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The fourth industrial revolution is rapidly emerging as a new innovation trend for industrial automation. Accordingly, the
demand for inspection equipment is highly increasing and vision sensor technologies are continuously evolving. Machine
vision algorithms applied to deep learning are also being rapidly developed to maximize the performance of inspection
equipment. In this review, we highlight the recent progress of vision sensor technology for the industrial inspection system.
In particular, inspection principles and industrial applications of a vision sensor are classified according to the vision
scanning methods. We also discuss machine vision-based inspection techniques containing rule- and deep learning-based
image processing algorithms. We believe that this review provides novel approaches for various inspection fields of
agriculture, medicine, and manufacturing industries.
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1. ME SAolq 48 7Hsstehs ool glek. wAl uA

Az oln] AntE HE], ARfEY 55 HIETE HefRE J ool
42} AFdE 9 (Fourth Industrial Revolution, 4IR) A|tj7} w2 Z2Q3t HHEog HAr|y Qlon, o] 7|eE5L HAZFHOE X%
Al ol el Al 2 =55 wokellA AFss W Felsh ste]o] A7t S5 B3 =2 Bl di-go] 7hssiet
Tookal glom, olo] wat HARIHY] Fade A&HoR Ae@ HAF AILES A, &5, 2%, A7 A7l 5 71
Z7¥staL Qlct? Al SeHe S5k Bl AlA A Sl55H G4 ofnlA] Hlo]
AAPgH|O] Be=s FHAZ17] flske] Qe Als7 e 22 o] A5 #ejstal AP)dls JA5S XTSIt A AlA
A5d daelE Agst A3 A Aol ZEAL Qi) 71e2 @ oIMAIE Al 7Rk dol 271, A, 914
ol A% HAM AlAElE Foto] M a8/ =017 2o Hlaof] Fadt e EES sk ol A &
3t Aso] APE L glon, gHss RS w2 ¥4 of= HPHE L glom, oA WY Ho] HAF thitEe] =
& WA Fa5h] flel A8 AARERE] 7.9 S8/d0] 2 g RigtEe AR Eo pyEckt
A= R FAA o8 oju)x] 55 Qi35 vlA AllAl= olu]x] AlA, F4
A58 HAF AILRR B3 HIRS SA4o] 7hsoh Al ¥ A A W FIA R o] 7hssh §-8-gofol wheh thF
A B ERFolE Al S DS Algsto] ohekst 4] o 2pd o) oS & = Q= FIAR AT 4= etk o]
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Fig. 1 Schematic illustrations of vision sensor technology. (a) 1D,
2D and 3D scan vision sensors classified according to
scanning methods, (b) A machine learning architecture to
classify objects
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(a) Line scan sensor (b) Time delayed integration sensor
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Fig. 2 Schematic illustrations of (a) line scan vision senor, and (b)
time-delayed integration line scan vision sensor. A
reconstructed image is obtained by merging images acquired
from staggered image sensors in the TDI vision sensor

2. 2IQIAZH H|F MM

2.1 TDI (Time Delayed Integration) 2}RIAZH H|F MIA
RIS Bl AlAf= ofu|A] AlAf7E efelom StAdElo] §)

L AHo] EXold, Q3|2 7| 2H(Printed Circuit Board, PCB),
Aol sjd 9 g3 Zo] o7t Am A&l HAl
Zg-Hch(Fig. 2(a)). RIATH Bl AAE o] 83 HAk= B4
£ U4 HE= FFo|HA FHste] olu|A] HolElE 5
at, A SHE oA e wE Ses Ayt teidEe]
olu|XE A= Aol Hasirt. UHrAQl gpRlAZHe oju]z] Al

A ok Fig. 204 Uil 23t o], 9k wapo s 4
U5l o] o F2 FATIL 7|H AL Pixel 4/Row &
A}, eholaie] s F5u Wk Anol oo o8 2
A, AEel 2l H Al7|oh Hlel B, Ak wet
= uhule] TS AT Qlek A4S Tefstel o] A7)
9l 2gisel glo] WePgRol okg elr] $IaiA Fig
200l A B A3t o] of2] o) ehel MAE Usks] wdst
of AFg31iL 9lek. TDI 2Fell Hl ALk e] 2t o]ulx] Ao
A ARE el atebd] Bk ARE $AA0R HEa, of
nA] ZRAAS EaA oluAE ATAS ek duael
Q17 B AA o] 1] 5 Yot gne] ofo] w]
ol o] zo] oo] gaste TAE oln|AE 5T 4 9

thFig. (2)).”

2.2 Ze{(Color) 2[RIAZH H[H MIA

ZRRIATN Bl AlA= g £9] olm|A] AARES 7HA AL Q7]
ahol chakel Aite] AME ST 4 gick. kel Ay
2 23317 ¢34 RGB (R: Red, G: Green, B: Blue) Ag Al
A7k et ol 9ia) cheket Wele] ojulx) AlA7L Alke)
et

me)% Sl vl Ak Bt ARE sk B

am

1 o =1
o} =% ek ARE upEE B2]8= Beam Splitter Prism
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Image sensor
( Green)

( Green)

I
:,:, (Blue) (Red)
(Red)

© Lo (d)

Trilinear line scan

—— |\

( Blue, Green, Red)

Fig. 3 Schematic illustrations of (a) Prism line scan vision sensor
composed of color image sensors (Blue, green, red), and (b)
Beam splitter prism. The color line scan vison sensor without
prism categorized with (c) trilinear line scan, and (d) bilinear
line scan respect to the pixel size
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(Fig. 3(c)).”
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Fig. 4 A schematic illustration of 2D scan vison sensor based on
zoom optics. A resolution of 2D scan vison system depends
on both field of view and size of pixel
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Fig. 5 Schematic illustrations of 3D scan vision sensor. (a) 3D imaging
through stereo vision. (b) Acquisition of 3D information by
using pattern projection, (c¢) 3D TOF sensor for 3D depth
estimation, and (d) 3D surface imaging based on alight field
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Table 1 Comparison of specifications according to the imaging
principles of vision sensor

Resolution/Working

Imaging principle distance Speed Ref.
TDI line scan camera with 1,280 Pixels per Line rate 47
a bayer filter matrix row/ - [kHz]: 100
Color multi-line scan 2,048 Pixels per Line rate ”
sensor row/ - [kHz]: 200
Stereo vision with Scanning speed
MEMS scanner -/65-120 mm [Hz]: 136 48
Stereo vision with 1,280 x 1,024 ) 49

micro-prism arrays pixels/10-100 mm

Structured light imaging 64 x 64 Spot Array/ Frame rate

with dammann-grating - 150 mm [fps]: 5 30
Time-of-fight imaging 256 x 64 pixels/  Frame rate 51
with MEMS scanner up to 20 m [fps]: 10
Light field imaging for pin Frame rate
& connector inspection 10 pm/170-350 mm [fps]: 30 4
Light field imaging for 160 pm/450-2, Frame rate 45
pick & place robotics 100 mm [fps]: 30

Fringe), o} )&l (Moire Pattern) 50] 9lon, 32 JHEL
Z7+ 3% Wiz7)(Spatial Light Modulator, SLM)E E3}o] AjA]
e} 30

o WP W ko) B Qlstel Yo7t W BAE &
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T 4 glo] A BT Aw D wlH AR A4 B F2
ol e}

E3h B O] A7 % uabEe] webA siEe] mek Eis A
717F GEpA7] dgell, =A|e) W S-S HEshke o8 woF
oA s Z2AA 7)Eo] ARGETEY

4.3 3K H[ZHA[ZK(Time of Flight, TOF) ZA} 7|&

32 TOF ¥4l EAofl whabel Wof X7k zjolE Fsto
37+ AHS FEFTHFig. 5(c).
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gefd ZI AL 7168 0]e] ShEAIL ol X oAET ol
BARYE 7| Z5te] AF] AR W BY ol 5 W

She g ST 4 YhFig. 6.7
o8 Sol oj, £, G L U3y Yaolt 15
[, A, SR G 59 PAlel B TR
oleidt eld Z14e AFS 2] B XL WAHE
Az glol dlwws OIUIX]EUP w7ste] Ago] b
Sk B4 71X o, A2 A 71ES SUT

Image acquisition Feature extraction

JNLISES - =
i v
Classification
‘ . AA Cone

AA
AA

Fig. 6 A schematic illustration of deep-learning based inspection
system. After capturing images through vision sensor, feature
points are extracted by image processing algorithms. The
inspection system finally estimates the object through the
classification of trained data
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