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Zoom, Bokeh, Wide angle, Night sceneE ECE-= 0 2 #-830c}, of 7] A
Bokeh= X ojo]H, blur = not in focus@] QJn| 2 o]& A 0 2 1] A}A|
o) v & A W= avtE Ttttk 2 Ao A= DXOmark o] =] <l
ZH 2} 71322 HOQ level 194 2] EC(Engineering Characteristic).©.
2 olgstony olniE 17 PR B BAE 174 Y=g A}

sham7tet AA A7

3.1.3 "5 53 HolH

S5 §% A7]%e] iR A ATBL SReknt S B
ok 58] 1710l digt 4R 2 Q5 7lEel ot /19 gl AR

)
lo
!
HL
fol
=
N
1o
ol
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o
ro
2
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(1
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rr
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(United States Patent and Trademark Office, USPTO)2] 2016~ 2018 =Y

53] & HOQ 124 ECEE3 A¥td 53] dlo|HE CPC(Cooperative
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~E nfod & B35 4 2] HOQ #HAle] #g5tedrt.

3.14 HAAGZA o]u|Z] AA HAALAE AL 7=

AFAHEE A (www.samsung.com/semiconductor)= CIS(CMOS Image
Sensor) AlA| A AXstal 9= GA 5 stutolth AAIE 2kl Al
= QA 2 FAH L CIS 4l7]eE0] H85o] 3o, T A7es2

AN A8shd 7 A Zleoltt. mhebA 44d CISAEHMX,

N

H o= QFD(Quality Function Deployment)E H|¢1 0 2 5}oi, 2}
o] A2 oke] MAleY dale]E 7|4k Word2vee -2 2-85fo] 2~
OPEE Fpele] g AulA YRS metohis 194 25T Aula)
UZE QFD2] 8 T3¢l HOQ(House of Quality)2] CA(I1H Q FAFS}H
0 2 &-85}4] CIS(CMOS Image Sensor) 7|&2EWM 9] 7127} &= CIS
HA/1 e 5] SAE51E Lotn 282 s 5 9k 7ek] 19
E B2 of <T1™3> of ot

321 WAHYE 53 287 = upo}
1A= 2817 U= upo} ghA| 2, AnfE Xof djgh u]=9] ofupE

(www.amazon.com) 1178 2]H ¢|o]E][19]& 43 5}o], HAE HAA 8=
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US patent data

Big data analytics

OOOOO

@

Text mining HE 2AHE4E0
. 1@ @ ©
Amazon Big data analytics CcA AH|X} (®) A&
- MOIE | o A 2/ 24
customer review Word2Vec =gc (A) CA-EC ZHAIE% EE

Fuigolo] WE ghe 2o, W Felet Fa e E st D
25} sgict. 212k she| meleh Dok @l BRE HolE o] TAR A}

T 2] 2t A HOQ2] CA(Customer Attribute) 0. 2 223519t €| A E
ool 3} v Al
3632 ol gstol 7@t

20HA HOQO] CA(AHAF 87 AFha} T1of g A4 S 2=+
AHP(Analytic Hierarchy Process, A& 241 A)o|u A& 7|l AX
QIE 242 ol Gofe] etat S glot, 1109712 ofulE 1 e H
HololH & FE =&t 482 @ AR Hiet 242 o]-85te], HA
A A Aol A 2] AH|AF VOC(Voice of Customer)2 HE] It
=

= 98 71 Mol ’Egstalat A =5kt

L= QI LA Z|HFEA BA m2 72 9] R version
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TFAH R Ao EH, 309 ofulE 1A 2R Hlo]H = <E3> 9}

T2 FHie| CSVET O] YR & & of glom, 34, 27 olID, ofupEA|
FID, gto] o] 5, B REAE 5 10712 4= . °ol5 F, 27 g

# rating reviewTime reviewerName reviewText summary

0 5 08 4,2014 Claudia Valdivia Looks even better in person. Be careful... Can’t stop won’t
1 5 02 12,2014 sarah ponce ‘When you don’t want to spend a whole... 1

2 3 02 38,2014 Kai so the case came on time, i love the... Its okay

3 2 024,2014 Sharon Williams DON’T CARE FOR IT. GAVE IT AS A... CASE

4 4 02 3,2014 Bella Rodriguez 1 liked it because it was cute, but the... Cute!

5 2 0127,2014 Amazon Customer The product looked exactly like the... Not so happy

6 3 0123,2014 DaMara Estep TFINALLY got my case today. It took... It’s cute!

7 5 01 17,2014 Ashley Nicole Miller It is a very cute case. None of the... Cute case

8 1 1227,2013 BeeLove21 DO NOT BUY! this item is seriously... WORST ITEM!
9 4 1216, 2013 Mrs. Ochoa 1 really love this case... you have to... Pretty Cute!

10 4 1027,2013 Paige its super cute and makes my phone... case

11 5 10 23,2013 E. Bryce Another great product that my daughter... Bling bling for
12 1 108, 2013 Tina Very cheap broke the first time we put... cheap plastic

13 4 0919, 2013 barb :( I purchased this for my grand-daughters... Great

14 5 09 10, 2013 KaitlynxO0625 Beautiful quality and outstanding product!... I can’t stop using
15 5 08 28, 2013 M. Antillon Tt is such a good case for a low price. I have... Tlove it

£ 3: ofnhE 27 2] o]

2EQ} o thE Ak tlo]HE AY FE5te] 14 Y= 4 -85}

7 55t Bl AE ol B¢ AA DA AL 94 Ard

o
SdA ], oA T, 289 AN, 4 F 2 9 E5 A AA S
A

= A g 2E ool His] BHEE daAlA 24l

2517 95l 2016\ @ 1174 2] HE F=5}0] word2vec®] Skip-gram R & 2
Sh&A17, HE] BZIlA EHAEo] *Camera’ 9} SAKEE -l TholSe]

7lHto 2 e Trolet ¥ Tol E7He] IARIFAE 2|5
a1, FAFS AT E AF9] 1007] ©Ho]E U &, HOQ(House of

o,
32 o

Quality)2] CA(Customer Attribute) 3252 %3+ Resolution(pixel), Lens,

18

2 A 2] 8

|

I

U



Auto-focusing, Features, body 2] &4 of| sjtol= o] &2 2HzF 2519
t}. 7710] CARE S-S AutEE Fjuleh} o 2| sju|eho] 2] R
AR 70 EASS st ARsIAon, 4710 Gue] 2R
TolE F Al fATE 72 49I5T) Hhol S-S FEste], Y TolS

o
o TA GAE $AES PRhol CAFEE] ofet Arhd Fam
gro= Bgshict

322 QFDE B8 71&44 $H9 52

SAlel A 22 AnteE sjueh 518 87} 79 DXOmarkit
(www.dxomark.com) 2] AutEXZ 7|2} 514 H 7} 42523 EC
(Engineering Characteristic)= 5}o] CA(Customer Attribute)S-=1} 1THA|
NA EEH ZF 5o tiet CA G A T8 g3t oA HOQ 12 &2
ARt 201640 4] 20186174 2] 02 58] Blo] el S3Iskel T
o] & "I AE nfo]y-& ZeY5}o] CA-ECTF 4|5 H (Relationship Matrix)
£ A5t 2016 ~ 2018 uj= E3] f|o]E & EC3H=2QI exposure
and contrast, color, Auto-focusing, Texture, Noise, Zoom, Bokeh, Wide an-
gle, Night scene ¥} AW = E5E2S AAEF A A 2l CPC(Cooperative
patent classification) code& ©]-85}0] =5}t o] &, Z+7F9] §F= o
sfgst= 55 tlolesol tish 22 E npo|d S &

et obutE 1A 215 glof e Sofl tigh A A et npdriA| =2, S5 A9,
HaRA F, etk A, B HE D 54 B2 A7) 52 A
, A 2= glolE5of Hisf 1009714 &f To ¥l &k #(frequency table)
ket @ BAGIA Lehts chole] ZRAME} 1 BAe 4
= HRRtt= BOW(Bag of Words)7}gofl £7]5te] AR E $=9]o
2k ©F), OGH), AR, 3022 H4-o 2H5-& Fof CA-EC

K
R

N e
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A 3 H (relationship matrix) & 2H4J 5} T}
HOQ level 29]| 4= AHHHE & (www.samsung.com/semiconductor)
CMOS o]u]| A A4 XA E 71& 28 ECFE o2 19, A&7t &

ol oJet 7le 8450 2%, ECEC BAMER S, 4% 7 7]e

49 05 WSS BAFORA WElo|E 2 = Azt 274
P& AFHOR AR AT AA GG AL T L% M)

].
HokE Aot 2118 AR5,

s AA shglon, EC-EC AviAl= 183419 54stA O9F), O
33, AR, THO LR 7[&3te] A wA o] ko wet Has
Hl7gsto] obd @7t FE £t BA T M ' Al 94

M}

S Foloh T3 njEo] 7]1& FR & WsH=-100 ~ 100% O & H|-& A4
HEE Fol A iy, 3dF, 5% A[7He] Wiste] whet FR % St
=2 Aoz WAEA 07 100%, =QE7}F ZHAST TehE A] -100 ~ 0%
o2 ZAste). upAeto g2 7 7]& 840 £ E 104 HER 5},
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Al 47
A7A

41 1974 A¥de
4.1.1 dlojg HA T

5 1998 72016 9] ofupE 17 27 H|o]E(1,128,4377)=
2 AFE AT 7= FA 24 o]y Word2vec Shssofl AR8-617] flsiA A
Al 2= Agstalnt. HiolH o BHEE H4aA7]7] flsl 1071339
tlole & ket gidoly 2Eths B, olF A csvipd=
+2575ko] corpus(B-5-2) FEl = 45T

A= A -8 Fe] 9 AE S AJd6h= A E A AR §
S 7E "l AE HolElE A 2ok RH|o]2 9FpL stringr 2] H 2|2
o g4l tm 2ho]H 2] 9FpE o] &-5kit. ANhA o & e 2Fl2
A, WA, ZAEAA RS
wol A A, ofF TS}t A2, A1 AP o A AXA =, A
Ao g 2ASHAE . & S0l 22 word2vee H59] -,
<75>2} o] BtAITho] camera’ @F APHE FARR] FAE 7] A9
3071 2] TolE Hlw s E gkt ARk Ql 774x] 9] M A & BT
A =3} word2vec 23S AESHH A HL35H & o},
HE HH 1,2,59]7} Smp, 13mp, 8mpe]ct. 7hwe} Shaof A7k

m3lE ol S5, AR A E shd gl = |
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olEfolck. I2jol olTEAt WA, SJulE AT 4 Qe Tol
(afe, blockaq, oi,, etc) = H| A A dgo|E & AP A 2] §Hof whet & o

f|r

o7} o8 Fef &2 YEFH = 7-9(camera - camer, proximity - proxim,,etc)
5 Q7 227k Ao A4S Welok s A9} waret 19
, MEEAE L, EFEAAA, 8ol A1A

HEoAIL, 5 Holeol: S9AE Wxol Zhvztet A=

y2016 word dist y2016 word dist('camera’)
s camera | 0.614823 1 S5mp 0.730
2 shadow | 0.601839 2 13mp 0.711
3 megapixel| 0.589773 3 flash 0.692
4 apertur | 0.566949 4 cameras 0670
5 ncamera | 0.564168 5 8mp 0.649
6 flash 0.563117 6 sensors 0.644
7 vignet | 0.547446 7 lense 0.643
8 slr 0.535253 8 0.640
9 unobstruct 0.522406 9 mic 0638
10 zoom 0.519289 10 2mp 0.627
11 dslir 0.516557 11 rear 0619
12 len 0.515953 12 microphone 0618
13 telephoto| 0.509185 13 speaker 0616
14 afe 0.505933 14 speakers 0610
15 blockag | 0.505292 15 proximity 0.606
16 blur 0.504696 16 hump 0.594
iz resol 0.5036 17 sensor 0.584
18 af 0.495884 18 slr 0.580
19 proxim 0.495485 19 fisheye 0578
20 obscur | 0495276 20 facing 0573
21 sensor | 0494693 21 display 0573
22 laser 0.492315 22 lens 0.572
23 captur | 0486026 23 cutout 0.568
24 camer 0.485624 24 mirrorless 0.564
25 nikon 0477073 25 zoom 0.548
26 Imicrophon 0.470272 26 20mp 0.547
27 oi 0.470167 27 unobstructed 0.539
28 hdr 0.469863 28 front 0.537
29 ambient | 0.463074 29 telephoto 0.536
30 nflash 0.454638 30 grill 0535

a9 5 AA e 74

412 Ho]H &8 -CAAYH FL: &

QFDO| CAR o 2= tHZA 02 AnEE 7huete] Adog F
o] Resolution(Pixel), Lens, Features(57}7]%), Auto focus-

=2
ing, Body(2]3H) © & }+=3lt}. Features= 7}H|2te] 7| 2 & Q] A5 Ht=
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wAEoR 2AHE A%
ASEAA, A Foll et Ao BReth A 92 ¥,
word2vec S5 RA-S E5l <F4>T} o], AnfEE T glH Zof 7

Wletol et o] -, FAR] fALE 7] % 4911007 Tol g S st 4rt.

HU
o
lo
ol
ol
e
rH
i)
2
=
P>
e
o
ok
R
3
Aoy
b

rank word similarity

1 Smp 0.730 36 stabilization 0.519 71 elevated 0.450
2 13mp 0.711 37 protruding 0.509 72 focuses 0.450
3 flash 0.692 38 laser 0.504 73 optical 0.449
4 cameras 0.670 39 speakerphone 0.504 74 vented 0.448
5 8mp 0.649 40 0is 0.501 75 dolby 0.447
6 SeNsors 0.644 41 1080p 0.496 76 vision 0.446
7 lense 0.643 42 aperture 0.495 77 pinhole 0.446
8 autofocus 0.640 43 ambient 0.495 78 lip 0.444
9 mic 0.638 44 macro 0.493 79 audio 0.444
10 2mp 0.627 45 mics 0.492 80 480p 0.444
11 rear 0.619 46 vga 0.489 81 botton 0.441
12 microphone 0.618 47 16mp 0.488 82 obstruct 0.441
13 speaker 0.616 48 bezel 0.488 83 viewable 0.440
14 speakers 0.610 49 scenic 0.486 84 firing 0.439
15 proximity 0.606 50 mp 0.485 85 canon 0.438
16 hump 0.594 51 nikon 0.485 86 sehoo 0.437
17 sensor 0.584 52 telescope 0.485 87 blockage 0.437
18 slr 0.580 53 accelerometer 0.484 88 ghd 0.435
19 fisheye 0.578 54 backlight 0.481 89 len 0.435
20 facing 0.573 55 hdr 0.479 90 scanner 0.434
21 display 0.573 56 ir 0.479 91 ips 0.433
22 lens 0.572 57 stereo 0.478 92 controls 0.433
23 cutout 0.568 58 digital 0.478 93 capturing 0.431
24 mirrorless 0.564 59 Tecess 0.477 94 presets 0.429
25 Zoom 0.548 60 grills 0.477 95 radio 0.427
26 20mp 0.547 61 f1 0.465 96 grille 0.427
27 unobstructed 0.539 62 focus 0.465 97 oval 0.426
28 front 0.537 63 blaster 0.462 98 infrared 0.425
29 telephoto 0.536 64 obscures 0.461 99 spen 0.424
30 grill 0.535 65 helmet 0.459 100 Asymmetrical 0.421
31 crown 0.532 66 microphones 0.459
32 21mp 0.531 67 resolution 0.458
33 dslr’ 0.531 68 blur 0.456
34 megapixels 0.526 69 camers 0.453
35 megapixel 0.524 70 captures 0.450

I 4: word2vec A}

<d3H6>2 =Z5 10072l Ho] =2 CA

otk

= (Resolution, Lens, Fea-

tures, AF, Body) £-4] sjshe tol 52 22t B Rl BRH pols

A9 5 GRS A & Fdgiat Tof g HE-g ghS AFET 1t
A5 YEFY 21t} resolution, lens, body, features, AF2] £~0 &2 FA}Ql &
AP Wkt $12-2-0] word2vee SH5 AT Upgko ], 17 28 iy
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resolution lens features body remove
5mp lense flash rear cameras elevated
13mp fisheye | proximity hump sensors vented
8mp lens ambient facing mic dolby
2mp zoom |ccelerometd mirrorless microphone lip
20mp | telephoto hdr front speaker audio
21mp aperture ir protruding speakers botton
megapixels| macro stereo pinhole display obstruct
megapixel f1 blaster cutout viewable
1080p optical vision unobstructed firing
vga len scanner grill sehoo
16mp | wideangle crown blockage
mp telescope speakerphone ips
resolution mics controls
480p bezel presets
ghd backlight radio
uhd recess grille
1440p grills oval
4k obscures spen
2k helmet | asymmetrical
microphones|

91 57

resolution lens features body

0.730 0.643 0.692 0.640 0.619

0.711 0.606 0.519 0.504 0.594

0.649 0.578 0.495 0.501 0.573

0.627 0.572 0.484 0.465 0.564

0.547 0.548 0.479 0.456 0.537

AVG 0.653 0.589 0.534 0513 0.577
ratio 22.777 20.562 18.615 17.901 20.146

1% 6: word2vec© 2 BE] CAAA o £ &
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42 297 Addy
4.2.1 HOQIlevel 1

HOQ level 19] EC 22 DXOmark?] 7HH|2t o2 B gEo0 2
stoiet. 31749) Qloje} shd AErEe) W} aEg Q7K A, HOQ level
29] 714 543} ool 2|7 SRk 318N AFAAE, 7144 TR
2 Exposure and contrast, Color, Autofocus, Texture, Noise, Night scene,
Bokeh, Wide angle2 Ad5}% 31, CA(Customer Attribute)@} EC (Engi-
neering Characteristic)7}2] 4|54 H (Relationship Matrix)-2 v]=+ E5]d]
o]} e~ E nfo]d 248 gaate] 2H4skelrt. 20164 “201811.9] u] 2
£5) Ho]elef) <35>9} o] Zk7He] ECH27} A9l CPC code S 7

| =
Ealo] dlolH 4ol #elelsith. o5 Sof, Exposure and contrast32

O

Dxomark &5 CPC code Description
Exposure HO4N5/ Circuitry or methods for compensating for variation in the brightness of the object, e.g. based on electric image signals
P 2353 provided by an electronic image sensor by influencing the exposure time, e.g. shutter
CHl6E HO4N9/ Circuits for processing colour signals colour balance circuits, e.g. white balance circuits, colour temperature control for picture
735 signal generators
gﬁi/ Foeusing based on image signals provided by the electronic Image sensor
Autofocus
G03B13/36 | Autofocus systems
Texture HO4NS5/357 | Noise processing, e.g. detecting, correcting, reducing or removing noise
Noise HO4NS5/357 | Noise processing, e.g. detecting, correcting, reducing or removing noise
HO4N5/ | Control of means for changing angle of the field of view, e.g. optical zoom objective, electronic zooming or combined use of
23296 | optical and electronic zooming.
Zoom
G02B13/ | Miniaturised objectives for electronic devices, e.g. portable telephones, webcams, PDAs, small digital cameras having zoom
009 function.
G06T5/20 | Image enhancement or restoration by the use of local operators
Bokeh
HO4NS/ Devices for controlling television cameras, e.g. remote control ; Control of cameras comprising an electronic image sensor
23229 | comprising further processing of the captured image without influencing the image pickup process
HO4NS/ Control of means for changing angle of the field of view, e.g. optical zoom objective, electronic zooming or combined use of
23296 | optical and electronic zooming
Wide angle
HO4NS/ . . . . .
23238 Control of image capture or reproduction to achieve a very large field of view, e.g. panorama
Night HO4NS5/357 | Noise processing, e.g. detecting, correcting, reducing or removing noise

H 5: EC3=E3} ¢ A SHCPC code table
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9] 742, CPC code : H0O4N5/2353 ’Circuitry or methods for compensating
for variation in the brightness of the object, e.g. based on electric image
signals provided by an electronic image sensor by influencing the exposure
time, e.. shutter’ 25 Ab|9] 917] ] WBtE BAS) T4 824t Ex
iyl olaks A o)5 71 CPC coded 53] Hlole] 72| vhedsted
Exposure and contrast@-=1} A A o] &2 H|o|HE F~Hotth
T3 53] dlol859 abstract F-E£-5 FE51] A7, 45
A AA, =822 A, ol T A, ta
E dlo|8 A 2]2 2 @5to] word countS F35HgI Tk < 17> thoHl
L H|o]-E(Word frequency table)T} Zro] 1~ 1009) 714 2] HI =92 A g
519911, BOW(Bag of Words)7} o]l 275} CPC code H 2 B R75 E5]

glolelell 4] 7} EC32 3} FHl €l Tholv} who] A3 4% s & 4atol

SulEe A gt
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Abstract

A Study on Technology Roadmap
for Smartphone CMOS Image
Sensor: Based on US market
on-line consumer review data

Sungchul CHOI
Graduate School of Practical Engineering

Seoul National University

CMOS Image Sensor(CIS) market is continuously growing for years. The
CIS is the eye of Smartphone camera, Autonomous vehicle, Industrial robot,,etc.
So, Korean semiconductor companies which make the CMOS image sen-
sor are trying to transform to ’first mover’ from ’fast follower’. For that,
through the QFD(Quality Function Deployment) model using consumer big
data analysis, this study intends to establish a technical road map reflecting
consumer-oriented technical factor priorities. The QFD converts CA(Customer
Attribute) to EC(Engineering Characteristic) when developing a new prod-
uct, and it makes possible to understand the priorities of each technology
factor. When applying CA to HOQ(House Of Quality) of QFD, this study
uses Word embedding(word2vec), a field of machine learning that converts
natural language into vectors and expresses them so that computer can un-

derstand them, so that customer needs(CA) has been quantified. After that, a

43



relationship matrix between the CA and EC was maked out using US patent
data. In the second stage of the HOQ, the opinions of experts were reflected
through expert questionnaires, and finally, connected them with the latest
technology of CIS. In conclusion, this study aims to connect the latest tech-
nology factors of CIS with consumer needs based on big data analysis for
clarifying the priorities of technology factors, and use them as reference

materials for establishing CIS technology roadmap.

Keywords : CMOS image Sensor(CIS), Machine learning, Word2Vec, QFD
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