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Description

SYSTEM AND METHOD FOR ASSEMBLY INSPECTION

Technical Field

The present disclosure relates generally to a system and method

for inspection, and relates more particularly to a system and method for assembly

inspection.

Background

Production of industrial engines and off-highway equipment

usually involves the assembly of multiple flexible systems, such as hydraulic

hoses and wiring harnesses. Assembly faults may cause malfunctions or

inefficiencies of the product. Assembly faults may include, for example, missing

fasteners and hoses, misrouting of hoses or wires, rubbing of hoses, wires or

belts, wrong dimension of hoses or belts, etc. In order to ensure that the systems

and parts are correctly assembled, inspection of the product during the assembly

process is needed. Assembly inspections are conventionally performed manually

by experienced inspectors. During the manual inspection, inspectors usually

compare the assembled product with a design chart and detect an assembly fault

when there is a difference between the two.

However, manual inspection may be inaccurate and may lead to

uncertainties of the defect inspection process. The assembled products may

visually vary among each other, and directly matching them with their design

charts may lead to mistakes during the visual inspection process. For example,

flexible assemblies such as hydraulic hoses may be present in a different

orientation or shape as those in the design chart. In addition, manual inspection

requires skilled, human labor and can be time-consuming. Therefore, it is

desirable to automate the inspection process of machine assemblies.



Several automated inspection systems have been developed that

utilize digital image processing techniques to perform assembly inspections. An

example of such an automated inspection system is disclosed in U.S. Patent

Publication No. 2005/0147287 to Sakai et al. ("the '287 publication"). In

particular, the '287 publication discloses a pattern defect inspection method and

apparatus that reveal defects on an inspection target. The pattern defect

inspection apparatus compares images of corresponding areas of two formed

patterns that should be identical with each other, and identifies a defect if any

mismatches occur between the images. In particular, the image comparison

process may be performed on a plurality of areas simultaneously. Further, the

pattern defect inspection apparatus also converts the gradation of the image

signals of compared images in each of a plurality of different processes, so that

images with the same patterns but different brightness may be properly

compared.

Although the method and apparatus of the '287 publication may

alleviate some of the problems of manual assembly inspections, it may still be

problematic. First, the process may still be inaccurate. A product may include a

plurality of assemblies. While it is important that each assembly is correctly

assembled, the relative position of the plurality of assemblies may vary from one

product to another. The inspection apparatus disclosed by the '287 publication

uses the overall pattern of the image, instead of image regions of individual

components, and relies on the global matching between images. Therefore, a

defect may be incorrectly detected because a relative position between a flexible

assembly and other components may be different from that dictated in a design

chart. For example, the wirings of the circuit disclosed by the '287 publication

may be correct, but the relative location or orientation of the flexible wires may

be distinctive from the pattern in the design chart. Such a circuit may be

incorrectly determined as faulty by the '287 publication. In addition, because

objects in the image are not extracted and identified, the '287 publication may not



facilitate identification of specific component assembly faults and provide an

informative diagnosis report, besides detecting the existence of such a fault.

The system and method of the present disclosure is directed

towards overcoming one or more of the constraints set forth above.

Summary

In one aspect, the present disclosure is directed to a method for

assembly inspection. The system may include obtaining a digital image of an

assembled product, extracting images of one or more objects from the digital

image of the assembled product, and recognizing each of the one or more objects

as a component based on its extracted image and a library of standard

components. The method may further include identifying one or more features of

each recognized component, comparing each of the one or more identified

features with a corresponding standard feature of the corresponding standard

component, and determining an assembly fault if at least one of the one or more

identified features does not match the corresponding standard feature.

In another aspect, the present disclosure is directed to a system for

assembly inspection. The system may include an imaging device configured to

obtain a digital image of an assembled product, and a storage device configured

to store an assembly inspection tool, a library of standard components and one or

more standard features of each standard component. The system may further

include a processor configured to execute the assembly inspection tool to extract

images of one or more objects from the digital image of the assembled product,

and recognize each of the one or more objects as a component based on its

extracted image and a library of standard components. The processor may be

further configured to execute the assembly inspection tool to identify one or more

features of each recognized component, compare each of the one or more

identified features with the corresponding standard feature of the corresponding

standard component, and determine an assembly fault if at least one of the one or

more identified features does not match the corresponding standard feature. The



processor may also be further configured to execute the assembly inspection tool

to diagnose the assembly fault, and determine a type and a location of the

assembly fault.

Brief Description of the Drawings

FIG. 1 is a schematic diagram of an assembly inspection system

according to an exemplary embodiment of the present disclosure;

FIG. 2 is a schematic diagram of an assembly inspection tool,

consistent with the disclosed embodiment shown in FIG. 1;

FIG. 3 is a flow chart of an exemplary operation process of the

assembly inspection system, consistent with the disclosed embodiment shown in

FIG. 1;

FIG. 4 is a flow chart of an exemplary operation process of an

object extraction module, consistent with Step 33 shown in FIG. 3; and

FIG. 5 is a flow chart of an exemplary operation process of an

object recognition module, consistent with Step 34 shown in FIG. 3.

Detailed Description

FIG. l is a schematic diagram of an assembly inspection system

10 according to an exemplary embodiment of the present disclosure. An

assembly inspection system 10 may include an imaging device 110, an assembly

inspection console 120, and a transmission device 130 connecting imaging device

110 and assembly inspection console 120. Assembly inspection system 10 may

be configured to inspect an assembled product 101 and detect an assembly fault

in an automated manner. For example, assembled product 101 may be an engine,

in which a plurality of flexible systems, such as hydraulic hoses and wiring

harnesses, may be installed. However, one skilled in the art will know that

assembled product 101 may be any other equipment that includes a plurality of

any other types of suitable assemblies.



Imaging device 110 may include, among other things, an optical

emitter 111, an optical detector 112, and a converter 113. For example, imaging

device 110 may be a digital camera. Optical emitter 111 may include one or

more optical emitting devices, for example, light emitting diodes (LEDs),

configured to apply a first optical signal for illuminating assembled product 101 .

Consistent with one disclosed embodiment, optical emitter 111 may be

configured to operate only when the ambient light around assembled product 101

is not sufficient, similar to a flash of a digital camera. Optical detector 112 may

include one or more optical receiving devices, for example, photodiodes or

charge-coupled devices (CCDs), configured to receive a second optical signal

containing the structure information of assembled product 101 . According to one

disclosed embodiment, optical emitter 111 and optical detector 112 may be

positioned at the same side of assembled product 101, and the second optical

signal may be associated with a reflection signal of the first optical signal that is

reflected by assembled product 101. According to another disclosed

embodiment, optical emitter 111 and optical detector 112 may be positioned at

the opposite sides of assembled product 101, and the second optical signal may

be associated with a residual of the first optical signal that is attenuated by

assembled product 101. Imaging device 110 may further include a converter 113

configured to convert the received optical signal to a digital image, wherein each

pixel value of the digital image is proportional to a signal intensity received at

each pixel.

The digital image obtained by imaging device 110 may be

transmitted to assembly inspection console 120 via transmission device 130.

According to one disclosed embodiment, assembly inspection console 120 may

be located close to imaging device 110, and transmission device 130 may be a

physical transmission device, such as a cable. According to another disclosed

embodiment, assembly inspection 120 may be located a distance away from

imaging device 110, and transmission device 130 may be a wireless transmission

device, such as a wireless network.



According to one disclosed embodiment, imaging device 110 may

further include a data compressor (not shown) to compress the digital image, so

that the image transmission cost and/or image transmission time may be reduced.

For example, a compressed digital image may require less bandwidth from

transmission device 130. Accordingly, a compressed image may be more

efficiently transmitted via transmission device 130.

Assembly inspection console 120 may include one or more

computer assemblies configured to detect an assembly fault associated with

assembled product 101, based on digital images received from imaging device

110. Assembly inspection console 120 may be associated with one or more

software applications, including, for example, an assembly inspection tool 200.

Assembly inspection tool 200 may run on assembly inspection console 120, and

may be accessed by an authorized user. The assembly inspection tool 200 may

be stored on a computer readable medium, such as a hard drive, computer disk,

CD- ROM, or any other suitable medium.

Assembly inspection console 120 may include a processor 121, a

random access memory ("RAM") 122, a read-only memory ("ROM") 123, a

storage device 124, a database 125, a display device 126, and an input interface

127. It is contemplated that assembly inspection console 120 may include

additional, fewer, and/or different components than those listed above. It is

understood that the type and number of listed devices are exemplary only and not

intended to be limiting.

Processor 121 may be a central processing unit ("CPU").

Processor 121 may execute sequences of computer program instructions to

perform various processes that will be explained in greater detail below. The

computer program instructions may be accessed and read from ROM 123, or any

other suitable memory location, and loaded into RAM 122 for execution by

processor 121. Depending on the type of assembly inspection console 120 being

used, processor 121 may include one or more printed circuit boards, and/or a

microprocessor chip. Processor 121 may further include a data de-compressor



(not shown) configured to de-compress the digital image that is compressed at

imaging device 110.

Storage device 124 may include any type of mass storage suitable

for storing information. For example, storage device 124 may include one or

more hard disk devices, optical disk devices, or any other storage devices that

provide data storage space. In one embodiment of the present disclosure,

database 125 may store data related to the assembly inspection process, such as a

computer aided design (CAD) chart of an assembled product 101, standard

components converted from the CAD design chart, and standard features of each

standard component. Database 125 may also include analysis and organization

tools for analyzing and organizing the information contained therein.

Assembly inspection console 120 may be accessed and controlled

by a user, using input interface 270. Assembly inspection console 120 may also

provide visualized information to the user via display device 126. For example,

display device 126 may include a computer screen (not shown) and provide a

graphical user interface ("GUI") to the user. Display device 126 may also

display an inspection report to the user indicating a type and a location of an

assembly fault. Input interface 127 may be provided for the user to input

information into assembly inspection console 120, and may include, for example,

a keyboard, a mouse, and/or optical or wireless computer input devices (not

shown). The user may input control instructions via input interface 127 and

control the operation of imaging device 110. The user may also input parameters

to adjust the operation of assembly inspection console 120.

Assembly inspection console 120 may be configured to execute

assembly inspection tool 200. Assembly inspection tool 200 may include one or

more modules. FIG. 2 is a schematic diagram of an assembly inspection tool,

consistent with the disclosed embodiment shown in FIG. 1.

As shown in FIG. 2, assembly inspection tool 200 may include a

CAD conversion module 210, an object extraction module 220, an object

recognition module 230, and a fault detection module 240. CAD conversion



module 210 may receive a CAD design chart of an assembled product 101 from

database 215. CAD conversion module 210 may be configured to convert the

design chart to a library of standard components. CAD conversion module 210

may be further configured to identify one or more standard features of each

standard component. The library of standard components and their

corresponding standard features may be output by CAD conversion module 210

and be stored in database 215.

Object extraction module 220 may receive the digital image of

assembled product 101, obtained by imaging device 110, as an input. Object

extraction module 220 may be configured to extract images of one or more

objects from the digital image. According to an embodiment consistent with the

present disclosure, object extraction module 220 may be configured to first

extract images of one or more rigid objects, such as fasteners. The locations of

rigid objects may be well predicted based on the CAT design chart. Object

extraction module 220 may be further configured to grow images of one or more

flexible objects, such as hoses that are connected to fasteners, based on the

extracted images of one or more rigid objects. For example, the image of a hose

may be grown between two coupling fasteners. Flexible objects may be usually

present in a different orientation or shape compared to those in the CAT design

chart. Object extraction module 220 may be yet further configured to extracted

images of the one or more flexible objects. The extracted images may be output

by object extraction module 220, and may be received as input by object

recognition module 230. Object recognition module 230 may be configured to

recognize each object based on its extracted image and a library of standard

components. Object recognition module 230 may be further configured to

identify one or more features of each recognized component.

The identified features of the recognized component may be

output by object recognition module 230 and received as input by fault detection

module 240. Fault detection module 240 may be configured to compare these

features with the corresponding standard features of the corresponding standard



component stored in database 215, and identify an assembly fault if at least one

of these features does not match the corresponding standard feature. Fault

detection module 240 may be further configured to diagnose the assembly fault

and determine a type and a location of the fault. Fault detection module 240 may

be configured to generate an output 250. For example, output 250 may be an

inspection report that includes the detected fault and its type and location. Output

250 may further include suggestions of a new routing or a connection to clear the

fault. Assembly inspection tool 200 may be configured to send output 250 to

display device 126 for displaying.

FIG. 3 is a flow chart of an exemplary operation process 30 of

assembly inspection system 10, consistent with the disclosed embodiment shown

in FIG. 1. Assembly inspection tool 200 may be configured to convert a CAD

design chart of an assembled product 101 to a library of standard components

(Step 31). Based on each converted standard component, one or more standard

features may be identified (Step 32). For example, a standard hose component

and a standard fastener component may be converted from the CAD design chart

of an assembled engine. The dimension, color, and orientation features may be

identified for a standard hose component, and the length and shape features may

be identified for a standard fastener component.

Assembly inspection tool 200 may be configured to extract an

image of an object using image processing techniques (Step 33). The extraction

of an object may be based on the contour of the object and/or intensity

segmentation of the object. Step 33 may include extracting both rigid objects and

flexible objects, where the flexible objects may be grown based on the rigid

objects. The object extraction process of Step 33 will be described in greater

detail in FIG. 4 . The extracted object in Step 33 may be recognized as a

component with which the image has the highest correlation (Step 34). For

example, the extracted image may be compared with each standard component

converted from the CAD design chart and a correlation between them may be

determined. The extracted object may be labeled as a component with which the



object has the highest correlation. For example, an extracted object may be

recognized as a hose. The objection recognition process of Step 34 will be

described in greater detail in FIG. 5.

For each recognized component in Step 34, assembly inspection

tool 200 may be configured to identify one or more features of the component

based on its extracted image (Step 35). Examples of features may include color,

shape, dimension, and orientation. Assembly inspection tool 200 may then be

configured to compare these identified features with corresponding standard

features of the corresponding standard component (Step 36) and determine

whether the identified features match the corresponding standard features (Step

37).

If at least one of these identified features does not match the

corresponding standard feature (Step 37: No), assembly inspection tool 200 may

then be configured to diagnose the fault (Step 381). Based on the difference

between each identified feature and its corresponding standard feature, the type

of the fault may be determined. For example, if the identified orientation of a

hose object does not match the standard orientation of a standard hose component

while all the other identified features substantially match those corresponding

standard features, it may be determined that a misrouting fault occurs. Other

examples of assembly faults may include missing components, rubbing of two

components, wrong dimension of the component, etc. A location of the fault may

also be determined based on the relative position of the recognized component in

the digital image. Consistent with one disclosed embodiment, an inspection

report including the detected fault and its type and location may be generated.

The fault may be indicated on display device 126 (Step 382). The fault indication

may further include displaying suggestions of a new routing or a connection to

clear the fault.

If all of those identified features match the corresponding standard

feature (Step 37: Yes) or a fault has been diagnosed and indicated (Step 382),

process 40 may proceed to determine whether all components contained in the



digital image have been inspected (Step 39). If there is still at least one

component that remains uninspected (Step 39: No), assembly inspection tool 200

may be configured to extract an image of the next object and repeat Steps 33-39.

If all components contained in the image have been inspected (Step 39: Yes),

process 40 may be terminated.

FIG. 4 is a flow chart of an exemplary operation process of object

extraction module 220, consistent with Step 33 shown in FIG. 3. The process

may include a rigid object extraction stage 4 1 and a flexible object extraction

stage 42. As rigid object extraction stage 4 1 begins, object extraction module

220 may be configured to apply an edge detection procedure on the digital image

of assembled product 101 to determine a contour of each object (Step 4 11).

Edges of an object may be associated with places where significant intensity

changes occur. For example, a Canny edge detection algorithm may be applied

and the contour of an object may be found where the color change is dramatic.

Additionally, object extraction module 220 may also be configured to detect lines

associated with each object via a transform algorithm, such as, for example, a

Hough Transform (Step 412).

Meanwhile, object extraction module 220 may be configured to

segment the digital image into a plurality of image regions (Step 413). Image

segmentation may be performed in parallel with the edge detection of Step 4 11

and line detection of Step 412. Image segmentation may be based on an intensity

map of the digital image. For example, an intensity area that has a homogenous

color may be segmented as one object image. Image segmentation may include a

noise reduction step, for example, using a mean shift method, to reduce high-

frequency noises and smooth the image. Image segmentation may further include

a histogram transform and separation step. A histogram (i.e., an intensity map) of

the digital image may be calculated, and the histogram may typically have a

plurality of separate peaks. Intensity thresholds may be determined based on the

plurality of separate peaks, and the digital image may be segmented based on the

determined thresholds.



Object extraction module 220 may then be configured to combine

results of edge detection (Step 4 11), line detection (Step 412), and image

segmentation (Step 413), and obtain an extracted image for each rigid object

(Step 414). The images may be filtered to enhance the image signal-to-noise

ratio (Step 415). In rigid object extraction stage 41, object extraction module 220

may be configured to repeat Steps 4 11-415 until images of all rigid objects are

extracted from the digital image, after which the flexible object extraction stage

may begin.

During flexible object extraction stage 42 , object extraction

module 220 may be configured to identify coupling rigid objects such as, for

example, coupling fasteners (Step 421). Object extraction module 220 may be

further configured to grow a flexible object connected between every two

coupling rigid objects such as, for example, a hose connected between two

coupling fasteners (Step 422). The flexible object may be grown using a

clustering algorithm, a region growing algorithm, a filtering algorithm, or any

combinations of these algorithms. For example, growing of a flexible object may

start from the boundary of one rigid object, and an image pixel adjacent to the

growing frontier may be identified as a part of the flexible object if the intensity

of the pixel is within a predefined range.

Alternatively, in some occasions, one of the coupling rigid

components may not be shown in the digital image, and thus, the flexible

assembly may seem to be connected to a terminating rigid component. Object

extraction module 220 may be configured to identify terminating rigid objects

such as, for example, a terminating fastener (Step 423), and grow a flexible

object connected to each terminating rigid object such as, for example, a hose

connected to a terminating fastener (Step 424).

Object extraction module 220 may then be configured to extract

images of flexible objects grown in Steps 422 and 424 (Step 425). The images

may be filtered to enhance the image signal-to-noise ratio or exclude image areas

not belonging to the flexible object (Step 426). In flexible object extraction stage



41, object extraction module 220 may be configured to repeat Steps 421-426 until

images of all flexible objects are extracted from the digital image.

FIG. 5 is a flow chart of an exemplary operation process of object

recognition module 230, consistent with Step 34 shown in FIG. 3. Object

recognition module 230 may be configured to receive an image of each extracted

object obtained in Step 33. A de-noising procedure may first be applied on the

image to remove the noise points (Step 341). During the object recognition

process, object recognition module 230 may be configured to communicate with

database 215 to obtain one standard component at a time, and compare the

extracted object with the standard component.

As shown in FIG. 3, a border-fitting between the images of the

extracted objected and a standard component may be performed (Step 342), and a

parallelism between the two may be determined (Step 343). Accordingly, a

border-fitting coefficient that indicates the rate of fitting, and a parallelism factor

that indicates the rate of parallelism, may be determined. Additionally, colors of

the two images and shapes of the two objects may also be compared (Step 344

and Step 345), and their respective similarity rates may be determined.

Based on Steps 342-345, a correlation may be calculated between

the extracted object and the standard component (Step 346). For example, the

correlation may be determined as a weighted average of a border-fitting

coefficient, a parallelism factor, a color similarity rate, and a shape similarity

rate. A high correlation typically corresponds to a higher similarity between the

extracted object and the standard component. After correlations corresponding to

all the standard components in database 215 have been determined, a highest

correlation may be found (Step 347). The extracted object may be labeled as a

component of a type of the standard component corresponding to the highest

correlation (Step 348).



Industrial Applicability

The disclosed system and method may be applicable to a business

organization that involves an assembly inspection process that involves flexible

assemblies. An assembly inspection system 10 may include an imaging device

110 and an assembly inspection console 120 having an assembly inspection tool

200. Imaging device 110 may obtain a digital image of an assembled product.

Assembly inspection tool 200 may detect an assembly fault based on the digital

image and a CAD design chart of the assembled product.

For example, an assembled product 101 may be inspected.

Assembled product 101 may be an engine having a hydraulic system. A digital

image of assembled product 101 may be obtained by imaging device 110 and the

digital image may be transmitted to assembly inspection console 120 via a

transmission device 130. Assembly inspection tool 200, stored on assembly

inspection console 120, may include a CAD conversion module 210, configured

to convert a CAD design chart of assembled product 101 to a library of standard

components that may include, for example, a plurality of hoses and fasteners.

CAD conversion module 210 may be further configured to identify one or more

standard features of these standard components such as, for example, color,

shape, dimension, and orientation. Assembly inspection tool 200 may further

include an object extraction module 220 configured to extract one or more

objects from the digital image obtained by imaging device 110, and an object

recognition module 230 configured to recognize the extracted object as a

component, such as a hose. In particular, object extraction module 220 may be

configured to extract both rigid objects and flexible objects, where the flexible

objects may be grown based on the rigid objects. Object recognition module 230

may be further configured to identify one or more features for each recognized

object. Assembly inspection tool 200 may also include a fault detection module

240 configured to detect an assembly fault if at least one of the identified features

of a recognized object does not match the corresponding standard feature of the



corresponding standard component. Fault detection module 240 may be further

configured to determine a type and a location of the assembly fault.

Although the disclosed embodiments are described in association

with an assembly inspection process, the disclosed inspection tool and inspection

method may be used for the inspection process. The disclosed inspection tool

may efficiently and effectively detect defects in a product, and ensure that the

product substantially conforms to its design chart. For example, the disclosed

inspection process may have improved accuracy because objects may be

extracted from the image and recognized as a certain component before its

features are compared to those of a standard component for the purpose of fault

detection. In particular, images of flexible assemblies may be accurately

extracted from the digital image by growing between/from rigid components, and

the features of flexible assemblies may be identified for diagnosis purpose.

Therefore, the relative position between a flexible assembly and other

components may not affect the inspection result. In addition, different from the

automated inspection system disclosed in the '287 publication which only detects

the existence of an assembly fault when a pattern mismatch occurs, the disclosed

inspection system and method may be able to identify specific components that

contain the assembly fault, and further identify the type and location of the fault.

It will be apparent to those skilled in the art that various

modifications and variations can be made in the disclosed system and method

without departing from the scope of the disclosure. Additionally, other

embodiments of the disclosed system and method will be apparent to those

skilled in the art from consideration of the specification. It is intended that the

specification and examples be considered as exemplary only, with a true scope of

the disclosure being indicated by the following claims and their equivalents.



Claims

1. A method for assembly inspection, the method comprising:

obtaining a digital image of an assembled product (101);

extracting images of one or more objects from the digital image of

the assembled product;

recognizing each of the one or more objects as a component based

on its extracted image and a library of standard components;

identifying one or more features of each recognized component;

comparing each of the one or more identified features with a

corresponding standard feature of the corresponding standard component; and

determining an assembly fault if at least one of the one or more

identified features does not match the corresponding standard feature.

2. The method of claim 1, wherein extracting images of one

or more objects includes:

extracting images of one or more rigid objects;

growing images of one or more flexible objects based on the

extracted one or more rigid objects; and

extracting images of the one or more flexible objects.

3. The method of claim 2, wherein growing images of one or

more flexible objects includes growing an image of a flexible object between two

coupling rigid object.

4 . The method of claim 1, wherein the library of standard

components is generated by:

converting a design chart of the assembled product to a library of

standard components; and



identifying one or more standard features for each standard

component.

5. The method of claim 1, wherein determining an assembly

fault further includes:

diagnosing the assembly fault; and

determining a type and a location of the assembly fault.

6. The method of claim 1, wherein recognizing each of the

one or more objects includes:

performing a border-fitting comparison between the extracted

image with each standard component in the library of standard components;

performing parallelism judgment based a result of the border-

fitting comparison;

calculating a correlation between the extracted image and each

standard component; and

labeling the extracted image as a component of a type of the

standard component corresponding to a highest correlation.

7. The method of claim 6, wherein the correlation is

determined based on at least one of a color and a shape of the component defined

by the extracted image.

8. A system for assembly inspection, comprising:

an imaging device ( 110) configured to obtain a digital image of an

assembled product (101);

a storage device (124) configured to store an assembly inspection

tool (200), a library of standard components, and one or more standard features of

each standard component; and



a processor (121) configured to execute the assembly inspection

tool to:

extract images of one or more objects from the digital

image of the assembled product;

recognize each object as a component based on its

extracted image and a library of standard components;

identify one or more features of each recognized

component;

compare each identified feature with the corresponding

standard feature of the corresponding standard component;

determine an assembly fault if any of the one or more

identified features does not match the corresponding standard feature;

diagnose the assembly fault; and

determine a type and a location of the assembly fault.

9. The system of claim 8, wherein the imaging device

includes:

an optical emitter ( 111) configured to applying a first optical

signal for illuminate the assembled product;

an optical detector ( 112) configured to receive a second optical

signal containing the structure information of the assembled product; and

a converter ( 1 13) configured to convert the second optical signal

to a digital image, wherein each pixel value of the digital image is proportional to

a signal intensity received at each pixel.

10. The system of claim 8, further includes a display device

(126) configured to display an inspection report having the type and the location

of the assembly fault.
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