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Abstract :

The boresoopy ingection problem of aeroengine interior important part damages such as

firebox’ s burn and corruption, vane scrack , bump , abrade and concavepit , isamed at. A new ystem

is developed to carry out 3D measurement and stereo reconstruction of ergine interior damage, in which

the borescope of Jgpanese OL YM PU S Corporation is used as hardware. In the syssem, functions areinr

plemented, such as image collection, camera calibration, image preprocessng, stereo matching, 3D

measurement and stereo recongtruction. It can provide more detailed ingection and more accurate esti-

mation of engine interior damages. Fnadly, an exanple is used to verify the efectivity of the new

met hod.
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Endoscopy technique has been widdy applied
in medicine, metalurgy, traffic and trangorta
tion , aeronautics and astronautics fields, in which
inner status need be ingected to control product
guantity. Currently endosoopy has aready become
an important method of NDT (Nondestructive
Tegting) technique in ingecting aeroengine inner
damage (burn, corroson, bump and wear , sunken
pit , and 2 on) of important parts (firebox , vane,
Traditiona borescopy ingection
its automar

and  on).
method has following shortcomings:
tization level is very low, it is very difficult to
realize quantity measurement for damage, it can
not realize 3D measurement and stereo reconstruc
tion. Thus, these problemsof traditiona borescopy
need be lved by introducing new technique.

In this paper , the problems of ingection and
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evaluation for aeroengine inner damage based on
borescopy are aimed at. Based on the developement
trend of world endosocopy technique, the 1V6c6
borescopy of Japanese OL YMPUS Corporation is
used as hardware, and a new image analys's system
based on stereo-vison is developed , and it can rea-
ize 3D measurement and reconstruction for aero-
engine inner damage through combining computer
technique, stereo vison technique and traditiona
borescopy technique. In thispaper , the basc prin-
ciples and key techniques for the new system are
presented in brief because of a limited gace, and
an example is given to verify its effectivity at the
same time.

1 System Congtitution

The hardware for this system is mainly com-
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prised of borescope imaging sysem, CCD camera
and monitor, CPU oontroller and computer. In
this syssem, the technical indexes for sensor of
boresoope are asfollows: optical visua angleis 60°/
60° , depth rangeis 7-60mm , port outer diameter is
6. 1mm and the length for end rigid segment is
38mm. Sensor is composed of twin lens and twin
CCDs, focuses of twin lens are equal and fixed,
and light axesof twin CCDsare paralel. Acocording
to the principle of stereo vison, aintegrated stereo
vison system include usudly Sx parts such asinr
age acquirement , camera caibration, feature ab-
sraction, stereo matching, depth computation and
indde interpolation.

2 Camera Cdibrations

In computer vison, The am for camera cali-
bration! is to establish the relation between the
point in 3D scene and the corregonding point in
2D scene. Inthissystem, camera mode ispergpec-
tive projection mode , which is goplied most wide-
ly.

Through verification, the calibration precison
of the sysem isfairly high, and cdibration error is
less 2 %.

3 Stereo Matching

Sereo matching!® is the most difficult prob-
lem in stereovison and it is usudly classfied into
matching based on area and matching based on fear
ture.

Because images in this system come from en-
gine inner cavity , image quality is very well , and
matching method based on area is very fit for the
sysem. At the same time, a quick matching ago-
rithm based on image merging is put forward, and
the computation quantity can be decreased greatly.

4 3D Measurement

In engine endoscopy technique, the damage
status of engine importance components (such as
vane and firebox) usualy need be known, such as
crack length and depth, concave area and depth,
and burn area. These data can be obtained through

the computation of point-point distance, point-line
distance, and point-plane distance for 3D data of
object surface!®!.

5 Example

In order to verify the method put forward in
thispaper , an exampleisgiven. Fig.1 showsaleft
image and a right image, which are provided by
IV6C6 borescope of Olympus Corporation, and it
shows a concave, which exists on engine vane,
whose depth is 0. 0O7mm, and whose width is
14mm.

In this paper , MATLAB sftware is adopted
to 3D diglay for 3D data. Through €liminating er-
ror-matching points, interpolating and smoothing,
smoothing surface can beobtained. Fig.2isthe re
sults of 3D reconstruction for rectangle field of
Fig. 1.

Fg.1 Twineye boresope images

Fig.2 3D recongruction surface

Fig. 3 is an example of 3D computation for
surface concave. The results are: point-point dis
tance is 13.8221mm;
8. 5712mm; point-plane distance is - 0. 0731mm.
Because point-plane distance is negative, it shows

point-line distance is
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{a) Point-point distance

(b) Poini-line distance

(e} Poini-plane distance

Fig.3 3D computation example

that the point is below the plane, and it verifies
that the damage is a concave. Obvioudy , computa
tion results verify the effectivity and correctness of
the new developed system.

6 Concludons

In brief , main coixciugnns of thispaper are:

(1) 3D measurement and reconstruction sys
tem frame based on borescope image anadyss for
engine inner damage is put forward;

(2) The camera cdibration and quick stereo
matching a gorithm are carried out ;

(3) 3D computation and reconstruction for en
gine inner damage are implemented by usng paral-
lel twirreye vison theory.

In addition, further work, such as verifica
tion, ocorrection and system integration, need be
done to improve this system.
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