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7 A A
FrHY
ATE 1

FAA YAFA O A= ZMQ(SLAM Simultaneous Localization& Mapping)< 93] 7] A% CFA(color
filter array)@&lol] uw} FE = RBIANZY IS A&t Folols5A, &

)
mli

A7) RGBAAFZH Qo] 41" ¢ AU Y (pixel binning) WA Z SHIAAYo|HE 3MxE WEsle] 1
Zolu| x| = FAST(Feature from Accelerated Segment Test)#Z&7]¢} 7F9-AletE#
2

webetal, w3t 34

(Gaussian blur)Z gl ¢

A|A #HHAAE 3o BRIEF(Binary Robust Independent Elementary Features)?”]
2k EAA EFHE FE, V] FE2d EAES ol&sto] JMEAAE FA5te #AANEE XF

A7) 71 A48 CFAYEl o F=wolojiid (quad bayer coding)s®lel wha} A7) RGBD/
3k 47)9] FA o] e MY FEE 1E3}EHe 9o, Ly

Aeooizy FrE A 7
Awolu A7t Bag Aol AMT 49 HA olEE BFsel 1l Han wEe] madwel ofvAg
58,

371 RBYEZH LS 7] Mz Wdsta, A7 I Adolg o] & 4719 FHAo] shife] HAo| H:
= =¢85+ 9 4 (Logical super pixel)®E t&%‘rﬂﬂfﬂ, 7] MEE =LA s = A EAnyg
(Logical pixel binning)S F-8)3te] 7] gAzo|uX & F53}aL,

7] BAAE =,

A7) FASTHZ 7)o A FAEo] ek AAHED (decision tree)E A&slo] A7) EAHES AEs, A +
HEeldE S AF3E Y (Low pass filter)Z ARgste] 1F3YFE A AL, 7] BRIEFZ|&AHE &3
A7 EAAS olRslsle] Husly,

o
o
oz
N

37 RGBYZ=eE A d-&-3sh= H|EHolE 7 igd
%, MAC(multiply and accumulation) G4HS E3&f =
st H A s,

)

ORB 543 FE& 9% EEe 559 7] =Sewset, A7) FASTHE7], 471 7FeAlehae gy 2
BRIEF7]AbE 2gste] WHds sty , 7] FASTHE 7] = 7] §44s =871 913 9x9
Aabs sl fsl 10719 371 ERIM A E s L, HARAAHE 9x99A 9x(9H4n-1) 2 A%t

& A5 HEE 40 AAS AAEH, Y] ZReAREER R = 7X7 Adddbs sAs] 98 8719 Y]

W 7F R s AL, JAGALEE TX(THn-1) 2 A4be gsto] 4n a4 Ailsls, & BRIEF sigel= 29
>@9ﬂﬁ@1§;¢@aﬂ.aﬂ 3070 A7) lu 7 FHE A, 29% (2944n-1) SAAHEHES Ea) 4n WP AL

= Fdst=
ot =3 A o A 9] SLAM A2~ .

_|~

o
LN oo
r0 oX

A7 2
2HA|
373 3
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AT 4

2AFA|

A7 5

2AFA]

T3 6

Folo)E Ao A BAIA YXFAH L A= ZFA(SLAM, Simultaneous Localization& Mapping)S 93l 7] A=
CFA(color filter array)@®el] we} 5= RBIYFZH LS ATt @A,

FAAE A A Ad7] RBYFZA Lol FAlE 9 FAHY (pixel binning) Ao 2 AT AGolEE 3|22
WEste] TIstehe @Al

A7 BAAMEANA 253 3| M Fo|u| A S FAST(Feature from Accelerated Segment Test)ZZE7]1¢ 7F-$-Al¢H
E2](Gaussian blur)ZEe] <HAAA HWHHAAS Zof, BRIEF(Binary Robust Independent Elementary
Features)7]&xtol] JHAIA EAAS F=3te 9, €

W) BAREANA A7) FEE S0 o1 8se AMAAE Tk wiE

5

gt

7] FAelEAA A7) 7] e CFAsiH e R F=wo]o] I Y (quad bayer coding)3j®ol| el /7] RGBYF
FatE, FHedeolojay FaRE ARG 47]e] o] e Ate] AHE FstEe] glon, 2=
Ha%

e @AM mgwelmAst BaF A9l AR 44 B4 vl F el e FAz wEel

=

371 RBYEZH DS 7] Nz Wdsta, 7] I Adolgo] ia 4719 FHAe] shife] HAo| H:
5 =g 44594 (Logical super pixel)2 ®EA7IH, 7] WHEE =gdeugde] g =g gAdny
(Logical pixel binning)S F8)3le] 7] gAzo|uX & F53}aL,

A7) RGBYZZd| Yol g3tk HEdoHZE d8E A5 A7 =2ldesgAs AAdste] g s A st
=, MAC(multiply and accumulation) 4HE &3l o]l=7F A2 AdolHE Aitsta, 7] wol=2g LEHFH

ORB 544 F=& A% L5 559 7] @RImde, 7] FASTAE7], 7] 7Fe-Alck=e g2y 9 7]

BRIEF7]=2FE E3ete] HHAMNS sy, 7] FASTHE A= 7] 5AHE F3317] 9% 9x9 #Ad
1 918 1070e] g1 ek 7L pH s L, FAYALHE 9x9oA 9xX(9tn-1) = Arte oH

g B9 BEE 4n A4S AASH, 7] TbAbEREEE TXT7 AEANE A Al 8719 7] 2kl

w3 7F R s, JAGALEE TX(THn-1) 2 A3be gsto] 4n A4 Ailsls, & BRIEF siel= 29

x29 AEANE FAs] Al 30700 7] eRAMH 7 PR E AL, 20X (2944n-1) ArEEE-S Fel 4n W HE AR

< T

AellT] =g ol A o] SLAM Al=Fle] 545 A& .
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[0002]
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[0006]

[0007]

[0008]
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AHA
A7 9
244
A7 10

A

e 4y

ool Aol HAA xFAH W A& ZA(SLAM, Simultaneous Localization& Mapping)S $3H

7] A" CFA(color filter array)d€le)] wal Fdx= RBIANZHAS AT A DAL ANA A

(pixel binning) WAloe=z oHIAAMoHE 3IMxz WHIste] E3eta, 2EIE  IAMXo|m|AES

FAST(Feature from Accelerated Segment Test)Z=7]9} 7F9-A9+E2] (Gaussian blur)ZE o] YHA|FAH HHAA

3} %of  BRIEF(Binary Robust Independent Elementary Features)”]|&Ato] LU#EANA EAHS FE3 Fo, 7}
7

WA S FAsto RN AT RAAZS 7HeFEl 2 WY A0 dAEEE AL £ 9o, gao)=
2 PaAA FoolsA A7 9xFAH 2 AE=ZAH(SLADS 5dFor 88 & J dut=s7d A
o] SLAM Al=¥l & 1 B A& W] #g Holrt.

2 4 wkek 2ol AFFH wdelA AA =4 8 AA B@A] Vles ARshs R VeRs A4 9
A F7g R A=A (SLAM, Simultaneous Localization and Mapping)el A=d], ©]& & FRlol&sAs W
AR E L8t Felles vsiAY d2E AL + Ao

ofeld FAH AAFA H AL (SLADS FAF glo] FEE wol7] ffdte] thFd AAE HE =
sHAIRE, A7bolH A & lelEAle]l SLA 715 73S fsiM= Zhiletute Agete WS ASLAM(Visual -
SLAM)©] wo] A% aL

o]7)o) A, HFASLANS] 715S Falaty] QA Qatolul o]u| Ao EA ALY EZate] oln|x| 7ho] A
= 7IHE AHgeted, t3EA S E ORB(Oriented FAST and Rotated BRIEF) Ao

a5k ORB-SLAM®] Sltt.

N

(¢3

o]2]3k ORB-SLAMS 838l d glo] 719 A4S PCE B3 HA3t A7 Tol FhmAnr, dut =37
A HAstel #Ed AF7l BE5S AHo] AAo|th. ORB-SLAME dWti=8kAo AL w 34 F 714 &
A 7F ATk,

AA, olnx] Az lo]Ze}¢l(Image Sensor Processing Pipeline, ISP Pipeline) ¢4to] Be A A7}
AHEE =Y, QukHel Ay shvlels B A4 9o (FA(Color filter array)® E3 W& wol I anjr} ¢l
AGE #Gsin ZF Ao A FEE T Ao dolHE B Aikste] 3ade] Ayl omXE wEA Ha,
71€9] ISP To]ZEle Algo]l H7] $%t mEFHe s At W HHo] glema a2 Axvt

o=
Abekal, HIb Aite] A efE WANA HSFE v ikl e dAsks Aol gt

, %
qoz ged e Agsta, oYl e g FRd we
AIAE BYSEW wB ] LoiAY] WEel, Ge] 47 EFeln seA EARS 4B o B
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da Mo
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gige] g
S dst = HA

oo fololAol A A YAFAH L A= A (SLADS ) 7] AR E CFATIElol] wie} F9 %= RGB

ARz AS AFTd FS DAAE A ZAng WAooz Ay AYeHE JMzE WIse 1F3slal,

a8k A Zou A& FASTHZEV|9 7H9-AletElHE o APA|A HddAaksk o, BRIEF7|& Aol & A]#

EARS FE53 T, M AAE FAToRA, AazaAAE 7HeEs 2 Wy A ste] dASEEE R

o, JAwo|=2E TAAA FololEAle FAA AAFAH P A=A (SLANS axdoz 33
|26l 2 O EQE H4E S Alwstaz o

HA 9] djd T

B odbgol o W w2 FA|A XFAH U x| %= A (SLAM, Simultaneous Localization& Mapping)S 9
3 7] AAE CFA(color filter array)Zj®o] we} #FF¥+= RBAAZH IS AFstes FlolsA; = AV
RGBAAZH Qo] Al A9 I (pixel binning) WA o2 A{IAAGo|H = 3| Mxg WM3tsle] 1533}
3, I53tg A zo|ulA =S FAST(Feature from Accelerated Segment Test)f&719} 7F$-Al¢tE#] (Gaussian
blur)Z ol YHAIAH WHEALS Fof | BRIEF(Binary Robust Independent Elementary Features)”]&Xlell 1%
AA BERZRE FE5tH, A7 59 SAHE o)&sto maAAE FAsE #AAEE Eiete duld

T3l A o] SLAM Al =" o] AlTE

H
E

EE, 2 ode] o SHe waw, A7) dAMEE, A7) RBIFZE LS 4] xR Weksta
Aol sl 470e] Halo] shbel Tale] S =) 45 n DAl (Logical super pixel)E WFA7
f 2] AH Y (Logical pixel binning)s F33le] 7] FJAZo|vA =
N Aol AR S g,
TR, 2 EHe d SHdd mEw, A7) dAAE =, 7] FASTHEZ]OA HAE i A E (decision
5 Wt =gk ol A o] SLAM Al 2Elo] AlFE = Ut}

o,
2
2,
ol

H
o
19
)
|
i)
oo
ofi
ol
o
ox MM
N
4
o
o
o
o
e
ofi
ol
rlr
ey

off

TR, 2 Ao o SS9 w=d , 371 ZheAbEEEE S AF9EEE (Low pass
[e]

filter)2 AFR3le] nFodAdS AASE At =sk Ao 49 SLAM A|2Elo] AlFd 5= Urt.
5]

HAAE =, 7] BRIEFZ| A4S S 47 S43S olxlslete] Hla
[}

ode] v S wEw, FiolwAdA  FAA fAFAE B AX AJ(SLAM,  Simultaneous
Localization& Mapping)< $18ll 71 A% CFA(color filter array)3j®lel] we} FJF = RGBIFZH LS Al
ke G BAAHAA F7] RGBEFZH Y] FAE A5 JARY (pixel binning) HA o2 Q15 A o]
HE 3xz wWEstel austele WAl 47 #BAAECAA 2E3tE 3 FxolnX|E FAST(Feature from
Accelerated Segment Test)A&E7]9 7F-AlHEE (Gaussian blur)ZEd  JHAA  HHAMNE  Fo,
BRIEF(Binary Robust Independent Elementary Features)”|&xAloll U=¥AA EAHS FE= oA 2 A7)
HAAE A 7] FEE SRS ol&dte JHeAE FASE WALE EFste dult=3 oA 9

SLAM Al=¥le] EAH A& Wol AFTE 4 ).

oft

(@]

T, 2 g g2 S
xR WEsta, 4] Al
super pixel)Z W3A]7]

w2, g7 FAaxE \dsle] aEsete dAle, 7] RBIGZHA S VI
3 of tiall 4719 FAlo] shte] Ao HEE =844 A (Logical
g A Ao s =2l d3AnH]Y (Logical pixel binning)&

N
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s=s54

tol 371 3
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el

[0019]

il

bl 37 =

S

HED (decision tree)E A&

Heol Alsd 4 .
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[0020]
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fnl
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A
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»E

7o A1) SLAM Al

o

E](Low pass filter)® A}

wjr
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[0021]

H T =87 ol 4 2] SLAM A

o]
=

L
L

3

ol

CERY

o] x5}

yigel g

= RGB
shat,

i 7] 249 CFATIEl) ule} &=

93]

% 9

A &= #H7g (SLAM)
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=

97454
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ol Al FAl
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bl o1
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=
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=i}
=

154

94
7o) A ¢ SLAM A

TR

e

7ol A ¢ SLAM A
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=
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NEEE
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[0026]
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HT] =387 ol A o] SLAM Al 2~

[0027]
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Aol ok
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A=
3t

0]5 2 (100),

]

o I
’E_‘TO

3]
1=

1=

=3 o A e SLAM Al
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-

3, B el o A
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=1 A = 108

[0028]

s

Eu

7] A% CFA(color filter array)dj€le] uba}

& 99

A &= #H7g (SLAM)
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=
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[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

=9, FRmEE, FAAYNES, AT, FAZTA(ER), FAFLER o5 2T 5 3d

olg g F-2lolE A (100)= 7hvletE Sl AART RGBY S #DE Foll, L RBIYZZUYS n&HFdA S

S 3l FdelE R Agste] #AAE (20002 FAF(300)S FI AEFTE Aot

olsh 7 FR1o1EA (1000 ks Bol B9E RGBIYS g
oA, RBIY & BAsh BF B o|AE A3} AANE A
2% %+ 9k,

7IWte 2 sl FHFE A (computer vision)EE
s A=

TS, FAolsA(100)+= [RAME B3l 2%, 4, WAMAAY] 58 X838t SEFRE A3t AT
o  FrlH oz glo|th(LiDAR), #|o]t4lA (radar sensor), ZS34lA (ultrasonic sensor) o= TH|EO
24, A", %, 3, 249, FAEAE, 2534 T IS FUEEARE 24 € ATT = dn
SHA | F Q1o 5 A (100) = IMUAIAE | ZEAAeE - IMU ALARE SHSE Alsd 5= Jd=d, IMUA
e AolR2F3x, JEEA 2 AAVAAE et FAAE AR, 4 A B3PS olEste] EEES
54T & glon, Ao|RAmEE AEEE ST F A, VMEEAE VIEEE ST 5 oy, A4l
A AEE 7IEo2 dA AAM7ZE Ay SR EAE SATo2ZHN, FlolFwA (100)o gt IMU AYAHRE
SA35te] BA1H(300)& F3l #HAAE (20002 AEET 5 A,

Fest upol l'@r"]O]EZﬂ(IOO)L ] A4% CFA(color filter array)dj€lo] uwlg} RGBEAZ#H S Fst=

DS A RS EHdT Do, widdw dels wﬂom A3 = 20
19 Hhst o] olulA 44 Slol CFASIEISl HEE AFstel Fartd B A% B9 & vk,

a9, R, G B 3OS M 1:2:12 she WlololEl e b el ALgsta i, Abgel b Wdeb
L7l Aol IR (Green)ol7] miel, wlololsiRel A WIS G, R, B, GE T45o] glom, of mway
M FE BANLIFE 4 FAo @A AdolEue A goms, £Ad e F ASTHALE
uzrste] H5aok 3], oleld F9L vlmate]d (Denosaicing) i To]o] (Debayer)ehar g}

_ Pli—1)+Pi+1)

2
ShA R, o|m| 2| 9] AAS AbEdh wiel o] RIS A9 AS-(FCN, False color noise)o] HAYSHA &4
E3] 343 7)o st e 12 widol A AdReo]l 2A B 5 3
Sk oln A= 221 o] wjdol™ wolojuiel (FACAQ] B kel A3 HIF 7[HE A8 A4S = 39
(D), (2) 2 (3ol Z=AIg blo} o] ZF Akl zdoe] Hyxor witd 4 led, BHitd Ade] AAV 4
ShES- 4k diste] EAE A9 129 wldRg AgghSo] 48] FUHE S Qduk. o]o] RIEE o]u| ol A
WG ST B wo|2E Fo|7] fste] B WA AAYoi s &5k AN (200)00 A AN vk o
2 JMgE B3 299 RBIYZH LS dAET 5 .
ol st HAH|YL APt A dolHE 17t R FHATIE VIER2A, FHvEe] F3F 23
AT SAEAT A3s gAg oy wol2E Ed 4 Jdus Aol ded, sk EuldaidEls o
o 7)es g2 ddoz Agsy] Y8 E 40 ZAgE vhel o] 7|Ee WhalY thE o|n| XAl HigS
AHEShaL glTt.
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Z
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9]
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FASTAZ=719 7}
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L

2

h
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ol el
Aau]gel A 7}

o A
22
FapgromA,

o,
stel 3]

L
L

o

EHle 2 3(100) & &

ARG o= 4u) Y
THA| A E] (200)3= RGB

A A€} (200) &= RGB

HA =
}

EU
pul

-

)
uhsl ol
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A3 (SLAWD
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AE (200) 5 ErFLZE(100) 3} F219(300)
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=
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Bayer coding)e]z}
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o710l A,

[0042]
[0043]
[0044]
[0045]
[0046]
[0047]
[0048]
[0049]

w

i

kel
pil

79 Z=A|

s
a

L
L

IR ESERE

A AE (200) = RGBG = el o

[

L
9,

v (Logical pixel binning)& 43
o

[0050]

o] H| A Al = CFA
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s

oAl Al Aol A Hl ol ¥ 5}

o]AL G, R, B, G

[0051]
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v

471¢]

L
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=

=
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ol A WA o A A}
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o 7AYo
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CFAS| &l 9] w|o]of(Bayer)T-
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L
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N
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¥ 2
% 71& 34 Hl g gﬂi%ﬁ% ¥ A
4 %e . _
7007 3,57871 45467)

st uhel o] wlojojalHl S AFE-3E 3 AlFolu|x] W3 WHHTHS AFRSHHE o]n|x] ] &AL KAk wol2E
A= el gleB® dolHE dAlste 71Ee WHuET mol=d FHoRgS g1l
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Soll, Asdt viel g B oagol Ao wel AlEH el AE A Hre dis] Adrgshd, 2 e A4
o el FAF 54 FEF LES Xilinx AF ZNQ AQD XC7Z020-1CLG400C F AL AH&3F FPGAOI A g ¥ 9L
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BRAM(Block RAM)& = 37.72% A-8-3}9it}.
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(1) Green :
Ga=(G1+G2+G3+G4)/4

(3) Blue :
B2=(B1+B3)/2
B4=(B1+B7)/2
B5=(B1+B3+B7+B9)/4

Er4

Conventional sensor

(2) Red :
R2=(R1+R3)/2
R4=(R1+R7)/2
R5=(R1+R3+R7+R9)/4

QBC sensor
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k1
N2
%]

QBC sensor

Quard Bayer
structure

Analog
addition of
adjacent pixels
of the same
color

Pixel
arrangement
conversion

(Remosaic)

Image sensor output I .] |. Image sensor output
in dark condition . .— in bright condition

® Achieve High-sensitivity ===, S e Secure high resolution
shooting capability by . l. equivalent ot Bayer

adding adjacent pixels . . sensor

of the same color

->
B ™
®
Mono sensor pixel binning Color sensor pixel binning
E07
~
" 1
| |
| \
5]
+
!
1
Conventional sensor Grayscale (Logical super pixel) Logical pixel binning
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Camera input
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3840x2160
Bayer data
. v,
FPGA |

4 + 3

l_ [ Logical pixel binning module ]

v

[ Gaussian blur ] [ FAST algorithm

v v
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[ BRIEF Descriptor J
K i y,
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QOutput

(descriptor and pasition)

-
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Logical super pixel BLOCK Pixel binning BLOCK
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! >
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MIPI
DDR interface - Cgrw;ra
'y 'y
v v
< AXI BUS >
Feature Extraction I I
Accelerator
BUS interface
> DMA
Feature Controller
Extractor
(3840x2160)
CFA pattern
v
8 Gaussian
Ling |- ; -
e buffer filter
Logical |© — ;
> Pixel |23 30 De&cnptlmr
line P o Rl {ine || computing
binning o & maodule
buffer Module |3 5 buffer
L0 10 Feature
hLi;E »|extrection|»
Mgt module
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(d) (e)
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