin θ − b

2
f ], (8)

[−yL · sin θ]X + [−f ]Y + [yL · cos θ]Z = [
b

2
yL · sin θ] (9)

[yR · sin θ]X + [−f ]Y + [yR · cos θ]Z = −[
b

2
yR · sin θ] (10)

The coordinates X,Y and Z can be determined by solving

this linear equations. This process is called triangulation.[3]

3. CAD model
3.1. Neutral data exchange format

Currently, an enormous number of CAD systems are avail-

able on the market. The CAD date exchange between other

systems is often impossible due to different encoding meth-

ods applied by different vendors or even the same vendor at

different versions. So, the neutral file mechanism is intro-

duced for translation and reduce the complexity the difficult

of direct data transfer between any two systems. Many neu-

tral data exchange systems have been proposed.

IGES(The Initial Graphics Exchange Specification) is stan-

dard which has been widely accepted. PDES(Product Data

Exchange Specification),derived from IGES, expands and

updates its functions with greater applications. The Ger-

mans and French have also developed their own version of

standardization:SET(Standard d’Echange et de Transgert)

and VDA-FS(Verband des Automobilindustrie Flächen-

Schnittstelle). And, the Internationsl Standard Organiza-

tion(ISO) combine all proposals and conclude STEP(The



Fig. 2. IGES file example.

Standard for Exchange for Product Model Data) as the fu-

ture international standard.

Although there are several neutral data exchange format cur-

rently implemented, we will limit our interest to IGES. It is

still widely accepted and enough to represent the model.[4]

3.2. IGES

The Initial Graphic Exchange Specification(IGES) was

formed in 1979 with technical team members from the Na-

tional Bureau of Standards, Boeing, and General Electric.

The main purpose of IGES is to exchange product definition

data between different CAD/CAM systems. In 1981 it was

accepted by ANSI as standard for the exchange of product

definition data.

IGES retains the 80 column card format where 1-72 columns

contain data in ASCII code and 73-80 columns are serial

numbers leading by an alphabetic character indicating the

section. IGES separates the file into five sections. To dis-

tinguish between the five sections, each section has its own

identification character letters. ”S” ,”G”,”D”,”P” and ”T”

are used as identification letters for start, global, directory,

parameter data and terminate section respectively.

The start section is used to provide a human-readable prolog

to the file. This prolog is not formated and should be written

using the ASCII characters.

The Global section contains information describing the send-

ing system and reference data required by the receiving post-

processor. The parameters in the global section are in a free

format.

The directory section has the same fixed format for all enti-

ties. The directory entry for each entity is fixed in size and

contains 20 fields of 8 characters each. It provides an index

for the file and contain attribute information for entity.

The parameter section contains related parameters needed

for an entity. It has a different format for each type of en-

tity, with at least one line for each entity. The first parameter

in a parameter data entry is always the entity type number.

In the parameter data entry of each entity, the parameter

delimiter character is used to separate two consecutive pa-

rameters.

The terminate section contains the total number of lines in

each of the previous sections and is represented at the end

of the file.[5]

3.3. Model reconstruction from IGES file

We used the pro-engineer2001 as commercial 3D CAD mod-

eler. The pro-engineer2001 is well known CAD system, so

it supports many neutral CAD data exchange format. The

Fig. 3. CAD models and reconstructed CAD models.

IGES format is also provided by the pro-engineer2001. In

IGES file a product is described as a collection of geomet-

ric and non-geometric entities. The geometric entities(type

100, 110 and 116 etc.) represent the definition of the phys-

ical shape,i.e. points, lines, circles, parametric splines, etc.

while the non-geometric entities(type 212, 214, 222, 404, 406

and 410 etc.) are used to enhance the model by providing

annotations and dimensions. All entities are not used. We

chose only geometric entities.

Using the circular arc entity(type 100) and line entity(type

110), we represent the wire frame model from the IGES file.

Circular arc entity(type 100) composite of more then one

point. Its parameters are list of central point, starting point

and terminal point. The starting point leaves in the direc-

tions of count-clockwise and arrive at the terminal point.

The arc lies on the XT, Y T plan.

C(t) = (X1 + R cos t, Y1 + R sin t, ZT ), t2 ≤ t ≤ t3 (11)

where i=2 and 3,

(1) R =
√

(Xi −X1)2 + (Yi − Y1)2

(2) (R cos ti, R sin ti) = (Xi −X1, Yi − Y1)

(3) 0 ≤ t2 ≤ 2π,0 ≤ t3 − t2 ≤ 2π

It is transformed to 3D XY Z-coordinate through a transfor-

mation matrix entity(type 124).

Line entity(type 110) is defined as the end of two points.It

is defined in the 3D defined coordinate space.

C(t) = P1 + t(P2 − P1), 0 ≤ t ≤ 1 (12)

We reconstructed several wire frame models from the IGES

file. Fig3. shows them.[6]

4. Experiment
To demonstrate the feasibility of our reconstructed CAD

model, we matched reconstructed CAD model from the IGES



Fig. 4. Model and initial matched camera projected image.

Fig. 5. Object range image and result image.

file to a range image. The range image is obtained from

a stereo vision. We used the object-centered representa-

tions which attach a reference frame to an object and ex-

press the object geometry in that frame. The center of

the reconstructed CAD model is placed at the origin of

the world coordinate at the first time. The camera extrin-

sic parameters are [Tx, Ty, Tz] = [0,−692, 1200](mm) and

[Rx, Ry, Rz] = [−157, 0, 180](◦) respectively. The object,coil

shaped object, is arbitrarily placed. The edge of the object is

extracted using the Canny’s edge detecting algorithm. Our

model,i.e reconstructed wire CAD model, is placed at the

origin of the world coordinate. Fig4. shows wire model in

the world coordinate(left) and the camera projected image,

initially placed the wire model and the edge image of the

range image(rignt). We minimized the mean squared error

between the wire model and edge image and found an wire

model corresponding to the object was correctly detected.

Fig5. shows the range image and result image. We can iden-

tify the object is placed at [Tx, Ty, Tz] = [7,−241, 150](mm)

and [Rx, Ry, Rz] = [0, 0, 49](◦) in the world coordinate.

5. Conclusion
In this paper, we have presented a method of building a

model from a CAD systems and recognize the 3D position

and orientation of coil shaped object. Unlike other object

recognition systems, we used a commercial 3D CAD system

to design the models. And, IGES has been used as an inter-

face to the CAD system to infer the geometric information

necessary for object recognition. We reconstructed several

models. One of the models is matched and recognized to

check the its feasibility. Through the experiment, we identi-

fied that the CAD model derived from its neutral data ex-

change format is easy to build and flexible to use whenever

the object is frequently changed and large.
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