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 HOLE INSPECTION METHOD AND APPARATUS 

 

Field of Invention 

The present invention generally relates to apparatuses and methods for inspection of an 

object.  In particular, the invention relates to an apparatus and a method for inspecting 5 

internal surfaces of a hole in an object.  

 

Background 

Many manufacturers routinely perform inspection on their manufactured products.  

This is typical of quality control measures where products that are defective are 10 

identified so as to control the quality of the manufactured products.    

 

Many manufactured products require inspection on the products’ interior surfaces, such 

as nut holes.  Conventional methods of performing a hole inspection typically involve 

the use of a camera for capturing an internal surface of the hole.  The camera and the 15 

manufactured product are usually rotated with respect to each other in order to obtain a 

complete all round view of the internal surface.  

 

In many cases, the camera and the manufactured product are rotated by three hundred 

and sixty degrees relative to each other.  The camera subsequently captures the 20 

complete all round view of the internal surface as the camera or product completes the 

rotation.  The captured image of the interior of the manufactured product is then used to 

identify potential defects on the interior of the product.  

 

However, the conventional methods of performing hole inspection are undesirably time 25 

consuming due to the time required for rotating the camera with respect to the 

manufactured product.   

 

Additionally, the conventional methods of performing hole inspection are costly to 

implement because a rotating mechanism is required for rotating the manufactured 30 

product.  The rotating mechanism also produces vibration that undesirably affects the 

quality of images obtained by the conventional methods. 

1  HOLE INSPECTION METHOD AND APPARATUS  Field of Invention
The present invention generally relates to apparatuses and methods for
inspection of an  5 object. In particular, the invention relates to an
apparatus and a method for inspecting  internal surfaces of a hole in an
object. Background  Many manufacturers routinely perform inspection on
their manufactured products.  10 This is typical of quality control measures
where products that are defective are identified so as to control the quality
of the manufactured products. Many manufactured products require
inspection on the products' interior surfaces, such  as nut holes.
Conventional methods of performing a hole inspection typically involve  15
the use of a camera for capturing an internal surface of the hole. The
camera and the manufactured product are usually rotated with respect to
each other in order to obtain a  complete all round view of the internal
surface. In many cases, the camera and the manufactured product are
rotated by three hundred  20 and sixty degrees relative to each other. The
camera subsequently captures the  complete all round view of the internal
surface as the camera or product completes the  rotation. The captured
image of the interior of the manufactured product is then used to  identify
potential defects on the interior of the product. 25 However, the
conventional methods of performing hole inspection are undesirably time
consuming due to the time required for rotating the camera with respect to
the  manufactured product. Additionally, the conventional methods of
performing hole inspection are costly to  30 implement because a rotating
mechanism is required for rotating the manufactured  product. The
rotating mechanism also produces vibration that undesirably affects the
quality of images obtained by the conventional methods. 
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Furthermore, conventional systems for performing hole inspection do not possess 

sufficient depth of focus.  This results in defocusing of hole images captured by the 

conventional systems, and produces undesirable low quality images or unfocussed 

images.  Unfocussed images are difficult to inspect as well as to extract crucial 

dimensional information because calibrating the unfocussed images results in poor 5 

pixel resolution characteristics. 

 

Figs. 6a and 6b depicts prior art systems for hole inspection. With reference to Fig. 6a, 

an optical system 600 consisting of a camera 602 and an optical module 604 is mounted 

on a rotary mechanism (not shown) that rotates around a central axis 606.  A rotary 10 

table (not shown) moves the optical module 604 to three different positions 1,2,3 where 

three images, namely image 1, image 2 and image 3 of an object 608 are captured.  An 

illuminator 609 is used to illuminate the object 608.  Depending on the purpose of the 

inspection or the object to be inspected, more of such positions can be setup to obtain 

more images.  These images are subsequently inspected by a controller 610 that 15 

identifies defects in each of these images and determines if the object 608 is good or 

faulty by comparing inspected parameters with a golden template or through 

measurements of defects against limits set by end users.  

 

Fig. 6b depicts another prior art system 700 wherein the object 608 is rotated instead of 20 

the optical module 604. This prior art system 700 is normally used for inspecting 

objects that have small to medium size and weight or in cases where the optical module 

cannot be rotated due to spatial or design limitations.  In this prior art system, the object 

608 is rotated while the optical module 604 captures images of the object 608 at several 

preset intervals to produce the same effect as the prior art system 600 of Fig. 6a. 25 

 

In the foregoing prior art systems 600, 700, the time required to capture several images 

is not only undesirably long, the controller 610 is also required to process several 

images to produces images for inspection.  Additionally the system cost of the 

foregoing prior art systems is undesirably high due to the need to use a motor and 30 

encoder module 612 to rotate the optical module 604 or the object 608.  Information on 

2  Furthermore, conventional systems for performing hole inspection do
not possess  sufficient depth of focus. This results in defocusing of hole
images captured by the  conventional systems, and produces undesirable
low quality images or unfocussed  images. Unfocussed images are
difficult to inspect as well as to extract crucial 5 dimensional information
because calibrating the unfocussed images results in poor  pixel
resolution characteristics. Figs. 6a and 6b depicts prior art systems for
hole inspection. With reference to Fig. 6a,  an optical system 600
consisting of a camera 602 and an optical module 604 is mounted  10 on
a rotary mechanism (not shown) that rotates around a central axis 606. A
rotary table (not shown) moves the optical module 604 to three different
positions 1,2,3 where  three images, namely image 1, image 2 and image
3 of an object 608 are captured. An  illuminator 609 is used to illuminate
the object 608. Depending on the purpose of the  inspection or the object
to be inspected, more of such positions can be setup to obtain 15 more
images. These images are subsequently inspected by a controller 610
that  identifies defects in each of these images and determines if the
object 608 is good or  faulty by comparing inspected parameters with a
golden template or through  measurements of defects against limits set by
end users. 20 Fig. 6b depicts another prior art system 700 wherein the
object 608 is rotated instead of  the optical module 604. This prior art
system 700 is normally used for inspecting  objects that have small to
medium size and weight or in cases where the optical module  cannot be
rotated due to spatial or design limitations. In this prior art system, the
object  608 is rotated while the optical module 604 captures images of the
object 608 at several  25 preset intervals to produce the same effect as
the prior art system 600 of Fig. 6a. In the foregoing prior art systems 600,
700, the time required to capture several images  is not only undesirably
long, the controller 610 is also required to process several  images to
produces images for inspection. Additionally the system cost of the 
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the rotation of the optical module 604 or the object 608 is then fed back to the 

controller 610 for triggering the cameras 602 at appropriate trigger preset points. 

 

There is therefore a need for inspecting internal surfaces of a hole in an object without 

requiring the object to be rotationally displaced and quickly arrive at a result by 5 

inspecting a single image of the entire internal surfaces of the hole. 

 

Summary 

Embodiments of the invention disclosed herein involve inspecting internal surfaces of a 

hole in an object without requiring the object to be rotationally displaced. 10 

 

Therefore, in accordance with a first embodiment of the invention, there is disclosed an 

inspection method.  The inspection method comprises directing an illuminating light 

towards a hole having two extremities and an internal surface extending between the 

two extremities.  The inspection method also comprises receiving light reflected and 15 

scattered from the internal surface through a lens assembly, the lens assembly having a 

depth of field extending at least between the two extremities of the hole.  The 

inspection method further comprises capturing a flat image of the internal surface on an 

image plane, the internal surface being substantially in-focus along the flat image, and 

performing image processing and inspection of the flat image to thereby inspect the 20 

internal surface of the hole.   

 

In accordance with a second embodiment of the invention, there is disclosed an 

inspection apparatus comprising an illuminator for directing an illuminating light 

towards a hole having two extremities and an internal surface extending between the 25 

two extremities.  The inspection apparatus also comprises a lens assembly for receiving 

light beam reflected and scattered from the internal surface and for imaging the interior 

surface into a flat image, the lens assembly having a depth of field extending at least 

between the two extremities of the hole.  The inspection apparatus further comprises an 

image capturing device for capturing the flat image of the internal surface on an image 30 

plane, the internal surface being substantially in-focus along the flat image, and a 

30 foregoing prior art systems is undesirably high due to the need to use a
motor and  encoder module 612 to rotate the optical module 604 or the
object 608. Information on 3  the rotation of the optical module 604 or the
object 608 is then fed back to the  controller 610 for triggering the
cameras 602 at appropriate trigger preset points. There is therefore a
need for inspecting internal surfaces of a hole in an object without  5
requiring the object to be rotationally displaced and quickly arrive at a
result by  inspecting a single image of the entire internal surfaces of the
hole. Summary  Embodiments of the invention disclosed herein involve
inspecting internal surfaces of a  10 hole in an object without requiring the
object to be rotationally displaced. Therefore, in accordance with a first
embodiment of the invention, there is disclosed an  inspection method.
The inspection method comprises directing an illuminating light  towards a
hole having two extremities and an internal surface extending between the
15 two extremities. The inspection method also comprises receiving light
reflected and  scattered from the internal surface through a lens assembly,
the lens assembly having a  depth of field extending at least between the
two extremities of the hole. The  inspection method further comprises
capturing a flat image of the internal surface on an  image plane, the
internal surface being substantially in-focus along the flat image, and 20
performing image processing and inspection of the flat image to thereby
inspect the  internal surface of the hole. In accordance with a second
embodiment of the invention, there is disclosed an  inspection apparatus
comprising an illuminator for directing an illuminating light  25 towards a
hole having two extremities and an internal surface extending between the
two extremities. The inspection apparatus also comprises a lens assembly
for receiving  light beam reflected and scattered from the internal surface
and for imaging the interior  surface into a flat image, the lens assembly
having a depth of field extending at least  
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processor for performing image processing and inspection of the flat image to thereby 

inspect the internal surface of the hole. 

 

Brief Description Of The Drawings 

Embodiments of the invention are disclosed hereinafter with reference to the drawings, 5 

in which: 

 

Fig. 1 is a flow diagram of a method for hole inspection according to a first 

embodiment of the invention.  

 10 

Fig. 2 is a cross-sectional view of an apparatus for hole inspection according to an 

embodiment of the invention;  

 

Fig. 3 is a cross-sectional view of a lens assembly of the apparatus of Fig. 2;   

 15 

Fig. 4 is an image of a through-hole captured by the apparatus of Fig. 2 that uses back 

lighting;  

 

Fig. 5 is an image of a through-hole with screw nut tracks captured by the apparatus of 

Fig. 2 that uses back lighting; and 20 

 

Figs. 6a and 6b are schematic diagrams of prior art systems. 

 

Detailed Description 

With reference to the drawings, embodiments of the invention relate to inspecting 25 

internal surfaces of a hole in an object without requiring the object to be rotationally 

displaced.  

 

Conventional methods of performing inspection are undesirably time consuming due to 

the time required for rotating the object through three hundred and sixty degrees.  30 

Furthermore, cconventional methods of performing inspection are also costly to 

between the two extremities of the hole. The inspection apparatus further
comprises an 30 image capturing device for capturing the flat image of the
internal surface on an image  plane, the internal surface being
substantially in-focus along the flat image, and a 4  processor for
performing image processing and inspection of the flat image to thereby
inspect the internal surface of the hole. Brief Description Of The Drawings
5 Embodiments of the invention are disclosed hereinafter with reference to
the drawings,  in which: Fig. 1 is a flow diagram of a method for hole
inspection according to a first  embodiment of the invention. 10 Fig. 2 is a
cross-sectional view of an apparatus for hole inspection according to an
embodiment of the invention; Fig. 3 is a cross-sectional view of a lens
assembly of the apparatus of Fig. 2;  15 Fig. 4 is an image of a
through-hole captured by the apparatus of Fig. 2 that uses back  lighting;
Fig. 5 is an image of a through-hole with screw nut tracks captured by the
apparatus of  20 Fig. 2 that uses back lighting; and Figs. 6a and 6b are
schematic diagrams of prior art systems.  Detailed Description 25 With
reference to the drawings, embodiments of the invention relate to
inspecting  internal surfaces of a hole in an object without requiring the
object to be rotationally  displaced. Conventional methods of performing
inspection are undesirably time consuming due to  30 the time required for
rotating the object through three hundred and sixty degrees.  
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implement because manipulation means is required for displacing the object and the 

inspection device relative to each other. 

 

For purposes of brevity and clarity, the description of the invention is limited 

hereinafter to applications related to inspecting the internal surfaces of a hole in an 5 

object without requiring the object to be rotationally displaced.  This however does not 

preclude embodiments of the invention from other areas of application that facilitates 

inspection of the interior of an object without requiring the object to be rotationally 

displaced.  The fundamental inventive principles and concepts upon which 

embodiments of the invention are based shall remain common throughout the various 10 

embodiments. 

 

An exemplary embodiment of the invention is described in greater detail hereinafter in 

accordance to illustrations provided in Figs. 1 to 5 of the drawings, wherein like 

elements are identified with like reference numerals. 15 

 

A method and apparatus for inspection is described hereinafter for addressing the 

foregoing problems.  

 

Fig. 1 shows a flow diagram of a method 10 for inspecting a hole of an object, 20 

according to an exemplary embodiment of the invention.  The method 10 involves a 

step 12 of directing an illuminating light towards the hole.  The hole has two 

extremities and an internal surface that extends between the two extremities.   

 

The method 10 also comprises a step 14 of directing light reflected and scattered from 25 

the internal surface of the hole to a lens assembly.  The method 10 also comprises a 

step 15 of imaging of the internal surface of the hole into a flat ring image.    The flat 

ring image shows full details of the internal surface of the hole.  The method 10 also 

comprises a step 16 of capturing and converting the flat ring image from optical to 

digital form.  The method 10 further comprises a step 18 of processing and inspecting 30 

the flat ring image to thereby inspect the internal surface of the hole. 

Furthermore, cconventional methods of performing inspection are also
costly to 5  implement because manipulation means is required for
displacing the object and the  inspection device relative to each other. For
purposes of brevity and clarity, the description of the invention is limited  5
hereinafter to applications related to inspecting the internal surfaces of a
hole in an  object without requiring the object to be rotationally displaced.
This however does not  preclude embodiments of the invention from other
areas of application that facilitates  inspection of the interior of an object
without requiring the object to be rotationally  displaced. The fundamental
inventive principles and concepts upon which 10 embodiments of the
invention are based shall remain common throughout the various
embodiments. An exemplary embodiment of the invention is described in
greater detail hereinafter in  accordance to illustrations provided in Figs. 1
to 5 of the drawings, wherein like  15 elements are identified with like
reference numerals. A method and apparatus for inspection is described
hereinafter for addressing the  foregoing problems. 20 Fig. 1 shows a flow
diagram of a method 10 for inspecting a hole of an object,  according to an
exemplary embodiment of the invention. The method 10 involves a  step
12 of directing an illuminating light towards the hole. The hole has two
extremities and an internal surface that extends between the two
extremities. 25 The method 10 also comprises a step 14 of directing light
reflected and scattered from  the internal surface of the hole to a lens
assembly. The method 10 also comprises a  step 15 of imaging of the
internal surface of the hole into a flat ring image. The flat  ring image
shows full details of the internal surface of the hole. The method 10 also
comprises a step 16 of capturing and converting the flat ring image from
optical to 30 digital form. The method 10 further comprises a step 18 of
processing and inspecting  
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In accordance with an exemplary embodiment of the invention, an apparatus 100 for 

inspection is described with reference to Fig. 2.  The apparatus 100 comprises one or 

more illuminating source 102 for directing an illuminating light beam 103 towards a 

hole 104, which is cylindrical.  The hole 104 is formed in an object 106, such as a 

through hole in a manufactured product.  In this embodiment of the invention, 5 

illuminating sources 102 are used to direct light towards the hole 104.   

 

The hole 104 has a first extremity 108, a second extremity 110 and an internal surface 

112 that extends between the first and second extremities 108, 110.  The first extremity 

108 is closer to the apparatus 100 than the second extremity 110.  The hole 104 is either 10 

a through hole or a blind hole.  The illuminating sources 102 are operated accordingly 

to provide lighting to either the through hole or the blind hole.  

 

The illuminating source 102 provides white, coloured or monochrome light for 

illuminating the hole 104.  Examples of the illuminating source 102 are fluorescence 15 

light tubes and white, coloured, monochrome light emitting diodes (LEDs) or natural 

light from the sun.  If the hole 104 is a through hole, the illumination is preferably 

directed as back lighting at the second extremity 110.  On the other hand, if the hole 

104 is a blind hole, the illumination is preferably directed at the first extremity 108.   

 20 

The apparatus 100 also comprises a lens assembly 116.  The illuminating light beam is 

reflected and scattered from the internal surface 112 of the hole 104 of Fig. 2 towards 

the lens assembly 116   The lens assembly 116 is preferably positioned immediately 

over the first extremity 108 of the hole 104.   

 25 

Fig. 3 is a detailed diagram of the lens assembly 116 of Fig. 2.  Fig. 3 also shows paths 

of light rays 117 that pass through the lens assembly 116.  More specifically, the lens 

assembly 116 of Fig. 3 comprises a plurality of lenses, namely a first lens 118, a second 

lens 120, a third lens 122, a fourth lens 124 and a fifth lens 126.  Alternatively, the 

plurality of lenses is replaceable by prisms for achieving similar optical effects.  30 

the flat ring image to thereby inspect the internal surface of the hole. 6  In
accordance with an exemplary embodiment of the invention, an apparatus
100 for  inspection is described with reference to Fig. 2. The apparatus
100 comprises one or  more illuminating source 102 for directing an
illuminating light beam 103 towards a  hole 104, which is cylindrical. The
hole 104 is formed in an object 106, such as a 5 through hole in a
manufactured product. In this embodiment of the invention,  illuminating
sources 102 are used to direct light towards the hole 104. The hole 104
has a first extremity 108, a second extremity 110 and an internal surface
112 that extends between the first and second extremities 108, 110. The
first extremity  10 108 is closer to the apparatus 100 than the second
extremity 110. The hole 104 is either a through hole or a blind hole. The
illuminating sources 102 are operated accordingly  to provide lighting to
either the through hole or the blind hole. The illuminating source 102
provides white, coloured or monochrome light for  15 illuminating the hole
104. Examples of the illuminating source 102 are fluorescence  light tubes
and white, coloured, monochrome light emitting diodes (LEDs) or natural
light from the sun. If the hole 104 is a through hole, the illumination is
preferably  directed as back lighting at the second extremity 110. On the
other hand, if the hole  104 is a blind hole, the illumination is preferably
directed at the first extremity 108. 20 The apparatus 100 also comprises a
lens assembly 116. The illuminating light beam is  reflected and scattered
from the internal surface 112 of the hole 104 of Fig. 2 towards  the lens
assembly 116 The lens assembly 116 is preferably positioned immediately
over the first extremity 108 of the hole 104. 25 Fig. 3 is a detailed diagram
of the lens assembly 116 of Fig. 2. Fig. 3 also shows paths  of light rays
117 that pass through the lens assembly 116. More specifically, the lens  
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Each of the first to fifth lenses 118, 120, 122, 124, 126 preferably is positioned along a 

central axis 128 of the lens assembly 116.  The central axis 128 preferably coincides 

with the longitudinal axis of the hole 104 of Fig. 2.   

 

An exemplary example of the design of the lens assembly is described hereinafter. The 5 

specific dimensions of each of the first to fifth lenses 118, 120, 122, 124, 126 as well as 

the configuration of the lens assembly 116 are provided in Table 1 below. 

 

Surface Radius 
(mm) 

Thickness 
(mm) 

Diameter 
(mm) 

Lens Type Note 

1 6.0 5.1 5.4 N-LAF21 First lens 
2 -6.0 0.4 5.4 - Space 
3 5.2 4.0 5.4 N-LAF21 Second lens 
4 -20.0 0.2 5.4 - Space 
5 5.7 5.2 5.4 F-SILICA Third lens 
6 -4.1 0.9 5.4 - Space 
7 -88.8 5.0 5.4 N-psk3 Fourth lens 
8 -6.1 0.2 5.4 - Space 
9 inf 4.0 0.6 - Aperture 
10 14.5 1.5 6.0 N-SF11 Fifth lens 
11 3.8 4.0 6.0 N-LAK34 Fifth lens 
12 -10.5 8.8 6.0 - Space 

 

TABLE 1 10 

 

The lens assembly 116 is configurable for inspecting holes with a large dimensional 

range, such as holes with diameters ranging from 8 mm to 16 mm with depths ranging 

from 8 mm to 16 mm.  In this exemplary of embodiment of the invention, the effective 

focal length of the lens assembly 116 is approximately 5.7 mm.  The lens assembly 116 15 

is capable of providing high quality image of the internal surface 112 of the hole 104. 

 

The lens assembly 116 has a cylindrical field of view as well as a cylindrical depth of 

view that extends at least between the two extremities 108, 110 of the hole 104.  The 

lens assembly 116 images the internal surface 112 of the cylindrical hole 104 into a flat 20 

ring image 134.  

assembly 116 of Fig. 3 comprises a plurality of lenses, namely a first lens
118, a second  lens 120, a third lens 122, a fourth lens 124 and a fifth lens
126. Alternatively, the  30 plurality of lenses is replaceable by prisms for
achieving similar optical effects. 7  Each of the first to fifth lenses 118,
120, 122, 124, 126 preferably is positioned along a  central axis 128 of the
lens assembly 116. The central axis 128 preferably coincides  with the
longitudinal axis of the hole 104 of Fig. 2. 5 An exemplary example of the
design of the lens assembly is described hereinafter. The  specific
dimensions of each of the first to fifth lenses 118, 120, 122, 124, 126 as
well as  the configuration of the lens assembly 116 are provided in Table 1
below. Surface Radius Thickness Diameter Lens Type Note  (mm) (mm)
(mm) 1 6.0 5.1 5.4 N-LAF21 First lens  2 -6.0 0.4 5.4 - Space  3 5.2 4.0
5.4 N-LAF21 Second lens  4 -20.0 0.2 5.4 - Space  5 5.7 5.2 5.4 F-SILICA
Third lens  6 -4.1 0.9 5.4 - Space  7 -88.8 5.0 5.4 N-psk3 Fourth lens  8
-6.1 0.2 5.4 - Space  9 inf 4.0 0.6 - Aperture  10 14.5 1.5 6.0 N-SF11 Fifth
lens  11 3.8 4.0 6.0 N-LAK34 Fifth lens  12 -10.5 8.8 6.0 - Space  10
TABLE 1 The lens assembly 116 is configurable for inspecting holes with
a large dimensional  range, such as holes with diameters ranging from 8
mm to 16 mm with depths ranging  
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With reference to Figs. 2 and 3, the apparatus 100 further comprises an image-

capturing device 130, such as a camera, for capturing the flat ring image 134.  The 

image-capturing device 130 is positioned along the central axis 128 of the lens 

assembly 116. An image sensor (not shown) of the image-capturing device 130 is 

positioned on an image plane 132 of the lens assembly 116.  The ring image 134 of the 5 

internal surface 112 of the hole 104 between the two extremities 108, 110 is formed on 

the image plane 132.  In particular, the internal surface 112 of the hole 104 between the 

two extremities 108, 110 is substantially in-focus along the flat ring image 134 on the 

image plane 132. 

 10 

The apparatus 100 is preferably connected to a computer (not shown) for image 

processing and for displaying the ring image 134 of the internal surface 112.   For 

example, Fig. 4 shows a resultant image that is displayed on a displaying means (not 

shown) of the computer, such as a monitor, which shows a through-hole captured by 

the apparatus 100.  More specifically, the resultant image depicts a focused ring image 15 

of the internal surface 112 of the hole 104 having defects 300 or scratches thereon. 

 

In a further example, Fig. 5 shows another resultant image of a through-hole with screw 

nut threads as displayed on the displaying means.  More specifically, some of the screw 

nut threads are shown clearly to have defective portions 400.  The apparatus 100 is 20 

advantageously capable of identifying such defective portions 400 accurately and 

within a short period of time. 

 

Inspection of the internal surface 112 of the hole 104 is preferably conducted by an 

image processing unit (not shown) using a software application.  The image processing 25 

unit detects features such as screw nut threads on the surface of the hole and identifies 

and detects defects of the features.  An indication is preferably shown on the displaying 

means for indicating the presence of the defects detected on the internal surface of the 

hole 104. 

 30 

Additionally, the apparatus 100 is capable of determining the pitch pi of internal threads 

formed on the internal surface 112 of the hole 104 through image processing of the flat 

from 8 mm to 16 mm. In this exemplary of embodiment of the invention,
the effective 15 focal length of the lens assembly 116 is approximately 5.7
mm. The lens assembly 116  is capable of providing high quality image of
the internal surface 112 of the hole 104.  The lens assembly 116 has a
cylindrical field of view as well as a cylindrical depth of  view that extends
at least between the two extremities 108, 110 of the hole 104. The 20 lens
assembly 116 images the internal surface 112 of the cylindrical hole 104
into a flat  ring image 134. 8  With reference to Figs. 2 and 3, the
apparatus 100 further comprises an image- capturing device 130, such as
a camera, for capturing the flat ring image 134. The  image-capturing
device 130 is positioned along the central axis 128 of the lens  assembly
116. An image sensor (not shown) of the image-capturing device 130 is 5
positioned on an image plane 132 of the lens assembly 116. The ring
image 134 of the  internal surface 112 of the hole 104 between the two
extremities 108, 110 is formed on  the image plane 132. In particular, the
internal surface 112 of the hole 104 between the  two extremities 108, 110
is substantially in-focus along the flat ring image 134 on the  image plane
132. 10 The apparatus 100 is preferably connected to a computer (not
shown) for image  processing and for displaying the ring image 134 of the
internal surface 112. For  example, Fig. 4 shows a resultant image that is
displayed on a displaying means (not  shown) of the computer, such as a
monitor, which shows a through-hole captured by 15 the apparatus 100.
More specifically, the resultant image depicts a focused ring image  of the
internal surface 112 of the hole 104 having defects 300 or scratches
thereon. In a further example, Fig. 5 shows another resultant image of a
through-hole with screw  nut threads as displayed on the displaying
means. More specifically, some of the screw  20 nut threads are shown
clearly to have defective portions 400. The apparatus 100 is 
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ring image 134 of Fig. 5.  In particular, the pitch pi of internal threads and the radius Ri 

of each spiral that corresponds to the internal threads at any radial direction are related 

as follows:  
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where R0 , b and  k  are constants,  i is the number of spiral threads formed on the 

internal surface 112 of the hole 104.  Ri and Ri+1 are radii of the spiral threads on the 

flat ring image 134 along the radial direction. 

 10 

The apparatus 100 is further capable of inspecting defects on bond pads, bonding wires 

or interface therebetween of a semiconductor die.  The semiconductor die is brought 

into the field of view of the apparatus 100 for inspecting the foregoing defects, similar 

to the method 10 for hole inspection.  

 15 

In the foregoing manner, an apparatus and a method for hole inspection are described 

according to an exemplary embodiment of the invention for addressing the foregoing 

disadvantages of conventional method of performing inspection.  Although only a few 

embodiments of the invention is disclosed, it will be apparent to one skilled in the art in 

view of this disclosure that numerous changes and/or modification can be made to cater 20 

to a wider range of hole sizes and heights without departing from the scope and spirit of 

the invention. 

advantageously capable of identifying such defective portions 400
accurately and  within a short period of time. Inspection of the internal
surface 112 of the hole 104 is preferably conducted by an  25 image
processing unit (not shown) using a software application. The image
processing  unit detects features such as screw nut threads on the surface
of the hole and identifies  and detects defects of the features. An
indication is preferably shown on the displaying  means for indicating the
presence of the defects detected on the internal surface of the  hole 104.
30 Additionally, the apparatus 100 is capable of determining the pitch p; of
internal threads  formed on the internal surface 112 of the hole 104
through image processing of the flat 9  ring image 134 of Fig. 5. In
particular, the pitch p; of internal threads and the radius R;  of each spiral
that corresponds to the internal threads at any radial direction are related
as follows: 5 Ro - R1+1 - Ro - Ri A k+b(R0 -Ri+1) k+b(R0 -R1) where Ro ,
b and k are constants, i is the number of spiral threads formed on the
internal surface 112 of the hole 104. R; and R;+z are radii of the spiral
threads on the  flat ring image 134 along the radial direction. 10 The
apparatus 100 is further capable of inspecting defects on bond pads,
bonding wires  or interface therebetween of a semiconductor die. The
semiconductor die is brought  into the field of view of the apparatus 100
for inspecting the foregoing defects, similar  to the method 10 for hole
inspection. 15 In the foregoing manner, an apparatus and a method for
hole inspection are described  
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Claims 

1. An inspection method comprising: 

directing an illuminating light towards a hole having two extremities and 

an internal surface extending between the two extremities; 

receiving light reflected and scattered from the internal surface by a lens 5 

assembly; 

imaging the internal surface of the hole into a flat image; 

capturing the flat image of the internal surface of the hole on an image 

plane, the internal surface being substantially in-focus along the flat image; 

and 10 

wherein image processing is performable to thereby inspect the internal 

surface of the hole. 

 

2. The inspection method as in claim 1, wherein directing an illuminating light 

beam towards a hole having two extremities and an internal surface extending 15 

between the two extremities comprises directing the illuminating light towards 

one of the two extremities. 

 

3. The inspection method as in claim 1, further comprising providing another 

illuminating light towards the hole. 20 

 

4. The inspection method as in claim 1, wherein directing an illuminating light 

beam comprises directing one of white, coloured and monochrome light.  
 

5. The inspection method as in claim 4, wherein receiving light beam reflected 25 

from the internal surface by a lens assembly comprises receiving the light 

beam through a plurality of lenses for imaging the internal surface of the hole 

into a flat ring image. 

.   

6. The inspection method as in claim 5, wherein receiving the light beam through 30 

a plurality of lenses comprises disposing the plurality of lenses along an axis 

according to an exemplary embodiment of the invention for addressing the
foregoing  disadvantages of conventional method of performing
inspection. Although only a few  embodiments of the invention is
disclosed, it will be apparent to one skilled in the art in 20 view of this
disclosure that numerous changes and/or modification can be made to
cater  to a wider range of hole sizes and heights without departing from
the scope and spirit of  the invention. 10  Claims 1. An inspection method
comprising: directing an illuminating light towards a hole having two
extremities and  an internal surface extending between the two
extremities; 5 receiving light reflected and scattered from the internal
surface by a lens  assembly; imaging the internal surface of the hole into a
flat image; capturing the flat image of the internal surface of the hole on an
image  plane, the internal surface being substantially in-focus along the
flat image;  10 and wherein image processing is performable to thereby
inspect the internal  surface of the hole. 2. The inspection method as in
claim 1, wherein directing an illuminating light  15 beam towards a hole
having two extremities and an internal surface extending  between the two
extremities comprises directing the illuminating light towards  one of the
two extremities. 3. The inspection method as in claim 1, further comprising
providing another  20 illuminating light towards the hole. 4. The inspection
method as in claim 1, wherein directing an illuminating light  beam
comprises directing one of white, coloured and monochrome light. 
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substantially coincides with the longitudinal axis of the hole.   

 

7. The inspection method as in claim 1, wherein performing inspection of the 

image to thereby inspect the internal surface of the hole comprises displaying 

the flat image on a displaying means. 5 

 

8. The inspection method as in claim 7, further comprising providing an 

indication on the displaying means, the indication relates to defects detected 

on the internal surface of the hole. 

 10 

9. The inspection method as in claim 1, wherein performing inspection of the 

image to thereby inspect the internal surface of the hole comprises 

determining the depth of the hole.   

 

10. The inspection method as in claim 1, wherein performing inspection of the 15 

image to thereby inspect the internal surface of the hole comprises 

determining the pitch of internal threads formed on the internal surface of the 

hole.  

 

11. An inspection apparatus comprising: 20 

an illuminator for directing an illuminating light towards a hole having 

two extremities and an internal surface extending between the two extremities; 

a lens assembly for receiving light reflected and scattered from the 

internal surface and  for imaging  the  internal surface of the hole into a flat 

image, the lens assembly having a depth of field extending at least between the 25 

two extremities of the hole; 

an image capturing device for capturing the flat image of the internal 

surface on an image plane, the internal surface being substantially in-focus 

along the flat image; and 

a processor for performing image processing to thereby inspect the 30 

internal surface of the hole. 

 

25 5. The inspection method as in claim 4, wherein receiving light beam
reflected  from the internal surface by a lens assembly comprises
receiving the light  beam through a plurality of lenses for imaging the
internal surface of the hole  into a flat ring image. 30 6. The inspection
method as in claim 5, wherein receiving the light beam through  a plurality
of lenses comprises disposing the plurality of lenses along an axis 11
substantially coincides with the longitudinal axis of the hole. 7. The
inspection method as in claim 1, wherein performing inspection of the
image to thereby inspect the internal surface of the hole comprises
displaying  5 the flat image on a displaying means. 8. The inspection
method as in claim 7, further comprising providing an  indication on the
displaying means, the indication relates to defects detected  on the
internal surface of the hole. 10 9. The inspection method as in claim 1,
wherein performing inspection of the  image to thereby inspect the internal
surface of the hole comprises  determining the depth of the hole. 15 10.
The inspection method as in claim 1, wherein performing inspection of the
image to thereby inspect the internal surface of the hole comprises
determining the pitch of internal threads formed on the internal surface of
the  hole. 20 11. An inspection apparatus comprising: an illuminator for
directing an illuminating light towards a hole having  two extremities and
an internal surface extending between the two extremities;  a lens
assembly for receiving light reflected and scattered from the internal
surface and for imaging the internal surface of the hole into a flat  



     12 
  
 
12. The inspection apparatus as in claim 11, wherein the illuminator directs the 

illuminating light towards one of the two extremities of the hole. 

 

13. The inspection apparatus as in claim 11, wherein a second illuminator directs 

an illuminating light towards the other of the one of the two extremities of the 5 

hole. 

 

14. The inspection apparatus as in claim 11, further comprising another 

illuminator for illuminating light towards the hole. 

 10 

15. The inspection apparatus as in claim 11, wherein the illuminating light is one 

of white, coloured and monochrome generated by the illuminator. 

 

16. The inspection apparatus as in claim 11, wherein the illuminating light is 

natural light from the sun. 15 

 

17. The inspection apparatus as in claim 11, wherein the lens assembly comprises 

a plurality of lenses configured for imaging the internal surface of the hole 

into a flat ring image. 

 20 

18. The inspection apparatus as in claim 16, wherein the plurality of lenses is 

disposed along an axis substantially coincides with the longitudinal axis of the 

hole.  

 

19. The inspection apparatus as in claim 11, wherein the image capturing device is 25 

coupled to a displaying means for displaying the image. 

 

20. The inspection apparatus as in claim 19, wherein the image capturing device is 

disposed adjacent to the lens assembly for capturing the flat image.   

 30 

21. The inspection apparatus as in claim 11, wherein an image processing unit 

inspects the flat image corresponding to the internal surface of the hole. 

25 image, the lens assembly having a depth of field extending at least
between the  two extremities of the hole; an image capturing device for
capturing the flat image of the internal  surface on an image plane, the
internal surface being substantially in-focus  along the flat image; and 30 a
processor for performing image processing to thereby inspect the  internal
surface of the hole. 12  12. The inspection apparatus as in claim 11,
wherein the illuminator directs the illuminating light towards one of the two
extremities of the hole. 13. The inspection apparatus as in claim 11,
wherein a second illuminator directs  5 an illuminating light towards the
other of the one of the two extremities of the  hole. 14. The inspection
apparatus as in claim 11, further comprising another  illuminator for
illuminating light towards the hole. 10 15. The inspection apparatus as in
claim 11, wherein the illuminating light is one  of white, coloured and
monochrome generated by the illuminator. 16. The inspection apparatus
as in claim 11, wherein the illuminating light is  15 natural light from the
sun. 17. The inspection apparatus as in claim 11, wherein the lens
assembly comprises  a plurality of lenses configured for imaging the
internal surface of the hole  into a flat ring image. 20 18. The inspection
apparatus as in claim 16, wherein the plurality of lenses is  disposed along
an axis substantially coincides with the longitudinal axis of the  hole. 
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22. The inspection apparatus as in claim 21, wherein the image processing unit   

determines the depth of the hole. 

 

23. The inspection apparatus as in claim 21, wherein the image processing unit 

determines the pitch of internal threads formed on the internal surface of the 5 

hole. 

 

24. The inspection apparatus as in claim 11, further comprising an indicator 

displayable on the displaying means, the indicator for indicating defects 

detected on the internal surface of the hole. 10 

25 19. The inspection apparatus as in claim 11, wherein the image
capturing device is  coupled to a displaying means for displaying the
image. 20. The inspection apparatus as in claim 19, wherein the image
capturing device is  disposed adjacent to the lens assembly for capturing
the flat image. 30 21. The inspection apparatus as in claim 11, wherein an
image processing unit  inspects the flat image corresponding to the
internal surface of the hole. 13  22. The inspection apparatus as in claim
21, wherein the image processing unit  determines the depth of the hole.
23. The inspection apparatus as in claim 21, wherein the image
processing unit  5 determines the pitch of internal threads formed on the
internal surface of the  hole. 24. The inspection apparatus as in claim 11,
further comprising an indicator  displayable on the displaying means, the
indicator for indicating defects  10 detected on the internal surface of the
hole. 




