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$FURVVWKHJOREHQHDUO\HYHU\LQGXVWU\FRQWLQXHVWRSODFHJUHDWHUHIƓFLHQF\DQGSURGXFWLYLW\DWWKHIRUHIURQW
From the latest smart phone that provides more functionality while using less power to the steel mill producing
PRUHEHWWHUIDVWHUFKHDSHUKLJKO\FRPSHWLWLYHJOREDOPDUNHWVFRQWLQXHWRGHPDQGPRUHIRUOHVV7RGD\ōV
PDFKLQHYLVLRQWHFKQRORJ\LVQRGLIIHUHQW,QFUHDVHGSURGXFWLYLW\GULYHVWKHQHHGWRLPDJHLQVSHFWDQGYHULI\
SDUWVDWIDVWHUUDWHVDQGZLWKJUHDWHUDFFXUDF\2QHRIWKHIDVWHVWJURZLQJPDFKLQHYLVLRQVHJPHQWVDQGWHFKQLTXHVLQWKHPDUNHWWRGD\LVOLQHVFDQWHFKQRORJ\/LQHVFDQQHUVDOORZKLJKHULQVSHFWLRQVSHHGVDQGJUHDWHU
DFFXUDF\ZLWKRXWVDFULƓFLQJSURGXFWLQWHJULW\DQGTXDOLW\
A line scan camera, as its name implies, is a single line of light sensors (“pixels”), one pixel wide by as many
DVORQJ7KHOLJKWVHQVRUVDUHVLPLODUWRWKRVHRIVWDQGDUGGLJLWDOFDPHUDVLQWKDWWKH\DUHVHQVLWLYHWR
VKDGHVRIJUD\8QOLNHDVWDQGDUG'FDPHUDKRZHYHUWKHOLQHVFDQFDPHUDVFDQVDSURGXFWPRYLQJEHIRUH
it and builds up an image line by line, similar to that of a copy machine, but of course much faster and with far
JUHDWHUGHWDLO8OWUDKLJKUHVROXWLRQVQDSVKRWVDOORZWKHGHWHFWLRQRIGHIHFWVDVVPDOODVDPLFURQDWSURGXFWLRQ
VSHHGV
2QHRIWKHPRVWLPSRUWDQWDQGPLVXQGHUVWRRGDVSHFWVRIOLQHVFDQYLVLRQLVWKHOLJKWLQJ:KHQPRVWSHRSOH
WKLQNRIOLQHVFDQOLJKWLQJWKH\XVXDOO\WKLQNRIDWUDGLWLRQDOOLQHOLJKW:KLOHDOLQHOLJKWLVDYHU\SRZHUIXOOLQH
VFDQLOOXPLQDWLRQWRROLWLVQRWWKHDSSURSULDWHLOOXPLQDWLRQWHFKQLTXHIRUHYHU\DSSOLFDWLRQ5HFHQWLPSURYHPHQWVLQRSWLFVOHQVPDQXIDFWXUHDQG/('HIƓFLHQF\KDYHEURXJKWDERXWWKHGHYHORSPHQWRIQHZOLQHVFDQ
LOOXPLQDWLRQV\VWHPVZLWKSUHYLRXVO\XQNQRZQFDSDELOLWLHV8VLQJLWVEUHDNWKURXJK/('DQGRSWLFVWHFKQRORJ\
0HWDSKDVHSURYLGHVKLJKTXDOLW\/('EDVHGLOOXPLQDWLRQV\VWHPVWKDWDUHDEOHWRVROYHHPHUJLQJ/LQH6FDQ
DSSOLFDWLRQVW\SLFDORIWRGD\ōVFRPSHWLWLYHPDUNHWV)ROORZLQJDUHGHVFULSWLRQVRIVRPHRIWKHVHLOOXPLQDWLRQ
WHFKQLTXHVDQGV\VWHPVWKHLUEHQHƓWVH[DPSOHVRIDSSOLFDWLRQVDQGJXLGDQFHRQVSHFLI\LQJWKHFRUUHFWOLJKW
IRUWKHDSSOLFDWLRQ

The Importance of Wavelength
Visible Light and the Power of RGB Control
As with conventional vision systems, the color of light provided by the line
scan illumination system can have a huge impact on image contrast and
UHQGHULQJ. GHJUHHV.HOYLQ YLVLEOHZKLWHOLJKWFXUUHQWO\WKHPRVW
SRSXODUFKRLFHLVQHXWUDODQGJUHDWIRUHQKDQFLQJSURGXFWGHWDLO$FORVH
second is the warmer 3000K, suitable for applications requiring high color
UHQGHULQJLQGH[ &5, IRUDFFXUDWHFRORUUHQGHULQJDQGDFFXUDF\$OWKRXJK
YLVLEOHZKLWHOLJKWLVSRSXODUDQGŴH[LEOHWKHXVHRIVSHFLƓFZDYHOHQJWKV
FRORUV FDQRIWHQLPSURYHFRQWUDVWDQGIHDWXUHH[WUDFWLRQ)RUH[DPSOHWKH
XVHRIUHG QP OLJKWHQKDQFHVEOXHWH[W WKHFRPSOLPHQWRIUHG 
RQDQREMHFWHQKDQFLQJWKHFRQWUDVWDQGPDNLQJWKHWH[WPRUHUHDGDEOH7KLVWHFKQLTXHLVIUHTXHQWO\XVHGLQ
WKHSULQWLQJDQGSDFNDJLQJLQGXVWULHV0HWDSKDVHPDQXIDFWXUHVYDULDEOH5*%OLQHOLJKWVZKRVHRXWSXWFDQEH
TXLFNO\DQGHDVLO\FKDQJHGIURPDQ\RILWVLQGLYLGXDOFRPSRQHQWV 5HG*UHHQ%OXH WRZKLWH 5*% 
Nonvisible, Near IR Lighting
1HDU,5LOOXPLQDWLRQKDVJDUQHUHGVLJQLƓFDQWSRSXODULW\ZLWKWKHLQFUHDVHGXVHRIVHFXULW\FDPHUDV1HDU,5
LOOXPLQDWLRQSURGXFHVYHU\KLJKDSSDUHQWEULJKWQHVVDWORZHUSRZHUOHYHOVDFURVVVLJQLƓFDQWGLVWDQFHV7KLV
WHFKQRORJ\KDVEHHQDGRSWHGIRUOLQHVFDQDSSOLFDWLRQV5HDVRQVWRXVHQHDU,5LQFOXGHDUHORZFRVWWKHLQYLVLELOLW\ WRKXPDQV RIQHDU,5ZDYHOHQJWKV QPQPQP DQGWKDWWKHFDPHUDVHQVRUFKLSVKDYH
UHDVRQDEOHVHQVLWLYLW\LQWKLVUDQJH1RWHWKDWVLOLFRQKHQFHPRVWW\SHVRIJODVVLVLQYLVLEOHWRQHDU,56RVSHFLDOOHQVHVPXVWEHHPSOR\HGWRSURSHUO\IRFXVWKHOLJKWRQWRWKHFDPHUDVHQVRU6RPHLQNVDUHDOVRUHQGHUHG
LQYLVLEOHWRQHDU,5%HFDXVHQHDU,5XWLOL]HVDVLQJOHZDYHOHQJWKLWLVLQWHQVLW\EDVHG UDWKHUWKDQFRORUEDVHG 
7KXVQHDU,5LVSDUWLFXODUO\XVHIXOZKHQFRORUYDULDWLRQVQHHGWREHLJQRUHGRQZHEDSSOLFDWLRQVVXFKDVSULQWLQJDQGUROOLQJPHWDOVWRFN
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The Rapid Expansion of UV
89 QPQP KDVVHHQKXJHVWULGHVDQGYHU\ODUJH
XSWLFNVLQPDUNHWSHQHWUDWLRQRYHUWKHODVWIHZ\HDUV$V
89/('VXSSOLHUVKDYHPDGHVLJQLƓFDQWVWULGHVLQLPSURYLQJWKHOLIHWLPHDQGUHOLDELOLW\RIWKHLUSURGXFWV89
lighting is being applied much more frequently, particuODUO\LQ/LQH6FDQ+LJKLQWHQVLW\DQGWLJKWIRFXVLQJRIWKH
OLQHVFDQLOOXPLQDWLRQRSWLPL]HWKHRXWSXWRIWKH89/('V7KLVLOOXPLQDWLRQWKHQH[FLWHV89VHQVLWLYHPDWHULDORU
is absorbed, releasing visible light, often either blue or green depending on the material and excitation waveOHQJWK:KHQWKH89OLJKWLVUHPRYHGWKHPDWHULDOLQTXHVWLRQQRORQJHUUDGLDWHVYLVLEOHOLJKWSHUPLWWLQJWKH
DSSOLFDWLRQRIEDUFRGHVDQGRWKHUVSHFLDOPDUNLQJVWKDWDUHLQYLVLEOHLQYLVLEOHOLJKW

The Right Light for your Application
Front and Back Line Lights
7UDGLWLRQDOOLQHOLJKWOLNHWKH0HWDSKDVH8/DQG0HWDEULJKW
VHULHVDUHWKHSUHIHUUHGLOOXPLQDWLRQIRUOLQHVFDQDSSOLFDWLRQV
7KHQDUURZVWUXFWXUHGEHDPGHOLYHUVKLJKLQWHQVLW\DQGFRQFHQWUDWHGOLJKWIRUWKHDOVRQDUURZƓHOGRIYLHZRIDWUDGLWLRQDO
OLQHVFDQFDPHUD,QWHQVLW\DQGXQLIRUPLW\DUHYLWDOWRSURGXFLQJ
SURSHUSDUWLOOXPLQDWLRQ0RVWOLQHVFDQDSSOLFDWLRQVDUHKLJK
VSHHGZLWKORZH[SRVXUHWLPHVDQGLQVXIƓFLHQWOLJKWOHYHOV
SUHYHQWWKHFDPHUDIURPDFTXLULQJDXVDEOHLPDJH

Material Inspected

FRONT LIGHTING

LOW-ANGLED LIGHTING

$GGLWLRQDOO\WKHŴH[LELOLW\RIWKHEHDPVWUXFWXUHDOORZVWKHXVHRIWKHOLQH
OLJKWIRUDZLGHYDULHW\RIDSSOLFDWLRQV,WPD\EHXVHGDVDIURQWOLJKWWR
inspect for material defects; it may be used at an angle to obtain an off-axis
effect to highlight surface defects; or, it may be placed beneath the object
IRUDEDFNOLJKWHIIHFWWRLQVSHFWIRUKROHVYRLGVRUFRQWDLQPHQWV7KHYHUVDWLOLW\RIWKHOLQHOLJKWPDNHVLWDSRSXODUFKRLFHIRUOLQHVFDQDSSOLFDWLRQV
%HORZDUHH[DPSOHVRIVRPHFRPPRQ/LQH/LJKWDSSOLFDWLRQV
7KH0HWDSKDVH8/DQG0HWDEULJKW/LQH/LJKWV 8/// 0%// DUHDYDLODEOH
LQOHQJWKVYDU\LQJIURPŐ PP WRŐ 0HWHUV DQGRSWLRQVIRU
:KLWH5HG*UHHQ%OXH5*%89RU,5/('V
Applications:
)URQWOLJKWLQJIRU:HEVDQG2EMHFWV
Back lighting for voids or transmission inspection
6XUIDFHŴDZGHWHFWLRQ
Collimated Line Lights
2QHRIWKHOLPLWDWLRQVRIWRGD\ōVOLQHOLJKWVLVWKHDELOLW\WRSURMHFWDOLQH
RQWRIDUDZD\REMHFWV6WDQGDUGOLQHOLJKWVDUHQRWEHDEOHWRSURYLGH
WKHWLJKWDQGVWUXFWXUHGOLJKWEHDPDFURVVORQJZRUNLQJGLVWDQFHV
,QIDFWWKHEHDPVRIPRVWWUDGLWLRQDOOLQHOLJKWVZLGHQDQGORVHWKHLU
HIIHFWLYHQHVVEH\RQGDIRRWZRUNLQJGLVWDQFH7KLVKDVUHVWULFWHGWKH
application of light lines to those applications where the illumination
FRXOGEHSODFHGZLWKLQDSSUR[LPDWHO\LQFKHVRIWKHREMHFWWREH
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inspected. Metaphase encountered this issue 5 years ago when
asked to solve an application involving a projected light onto the
tall ceilings of a European tunnel to inspect for cracks and voids.
Oliver Szeto, President of Metaphase and 20 year veteran of LED
illumination system design, created an innovative optics solution to
overcome the challenge of this unique application. “With machine
vision moving into new markets and inspecting a bigger variety of
products, LED Illumination technology is a key component in these
markets. With more and more unique applications, LED Illumination
systems also need to grow to provide targeted solutions for these
unique applications. Metaphase is capable and willing to provide
and develop these specialized lighting solutions”. Fresh from the
success of Mr. Szeto’s solution, the Metaphase team began equipping their Line Lights with new the optics to enable them to project
more powerful structured beams at greater distances. With a new
proprietary design, the Metaphase team was able to create a new
lens and optics package that collimated the emitted light at a very
low divergent angel. The light spreads out less over long distances.

Thus, the Collimated Line Light was born.
The new, collimated line light solution greatly expanded the potential application base for line scan technology.
Long working distances permit the use of a line light where spatial restrictions exist, such as in robotic work
cells and high-temperature applications. Additionally, the low divergence angle is ideal for applications that
are very sensitive to the angle of the light such as certain type of glass or plastic inspection. The collimated line
light was a huge breakthrough for knocking down barriers of traditional line scan.
The Metaphase Collimated Line Lights (CLL) is available in lengths varying from 5” (127 mm) to 150” (4m) and
options for White, Red, Green, Blue, RGB, UV or IR LEDs.
Compact Diffused Tube; Shadow-free illumination
The Compact Diffused Tube (CDT) may be one of the best
kept secrets in line scan. While most people usually think of
a line light as the answer for their line scan application, most
people are not aware of other line scan lighting techniques.
0DQ\DSSOLFDWLRQVLQYROYHDVKLQ\UHŴHFWLYHPHWDOOLFRU
curved surface, and for these inspections direct line lighting
is often not the optimal solution. If an area scan camera
were to be employed, the use of a diffused dome, diffused
WXEHRUŴDWGRPHZRXOGEHDSSURSULDWHWRUHGXFHJODUHDQG
VSHFWUDOUHŴHFWLRQV%XWXQWLOUHFHQWO\WKHVHWHFKQLTXHVZHUH
not available for line scan cameras. However, the Compact
Diffused Tube now provides a diffuse lighting scheme in a high
intensity, compact, on-axis design applicable to the narrow
ƓHOGRIYLHZRID/LQH6FDQFDPHUD+LJKLQWHQVLW\/('VSURMect their light onto a curved dome-like surface. This light is reŴHFWHGRQWRWKHREMHFWWREHLQVSHFWHGIURPDPXOWLGLUHFWLRQal source, thus providing a clear, glare-free and shadow-free
image. Below you will see two images, 1 showing the object
being illuminated with a traditional line light, and an image
showing the improvements with the Compact Diffused Tube.
The Metaphase Compact Diffused Tube is available in lengths varying from 5” (127mm) to 120” (3 Meters) and
options for White, Red, Green, Blue, UV or IR LEDs.
Applications:
5HŴHFWLYHPLUURUOLNHVXUIDFHV
Metallics
+LJKJORVVƓQLVKHV
Curved or round objects
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Co-Axial / DALL Illumination
Infrequently used, but irreplaceable when needed is the Co-Axial line light, or Diffused Axial Line Light (DALL). These lights
incorporate a 50/50 beam splitter or mirror. The mirror permits
light to enter the camera directly from the surface of the part
to be inspected (illustration 1). The DALL is ideal in applications with long or varying working distances. For example, bar
code reading on shipping boxes. Box height may vary, with some boxes height being taller or shorter. With the
appropriate lens, the height difference need not affect the FOV, thus permitting the bar code on the top of the
ER[WREHUHDG7KHEHDPVSOLWWHUPLUURUSURYLGHVVLJQLƓFDQWDGYDQWDJHVEXWLWDOVRKDVVRPHOLPLWDtions. The primary limitation is the loss of 50% of the illumination intensity. This is due to the fact that when the
source light passes through the beam splitter/mirror, half of the
light is directed to the object and the other half is directed to
the camera. Even with today’s high-intensity LEDs, the DALL is
not effective for very fast production lines or applications where
DALL
a high amount of intensity is required.
(Light source)

Beam Splitter
Material Inspected

The Metaphase Diffused Axial Line Light (DALL) is available in
lengths varying from 5” (127mm) to 120” (3m) and options for
White, Red, Green, Blue, or IR LEDs.

Applications:
Application requiring light and camera to on-axis
and/or the products height varies.
High-speed bar code reading
PCB inspection

Oblique Line Light
The Oblique Line Light or “wrinkle line light”, is used for crossZHEGDUNƓHOGLOOXPLQDWLRQ7KHOLJKWVRXUFHVDUHDQJOHGWR
project the light at approximately a 30 degree angle, which is
GLUHFWHGDFURVVWKHZHE/LJKWWKDWHQFRXQWHUVDŴDWVXUIDFHLV
UHŴHFWHGDZD\IURPWKHFDPHUD/LJKWWKDWHQFRXQWHUVDULVHRU
ŏZULQNOHŐLQWKHZHELVUHŴHFWHGLQWRWKHFDPHUDDQGLVGHWHFWed as a bright spot, indicating a defect. The Oblique Line Light
LVHIIHFWLYHLQLQVSHFWLQJIRUFURVVPDFKLQHGLUHFWLRQŴDZVRU
when a low angle line light is not suited for the application.
The Metaphase Oblique Line Light (OLL) is available in lengths
varying from 5” (127mm) to 120” (3m) and options for White,
Red, Green, Blue, or IR LEDs.
Applications:
&URVVPDFKLQHGLUHFWLRQ'DUN)LHOGIRUŴDWPDWHULDOV
such as cloth, plastics, or even coiled steel.
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Dark Field Line Light - The Eclipser™
This unique, patent pending technique bends light from two
parallel LED strips through specially developed optics, infusing
formerly undetectable particles with illumination. The combination
of strategically positioned LED lights on innovative dark strips and
light projected through innovative light ray forming optics allows
the discovery of previously overlooked imperfections in optically

The Eclipser™ is available in lengths varying
from 5” (127mm) to 150” (3810mm) and options for White, Red, Green, Blue, or IR LEDs.
Applications:
Transparent parts such as glass or extruded or
molded plastic.

James Gardiner is a Sales Engineer at Metaphase Technologies, Inc.
Pete Kepf is a Senior Machine Vision Applications Consultant

For more information visit www.metaphase-tech.com
or call a representative at 215-639-8699
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clear glass and plastic. Much as the rays
of the sun form a halo effect during a total
eclipse of the moon, the tiniest particle
suspended in the material being scanned
“glows” as the light passes behind it. The
black background of the LED strip enhances contrast amplifying even sub-micron
defects.

