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A system on chip (SoC) including a configurable image processing pipeline is provided. The SoC
includes a bus; a first image processing module configured to be connected to the bus and to process image
data; a first image processing stage configured to transmit either first image data or second image data
received from the bus to at least one of the bus and the first image processing module through a first bypass
path in response to first control signals; and a second image processing stage configured to transmit either
third image data received from the first image processing module or fourth image data received from the
bus to the bus through one of a second bypass path and a second scaler path in response to second control
signals.
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SYSTEM ON CHIP INCLUDING CONFIGURABLE IMAGE

PROCESSING PIPELINE AND SYSTEM INCLUDING THE SAME

[HHREHENRNZ2%]

[0001] ZREEEEZEARE 35 U.S.C. § 119(a)F3E 2013 F 10 H 2 H
SRR SR R B B S 2245 10-2013-0117682 Y514 B 4 4 » B st 57
RRENESRBLUSI AN AXHALRLE -

[ S wisk ]

[0002] AZFEAMSHIEEGIZWNRMEF (system on chip,
SoC) REREBL RHNBE S REAEAMMERNEGER
B SoC LUK A E ATt SoC Hy R4 -

(G T D

[0003] BT REBKEENMENEGENBRBAELFEKER
METANENENEZGEN  FTEATHANRXEBTENS
& B REERGE - BTRTRGERGE - B&WKRSE
NWEGRETHFEEREREENENEGEH I BBEN
TREN - HRESENTEGHEBTER  PERETHTEE
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RERENEGER  FTURERER (RE EREETHE
REBENEGERFRLENERN) HER - W EHUEE
AEENTHRELHEEZGRETHE MRS EIIRE
CETHEETHHENBR -

(RHRE]

[0004] MREBAZHMSHIEE > RE—TERFMEF (SC) B
ECERE F-E2ARERE QERLUERZERTEERER
REZGER ) B—GQREEK  KERBIIE B —ZH{E 5
(flan > REHE—FERER) MEE—G&E R 2B Pl Btk
B R B8 — 52 15 RS R 2 P L B R PR DA R BT 2R — R R e AR
P EDS—F URBEZEZGEER  KHEBLIEIERE &
HERCHE —FEBRUKRE MRS ERN—&T& BT
MEE— G R EEEE KRS =26 E K B8 Ak E 55k & K
BUEGERERERTRERSE -

[0005] EFratE—LEGREREFLSE —HRBBER > ATR
B— G E R E BN S Pl —EHE 3R R 8 = ERIE
R ER ATt 55 — 55 8 B 18 DA R ol 36 — e T 2% B 18 o B9 — S T RE T
M8 — AR R BT 5 T #18 E R R E A It B 5 DA R A
BE-LERERETHNEL —F -

(0006] Friff = EERTEHBMMLE - EEERBHIZ
18 & BORE B BT i BEE i BR T SR AR 2 B B R AERA
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B GE R EE 2 Al E R -

[0017] EFris— G RERELEE —HMRBEBERE il
R-HBREERIEENEE LS —EEERE =TG5
A8 FH BT it 55 — 55 388 % 1R DA B Pt 25 — 08 28 B AR R Y — 3 T A A
WEE— BB AT S = G T B E £ At I 5T DR ATt
FRERREERETHNEL—F -

[0013] MRIBAFHMSWER R -—ELHREELARK  HAE
S EEEERUARRHERBLESI TR G ERENRENE
FREEE -

(0019) FRtfE MEREHBTTEE BN E—2GEEEE
REBLEREMLERFLERELZGERN  BE—HREHEK
REBUEERE - ZEHERRHE T BB URE —HEiks
BEFHNES—EMEFE - CZLERNNEEERBEZERNE
THREANEMEMLEREURFLE -~ GEERETHED
—F  UARFZEGREER  KRERBUEERE Z#FHEHREH
R_FEREMEELE - ERREEABERNE=ZZGER
K B Pt B O BR R U9 56 VU 2l R B B AT E Gk -

[0020] EATtZE —HERERE A SE MR EKR IR  fit
R_RBREEREERE SRS ZEHE RS =SSR
S B TSI 58 35 8 B AR DA B st 58— # i 28 S AR R Y — F T G R
LE=BEERRFTEENEGER ER AT MERE -
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GRS EEEED
[0021] FEHBBEH B @A AEBRMAOF R EERE - &
BRI L RS BN R AT ERGET S KREE
EM SR -
B SREABTERANE AN EGEERKNHHE -
B2EEH | FROTEAEEGREEEROAHE -
B 3 SRR AT A E MBI B R RS S B E -
B4BE3FROTHEEEGRSER0FHE -
HSEESRUAE | NE AN TEEYEEEERY
(R P A2 E -
B9 BARMNFERTEEE | E 3 FfrnTHEYEE
& R R R AR E -
B 10 SHPEE | NE 3 PR TERSGRE SRR

e E -

[EEAR]

[0022] IRHGFE T N 2B M B KE 2 it R AR S - M E
FIER T ABHEMSHERS - K > ARUAMSTZEFZ A
AEAKBRETEEERRNAXHMENE RS - EER -
RELFEGS > LESARBERR2EAXEYN > HERAE
LERMET2EERAFTHAMSEE - £3EBF  BTHELE
R wEHETRTEBUREREKNARMBE KN - HUSZEHF
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162 30 o F R AR BB 4 -

[0023) FEBE@E > & —MHWEE THEEE X THEEE, B
W RN TESEEERBEEFN LR -5t RTE
ENAEGE - HEETES B —HEwEs EEEgEs, % "
BREE ) BB FTEENADE - WAL HEFER 5
E TR/ BE MBS LIEE P — RS TR
ERGLTHES /-

[0024) PEMMR > BEAXHAFERAMBE "B8—, T8, 5%
W R EEG  ERSEREREZILSMHERS - HWSWEER
&S — B B 5 — 5 - BHIS  F—ERTEESE
%o BEMM EZERTBRSE G5 WA REAREBENY
= .

[0025) A chprfAMMEEERELETHEEAWEY > 8
FEREHABEMS - WAL FEE - BHER T —H, U
ET¥, BRNAEHEEER  RELTXNSEERET - B
—SER fE T EY  EARAREE R E AR
B - B 5B BE - BER/REENEE - BRER—X
SELMSH - B B8 SK BE - 56 GFR/RER
S EFE RN -

[0026] BIBEEH  TUEALHFERAWFENE (AR
WUARRIEiE) BEE—RAEARHEAFT BRITEEER
B E A E S %
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[0027] @ 1 RARBABZEMSHWERIOEZGEERM 100-1
B BEE - IR R 100-1 FIRE (Fl > Bl 2BER
(Flan > BWREGENRPELEGER) EERBRERR 100-1 &
S A5 200-1 - AE#E 300 - SAERECIE R 400 LUK EE R4S 500 -
[0028] EGEERMK 100-1 AJERR/ITHESE TEUBHE - F
R ZU {8 A\ 7 B ( personal computer, PC )~ 17 B ¥ IR 8 #& JC 1+ ( mobile
internet device, MID ) ~ {{ii fH%% - [E B E ¥ ( wearable computer ) »
Y Bt #8( internet of things, IoT )JC{4 ~ & ¥ #( internet of everything,
IoE) JUHBURFVEME & - R BEERR 100-1 AJ et HETEH
&Mkt E 5 > B2l » Camera 2.0

[0029] pREEEE 200-1 IRBEL—ERGEEER 210-1A K/
B 210-1B MERE (f20 - MEik) EZEEEGERE (HI20 - WED
iiEf 221 EL—EZHEBEBER (hardware, /W) EFEME
( intellectual property, IP) 260-1 [ /8 260-2 (BB E/RE 260) -
AR 270 ~ AHEE 300 AR AMEREC IR RS 400) PR —FEWLAIE
BER > B BRREN (4110 RERE) EEERBRLIERN
WELEEE 221 - EA— L HEE H/WIP 260 - SR E 270 - 488
IR 400 R/HEREE 500 - HHEE 300 I RHEAEHEBELY
4 E# (complementary metal oxide semiconductor, CMOS) £ 17 11
IR e

[0030]) BEEHEZE 200-1 O B/ S fEREE R (integrated circuit, IC)
AR (SoC)- EHSE 200-1 AJREARERNTHEAE
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HEE - RE 200-1 BEPREEET (CPU) 203 EIREHE
5t ( graphics processing unit, GPU) 205 - #E# /& 207 - B4 —&
AR BEEER 210-1A R/ 210-1B (BERE 210-1)-
REREE R R TR HI 88 220 - UERECEAE 221 - LB HEHIEE 230 - &
1758 240 - IR IREEHE (finite state machine, FSM) 241 ~ BA %
152 250 « I —(H LA H/W IP 260 LUK &/ E 270 -
[0031] CPU 203 o] 4% F & J B 201 Mi#% %] 205-210-1-220-230-
240 ~ 241~ 250 J 260 FRYE D —EHRIERIF - CPU 203 AJHATT R
PRI R EE 2% 200-1 FR R /EZ R A (operating system, OS) BE D
—EEARER - CPU23 BEE ) —EZLETTEELSEKL
[0032) CPU 203 ZRA[# &/ F 207 K 270 - 4% » CPU 203 A2
HEAEO—FEEGREER 210-1 FREEHEN (Fla
FE(E 57 /B BARA (B 5% D89 H/W AHA4R( 40 & 77 &5 240 B¢ FSM 241)
/B #8 (software, S/W) #4 (BI40 » B2 3% (5 55 rY 2 £ FH A
B S/W) e

[0033] EEEHRR/HMERTEAERMRER (FSM) 241
RELE EEBEBERAREMEIT > FSM 241 7] 8B 2 X RIS HIE
FIEFREERERE - E FSM 241 R EME K - FSM 241
A5 B 5 28 200-1 (40 > CPU 203) $ TR - EFF FSM 241
BiEBIEFBEERE » FSM 241 A EENREE 4 200-1 A -
[0034] GPU 205 AR ¥ B & EA 210-1~ 221300400 & 270

BT GRER
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[0035] #E#NTE 207 AT GEH B8 300 ERERGRE
AR 210-1 53— BB BI40 » 205~ 220~ 230~ 250 ~ 260 B 270 -
N E 207 JXREEBRESRE (low-voltage differential
signaling, LVDS )~ 1T 8h & % p2 ¥ 22 /) & ( mobile industry processor
interface, MIPI® ) #B# 2%/ E ( camera serial interface, CSI1) B
R BV E o BEAAKE 207 Z18 MIPI® CSIFF » FH#% 300 LI
K AR S 207 B 68 F§ MIPI CSI ifi {7 L@ (5 -

[0036] #RBRIEE M 210-1A K 210-1B g5 — 3% 7] {5 F B8
BERUNRERE KL (NBEHAR) AR BEREEER
MBS EREE - ZGEEER 210-1A K& 210-1B h8E5—
B EERERERURMMERME St B EEE O —FiF
28 -

[0037) MABERHELAEER | FTERVIRNELLEESH
210-1A k 210-1B > BLLERE B - BRE 2% 200-1 PRI E MM Z &
PR RRE BB RALE 7T B 8% &1 AT S B8 1 AR R 6] MR

[0038] Puffic iR A #2eshl28 220 B EFHE 201 NI Eae
221 2 f - BAEREEE A IR 2% 220 FEEFIHE 201 8y E i e
DRICHEREXLGER - BOIME > NELEE 221 T HFERES
FHNECIE e (static random access memory, SRAM ) R X
Bt HAMEERE 221 TARB NI EE IS5 220 &I
FETFEEEGEEER 210-1A R/ 210-1B EH G H & 145 E
Bk 210-1A K /B 210-1B REHEBEFR -

53698pif 10
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[0039] FCiREB#EHI8E 230 AIFEHIRE 2R 200-1 IR HLiEE
400 2B E R EE - S EREE RS 400 Al HENREFE M 7 AN EC
&8 (dynamic random access memory, DRAM) - FE BERARE ( solid
state drive, SSD )~ % £ 8 + ( multimedia card, MMC ) # A 3t MMC

(eMMC) 238 F REI 7 8 8% (universal flash storage, UFS) B -

[0040] BHESR 40V RAEBELEEECH L/EHEREERREY
BBl $RER ) 738 240 BRI CPU 203 =58 H 28 200-1
FATEBA S — 8 (RER) BN RENES - 96
ERECRENFERMIERER S EEMERS T > &
fFes 240 AT H/W S EE -

[0041] FSM 241 4 B2 1725 240 HERBE B A0 R IB(5 5% K /5B RE
E5% - E5REEFRELH CPU 203 HTEITH S/W IR » 5
Het 2001 A" EEUEHEREGERER 210-1A &/ 210-1B
HWEMRENERYTE Y FEE 240 -

(0042] RE R¥EHIEE 250 BB 200- 1 RENEGEHER
EHBIR A% 500 SR &8 250 A SR BT iR SR S EE 40 LVDS -
B AT B~ (embedded Display Port, eDP) - MIPI®EX & i &5 5]
MED) BEETR A ERAE - BERESIE 250 IR MIPI®F R
#REB Y/ T (display serial interface, DSI) B¥ » SH R 3% 58 250 U
K R 2% 500 A {5 f§ MIPI® DSI ifij {7 pLi# (5 -

[0043] BER& 500 ATHHERE R B WL ERSE (thin film

transistor liquid crystal display, TFT-LCD ) - 2 3% — & &

53698pif 11
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( light-emitting diode, LED ) %8 /~ s * B %% LED (organic LED,
OLED) B R 58 - ¥ &) OLED ( active matrix OLED, AMOLED)
BRI EEERSEER - HAIEF 220 & 230 FRE—F R
TEZELIBEEEN (direct memory access, DMA) fEHIZZHITNEE -

[0044] Z & H/W IP 260-1 K/ 260-2 AJEHRAREHRE
HE - TR A A AR TS B8 S T I HE B AR R A BRAL TR BR | B BY T £ 3K
S/W o 51588 H/W IP 260-1 K /8 260-2 A 37 8 3 21 MPEG A9 Bt
LS WBAEE KB (Joint Photographic Experts Group, JPEG) EH¥ERJ T
ek S/W H i

[0045] % #%8 H/W IP 260-1 R/ 260-2 J BB T EINEE
BREEE #R 210-1A /5K 210-1B P Ry#E & S A R 2 R 88 HY H/W 0
e BOIME > ZHE H/W IP 260-1 /B 260-2 7] 52 2 & A
ZEL B GEEER 210-1A R/ 210-1BHEREHNHEE
h—EEGEEER 210-1A K&/5 210- 1B BERZEER -

[0046] #EAZNE 270 H W HEREETENBBRN B ERE
HERESTHEES 200-1 RENEGER B EHERDE
200 MBUNWEGERNEREFRHEREENERNEEE
Ko EEARANE 270 UZIREBREHEFLEMEF (Institute of
Electrical and Electronics Engineers, IEEE) 802.11 #Z¥# « £ HiE#

( Long Term Evolution, LTE™) = 47 {8 = 4G RK -

[0047] 2 BE 1 IR RREER 210-1A G
-ZEE 1 KRE 2 - ZBEEER 210-1A G #EHEZEE SR 201

53698pif 12
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HEMRNEZEREEMR 211-1 £ 211-3- B | FiI M EEZGERES
#% 210-1A & 210-1B "] B & 4 LB F #4518 R ohee sk 7] B A 1 it
A [R] B9 75 18 R T B

[0048] GEEER 210-1A BHEENEHREER 211-1 F
211-3 FEY R E AT G R AR 211-1 82 211-2 2 R R /3% 211-2 &4
2113 M ED — AR GRERME 219-1 R/ 219-2 - FREH
ERAIT  FERREERME 219-1 TEEREGQEEF 211-1 &
2112 IRy E—Ft - B GREEME 2192 EENEaREER
211-2 Fz 211-3 thpgF—F o -

[0049] WEMNHM EE2ZE 8 PER=FEFEREEK 211-1
£ 2113 EHEHERES AFPMSAFARRESAEZHEER
211-1 £ 2113 MR PARN B E SE = -

[0050)] 3E—ERRESR OP1 MIEMBEHNE —ZHEHEK 211-1
T FBREM OP2 BN EMMNE ZZGEEH 211-2 ¢ -
BBEREN OP3 RENERNE = GREK 211-3 F -
(0051) REAIBESRR/RMMBMERNW /W HER S/W HER
EE R/ BIREIIRBEREMROPI EOPIEESRERNE&E
AR 211-1 E211-3 chiick - B 2 EEES# 210-1A & 210-1B
R RETIRBERER OPL EOPI EESRTHNEZEE
BRAR 211-1 F 211-3 ifj o -

[0052] ZEERIBIRMERGIF > SEREL  EHRESH OP1 E
OP3 RIEHN T BEEMR 211-1 F 211-3 F - K| - ABHEG S
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AR BIREE HE B -

[0053] #n LFraft - ##F(E5E SE1 £ SE6 LAKBARA{E 9% S1 = S8
FERARRERER (W/W) H4REE (S/W) LUK BUE E 45 il
BMES ZEEEK 211-1 E 2113802382 EE T ETE
FRELEIfE AR SC1 £ SC3 - FEMIL A #IE iR BT R B A H I %
PR -

[0054] 32 ¢ % 5l 28 % 56 A S $2/5 5% SE1 = SE6 LUK BARR(E 9T S1
F S8 T B E B KEE SC1 £ SC3 bRV —EREkES - LUE
e R fE R (BIA0 - R BHE /N ) & FE R IM B0 BM BYHE i &8
MEE - EREFERae SERES (Fl0 2 T&E) 213-1
213-2~215-1~215-2~217-1 F 217-2 DL e AU FE A BA RRAE 5% S1
Z S8 HyBARN - HPHEMN S1 K S2 AR AT B2 — B % T4k
S HHER SS K S6 MU ERSE B2 Tasn -« fl
MEZGEER 211-1 &k 2112 B8 —@BL Ta/r88 (HE
A ST Kk S2HBARM) LUIREB M T aH/oE4 (HFER S5 K S6
HOBARR ) > M &E—ME (i) GEEMR 211-N (120 - 211-3
HPE NFR3) TESHES TS/08 S0 -

[0055] 2E— @G pEEE Ak 211-1 ([EfEFR B FERTEZE 5T SEL) M
BMEREZREFHN—FZRLEGEEN IM5BM > B (EIER
EEEHT SE2) IRIBNE HETHER (SC1) WEHEREEA (BP1)
B (EERFERE S1 & S2) #iRERMEINERENEOE
FE—HGEERME 219-1 DIREFRFF 201 fR9EL—F (Fla0 -
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FriBey—&) -
(0056] T HE—HGEEK 211-1 7] = FE A ¥ FEAY R 1B (555
SE1 & SE2 DU B IERIBIRIE 9% S1 K S2 i B % & M &0 20 & 15K %
BEE-EANTREE AMBEHRERBEEZABER IM K BM
RUBRECGEERTHRELZGEERERNVRE - BEHEK
N R A Y € = XS
[0057] EEVRHE 201 LU G EHR BM A S HEGERETH
210-1A K /8 210-1B Y E—EH LN ZGER - E AL ES
Rl 220 HEHMEAER - BRERBIEHSE 230 HENEEE
Mt BZHESE H/WIP 260 MG E R R E RN E 270 HH
HEBRER -
[0058] 25 —:iBR 213-1 EENE —EEB(E9E SEl MEBER
HERER IMKEEREE 201 BN EZEHER BM FHE—% -
BHIME > FEEF IM A BRHER 300 IR EENE 207 M8
BHEBRENNES - EREHERENEGEN - E—-FEK
€ BP1 AAFFHE —RIFH 213-1 MEMNMEENEAEER IM R
BM % iR 5 —fE i &% SCI -
[0059] 25 —#Efes SC1 AR BB LUE FI 58 — ME iR LE M M TR 8 28 —
EES 231 HHNTERENEEEN IM B BM- £ — 5l 2 SCI
REERRE/ NG  HRERLUB/NEE—RER 213-1 BHEAHR
EEOEZEER IM X BM BEITE -
[0060] 25 —:Ei288 213-2 (EIFEMSE ZRIB(59% SE2) REHA
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HRHE—FEKRE BPl MBRHKRBHEBRNEHBER (IM &
BM) EE—#EME SCl MKW RERHBEEZEER (IM K
BM) #HE—% - BE _RER 23 2HHNBRER T EEL

HE—E (EERE—HRE S MEZ/RE) IKEZH
B ([ FERNEE —BARR(S 9% S2 MBAE/ME) MBLEF —REBKE
B AR 219-1 R/EKEFLHE 201 AR —FHRE

[0061] #EZ B8 _#ESR 213 2HIENEZEER TRERFARM
E5 SI1 R S2 FHE—ENNENRLEEE S REERME
219-1-FEFRHE 201 SUEE— R EE EIEE 219-1 HHE R PE 201 W& -
[l FEFABAREIS 9% S1 K S2 MERFRUGHBRMBEE — MR EH

[0062) 5 — G mEHEE 219-1 ITREARBURITERRENRK
- AR E/RIEAM = TEEE 581k (Camera 3A)
BIE (BlA0 > BERE - BEEEFHEUREBHNE )  B—R &K
HEAH 219-1 REE=FM(EERE=FRMES 5% S3 M E/RE )
MG EREHEEREE 201 B PR (@& R 55
BA{S 5% S4 M BAE/RAET ) M HEREE 201 BKEEER -

[0063] [EIFEMBARIESE S3 K& S4 MERFRIFRBBERE —HHAR
B8 - BEVLEE 201 &R BM 7] CPU 203 - GPU 205~ £4—
B GEEER 210-1A K/5 210-1B - AECEEZEF & 220
OB RS HI 88 230 BERIEHISE 250 B —(H S B8 H/W IP 260-1
R /3% 260-2 BUMEAR /T H 270 BU/EE

[0064] ZERBHMEBOI S EE —GEEEE 219-1 REMK
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[0082] B 3 RRBEAZBHAMSHERAIFIEZEGERERH 100-2
FITBRE - BREGREEER 210-2A K 210-2B #4514 - B 3 AY
NHGEE A% 2002 MOAE R R R R B LB | AT Ry R B2 88 200-1
MG R B AR -

[0083] EfeBIEE M 210-2A K& 210-2B (REERES 210-2)
ME—-—EESHERES 202 WS 240 DIK FSM 241 - NE R
Ha 202 EHZBRRBERTHHESE 210-2A WigE - ZEERE
Bk 210-2A K 210-2B FHF—EF A SN Y F 2 240 & FSM
VBINEERBEFEELHC2EFE | MERK Y725 240 & FSM
241 HUFERE R BRI AED -

(0084] [ 4 ®E 3 IR A MR BREE R 210-2A B 5
B - B 4 IR EEEES 2102 WERRBREES FHE 2
IR BREER 210-1 WEBRREMER  TRZEERA
R T a5 202 78 240 IR FSM 241 & NG BRI 4 210-2
EF' °

[0085] 5 2B 8 RIAUAE 1 KE 3R HBERRES
WMEPIRIEEARRRENEBRSE  K2EE1 B2 B4 KE S
RELRESHEZGEN  RERMEL BRE_EGEER
211-2 BEFEEMEM EM > ETEYE FHE - S EEEM
219-1 fH[E 8 ThRE BLAE BB Th BE -

[0086] 7EE/fppRiE & 4 210-1A~ 210-1B~ 210-2A K 210-2B (%
BRARE 210A) F1 > ARNEEZEER IM & BM EEERE
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R (T R AR ISR B (S5 SE1 = SE6 LR MBS S1 & S8 KR
E'(J o

[0087] #HITIES > £H 5 WET > EE—FEEER 211-]
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SYSTEM ON CHIP INCLUDING CONFIGURABLE IMAGE

PROCESSING PIPELINE AND SYSTEM INCLUDING THE SAME
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A system on chip (SoC) including a configurable image

processing pipeline is provided. The SoC includes a bus; a first
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image processing module configured to be connected to the bus and
to process image data; a first image processing stage configured to
transmit either first image data or second image data received from
the bus to at least one of the bus and the first image processing
module through a first bypass path in response to first control signals;
and a second image processing stage configured to transmit either
third image data received from the first image processing module or
fourth image data received from the bus to the bus through one of a
second bypass path and a second scaler path in response to second

control signals.
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image processing module configured to be connected to the bus and
to process image data; a first image processing stage configured to
transmit either first image data or second image data received from
the bus to at least one of the bus and the first image processing
module through a first bypass path in response to first control signals;
and a second image processing stage configured to transmit either
third image data received from the first image processing module or
fourth image data received from the bus to the bus through one of a
second bypass path and a second scaler path in response to second

control signals.
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