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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
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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
o
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

[ R RN B %E]

[0001] ZAEIESZARIE 35 U.S.C. § 119(a)FE 2013 E 10 5 2 H
PSR RS B B A FR 3 22 45 10-2013-0117682 S50 B 504 » Bt B F|
R RN ESAELUSI AN TR HARF -

[ st s ]

[0002) AZEAMSHEHREZHN RMEF (system on chip,
SoC): HERET L » BRHNAESTREARMERBH Z G EE
By SoC DIk A& ATl SoC B RAR -

G D
[0003] BT HEABHKEHRTENEGENERBEEFHEER
MEARANENENEGESN  FERTRARUEBTENS
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RRIERENEEEN  ATURERER (R E&EETHE
AREEENEZGENMEENER) HER - 4 EREWEER
AEFRNTEEELHESEGRETAE > MRS ENEME
ZETEEETHNEIEE -

[(BRUERE]

[0004] RBABFPEMSHEE > REUE—BERKSEF (SoC) &
2 B B-RGRERE  CERLGESEMOLERER
REZGREN  F—2BEEK > KHERIIEERE —E 5557
(Blan > B —FERRE) MGE - ERERBE AT E TRk
BUNBE_EEERNEREMLCERELURESE —LREERK
HPNES—F  URBZZGREER  BRERLIEERE Z %
HERCHE - SFEREURE RSB RPN — &R
M- B REBREAZKNE=ZSGE R B8 ATl B g K
BUEZGEEEEERETSE -

[0005) EFTlisE—BERERECEE —HRBERER » ATl
B2 G E R A ERE S AT —ERE SRR ZEHE R
AR EE ATt 38 — 5578 B 1K DA K B e 38 — g i 2 B 1R R Y — BT R R
A28 — BB R BATI SR Z G RHE B 2 Al BE T BE DL R B
B-TEREEEEFNEDL—F -

(0006] FraisE = GERWHBFMME —ZEEERBLOH
18 & 1 BGAE £ Ay it BE 5 Bk 1 32 R0 2 R B R AERR
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(0007} Pt —MEREBB BRI ESHNE —BRBOHERL
(HRE-—FHEWMTDBTE) TARBERAES RSB EHHRE
BHE RS ERLE (RE_FHEBHENE) -

[0008] Ffift SoC I E A& EHF2 - HIQMHRBLIE LR ME %
FE TR LA R Bl 28 = £ H1E 5% - 3% > Bt SoC AT E AR RE
B E T (central processing unit, CPU) > H & H B& LLgATT B2 iy 1 58
ZPERIE R DA B P i 28 = HE RIS SR B B £ MR AT ER A -

[0009] Frift SoC I E A EEHEFMLERFNE _EBEEME
MURB = GREER TR —F - a2 — 26 K 5= K& ] 5 A5
[or 1T 85 A ER AT A 58 — S5 B R 1R DA R B ol 28 — i IR S BR IR P Y — 3
HaEGENERERLE LR EEEURFLE=248
REHRPHAL—FECHNED —F -

[0010] RBATFMSEIREE » BE—F& SoC» A& 1 BUHE
PR ARRERE CERBRUEEEMLIERELEEERE
BB —REEK > REBUEENE —EHERSCHE -

BEGURE RSB ERTHNEL - EMEE—ZBERKE
FrtEd MR R AR 8 E AT E B DU ATt 26 —
FHRRERETHES—F  URFEZZHEER - KHERELE
ERE_EFHEHRCHETERRMEE ML E —2BREEE
HBERNE =G ENNKEMLERFZINENEZEERER
E R E T HE -

[0011] ERTiZs — £ GRERECSE _MNSEBRE - it
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55 81 PR T AR A (G FE AL S BT A T (5 SR 5 S 1 (5 08
A B T S 585 5 I 7R A R T I B T 8 1S o ) — 5 T
M = 1 R B LA DU B A R L T L B -
[0012] F7 it 55 — A A 58 6 1 o 7 0 2 19 55 — A6 R S8 10 8 UL 7T
7R B 5 B S 55 4 R K o D B B M S B L -
[0013] Ffit SoC ATEMALAHE » HATHMELIE 4 Tt 5 — 12
15 5% DUR Bl 25 S #4115 %% - 3% > it SoC TE @S CPU -
H AT AR S LU SR T B AT L — B S LA R BT S SIS S
£ AR B B BR RS - |

[0014) Fiit SoC AT E M A BIM » HICHME LI HFINE — 25
. 72 188 40 B S O L o P S

[0015) IRIBABAMAMER  RE—BRERERAGR  £8
2 % B 8 15 TR I DA R AT AR HE LA 325 61 T ST % 15 0 06 3 1 48 1 4
AREE

[0016) FRitfEMEERTaS B E—LEREREE
CEARUERERLERGERERGEr S FRRER
AR RE DUE FE S — S BIESE (BIAD IS —EEMIR) M
ERTE G ERET N —EHENE - B RE R R E AR E
BN E - HEER RS ERSE RS — P e
AHWES— % URE-HEERER  CABUEERE -2
FIEREHE - EEREL RS - MR E RN — &% S5
55 — B R T AR AR B O 8 = 15 ) B B L E O B
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5V % B EORHE B 2 AT KE G BE -
[0017] EFtiE— X GRERELEE —HRSRER » Tl
BB R AR T [ FE YR & AT B — PR E SR AU BB = (B 5t
A8 ER AT At 28 — 55 58 I 158 DA R B it 38 — 8 iR 25 B 88 R B9 — & i A A
MR — R BER AT S Z G E B E 2 A B R Pk DU Byt
B-EEGREEEFNEI—F -
[0018) FRIBAFEAM SHIREH R BEGEBRERRK
FEEZGERR DR RS BTt & 6 & RHE I 5B ER T
FARES -
[0019) FrtfE AAEEERZR WIS @ BIHE  E— R AEEEE
REBRUEZEMLERFLEEEZGEN  E— G REER
EHEBLUBENRE —Z£FERCHE —FEBRURE —HREE
BEPNES-FMEE -G ERKE TR E R R E =
TRENEREMLERBEIRFRE - GREEETFHED
—F  URBZEGREER > KHERBLIEER S Z#EFIE5HREH
B_FEREMEEMLEE - AR EEEBRERNE =T
8 B Fir it fE 57 FF 32 I B9 28 U 2 & RHE 8 = Pl BE R BE -
[0020] EFiE £ GREKECEE MKBBER » fl
B RGN [ BB S Al B I RIS S Ry B = KI5 R
A8 FH Bt 55 55388 B 18 DA e P il B 9 R S B AR R Y — E T A
ME—EEEHNKFALE NG ERER EAEERE -
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[E =R ]
[0021] FEH2EWEFEMBLAFAMSWFREETRD > K
FHBMSHU LU REMBFHENAELERNEMESRESE
Mz R e

B | RIRBABEMSHWERIINEGRERKGTHE -

B 2RE 1AV EEEREEERNGHE -

B3 RIRBABHAMSHWERANEZGRREE XK GFHRE -

B 4RE 3N HEEGREERNGHE -

B S EE 8 RRWE 1 KE 3 ey HEEGEEERN
HERFHBSE -

B9 RARMNARMAERE | E 3 fir I EHERGRE
HERBRERANRER -

B 10 HEREAE | 5B 3R R G REEE R BRIFD
iEHE -

G-V WE-D

[0022] M ETXSEWEREZERH R AFHEBRS - KE
TR T ABAMSHNERD - AN > FRAMSTEHERBHFZR
AEAKGRAESNEERRBRNAXFAELENE R - BEES
RELFERP  UESFBEERR2EHHXEYN > AERAE
LWERNECEHERZABMSHNEE - £EEB+F  BTREEE
RS TEBURBENK/NAREE KRN - HUSEZEHFE
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162 30 o 32 R AR LB 4 -
[0023] pEREfE - 4 —HEHWES TEEE N THEE, B
MR ARG EEEEERBEEFMLR -5t RTE
ENAE - LTS > E—HEREs TEEEEE % TH
BREE | 5848 FEENARE - AL RAER W
B TR/ B A AR TS OE B e — 5% 3 80 457 UK B
BEEGETIHES T/,
[0024] PEERMR - BEAXHTERAME "B—, TH5Z, 5%
R & EE G B SRR ES IS MERS - S0 EE A
NES —BEmGES & - BHFS $—ERUIEBSE-E
%o BELM > E_ERTRBSE—E%  MAEEARENK
=,
[0025) Az ohfrff AT B E LN RS BRI B - A
FERIBHABIS - WAL HHER  EHFR T —@, b
BTE, BRTEBEEERVR  BRELTXREESET - B
— SR TEE TS ) 75 AR AR SR EE R T T Ak O -
Bl B8 SEBE - SER/KEGNEE  BRER—X
SEEAR - Wi B8 S B B0 EER/REY
B TEBRIE I -
[0026] WIEREEE  TULALTHFERANFEMNE (B
AR R BT EE ) B S — AR P AN 5 U o T I AT O A
H R E RN S E

!
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[0027] | BREBAZAEAMSNERIEZEEE R 100-1
HARE - ZEGEERS 100-1 OEE (Fla - Bl EBRER
(fln > HREREZEGERNNGERLBER)  LHREERK 100-1 5
& BE 25 200-1 - FEHHK 300 « AAERECIE AR 400 LUK B R 48 500 -
[0028) GEREERM 100-1 A ERBITEES FEUEFE F
1R 24 {8 A\ % B& ( personal computer, PC )~ 17 B 8 B 8 #& JC £+ ( mobile
internet device, MID ) - 8 {i7 fH 4% - F& & B fi§ ( wearable computer) -
%) B 48 internet of things, IoT )70 {4 - B B #8( internet of everything,
IoE) ST EGRAEREEC Sk - EEREERM 100-1 A HEAEE
B MW EF LS #140 » Camera 2.0 -

[0029) pmEEEEs 200-1 A/ REBES —EZEGEEER 210-1A K/
B 210-1B MRE (Fla0 - M) BZEZGERIE (Fa > WER
iR 221 EL—ELSEBERE (hardware, H/W) HEME
(intellectual property, IP) 260-1 K /5 260-2 (#EEEERE 260) -
AR E 270 - AHEE 300 LA R AMERECIE AR 400) Ry —FHHAE
BER BRRKEEN (fli X REKRN) EGERBLZERN
W iEeE 221 - EA—ELHEEE H/WIP 260 « SR E 270 - 44
B 400 R/EEERES 500 - AHH% 300 AIBHEA LS BELY
4> 8 &% ( complementary metal oxide semiconductor, CMOS ) £ #iifi
B 1 B -

[0030) EEHESE 200-1 O EfESfEAEERK (integrated circuit, IC)
HAEF S (SoC)- ERIEESE 200-1 A/ SEARERNTHERE
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S - GRIESE 200-1 MA R RBEET (CPU) 203 - B EEE
5% ( graphics processing unit, GPU) 205 - FH¢/1H 207 ~ &4 —{g
A AR EER 210-1A K/ 210-1B (BERTRE 210-1) -

WEREC B R HI 48 220 ~ NSRS 221 ~ LB HERIEE 230 &
58 240 - ARIREER ( finite state machine, FSM) 241 - B %
152 250 « B/ —(E %158 H/W IP 260 DR E& A E 270 -

[0031] CPU 203 7] 4% H [ ¥ Bk 201 {280 205~ 210-1+ 220230~
240~ 241~ 250 % 260 9 E A —ERHAIERIE - CPU203 AT ATT R
EHIEHEES 200-1 FTRERU{EE R # (operating system, OS ) B E A
— AR - CPU203 BEES B, ETAASELL -

[0032] CPU 203 7R o] #2414 & 207 J 270 » b4k » CPU 203 &%
HEAZED—EEGEEEE 210-1 FIENEHEETE (Fl0 8
(2 90 B/ BB R 5% MO /W AEL(RC A BT 75 5% 240 S FSM 241)
K /8GR (software, S/W) # 4 (BFlan » B3 (3 57 0 B 4 FERA
i SIW ) -

[0033] FEEBES K/NHEMBEREUHEABRIRER (FSM) 241
RELE ERXEBREBAIT 0 FSM 241 THEBEKERXRSHKIE

FAIEFREEREN - & FSM 241 i 5 B 5 > FSM 241
A B HEMHEE 200-1 (F120 - CPU 203) $iTHREZ - E K FSM 241
ENSIEFRBEEIRE > FSM 241 f BN EE S 200-1 A -

[0034] GPU 205 W BE¥E B &8 JE Y 210-1- 221~ 300 - 400 & 270

B EBER
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[0035] #E# M 207 AR GE R SHEE 300 ERELGRE
g gs 210-1 5 — R4 > a0 > 205~ 220 ~ 230 ~ 250 ~ 260 B, 270 -
FEETE 207 JXBREERZ575HE (low-voltage differential
signaling, LVDS )~ {TE) E X R ¥ 28/ ( mobile industry processor
interface, MIPI® ) #HE% =%/ ( camera serial interface, CSI) B
R EBTINE - EEENE 207 I8 MIPI® CSI K » FH# 300 L
KAHKS /T 207 A 8 8 MIPI CSI % tL3&@ 15 -

[0036] EGEREER 210-1A K 210-1B FHyF—F A F#E
ERUKRERETRIES (RERMARE) BANEREZBER
HIfE SR BB E - 2B EEER 210-1A & 210-1B 88—
EuEENEZERURMARGERMBIBEREE =) —[EiE
TREs

[0037) HMARBENRBREZE | PTERVRNELZGEEER
210-1A }% 210-1B > [EILERER - RE 2 200-1 FRERNE SR
REESNBERMETHFRETAMKEEBRAEMERE -

[0038) MEECIEME IR 220 EHENEREE 201 BAIELER
221 2R BAERECEAE SIS 220 EREEE 201 HAMEEE
NI HRELBRER - BPIME > WEECIERE 221 A HFEER
FENECIE#E (static random access memory, SRAM ) B 17 25 /& &
B BAEEIER 221 IREBAMEIERZES S 220 By
BECHPZEREREER 210-1A &/ 210-1B GE N HE GRE
E R 210-1A /B 210-1B @EBIEBREHR -
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(0039] EEIEERIEHISE 230 WIEEHIEE S 200-1 IR REE
400 L MR Z G E R EE - SRR 400 BB BT T
## (dynamic random access memory, DRAM) - EIBERGRE ( solid
state drive, SSD )~ % £ 8% +( multimedia card, MMC )~ # A 3% MMC

(eMMC) B3& F R I 72 558 (universal flash storage, UFS ) B

[0040] HF2E 240 A REE B E LR EEH R/ RBEMEHAEY
AR (B RER ) 748 240 S A R CPU 203 R H 28 200-1
FAHERNS -8 (RER) BT EBOES > Ao H
HERMELERSGFERECRRER X EEMERY T &
725 240 AT H/W HHERE FHREE -

[0041] FSM 241 FEEEE 77 8% 240 HERBE A0 B IB(S 58 K /BT
B8 - B REEHEWELSE CPU 203 HETHHITHY S/W HEHIEE » &
Hzt 200l F"FEELSREREGREEER 210-1A K/ 210-1B
MEERBRFRNE RN T EYAFSE 240 -

[0042] BER¥EHIEE 250 M EHBEER 200-1 RENEGERER
EEERE S00- BERHER] 28 250 A SO BAL iR RS (& 40> LVDS -
# A BE <18 (embedded Display Port, eDP) - MIPI®EX, & 35 & 51|
ED) BRELERAERR - EERZEH S 250 i MIPI®FE R
2 EF /| (display serial interface, DSI) BF » BH RIZEE122 250 L)
KR ex 500 A {5 f§ MIPI® DSI M {% L& (E -

[0043] BER2 500 THEES &BHRLE RS (thin film

transistor liquid crystal display, TFT-LCD ) - 2% % — & &
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(light-emitting diode, LED ) & %] &~ 58 %5 #% LED ( organic LED,
OLED) A =% - ¥ &4 OLED (active matrix OLED, AMOLED)
BURBNTTEEE RSB ERE - HHI8 220 & 230 FHE—FTH
TTE BT M (direct memory access, DMA) R Z5HYIHEE -

[0044] Z#E8EG H/W IP 260-1 K /8 260-2 RAJHRAMRETESE
W - A A RS ER R T R iR B AR R R BX AL TR ER E R B9 T R B
S/W o %1588 H/W IP 260-1 K& /=% 260-2 6] B £ 55t MPEG #Y Bt
EWBAEEFKEE (Joint Photographic Experts Group, JPEG ) {Z#H)5T
= S/W B -

[0045]) %8S H/W IP 260-1 K/ 260-2 (] BB A B ENES
BRI R 210-1A R/BL 210-1B Y #E 2 AN L E R H/W I
HEE - BOIME - ZEE H/WIP 260-1 K/8( 260-2 7] 5 H H iy A
EEL—ERBEEER 210-1A R/ 210-1BHEZGEEHHEE
D — AR GEEER 210-1A /5 210- 1B HBHBIEZBRER -

[0046] MiKNE 270 TR RHBREZTMESNBBERY B BE
FHEG ST HEESE 200-1 EENEGER R EHETBE
200 BN EGERNEREFRHERERMERNERE
ke MEARNE 270 UXIREBEMEF TEMEE (Institute of
Electrical and Electronics Engineers, IEEE) 802.11 2 # « E i E#E

(Long Term Evolution, LTE™) =X 8 {5 {405 -

[0047] 2 BB 1 IR GREEER 210-1A 1955
-ZEE 1 KE 2 BBEEER 210-1A BEEEEE R EE 201
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WESRRNEEEERK211-1 E211-3- B | AR EEZGRERE
% 210-1A R 210-1B fJ E B L HHRIR B R ITE AT B/ K it
AR BY A& 18 R T e

[0048] EGEEER 210-1A BEEERPEHERER 211-1 £
211-3 R AR 2GR E AR 211-1 82 211-2 2 R R /BK 211-2 &2
211-3 SN ED — B GREHEHE 219-1 &/3 219-2 - EEEH
MEREIT  BEREEE 219-1 TESRESEER 211-1 &
2112 HE—FH > BRGREEEE 2192 8 aREaRRER
211-2 B 211-3 g FE—F o -

[0049] MmEMMML 8 2 E2E 8 PR IN=_(ELGEEK 211-1
E 2113 BEHERSES ABRVMSFTRNRERAZGEER
211-1 £ 211-3 HATR AN BB P -

[0050] E—EREHR OP1 MIEWBRNE —BREER 211-1
e B_ERER OP2 RBENERNE B RER 211-2 F -
E-ERER OPIRBERERNE=LGEER 2113 F -

[0051] f 4 iR 55k K/HBARESTH H/W #E 5 S/W EAFR
EER/SBETRBEREROPIEOPIESNRIERNEBIE
BAR 211-1 B 211-3 i B ZE R EE 4 210-1A & 210-1B
B REETIRIBEERES OP1 E OP3 BEEAREHNZ 4R
AR 211-1 & 211-3 oo s -

[0052] ZEERGIRHEREIF » BEMNEL - EREHR OP1 £
OP3 S RIBRNEZGEEM 211-1 £ 211-3 FF - R > XFHMS
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ARV OIREE TGS -

[0053] #n Efrak - 3R#B{E5% SE1 £ SE6 LAKBAR{E 5% S1 Z S8
AERASRERAER (H/W) HESEE (S/W) DIk HEESEE
HMEL -EHREERK211-1 £ 2113 5 558E& 95 BB 1 EHE
LB 28 SC1 £ SC3 - FEIALL A U8 Fi g BBV 2 B A KLY %
E -

[0054) 8 43 25 o) 28 % {55 F 32 42 /5 5% SE1 % SE6 LA R BARA{E 5% S1
F S8 MERMk E M iR es SC1 £ SC3 P ED —AEREE - LIFE
EH AR MR (P10 BOREAE /N ) EE R IM B BM By HE R 45
HEE  EREHERALSSEERES (fl0 - ZITEHE) 213-1 -
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