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1.1 REER

AXEELENA Android Camera A A E S, ER1E Framework, HAL BUNKERBHIAE
RELIG, AIERIREFES Camera HXAFIENEEF I AR, BB FTIRENZE Camera 4

.
1R

1.2 ZSAEE

A HIERATF Android Camera R%F %o |

1.3 fHXAR

Camera #8%<f HAL, XohBARMAFEAG,
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2.1 BEHFEEM

Camera BRIRMEEHRRIMTEFR, RIBRNRYEIHRK (lens) BERNAFE GRS E
e/ %2z (sensor) L, FREBHIFARKREINAESHRIRNBES, HEIEREEZR (A/D)
BRUNBFES. BERIBFESES CSI #7772 DRAM A, A/F ISP(Image Signal
Processor) SWEGHTERIFERZHE, BEMS, 3A L, BETETME—RTIBIEBEER
YUV B, &EFILIXE VE HiESFHTEGRMNmY, 2EXE DE BR5IZE#HITER.

,—>| VE, H File |
| Lens |—>| Sensor |—>| A/D H Csl |—>| DRAM |—>| ISP | Q
\§ <Ll

DE

2-1: Camera FEHZEME

2.2 EER

o [ FAEZRR ARSI TR FAMESR LA, /EFER Camera 2 API SHENBEHHITRE, EHED,
XL RIERMEND Binder #0, LAARSHEVERR Native {8, SDK A Camera2
F3{iF android/packages/apps/Camera2,

o Framework/AIDL 18285 CameraService %Et# Binder #@7F frameworks/av/cam-
era/aidl/android/hardware H#kEl, £RHRBSERRMKLFIH Native A3 LAFRENRY 5L
AAEVIBIA AR, FHiREIFEFE Framework 2k36)EZ CameraDevice, H&& 82 Cam-
eraCaptureSession &R HIEIE,

e Native #EZRILIEZR i F frameworks/av/ 1, HigHEZEF CameraDevice f Camera-
CaptureSession EMHER4EE,

e Binder IPC #0 IPC binder # OB FLIUBHHFRORNERE. ARENRSHETFT
#841 Binder I F frameworks/av/camera/camera/aidl/android/hardware BHZH,
ICameraService 2/8#AR5H#ZEO; ICameraDeviceUser 2B FRIFEHENIEEZIE
; ICameraServiceListener # ICameraDeviceCallbacks 43 323N BEZEH Cam-
eraService ] CameraDevice [B]if,

o HEHARSB (T frameworks/av/services/camera/libcameraservice/CameraService.cpp
THIAENIRSE 25 HAL #{TE RIS IR,

WRAFRE © BBEERERHERAE. RE—TNF 2
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o HAL BHHKEENT HABNRS AR, BEXASI U REENEY EREToimesn,
QQSDK X FERE HAL @%ﬁm HAL B HIDL ?%E@% hardware/interfacesé@gmera hE

o X, BHEER Binde%'@ed HAL, BRI TEO: &
< <
O O o O O
S o ICameraProvider: T8 MEEHEBERE, O
e ICameraDevice: HENI&&EZED,
e ICameraDeviceSession: EERMENIEE=IEZEO.
Client Activity or
Service
android.hardware. android hardware. T ke
cameraZ2. cameraZ2.
CameraDevice < CameraManagzr
©<>
<
Q@
© ICameraservice
Lister
CameraService Camr | aviceClient CiineraService
Camera3De Carr'::;zl;';[;ider
I Y A é@*
<
Binderized IC - eraDevice : . QQ
HAL ICameraDevice ICameraProvider QQ
]
¥ A S
< <O < <
QQ QQ 2-2: Cam@% RHEERE QQ
< < < <
X X X X
Q@s@ & Q%«g\@ Q@a@
< ©<> < <
< < & <
< < < <
QQ QQ ©<> QQ
Q@ < < <&
O IRISFTE © HEREHERHERAR. RE—IA 3
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3.1 IR

HFEGREZHRITZ T RARN, BHEE (Pixel) . BROME, ZREGEENGER (FK(
BER, XBEGNIWERR 1024x768, HEXBEGHNDYHEN 100 FER) . E2EHE
EGREMATRMENNERIEIRZ— SHREMAERNDYIREE:

ANiE DHRRN

QCIF 176x144

QVGA 320%240 3
CIF 352x288 ><>Q
VGA 640x480

WVGA 800x480

D1 720x480/720%X576

480i 720x480@30fps

576i 720%x576@25fps

480p 720%480@60fps

576p 720x576@501fps

720p 1280x720@50fps or 60fps

1080i 1920x1080@25fps or30fps
1080p 1920x1080@50fps or 60fps

130W &3&  1280%960

200W &= 1600x1200
300W /&  2048x1536
500W &  2592x1952
800W &%  3264x2448
1300W &% 4224x3136

3.2 YUV B8R\

Android RARINERNEREEN A NV21 (YUV420SP) ., FE, X YUV HIERH—NE
BABYUV, DH=ZADE, Y R=E, ZHENEREEFER: UM VRREBE, FHHEE
FES. TERTHEMMAFEMAMM, eNFLE: 1. BV TEHEEXHE, 2. BRTELS
MMEEBANRARBM, YUV XD AFAZE: packed # planar, ¥JF planar B9 YUV 1§

WRAFRE © BBEERERHERAE. RE—TNF 4
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i, RESFHEFIEGERNY, REEFHFMEGESB UMV (UM V AJERXXFHER
(SP), WrIRER P HIZMEN (P) ) o T packed B YUV B, 8 MEREMN Y/U/V BIELER
BEEN. YUV NEERSEXRESABTEX, TEXFAXE=M:

1. YUV4:4:4: 58— Y XNE—4H UV #&,
2. YUV4:2:2: B8R Y HA—4H UV HE&,
3. YUV4:2:0: 801 Y HA—4H UV HE.

YUV EREFHEREINERE:

e YUYV (YUV422)

3-1: YUYV &=

e UYVY (YUV422)

3-2: UYVY #={

e YUV422P

WA © BSEERERHERAE. RE—TF 5



( Auwiner
ISR T

uoo | U0l | U10 | U11
U20 | U21 | U30 | U31

3-3: YUV422P #&%

e YV12/YU12 (YUV420P)

uoo | uol 11

3-4:YV12 &

e NV12/NV21(YUV420SP)

3-5: NV12 &=

3.3 JPEG 1=

JPEG 2— 1M EHETE, RREANEGXAERE, —R Camera REFMNEHBEIN JPEG 1§
N, BEN jpg HE jpego

WA © BSEERERHERAE. RE—TF 6
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JPEG Hyitae, ARESLSRZIEREE, BRIAMEN. ENRNREHE:

o EXFMEHNES R, ALt JPEG BRI TEIERERKIR,

o EREBEMMAIE 16.8M iR, FAILURFHBINEEEHNE K.

o ANEGNEELEIRER, ZEGERATUAFERMERNXHRT (REEGRE) M
RAXHRY (REEGRE) ZiEiEF.

o ZMBIHINXARTAEXNR), THERER, BNTFEFTEHS “ER” BBR TEH.

JPEG RYRR=Z2:

o HIFFMBRNSNREZFIFEEM JPEG BBIEAM DL,
o [E4aRY, FIREEEIGHIRERERKA, AFEEREBIKRETREMENE K.

JPEG ME4EI T TFTHEANHE:

1. Gkl ERFeRGHETESEZH, /)Z\?ﬁi?ﬁiﬂ‘%)ﬁ@*ﬁEﬁi&ﬁ%‘ﬁ%i’%@%ﬂﬁ&%ﬁZEE%
BEHITHIEFR .

2. CT T BREGESEMIRE EH#HITER, H»BHSMANRIMESNLIELE, AREX
EGNEMmEs (BMEGHAT) #TEH. BEURENRMABEEISHE D 8x8 KIE
B, REXNE—NERTE DCT Tif, #8.8x8 MIRZEHEIFLRL 8x8 HSHERYIEN (FTiBM
KO ENENRE) , RAMEEF = o

3. Eft: AT TESEIS FEBSETERBSHIERN, FEMMRABHTEN, K2k
B"AEY, BEELE, BERNEIETRDEMNE, MREEGHIEZRETER, X—E§&
TEREGEEERENEEZERRE, X—IEFR, RERFHNERENEERE, BERFK, AU
ANEERSES L, ERRGREMERE, RERFH/)EBEGREZREMNLY, BEES L
1Ko

4. HwEY: wIBERETHIHRMERN G,

oY

JPEG MEARE D AHBRMEIGRE, —ARERIEINNTAR:

B FEH OBUE W

EtriR 1 FF S MR RITR

e iC | KEVRIG (FRIE “FRiCE3”)

BKE 2 BERATHEBRRKESS, TEERIMAMKRRE
LS <65533 FT

JPEG MY RELEIENT:

WA © BSEERERHERAE. RE—TF 7
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AR Frichs  i%ER

SOl D8 Xk

EOI D9 X4RE

SOF0 CO0 e (#5E JPEG)

SOF1 C1 il

DHT C4 EX Huffman & (EXE2R)
SOS DA RiETHE

DQT DB EXENE

DRI DD E X EHFHFFIAIEE

APPO EO EXZEEAHERIRGER
COM FE AR

3.4 BIElRE&RX

HERERGXBANKIEFRANOLETE, FEEGAERERRRENOMMM, T8
BRGAAABSIMETEARGERT, AH—HLMBETNNR, BIENL, NEE
GBI T R AR,

WA © BSEERERHERAE. RE—TF 8



( Auwiner
NXHEER W

REEMW s BhR

sEmd 4 | mE e BB ‘

; 3:6: BiEEGL T

3.5 T

o
3.5.1 XFTE

NRAZERRIBERE XA EWRLMEEN, BT FEARIZHRYIMERXRZE
HUBER, TEE EABLHRNER, XFTENFHEX, ERENSYHMET,

3.5.2 $ETE

DT AL E R LASAMI R R IR — E LB ER— 300 buffer #ITHAETMEZME, EMNER
BET R ERLERENAFZETENNR, BIHETE, HROSYBRKT, BMESE—
ERREN TR, X—RS5XFTEEREEMILAY, FTLL, HIBEEHEERANERE X i
TEREEN TR

WA © BSEERERHERAE. RE—TF 9
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REm 1T 2 B TR BT HERER

3-7: BT ERAIE

3.5.3 BELE

BEBENTAZFRRURKBEEZE, FAZRELNESULBGLER., RAEER

IEERBERN, RIEBRAZERY, BAEFI BEANEESN. ?
»

3.6 fEet%

AT 7E Android REFIRLIE, TERETNEEESER, MWV HFIRENREAE,
HEAERFSIERE JPEG X{FH, SEEREGNRERITHRRIFNRAN, S5ENAE
= EEREE G, AR ENEGEITET.

WRINFE © HRBEERRRINERAR. RE—IF 10
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4.1 Camera2 API

#EFEA Camera2 #EOS5MEN#HITRXE, android.hardware.camera2 it T —1 inter-
face #0, AT ZMNHIIM Camera 8% 5 Android & &#1Ti%E#E, Camera2 ¥ Camera i&
BRI — K EIER! (pipeline), BiEidiANIERK (input requests), RIRBEMEE, FH
BS—MERABE— 1T EG, HWERES, SWNBNBERBZEEH—MARER (capture
result) JTTHUEE, T2 metadata packet LUK —R TG HE G IR, XLEERKIBIZE AR
IR #ITHESIN, ZMERELHEY, FTRERFERAFERP, ¥ in flight, EEE| Camera 1%
FIRIT— TN EB ST EIRKERE, 58S MERERE, FEMBFRIEMBERIRK.

SRERH, HEURITA—1EMH Camera 1&&, ARFEERN—T gh%leraManager *
B, — Camera &FHRRE—RINFSEMAFREARZBFIES, AT AEHES
o XESHALUET getCameraCharacteristics(String) #O3REFH 1§15 B £7F2) Camer-
aCharacteristics &,

HEEABBERN, VEAMAEBLCUE -1 IR=1E (capture session), FBEEE
—Z5 MY Surfaces 245 Camera 8%, XWNMHERE createCaptureSes-
sion(SessionConfiguration), &4 Surface HNBLRXIFLEE, HLINE L RKNFE
X, HFAEM Camera IREX W, BHI5/ Surface BEBHZNIFKIREN, BIE SurfaceView,
SurfaceTexture, MediaCodec, MediaRecorder, Allocation A& ImageReader,

—f&Ki%, Camera MFIHEGREH ZXE SurfaceView 3#& TextureView, & DngCreator
IR Jpeg BF 3#& RAW #IERES@:d 245 Jpeg @& RAW Sensor #&IHY ImageReader
KRB, WF RenderScriﬁf,vOpenGL Es, Native X3, Camera ¥iERIFEEHZ L YUV B
17982, ™ SurfaceTexture # ImageReader AJLAfER YUV 420 888 1&1RTE,

MAILEEZEELCE—1 CaptureRequest, BT EXIHBRSHFARE Camera RENEFRE,
CaptureRequest E=F|ZEARIARN R EIRB R Surface, CameraDevice fiE—1T
=B UERNBFE TRIEEERN Request builder, ¥ CaptureRequest BiREGE, ©it
BEIS ML B R — kB K S B ELLHAIE Capture Session IR, FFh5 EERRESIES —IEH
B Reuqgests, EELRIERSLEEMERNEE. FTUANREXHERN L4, EMIRSTEE
SR Z AR ITAIE, HAEFT—MNERES, Camera i8&S6IE— TotalCaptureResult %¢
%R, ©EIEEAHRNZ Camera iIREHWRSEERURRAFERNIZE, NMRSHZEFTESANT
EBEARLEBENINE, Camera i&&EFRE—MEREEEHE Surfaces, XETHER?
1, BEERIER,

NTEHEX Camera2 WEEL/NE:

WRIRFE © HRB2ERRRINERAE. RE—TIMF 11
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R

CameraDevice

CameraDevice.StateCallback

CameraCaptureSession

CameraCaptureSession.CaptureCallback

CameraCaptureSession.StateCallback
CameraCharacteristics
CameraCharacteristics.Key
CameraDevice.StateCallback

CameraManager

CameraManager.AvailabilityCallback
CameraManageg{EorchCallback
CameraMetadata

CameraOfflineSession

CaptureFailure
CaptureRequest

CaptureRequest.Builder

CameraDevice ERERTED
Camera &&FEZE—1
Android &€& £, LTRHEMET
H4E ERE G RmRiITHE R a4t
I

FETFi#E Camera ig&HPREE
| CINE

CameraDevice SNV AHIRSIE
(capture session), BFM
Camera PHREGHEERE
MRS IEF L IENIZREXEIE 5
BTFiBiFRRE| Camera 1&&H
CaptureRequest #ERI[O]ExT
R

FF#Ut Camera ?ﬁé’?j&%iﬁﬂ’\]%
FRSHEHE <>®

TR Camera B&MEM
#{EHRT Cameéra HEEHKE
%, "Bl get ¥KEX Camera BY
characteristics B4

BTFEW Camera BENRSE
AV ENEX R

TN, SREBNE S U ERE
CameraDevice HRAFKIRSEE
2% (service Manager)

Ml Camera &&8EBITHHE
REEFTHREIA

12 Camera RYRAFEARN TR,
B HsE R AL

TR Camera THILUIKIES
RyESE

JAF CameraCaptureSes-
sion#switchToOffline /&, ¥
Capture Session BABLIE
MEGEZREFIPHBIREKE R 2%
BIRET IR S

£ Camera R&HEBHNEEN
AHTENEE U MEHE
Capture:Request BY builder

WRAFRE © BBEERERHERAE. RE—TNF
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CaptureRequest.Key CaptureRequest B95E{E, BT
@1t CaptureResult#get &
1, telLLEE Captur-

eRequest.Builder#set(Key,
Object) IKE

CaptureResult ME G 17 X 2310IR 2 KR A IREXAY
DALER

CaptureResult.Key CaptureResult B952(E, &
CaptureResult#get Zif

DngCreator DngCreator 3227 B RIE%K
BT 2| DNG XHHI7 %

TotalCaptureResult B3 E G E X ESHR1R B 5K B 7 3REX
HIFRBEARENER

CameraAccessException YR Camera B EEET

CameraManager if] I‘:ﬂﬁ%ﬂ
¥, RE‘Z%N?—’P%@FE’\J
CameraDevice EHELH T ,
CameraAccesSException &%

EE=t g

4.2 Camera Framework &A%

4.2.1 - CameraManager

CameraManager &MU RGRSZSEIERS, TIIRETEN, &, REVEVES. ABVINZER
LU import android.@ardware.cameraZ.CameraManager E#%AA CameraManager

HiEO, ¥ AR public #O8E:

HiER TP

getCameraCharacteristics FREVFEE camerald BUABHIREBIE

getCameraldList REIFFEET ID EEETNIRE

openCamera EHEIEE camerald BIFENIESE
registerAvailabilityCallback AR 218 & A BT RV EAXT R

registerTorchCallback B RA AT IR UK S HY[E] 3/ 6 21

setTorchMode REEE ID NAXITEXMEZITAENILSE
unregisterAvailabilityCallback JFEHITEAIEINAIEIE, EERASEWIEZSETFBER
unregisterTorchCallback FERIAHBEINMENAE, EANREFEBIZRAI T RSB

WRINFE © HRBEERRRINERAR. RE—IF 13
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CameraDevicelmpl | ‘ ICameraService | ‘ CameraMetadataNative | | CameraCharacteristics
— T T & T T

111 openCamera |
i

1.2 spenCameraForUid !

i

1.3 openCameraDevicelserAsync |

1.4 getCameraCharacteristics

1.5 new

AN

1.6 getCallbacks

1.7 connectDevice

return ICameraDeviceUser

1.8 setRemoteDevice:

|
D
< one

121 getCameraCharacteristics, i
T

2.2 getCameraCharacteristics

return CameraMetadatalative

2.3 setCamerald

2.4 setDisplaySize

2.5 new
T e eememeeeeee e o et ot et S
;( return J : ! : :
| CameraDevicelmpl l: ’ ICameraService | ‘ CameraMetadataNatiUéF | CameraCharacteristics
QW
>

4-1: CamearManager & BRIz E

4.2.2 CameraCharacteristics

CameraCharacteristics @B TEAMBIIFHEINR, B4& T EIE CameraMetadata, &
T|EX Map FiEEY, XEBERATLUNET, Apk AJ#@id CameraManager 3XEHE
%, BANESEE:

FEE 3N
COLOR_CORRECTION-AVAILABLE ABERRATION-  #B#li&&ZRHGERERS
- MODES FIR, AT

android.colorCorrection.-

-aberrationMode
CONTROL AE AVAILABLE ANTIBANDING MODES #ENIK&EZIFHNENBRIER A

wERAYIR, BT

android.control.-
-aeAntibandingMode

CONTROL AE AVAILABLE MODES HBIIEEZIFHNE R ER
pR, AF

android.control.aeMode
CONTROL AE AVAILABLE TARGET FPS RANGES BN EZFHFNmEEE, A

F android.control.-

-aeTargetFpsRange

WRINFE © HRBEERRRINERAR. RE—IF 14
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TR iR
CONTROL AE_COMPENSATION RANGE HENIR & IR AMEE
, AT android.control.-

aeExposureCompensation
CONTROL AE COMPENSATION STEP B MEEB N TN R INT K
CONTROL AE LOCK AVAILABLE ENIgEEE
android.control.aelock
CONTROL AF AVAILABLE MODES MENISEZIFNE R ER
R, AT
android.control.afMode
CONTROL AVAILABLE EFFECTS NI EZIFHNENB MRS
X, BT an-
droid.control.effectMode
CONTROL AVAILABLE MODES NI & ZFFIEHEIETNT
x®, BF
android.@trol.mode
CONTROL AVAILABLE SCENE MODES ENIER MR ERTIR
(&=, £8. dxE) ,
BT an-
droid.control.sceneMode
CONTROL AVAILABLE VIDEO - MENIE&E SRS EAR T
-STABILIZATION MODES R, AT
android.control.-
-videoStabilizationMode

CONTROL AWB AVAILABLE MODES ENIgEZFF B E FEIE
AR, BF
android.control.awbMode

CONTROL_AWB_LOQ{Q_ AVAILABLE MENIEE BB
android.control.awbLock

CONTROL MAX REGIONS AE BRI EANERANERX
1K

CONTROL MAX REGIONS AF BoREFANZANEX
1K

CONTROL MAX REGIONS AWB BB FErERNRANE
XK

CONTROL POST RAW SENSITIVITY - MENIEEZIFH boost 5B

-BOOST RANGE El, AT android.control.-

-postRawSensitivityBoost

WRIRFE © HRB2ERRRINERAE. RE—TIMF 15
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DEPTH DEPTH IS EXCLUSIVE

DISTORTION CORRECTION AVAILABLE MODES

EDGE_AVAILABLE EDGE MODES

FLASH INFO AVAILABLE
HOT PIXEL AVAILABLE HOT PIXEL MODES

INFO_SUPPORTED HARDWARE LEVEL
INFO_VERSION

JPEG_AVAILABLE THUMBNAIL SIZES

LENS DISTORTION

LENS FACING

<B\/

LENS INFO_AVAILABLE APERTURES

LENS INFO AVAILABLE FILTER DENSITIES

LENS INFO AVAILABLE FOCAL LENGTHS

BH— MBI RETEBE
BRI RERERH (U0
DEPTH16 /

DEPTH POINT CLOUD)
MEEgekmy (W

YUV 420 888, JPEG
RAW

ML E 2B EHERT
5%, FF android.- -
distortionCorrection.mode
NI & 2N SIGRIR T
e
android.edge.mode
BENISEREE WM
AL & 2F R R ERT
FIIR, FH:_FQQ
android.hotPixel.mode
AV E S SHEGFR
KT ENIRERFISERAE
B, BIMIMEARSES. FX
BE

MENIE&EZFHN JPEG 48
BREIXR/NTIR, AT an-
droid.jpeg.thumbnailSize
HIERE, LU IEAENISER
EIEp Il =ik PSR
MHENIgEEN T RENAEME,
BlINEERGR—RE
LENS FACING FRONT
VIS &SRB KNG
&=, AT
android.lens.aperture
Mg &E NP EEEIRK
B3I%, BT
android.lens.filterDensity
Mg EZFERYIR, A
a:
android.lens.focalLength

WRIRFE © HRB2ERRRINERAE. RE—TIMF 16
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FERH

1::pu

LENS INFO AVAILABLE OPTICAL STABILIZATION

LENS INFO FOCUS DISTANCE CALIBRATION
LENS INFO HYPERFOCAL DISTANCE

LENS INFO MINIMUM FOCUS DISTANCE
LENS INTRINSIC CALIBRATION

LENS POSE REFERENCE

LENS POSE ROTATION

LENS POSE TRANSLATION
LENS RADIAL DISTORTION

LOGICAL MULTI CAMERA SENSOR SYNC TYPE
NOISE REDUCTION AVAILABLE NOISE-
- REDUCTION MODES
REPROCESS MAX CAPTURE.STALL

<B\/
REQUEST AVAILABLE CAPABILITIES

REQUEST MAX NUM INPUT STREAMS

REQUEST MAX NUM OUTPUT PROC

REQUEST MAX NUM OUTPUT PROC STALLING

REQUEST MAX NUM OUTPUT RAW

MEMIZE A FRER
(optical image
stabilization, OIS) =7l
%, AT android.lens.-
-opticalStabilizationMode
FERERRERE
BRHEBEEE
REFIR AR RITER
MEHIEENRNEITESE (18
MAZ)

T\RHS|RAME, BPAT an-
droid.lens.poseTranslation
HIREIG AR

NI EEX FE RSB LITR
BEE
*E?Fftﬁ‘é?%@ﬂﬁ%
$BLFMIT, 7 Android
28 EBFH, FH
android.lens.distortion X
B
YIEEABHIEIMIET (B BB B9
i, JRE THPIEENIEEFF
YaBRJERYRE

NI & ZFFRPEIRIE T
&, BT an-
droid.noiseReduction.mode
B IBHIRIERET AR A KM
(LAt g B2 437)

MR E T2 FRIThEESIR
MWL BEIS R BY 2 YA [E
RENBNRRAHE
MENIL & EEB R B Z RV ARE]
MIERANEERRAE
CHELTY
FENIEF BERBE B IR ARE
MIERANEmERRAE
(B1=1)

X F1E RAW &=, VIR
FHREIEAIBY 2 RV A B R

MHRRASE
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FEE PN
REQUEST PARTIAL RESULT COUNT EX—MEREHRZ DN FLE
F£A R

REQUEST PIPELINE MAX DEPTH

SCALER AVAILABLE MAX DIGITAL ZOOM

SCALER CROPPING TYPE

SCALER STREAM CONFIGURATION MAP

SENSOR AVAILABLE TEST PATTERN MODES

SENSOR BLACK LEVEL PATTERN

SENSOR CALIBRATION TRANSFORMI1

SENSOR CALIBRATION TRANSFORM?2

SENSOR COLOR TRANSFORM1
<B\/

SENSOR_COLOR TRANSFORM?2

SENSOR FORWARD MATRIX1

SENSOR FORWARD MATRIX2

BE— M BERICFEA,
Fré2 3 E B BRI RAE
active XIS & X%
RELLENZAE, BT an-
droid.scaler.cropRegion
ISR EE, 7
CENTER ONLY #
FREEFORM - f##

NI & PRV B A AV ED
B, giEs/] ek, REE
. KNAEBIMET
NI E ZFFRIRAE TS
&=, AT an;
droid.ser@@r.testPatternMode
SNERIBILS AT (CFA)
EEOBENETE REBBERYE
=
MEEERIEZME T B IR E
KrgEE RSB BT ENE
M EREE IR %

MEZ BRI E T E IR E
LPrigFEFRIEFMBETE (X
EFRBE X BIBNE GRS
18]) NS M EREFRIRER
BENEEM CIE XYZ =
B NS E F RN B T8
HIXE %

BEneEM CIE XYZ B =
B R AN SEE RN B T8
HIXE %
BETERGNaeENEEEF
ResEnea T EERATE
D50 BH=8Y CIE XYZ Bhig=
i8] BV XEPE
BETERGNaeENEEEF
Resene T EERATE
D50 Bs=8Y CIE XYZ Bhiges
i8] BV XE %
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SENSOR INFO ACTIVE ARRAY SIZE

SENSOR INFO COLOR FILTER ARRANGEMENT

SENSOR _INFO _EXPOSURE TIME RANGE

SENSOR INFO LENS SHADING APPLIED
SENSOR INFO MAX FRAME DURATION
SENSOR INFO PHYSICAL SIZE

SENSOR INFO PIXEL ARRAY SIZE

SENSOR_INFO PRE -
-CORRECTION ACTIVE ARRAY SIZE

SENSOR INFO SENSITIVITY RANGE

SENSOR INFO TIMESTAMP SOURCE

SENSOR INFO WHITE LEVEL
SENSOR_MAX ANALOG_SENSITIVITY

SENSOR OPTICAL:BLAGK REGIONS

SENSOR _ORIENTATION

SENSOR REFERENCE ILLUMINANT1

S RERERS, B&gEF
B XN FIEH R ERVER
ER28 FENE ISR 2ZAVHES,
BIREURR, RnfERSEELE
2x2 BB

MM IR & 2RV E A BR SR (E]
SBEl, AF an-
droid.sensor.exposureTime
NI ERENREEGRES
R KRR ERE

NI & 2RV R ABYME] PR
B8], AT an-
droid.sensor.frameDuration
STREREHTIIERS
SERERBIBIRT, AT6E
EREREGE
GBI AR EREZ
A, SESHEREENNER
ZRRESHER

Mg & ZIFNBUREEE,
BT
android.sensor.sensitivity
&Rk E AT RV BT IR B AV B
EIE=3h7

ERER R A raw fEiaH
R R INE FH SCI R ER A
BRE
RLERBAFZRENEBR
EXIHARERZFER TR
fFmbERETIEERS LUR
MAEEE, IREE S RER
)z

%i+% android.sensor.-
-colorTransforml,
android.sensor.-
-calibrationTransform1 #1
an-
droid.sensor.forwardMatrix1
FEFERT, fERTRCRIATE
SENIR

WRAFRE © BBEERERHERAE. RE—TNF
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FEH TP

SENSOR REFERENCE ILLUMINANT?2 Hit& an-
droid.sensor.colorTransform?2,

an-
droid.sensor.calibrationTransform?2
# an-

droid.sensor.forwardMatrix2

FERERY, (ENZRICIRBIITAE

SEHR
SHADING AVAILABLE MODES MM & TR KN AR
FI&R, BT
android.shading.mode
STATISTICS INFO AVAILABLE - NI & 2 ARG MRS
-FACE DETECT MODES Fl&, AT an-
droid.statistics.faceDetectMode
STATISTICS INFO_AVAILABLE HOT - = m&%i‘iﬁﬁ’\]iﬂﬁiﬂﬁﬁﬂﬁ
-PIXEL. MAP_MODES Hﬁiﬁ’iﬂ%@%?
android.statistics.-
-hotPixelMapMode
STATISTICS INFO AVAILABLE LENS - NI & TPV SR K PR R BRGY
-SHADING MAP MODES wWHERYIR, BT
android.statistics.-
-lensShadingMapMode

STATISTICS AINFO AVAILABLE OIS DATA MODES  #E#li@& %16 OIS %iEH
HiEXFIFR, FTF android.-

statistics.lensShadingMapMode

STATISTICS INFO MAX FACE COUNT R BEMS I MM ARSI SRR
s f#
SYNC_MAX_LATENCY ER (5H—MNERTE) 12

REURERRERL ZFiE
e BRI AR A MK
TONEMAP AVAILABLE TONE MAP MODES FENIR & 2 AV B R 15 o B &
wX5I%R, BF
android.tonemap.mode
TONEMAP MAX CURVE POINTS E G IGoRIR AT B4 S IR K
RHE, BT

android.tonemap.curve
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4.2.3 CameraDevice

CameraDevice A FHEEZE Android i%&#H9 Camera &%, @13 CameraDevice AJ LA
XHREGHITHEARNEHNELAE, SNAFEERR Camera &N, BEFET Android-
Manifest.xml F7E XAEHPR: “android.permission. CAMERA”, Mi3xENZ#I Camera Y

PR IE4h, @ Lk CameraCharacteristics 3REXAY INFO_SUPPORTED_HARDWARE _LEVEL
HE, FBENTXS:

1. CameraMetadata#INFO SUPPORTED HARDWARE LEVEL LEGACY: Camera %
FATFRAFREEN, ENOXE camear2 APL

2. CameraMetadata#INFO SUPPORTED HARDWARE LEVEL LIMITED:Camera i&
B/LFE5EM Camera —,

3. CameraMetadata#INFO SUPPORTED HARDWARE<LEVEL EXTERNAL:Camera
RE NGRS, BERAEEONREE, MEZRE M.

4. CameraMetadata#INFO SUPPORTED HARDWARE LEVEL FULL/CameraMetadata#
INFO_SUPPORTED _HARDWARE_LEVEL _3:Camera & &REABEIRAIERE. &
E7f AndroidManifest.xml FE10 ”andr01d.hardware.camera.le;@?full” S L

B E AR public EREHEARIIT:

FiER iR
close RRXFEVIKEERE, KEXAGE,

StateCallback#onClosed [ElA#iER. B
Mg & LB BEIS BRI T FFo

createCaptureRequest 8l## CaptureRequest.Builder, FAFHHIH
RIFKo
createCaptureSession 8% CameraCaptureSession, Fi@id
Q SessionConfiguration BEFIA TS
createReprocessCaptffreRequest Bl# CaptureRequest.Builder, BFEIE
CaptureRquest,

4.2.4 CameraCaptureSession

CameraCaptureSession #i&it—1=iE, EIRETEETIEEPHREGR UK ELIEN
HIREE %, CameraCaptureSession E8JENAKMERMTEIrAmELEY surfaces 45 Cam-
eraDevice#createCaptureSession &M, HEEHKERME— InputConfiguration F1ER
i Surface (&%) CameraDevice#createReprocessableCaptureSession, —E#E 7T

CameraCaptureSession, EME—EFRFEEK, BEMNRIERCIERE ZIEW XA,
9% AR public EREIERIOT:

WRAFRE © BBEERERHERAE. RE—TNF 21
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FiE# R
capture IRIHIR—KERANIER, WASH

CaptureRequest =& X EIGS#, NFK
28, $RK, AT

captureBurst I’R—RYIERATFHERESG, A
“burst”, AITEFEH, M captur AKX
Bz A RSB HME Request &

Hrp
captureBurstRequests 5 captureBurst HAEZEM
close S X4 CaptureSession
prepare N surface FkHERE
setRepeatingBurst BEZAFREER
stopRepeating FIEERIZE

4.2.5 CaptureRequest ]
&
|

CaptureRequest BEEHMNEE, BIEERKS, HEABM WHITESE, QIEBRURKE, 1T
HE UK buffer, CaptureRequest 3&i¥ CameraDevice fJ createCaptureRequest 8l
i#, H7E CameraCaptureSession B capture &z CameraCaptureSession 8 setRepeat-
ngRequest FEBE(E N, CaptureRequest BWEEE S CameraCharacteristic ——%$[Z,

4.2.6 CaptureResult

CaptureResult 28X HRE FREIFLERD4H, CaptureResult t2#1 CaptureRequest &
LMWL, GEFEHIRE, WERKLE, THBEZEURBLE buffers, CaptureResult B
CameraDevic 2358 CaptureRequest [ai=4£87. FiEHY Capture 153K, #AILIE Captur-
eResult F#1TEIM,

4.3 CameraService

CameraManager i#id CameraService #{T—RFIFVREINFTAENIEE, KREENEES.
CameraService #128& 7 camerserver, XBKREFINT:

o frameworks/av/camera/cameraserver
o frameworks/av/services/camera/libcameraservice

Camera?2 [V i#id CameraManager 5 CameraService #{TE#2H Binder i&f5, Cam-
eraService IF| EEMIERE, Bi@id HIDL BF5 HAL B#H{THERE,

WRIRFE © HRB2ERRRINERAE. RE—TIMF 22



@LNIM@F
&

& o
‘2:27'

X
s WE

N

l.hardwars camera:: pmwder w2 al (©)hardware
t

& <>Q

Q .\CameraPruwderCaHbackI [.mdl death @\entl

L

TEJ CameraService *E%%E: %

. StatusListener

. EnCameraService

.md\ manager:V1_0

© onTransact{}

~ICameraService
® onDeviceStatusChanged()
© onTorchStatusChanged]

© getCameralnfo()
© onNewProviderRegistered()

o getNumber0fCameras()

@ rcametaserice
~-ICameraService
%Fcameras()

. BpCamaraservice

~ICameraService
.E‘”dE'SE""CE © getniumberofcameras()
 — ° getcamera\nfu()

© connect()

0

%

o donnectl)
o etc

ameras()

(©) cameraserice

© getCameraservicePronyi]

© onDeviceStatusChanged|()
© onTorchstatusCh

anged (]
© anNewProviderRegistered()

@~
®JSerwceNormr:anan o aetCamerainfol)
-~ ICameraServiceProxy. - © gethumberofCameras()
© pingForuserUpdate(] Q:k“' ® connect()
%\ © notifyCameraState(} o ete

ameras()

© onTransact(}

0
o static ICameraServiceProxy* sCameraServiceProxy
o CamarﬂchentMandgcr mActiveClientManager

me:

& vectumpmmbuul sarwuustanerx» mestWQ

(€) Bncameras

° unTransa(

. CameraProviderManager .EPCGWEESEMCE"WW

QQ 0 RAY

© Pru\ﬂderlnful

B3 e -~ ICameraServiceProxy
vector<sp. > © pingfor updm()) © pingForliserlpdatel)
®

>
@'L\ <

(@) cameraservcetistener Q

onstatusChangedi}

© onTorchStatusChanged|]

,,,,, ICameraservcelistener S
5

[ <
© onCameraccessPrioritiesChangedi() Q

(©) EnsenviceListener

onTransact()

————— ICameraServiceListener:
© onStatusChanged()

© onTorchStatusChanged

I
© onCameraccessPrioritiesChanged|)
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S & & SR WE
QQ @ fCa@é) QQ QQ
S e — S S
QQ .IBinder : g‘i’}ﬁm‘m Q QQ
S é}.:m???:ﬂ’""m S S
Q 1 kePicture()
@ startRecording() Q Q
& ol &9 &
S S L\ & S
. BnCamera BpC.
@ onTi . e @ CameraDeviceBase
\Camera——-J [T ICamera------|
.Deathﬁecipient o disconnect() : gl’"‘::("“m .Basicclient ---CameraDeviceBase -
e | (2
o etc.

AN Qe o takePicture()
o startRecording() ; :Erﬂla(urqu(l
o etc. v =

. Client

@ onTransact()

| & disconnecti)
® connect()

¥

&

o ACamera- |

xQ
~
.Nutiﬁcati@tener

. hardware::camera::dev%&n_ﬁ

° arget()
@ autoFocus()

o takePicturel)

@ startRecording()
© etc.

. Servicelistener .Cameraclientl\-lanager

. ClientDescriptor|

—————— CameraClientManager|

CameraService* mParent o getCameraClient()
ICamera: iServiceListener* mListener

&
@0

. ICameraDeviceCallback|

/

.CameraBDm‘ice

. CameraDeviceClient|

~-CameraDeviceBase -
@ capture()

© createStream()

o configureStreams()
o etc.
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5.1 Camera HAL3 IheEEEA

HAL3 BN FRAR S PETEAREN - R—NUE, ARAUERXMIESLR 2R
R —EHEMRI, FINERERN. XF—X, EURSEAPNERE. BAUKES
[EERRLIE (BINPEIE. XSLEEM L) MRAVIERIBES ], LESh, XMiE (L RITLEIE RETS fE R FFF
&REERMERENBSFIhEE,

AP BHENFRRABEN—IEE, ZEEARR 1.1 NEERENRINHERIEREL A0, X
LEREESBERMNBRMLIENFAERERES, HPEEIPENGERR FoERsE. &
KA TIE M ; SARMEEIN; RAW Z| YUV 2324 éﬁiﬂ%@&ﬁi%%é

»

WTEFR, WABE Framework BB T/EHFIF CaptureRequest, BEEIRE UNRBEFH
Surfaces, ZAGi&iY capture EOEKM, £2i1d CameraDevice B, KiFRAY, =5—
FHFFERTIH FIFO BIBAFI. SE#EE L2 Camera HAL3, # AN IN-FLIGHT FABIAME, 432
Z£RE, BERRERELR, HIAA onCaptureComplete() EIARBIABRIZE R, LIk,

AAXRRH VN SALERER OEBF TR R LEREE ST HE. AP LUEHEY HAL3 &
E48¥ HAL1 MERREE, 280 MR RECNERSHRIN—KE G, XKEGRFH
RERRK :

o BEAEXBIRBTEHIEN Result' 3%,

o BIGEUEN 1 8l N MEHKX, BPEAX=HNE CHBER Surface,
<§\/

FIRERYEAIH Surface A2 TAACE

o & Surface BE—TEIE D PRHNEGEALORIIBRMIE,
— RV E Surface EEEHH (93 D) o

—MERPEESHAENESTHRIZE, UNRBHINZIBEREEGEHTX (MBEREH) HXIH
Rk E Surface MI5R, IBRAIURKE—R (EH capture() , WAILITREE ((FEH
setRepeatingRequest()) . HIRBMERSTFEEIFTRIMER.
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CaptureRequest

Per-frame settings

CameraDevice

capture()

PENDING REQUEST QUEUE

Target Surface-1

Request-1 Request-2

ﬁ

Request-3

Target Surface-2

CAMERA HARDWARE

-

output image IN-FLIGHT CAPTURE QUEUE
queues

" Reqguest-1 Request-2 Reguest-3

onCaptureComplete()

CONFIGURED OUTPUT
SURFACES

Surface-1
Surface-2 | pSettings used by hardware —l
< AW W ORIGINAL
l ¥y \ W CaptureRequest
Surface-3 Hardware status

5-1; HENZORIFIRE

N AERSHIHARBVEROBNFRF L HIEK, —1 CaptureRequest ERW—HLER,
BEREESEXFERNVEXELERNAERERES. EPEEIMEMNGERERR; FohffRaE.
BRFAFUTIEN; 3A BIFER; RAW B YUV REEH; URFAITHEENERS, XE—
¥, ErEEFIEFIERNBHANLIE, —RALESZMER, MARXIEREFAZHIAEZE,
ERBARIERIFWR IR E 1T,

o HRHNFTIERF B TFIELR,

o HAL iQEMITIRIRFLIEENR, WFEMEK, HWERBMBERTHREUAR—THS T RHE
BREHX,

o BERMERUNGEIERE|BREBRET R HMN,

o EEFRNFIBE RN EBL TR, UEERAUREFERETREE—&,

o FIEHRECENRT (B 3A fIiE) MESEIERMERT,
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A““"f&';o@ @‘0{@ %fziv\\% :z%@@?{%zm
F¥AM HAL $iBRIZE N FAR: &P &
R o~ &7 ¥
N BINDERIZED CAMERA
QQ CAMERA3DEVICE HAL
O ~
& | oneresult ___|

S READOUT AND

per capture PROCESSING

gralloc
buffer

OUTPUT OUTPUT
STREAM 1 STREAM N

gralloc $ i gralloc
buffer queue buffer queue
{ i

gralloc

quest
er capture

ne input buffer ——p=
per capture

oF 5-2: #84] HAL #%5  © o&
& O O
O & O
<& & O <&
O o O O
QQ O QQ QQ
- 5.2 Camera HAL3 #14&1L &
O O
& O O &
Camera HAL3 BB 1T android/hardware/aw/camera/3 4/, S HiZEOR], BB THR
V4L2CameraHAL WI#R1LRAZE, S0 TFEFRR:
* * * *
&5 & & &5
QQ QQ QQ QQ
& & & &
& & O O
QQ QQ QQ QQ
QQ & O O
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| ConnectionStream

|V4L2CameraHAL | ‘ CCameraConfig | ‘ V4l2Camera | | V4L2Wrapper| ‘ v4\2_metadata_factory| | W4L2Stream |
-~ T T T T _ T T

! 1, traversal all cameras |
I

i
2, new CCameraConfig _ !
T

1 3. initParameters
i i
| 4. dumpParameters |

5. NewvdlL2Camera

6, New\W4L2Wrapper |
> |
| 7. new VAL 2Wrapper |

i
8. GetV4L2Metadata |

9, Connection

10. Connect

11 MNew\4L2Strea

12 new V4L 2Stream

B 13 return V4L25tn

o

14. new Connectionftream,

15, connect

16, open device

i

17. ioct| VIDIOC/S, INPUT

L

18¢ REw AWlspApi
S

rn

20. return !

21, return i

22, return |
< A i
I

i

I

I

I

23, new V4L2Camera |
| t::] |
| 24, return V4L2CamerahAL

i | i

1 i 1l ]

L SRS ] | | H

| ) | i | | |
V4L2CameraHAL | CCameraConfig V4LZCamera | VaL2Wrapper [M\Z_metadata_factoryl | V4L2Stream | | ConnectionStream

5-3: Camera HAL3 ¥4k ZE

5.3 Camera HAL3 0

-
5.3.1 camera module

camera module WEMAE, BARE—ITHREE, ANFERAZBEEHNARRE
hw_module t 32#I%% 1679 camera module $5%t. 1. ENODEV: camera & 805
ITHARANEEIR 2. EINVAL: ASHELHN. LHEiR id XMHEE module BT
MM, 3. EBUSY: X}i% camera id, camera &&E2EHET open 4. EUSERS: B£&
BT RABEBITH camera IREFMEE T, 5. ER common.methods->open #=IR[E]
ENODEV. 6. i&[E] 0 B RREINFTHIZE-

//hardware/aw/camera/3 4/v412 camera hal.cpp
#define CAMERA_MODULE_API VERSION”2 4 HARDWARE_MODULE_API_VERSION(2, 4)
#define HARDWARE HAL API VERSION HARDWARE MAKE API VERSION(1, 0)

#define CAMERA HARDWARE MODULE ID "camera"

A4
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static hw _module methods t v412 module methods = {
.open = v412 camera hal::open dev};

camera_module_t HAL MODULE INFO SYM _ attribute ((visibility("default"))) =°{
.common =
{
.tag = HARDWARE MODULE TAG,
.module api version = CAMERA MODULE API VERSION 2 4,
.hal _api version = HARDWARE HAL API VERSION,
.id = CAMERA HARDWARE MODULE 1ID,
.name = "V4L2 Camera HAL v3",
.author = "ZJw",
.methods = &v412 module methods,
.dso = nullptr,
.reserved = {0},
}
.get number of cameras = v412 camera hal::get number of cameras,
.get camera _info = v412 camera hal::get camera info,
.set callbacks = v412 camera hal::set callbacks,
.get vendor tag ops = v412 camera hal::get vendor tag ops,
.open_legacy = v412 camera hal::open_ legacy,
.set torch mode = v412 camera hal::set torch mode,
.init = nullptr,
.reserved = {nullptr, nullptr}}; X

V4L2CameraHAL BZORIEEMT:

WRAFRE © BBEERERHERAE. RE—TNF
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w42 camera_hal ‘V4L2CameraHAL | ‘ Camera | ‘V4L2Camera | ‘ CameraMetaData | ‘ StaticProperties
| >

! 1.1 open_dev

! -

1.2 openDevice

1
i
i
i
|
- i
i i
1 1.3 openDevice _ |
[laleiind bl
i i
+ 1.4 connect [

1.5 return X
._( .............................................. 1

! 2.1 get_number_of_cameras!

2.2 getNumberOfCameras

. |
L 2.3 return mCameras.size

i
|
|
|
|
i
|
|
|
|
|
|

e . i |
|
|
|
|
i
|
|
|
|
|
|
i

w
=
=]
[
©
I
[z}
3
I
=
o
_.
=]
=
o

3.3 getinfg
3.4 initDevicelnfo

| 3.5 return
€

I 3.6 loadStaticinfa :

3.7 new

return CameraMataData | Q
( ............................................................. 0

3.8initStaticinfo |

3.9 NewStaticPropalarties

return

|
T

|

return |
.......................... L !
|

i

|

]

return :
T i
]
v4|2_camera_hal V4 2CameraHAL ‘V4L2Camera | ‘ CameraMetaData | ‘ StaticProperties

5-4: VAL2CameraHAL ZEOREE

|
|
1
|
|
|
|
i
|
|

5.3.2 camera3 _ggvice_ops_t

5.3.2.1 initialize

initialize A2 ¥ framework B9 callback ERE#IE HE R HAL B, ZIREHMETE open()
EBEEHEMEIERZEIAR,
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camera3_device_ops_t Camera
<

| 1 initialize

| 2 mcallbackoOps = callback_ops
! 3 initDevice

g dreturn

camera3_device ops t Camera

5-5: camera3_device ops_t-initialize JRIEE

Camera B initialize TEIRE T [B1IF 7% callback ops, EAEIARIBGEHREA D, init-
Device TMEBI AT, AT HBRLIEEFRBNEO,

5.3.2.2 configure_stream

e configure stream 2EFNZE Camera HAL &R BBIERKZ (pipeline) FHi& BV
ANER (streams), ZIABKEZERE Stream list FHIECE (stream configuration), i%
BT initialize JAREIAAE, FHETE processs capture requests 132 request g3
Fo

e configure stream K Z %N stream list B AELEBE— P HA (output-capble
stream), BAEEEEBE—1HNM (input-capable stream)

e stream list JUEE HFIEEFERAR (Bd&IEEA configure streams JR1EMH)s X
FERBREEMN usage {8, max buffers LU private 3%t (camera3 stream t).

le 1R HAL EEA—-IBEEMNRKZTEE (stream configuration), EFRIBXRX config-
ure stream M E?J%QE usage HY{E, 3¢#& max buffers FI{E.

o framework EIFeEBIL N HXLEAE), HEXX request FEAXL buffers 71, EF A
JREY buffers,

o MNRXAXBEZS stream list HABEEHAIFEHRNR, HAL BREBRENBIRX L RAVFR
B5|A, ENTEA=BEH framework Ef, #BFIEB gralloc buffers ¥ &7 config-
ure streams &R EIFI#HER.

o B stream list @ F F framework 89, HTE configure streams TR /G T BEH
1 iAl, camera3 stream t ByMIILE HAL BREERFHEN, HEE—RXRFEE cam-
era3 stream t &¥HY configure stream #ZO#WIEAA. FR7T usage UK max buffers
L E7E configure streams AN EER G, HAL BAREEEBAEM stream EHENE
(private pointer B&9Mo

o MNBRIBINMEKEMN, £MEAFH max buffer LUK private pointer HSI&REHN 0, usag &
SIS E NHEE flags(consumer usage flags). HAL I&&HME configure streams
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REFHEEXETE, XETEFESW Framework UK FER gralloc IERBFAE—D
TOES gralloc N1z

o FPECHY buffers AJEE=M framework B&7E— capture request #, —EB gralloc
buffers &I [EiA 7% process_capture result iR[E]E| framework,framework i/
BETEERIBY BN BN FEHEERERTE.

MXHEER W'

| camera3_device_ops_t | ‘ Camera | vaL2Camera StreamManager vaL2Gralloc | ‘ V4L2Wrapper| ‘ CameraStream
T T T T T T T

| 1 configure_streams_ 1
R L L.

| 2 configureStreams

3 validateStreamConfiguration !

4 setupStreams

5 NewStreamManager

6 Newv4lL2Gralloc

7 new v4L2Gralloc 1
e 8 return v4L2Gralloc |

9 new StreamManager

10 return StreamManager

11 Analysis and create streams. |

12 findstreamModes

13 createStream : | s

| DY
14 new Connection ]

15 NewCameraStream

16 setFormat

17 inttialize |

18 return
<

19 configurateManager

20 configurateManager

21 retury : : I

22 return
”

23 start

new StreamYUVMEQ/StreamYUVYMDQ |
new StreamYUVSEQ/StreamYUVSDQ |

25startdone

26 traversal streams

27 fillstreaminfo

h | | |
28 traversal done ! | H d

1 29 traversal done

i < : :
i | v i i i i
camera3_device_ops_t Camera . V4L2Camera StreamManager |V4L2(3ral\oc | ‘ V4L2Wrapper| J{Camerastream
&Y

5-6: configure stream

5.3.2.3 construct_default request_settings

construct_default request_settings /@K Camera £ capture 188, &&HIURE
— settings buffer HEEEERX, #HHI CAMERA3 TEMPLATE * fHEA—I, HAL
BRBZENE, HEERANESUATIREXATREFEN. framework 1 HAL £ con-
struct default request settings iR[ERIAIRER = FHITIE,
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4 FHERE

5.4.1 process capture request

s

process_capture request &1x— 1 #H M capture FEXKE HAL, HAL HZ| )ﬁ%
WERZ T —1 capture EKAEI, W ARIR[EZF E. framework F—HAR ]
F— X process capture request, BIABAR=RKREBRB— 1%, T—XfEH pro-
cess_capture request {fEA—XFHIERSEEIINAY buffers HEFFINIAR, EEHR
BIET, XEBEKRERESW framework IZBMAH.

7EE > process capture request BIARAF, M HAL BIREX capture ERNRERED
e ZEAHAEX metadata HIEBE MY, BHIEA buffer AIEERIEM sync fences AT
Fo ZH request HAEEREBERYEH, LURIFEEMNB M,

framework #i58 request &M, XREEBRIEERRIFADZEIZ rqu@g: HRER M.
HAL Big &M% NXLEEENE B AT capture MIbIEs, HAL BAEREEFFURET
buffer B9 fences #F BiR[E] buffer B handle #| framework,

&40 input buffer AT, HAL 70 HIN buffer 89 release sync fence B4R RF
EPNE] input_buffer->re1ease_fence. {RIIHAL % F input buffer B9 release sync fence
iR[E]-1, framework tAEFZIIEIE XL input buffer, &M Framework ¥ &% sync
fence A2EEFMERFEERMA buffer,
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X

g Hvaustream|

camera3(de Camera

Vice_ops_t V4LZCamera| [r ] |c
| 1 process_capture_request_ | '

PO e P

2 processCaptureRequest

‘StreamvuvMEQ' ‘Streamvu\/MDQ | |cameraMetaDatal |CamemMeataData|

9 request
10 request
11 markFrameNumber
L 12 markFrameNumber done |
13 Streamon
14 loctiLocked |
VIDIOC_STREAMON |
15 Streamon done
16 start '
17 new StreamYUVMEQ
: 18 startThread
19 retu block
Toop )| [fantil thread exits]
20 threadLoop
21 sYUVmainEnqueue
22 enqueueBuffer
23 ;
| 24 queuesffén
ioctitocked
25Vipioc_qBUF
26 EnqueueBuffer done
27 enqueueBuffer done !
28 SYUVmainEnqueue done
29 threadLoop Again
k
* oF
30 new StreamYWVMDQ N <
' aitThrea
32 ret
Toop )| [Fantil thread exits]
33 threadLoop
34 syuvmainDégueue
35 dequeueBuffer
36 D
37 dequeusBuffer
loctlLocked '
8 vipioc_boBUF !
390 done
0 dequeuenuffer done
42 threadLoop Again
T
=
43 start done ;
44 start done :
45 request done
46 ProcessCropRegion |
a7 traversal done
k= |
48 ProcessFocusRegion |
ke
a0
50 Hone
y 51 FilResultetadata |
' 52 FilResbltMetadata dojil
S [azconén) o[ e ] @) [faaseem]  [sreamvoma]  [Sremvowioa)  [comerveteoas | [camervessons

5-7: process capture request

5.4.2 process capture result

KX IELERE framework, BXK capture EK, AlRES# HAL BIER %X pro-
cess_capture result, XHHIITEEDE A1F metadata UK ##ER buffer I ZIBEBHHR
[E], S0 (post-processed) B JPEG buffer sS4 EEFRFITIAR. SXIARNBM
BIEERPIMF S LT W metadata 1% buffers, 7 process_capture result AR, A
RER 85— component(buffer 5{#& metadata), &—1 stream B buffer L& result
metadata, &KX process_capture result X EMERES, S HAL R[E] (G A=
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IR RIREILER), RATF—1MEEARES output buffer 3¢#& result metadata B9 pro-

| cess capture result JEBHMIT. ER—ERH metadata F buffers BT HRE M,
B33 F$589 stream A, buffers AR EE FIFO M., stream A B request 5 BJiR[E]
BT request 6, [EIE metadata H—#, AMARBRZIEIRIZAT, FrLd stream A
B request 5 AJRESLL stream B B9 request 6 iR[E]151€, metadata FEIEtL—#¥, HAL &
RE result ZEMHAEN, REERIPZFIBBESABERENE, framework ¥XEIEA
REFENEREENRNS. output buffers FEEWIET, framework 2EFFRE HX
B release sync fence RIEEXFTEMNE AX IR, FEtiZ5 50N 1z# HAL BRAgER, RE
&85> output buffer R AJEEITEIEFE. HAL MM BIEBMR release sync fences 1E7EIE
NRREY output buffers entry, Z(#EiR[E-1 W1R stream buffer ELWIERH 7. W3R result
buffer REEFIRIE— request Wi, HAl MiZRE—1ZFH metadata buffer, B{FE
ERMHE buffers U189 sync fences, #H notify A& Hi% X ERROR RESULT
58, &40 output buffer FEEBIIEFR, & status FERMIULKE N STATUS ERROR,H
BiEA notify A72%1* ERROR BUFFER 58, 1R capture KM 7T, BBAZFEN

| RREWIEALURE output buffers F framework, FiEH buffer REFEIEE N STA-

| TUS_ERROR, #H result metadata %7 empty buffer. #E notify ZE%iX ER-
ROR REQUEST {58, EXHIBET, Bk ERRORfRESULT/ERR(Q)gLBUFFER = i
Z&RIE, \
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l Streaqyuanager] l StreamYUVMDQ I l CameraMainSr@n] [VALZStream l IV4LZGraHuc ] [VALZCameﬁ} l Camera ] l camerai_ca\lback_f(] lvencmﬁerl

L O
S

Q | 1 new StreamYUVMDQ |

| &
& regrs

o7
.

3 return none-block
\ 3return none-block

sYUVmainDequeue

5
6 dequeusBuffer

7 DequeueBuffer

8 dequeueBuffer

loctlLocked
VIDIOC_DQBUF

10 DequeueBuffer done

11 dequeueBuffer done

MAIN_STREAM

| 12 getBuffer

"
i
|

I |

113 getBuffer done |
1
i
]
i

| 14 lock_handle

| 15 copyBuffer

B

16 CopyBuffer

17 memepy

\\\"2;\,“ 18 CopyBuff *&h\t
)

]@{&pyEuﬁer done %‘b

<

@ unlock_handle
: Q 21 resultCallback

22 sResultCallback

28 sResultCallback done

—_—
MAIN_STREAM BLOB___J

| 29 getBuffer

30 getBuffer done

| 31 lock_handle

32 encodebuffer

37 unlock_handle
38 resultcallback

39 sResultCallback
\l_
¥

é?r

S
» =
&

<

45 sResultCallback done

46 SYUVmainDequeue done

erp Again
|

< i
l StreamManagerl l Streava@DQ I l CameraMainStream] [\MLZStream l |@226ral\uc ] [V4L2Camera l l Camera ] Q{ camera3_callback_ops_t l lvenmderl

| O |

5-8: process capture result

& i 3
& & &

< < < <
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6.1 NZACE

VIN RafBai—EEikEM ko MEFER, MEFERFT 12C support. Menuconfig HEEE

W
1.Device“Drivers -> <*>I2C support
2.Device Drivers -> <*>Multimedia®support -> [*] Cameras/video grabbers support
3.Device Drivers -> <*>Multimedia support -> [*] Media Controller support
4 .Device Drivers -> <*>Multimedia support -> [*] V4L2 .sub-device userspace API
5.Device Drivers -> <*>Multimedia support -> [*] VAL platform devices -> <M> sunxi video

input (camera csi/mipi isp vipp)driver
6.Device Drivers -> <*>Multimedia support ->

driver for SUNXI
7.Device Drivers -> <*>Multimedia support ->

e Drivers /-> <*>Multimedia support -> [*] V4L platform devices -> <M> sensor list
e Drivers -> <*>Multimedia support -> [*] V4L platform devices -> <*> use vin log

e Drivers -> <*>Multimedia support -> [*] V4L platform devices -> <*> use IOMMU for
memery alloc

[*]

[*]

cci

8.Device Drivers -> <*>Multimedia support -> [*]
module

9.Device Drivers -> <*>Multimedia support ->{[*]
module

10.Devic
for adaptive

11.Devic
for debuf

12.Devic

V4L platform devices -> §@> v412 new
<
V4L platform devices -> <M> use internal

V4L platform devices -> <M> use flash

V4L platform devices -> <M> use actuator

EWIHZERER THIT make ARCH=arm64 menuconfig GR#TECE,

<B\/

6.2 Device Tree BB

Soc TE TEERN vind/sensor/actuator/flash/CCI/CSI/MIPI/ISP/VIPP(scaler) ¥ &=,
BFREANEZFEMZIREIR, 0T board.dts Rfl:

[ &vind® {
csi
csi
stat

actu

top = <336000000>;
isp = <300000000>;
us = "okay";

ator0: actuator@2108180 {
device type = "actuator@";
actuator® name = "ad5820 act";
actuator® slave = <0x18>;
actuatord _af pwdn = <>;
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M

actuator® afvdd = "afvcc-csi";
actuator® afvdd vol = <2800000>;
status = "disabled";
}i
flash0: flash@2108190 {
device type = "flash0";
flash0 type = <2>;
flashO® en = <&r pio PL 11 GPIO ACTIVE LOW>;
flashO mode = <>;
flasho_flvdd = "";
flash0 flvdd vol = <>;
device id = <0>;
status = "disabled";

}i

sensor0:sensor@200b800 {
device type = "sensor0";
sensor® mname = "gc2385 mipi";
sensor® twi cci id = <2>;
sensor® twi addr = <0x6e>;
sensor® mclk id = <0>;
sensor® pos = "rear"s
sensor® isp used = <1>;
sensor@_fmt = <1>;
sensor® stby mode = <0>;
sensor@ vflip = <0>;
sensor@ hflip = <0>;
sensor@ iovdd-supply = <&reg dldo2>;
sensor® iovdd vol = <1800000>;
sensor® avdd-supply = <&reg dldo3>;
sensor® avdd vol«= <2300000>;
sensor® dvdd-Supply = <&reg eldo2>;
sensor® dvdd vol = <1800000>;
sensor® power en =/<>;
sensor0/reset = <&pio PE 9 GPIO_ACTIVE LOW>;
sensor@ pwdn = <&pio PE 8 GPIO ACTIVE LOW>;
status = "okay";

}i

sensorl:sensor@200b810" {
device type = "sensorl";
sensorl mname = "gc030a mipi";
sensorl twi, cci id = <2>;
sensorl twi addrs=-<0x42>;
sensorl mclk_id = <0>;
sensorl pos ="front";
sensorl isp used = <1>;
sensorl fmt = <1>;
sensorl stby mode = <0>;
sensorl vflip = <0>;
sensorl hflip = <0>;
sensorl iovdd-supply = <&reg dldo2>;
sensorl iovdd vol = <1800000>;
sensorl avdd-supply = <&reg dldo3>;
sensorl avdd vol = <2800000>;
sensorl dvdd-supply = <&reg eldo2>;
sensorl dvdd vol = <1800000>;
sensorl power en = <>;
sensorl reset = <&pio PE 7 GPIO ACTIVE LOW>;
sensorl pwdn = <&pio PE 6.GPIO ACTIVE LOW>;
status = "okay";

}i

WRiFRE © HBEERERNBBRAR.

RE—IAF

38



@LWIMIER‘

MXHEER W'

};

vincO:vinc@2009000 {

}

vincO csi sel = <0>;

vincO mipi sel = <0>;

vincO _isp_sel =<0>;
vincO® isp tx.ch = <0>;
vincd tdm rx sel = <Oxff>;
vincO rear _sensor_sel = <0>;
vincO® front sensor sel = <1>;
vincO sensor_list = <0>;
status = "okay";

vincl:vinc@2009200 {

};

vincl csi sel = <0>;

vincl mipi sel = <0>;
vincl isp sel = <0>;
vincl isp tx ch = <0>;
vincl tdm rx sel = <Oxff>;
vincl rear_sensor_sel = <0>;
vincl front sensor sel = <1>;
vincl sensor list = <0>;
status = "okay";

vinc2:vinc@2009400 {

};

vinc2 csi_sel = <1>;

vinc2 _mipi sel = <1>;
vinc2 isp sel = <0>;
vinc2 isp tx ch = <0>;
vinc2 tdm rx_sel = <Oxff>;
vinc2 rear sensor _sel = <0>;
vinc2 front sensor sel = <1>;
vinc2_sensordist = <0>;
status = "ogkay";

vinc3:vinc@2009600 {

};

vinc3 ¢si sel = <1>;

vinc3 mipi sel = <1>;
vinc3/isp sel = <03;

vinc3 isp_tx_ch = <0>;
vinc3 ‘tdm rx _sel = <Oxff>;
vinc3 rear sensor sel = <0>;
vinc3 front, sensor _sel =.<1>;
vinc37sensorili§£>= <0>;
status = "okay';

TmEXt board.dts BV vind 15 SR IMACE #1715 A,

& 6-1: ESEXEE

actuatorO name = “ad5820 act”;
actuatorO slave = <0x18>;

actuatorO_af pwdn = <>;
actuatorO_afvdd = “afvcc-csi”;

& aX
device type = “actuator0”; REXRBURRES

kR, FEMIRSHEXH—K

53K 12C ik, BESEKEhE#E datasheet
SikiEdI5 HECE

OAHEBECE, WEFM, T sensor TRHEE
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actuator0_afvdd vol = <2800000>; I AMHEBBERE, MEFA, KT sensor TRFERE

status = “disabled”;

RIRERE, “okay” JfFgE, “disabled” AAREH

STEDAEE—RIFEELE actuator0 name. actuator0O slave BIA], REEEIRRFELE,

& 6-2: WHITECE

iy BaX
device type = “flash0”; &EEBUNES
flashO type = <2>; NFEUTHEE, BEREER 1.
flashO_en = <>; NFEATIERIS I, —RAEFRENENSERIZS M
flashO mode = <>; NFEUTIERIS R, —ARBIEIEThRER 2B Z5 | f
flashO flvdd = “”; AYEATRE, MEFA, NEBRIMHEB, SENEDREBFERAE
flashO_flvdd vol = <>;  [RDETHERERE, REFH
device id = <0>; NI TS ) |
>

AR 1 —Eiﬁs%?ﬁﬁ% “17 8 “2”; MEZENXFIRERE 27 BEMANIT, BITXILEIE
BRI TEER B IAEF BETIRE, #EEE flash0 en X5, FrAEFEREMITHIS M

Z BB EL.
7 6-3: BGKEE
& BX
device type = “sensor(0”; RERBUNRES

sensor) mname = “imx278 mipi”;
sensorQ twi cci id = <2>;
sensor0 twi addr = <0x20>;
sensor0 mclk id = <0>;

sensorQ _pos = “rear”;
sensor( _isp used = <1>;
sensor0 fmt = <1>;
sensorQ stby mode = <0>;
sensor0 vflip = <0>;

sensor(Q hflip = <0>;

sensorQ cameravdd-supply = <>;
sensor0_cameravdd vol = <>;

sensor(Q iovdd-supply = <&reg bldol>;

sensor( iovdd vol = <1800000>;
sensor0 avdd-supply = <&reg bldo4>;
sensor0 avdd vol = <2800000>;

BRERBIR. 8BS, FSEMREXHN—H
BER ID, WMEER “27 MRRER TWI2
1B1&3k 12C ot

mclk ID

BGBLAE, “rear”: Fi%; “front”: giiE
EEfERA ISP

RIRfERE, “okay” JfFEE, “disabled” AAER
RIRIRT, FIARERILLEE

BEHRGEEE

KRR (ERE

—AR A EXT FE A ER

DA HRBE

¥R sensor datasheet EEAY IOVDD
IOVDD {HEBEE

S35 sensor datasheet 2 AVDD
AVDD {#EBEBE
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[T aX

sensor0_dvdd-supply = <&reg bldo2>; X357 sensor datasheet B/ DVDD
sensor0_dvdd vol = <1200000>; DVDD B E8[E

sensor0) power en = <>; sensor £ 10, AILAZT

sensorQ reset = <&pio PE 9 GPIO ACTIVE LOW>; sensor &4l 10, AILUAZE
sensor0_pwdn = <&pio PE 8 GPIO ACTIVE LOW>; sensor {£#| [0, AJLUAT

6.3 IXhNEL

Camera JXENiNE E X E android/device/softwinner/[ /5 & ]/[##1]/camera/init.camera.rc
FSCEL, MNEIRFFIN T, BERIE vin v4l2.ko EREFEME. BRIVEEXEDIX, BEAEME
actuator.ko LR NEISERES ko, ILAMERNZE dw9o714 BS, b5 sensor WrhtBHERE
XN, AfFIhERNE gc2385 M gc5025,

on late-fs )
### csi module S
insmod /vendor/modules/videobuf2-memops.ko \
insmod /vendor/modules/videobuf2-dma-contig.ko
insmod /vendor/modules/vin io.ko
insmod /vendor/modules/ge2385.mipi.ko
insmod /vendor/modulies/gc5025 mipi.ko
insmod /vendor/modules/actuator.ko
insmod /vendor/modules/dw9714 act:ko
insmod /vendor/modules/vin v412.ko

6.4 Camera.cfg

Camera.cfg BT %t Caglera HITEE, HE{AIF SDK B device/softwinner/[75 Z]/[##
#ll/camera/configs o WA LIEEZEE adb push Ei&#& BE&/vendor/etc/®, EFENA &
Mo EAM Camera.cfg RiRIT:

; AFcameradVicE

; RAER:
; key = key value
; AR 87 keyREIETS;
key valueZiREkeyEEMNESEE, UTE—1TF;
; key valuefRHIAR/NA256F T LAR;

; exif’ information of "make" and “model"

key camera exif make = MAKE_AllWinner
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key camera _exif model = PRODUCT BOARD

; @ for no support for Time-division multiplexing
; 1 for support which means you can open all camera at the same time

;71 for CAMERA FACING FRONT
; © for CAMERA FACING BACK

’

camera_facing = 0 1
<§$
R et R R T B

; 1 for camera without isp(using built-in isp of Axx)
; 0 for camera with isp

’

use builtin isp = 0

; driver“device name

camera device = /dev/video0

; device id
; for two camera devices with one CSI

’

device id = 0

used_preview size =1
key support preview size
key default preview size

800x600,640x480,320x240,176x144
800x600

used picture size =1
key support picture size
key default picture size

4224x3136,2592x1944,1600x1200,1280x720,640x480
4224x3136

used interpolation size =1
key support src_interpolation size
key default dst interpolation size

2592x1944
4224x3136

used_flash_mode = 0

IRIXFE © HB2ERERHBIRAR. RE—INF
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’

’

’
’

’

’

key default white balance

key support flash mode = on,off,auto
key default flash mode

off

used color effect=1
key support color effect = none,mono,negative,sepia,aqua
key default color effect = none

used frame rate =1
key support frame rate
key default frame rate

30
30

used focus mode =1
key support focus mode = auto,infinity,macro, fixed, continuous-video,continuous-picture
key default focus mode = auto

used scene mode = 0
key support scene mode = auto,portrait,landscape,night,night-portrait,theatre,beach,snow,

sunsegt,steadyphoto, fireworks, sports,party,candlelight,barcode

key default scene mode = auto

used white balance =1
Key support white balance

auto,incandescent, fluorescent,warm-fluorescent,daylight, cloudy-
daylight

auto Y

used exposure compensation = 1 |
key max_exposure compensation = 4

key min_exposure compensation = -4

key step exposure compensation. .= 1

key default exposure compensation =0

used zoom = 1

key zoom supported = true

key smooth zoom/supported = false

key zoom ratios = 100,120,150,200,230,250,300
key max_zoom = 2

key default zoom = 0

key horizonal view angle ="48.6

key vertical view angle = 37.0

1 for camera without isp(using built-in isp of Axx)

; 0 for camera with isp

1 for CAMERA_FACING_FRONT

; 0 for CAMERA FACING BACK

camera_facing =1

camera orientation (0, 90,180, 270)
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’

/dev/videol

camera_device

; device id
; for two camera devices

’

’

device id =1

used_preview size =1
key support preview size
key default preview size

used picture size =1
key. support picture size

key default_picture_size

used interpolation size
key support src_interpola
key default dst interpola

used flash mode = 0
key support flash mode
key default flash mode

used color effect=1
key support color egffect
key default color effect

used frame rate =1
key support frame rate
key default frame rate

used focus mode = 0
key_support focus.mode
key default focus mode

used scene mode = 0
key support_scene _mode

key default scene mode

used white balance = 0

key support white balance
daylight

key default white balance

<B\/

sunset,steadyphoto, fireworks,sports,party,candlelight,barcode

640x480,320x240
640x480

2592x1944,1600x1200,1280x720,640x480,320x240

= 2592x1944
1
tion size = 1600x1200 1
tion size = 2592x1944 QQ
|

on,off,auto
on

none,mono,negative,sepia,aqua
none

30
30

auto;infindty,macro, fixed
auto

auto,portrait, landscape,night,night-portrait, theatre,beach, snow,

auto

auto,incandescent, fluorescent,warm-fluorescent,daylight, cloudy-

auto

used exposure compensation = 1

key max_exposure compensation = 3
key min_exposure compensation = -3
key step exposure compensation = 1

key default exposure compensation =.0

used_zoom = 0
keyzoom supported = true
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key smooth zoom supported = false

key zoom ratios = 100,120,150,200,230,250,300
key max_zoom = 2

key default zoom = 0

key horizonal view angle = 44.3

key vertical view angle = 33.9

6.5 media profiles.xml

media profiles.xml FERFREF Camera ZIFHRGEEXSH, SIERERE, SUMERISIE
X, MK, HFRE, ZERTEFERGL B, ITARMEERANEE:

# device/softwinner/[7A%]/[##1]/camera/configs/media profiles.xml

<CamcorderProfiles camerald="0"">
<EncoderProfile quality="480p" fileFormat="mp4" duration="30">
<Video codec="h264"
bitRate="1500000"

width="640" <§
height="480" S
frameRate="30" /> |

<Audio codec="aac"
bitRate="12200"
sampléeRate="8000"
channels="1" />
</EncoderProfile>
<EncoderProfile quality="timelapse480p" fileFormat="mp4" duration="30">
<Video codec="h264"
bitRate="1500000"
width="640"
height="480"
frameRate="30" />

<Audio codec="aac"
bitRate="12200"
sampLgBate="8000"
channels="1" />
</EncoderProfile>

<ImageEncoding quality="90" />
<ImageEncoding quality="80" />
<ImageEncoding quality="70" />
<ImageDecoding memCap="20000000" />

</CamcorderProfiles>
<CamcorderProfiles camerald="1">

<EncoderProfile quality="480p" fileFormat="mp4" duration="30">
<Video codec="h264"
bitRate="1500000"
width="640"
height="480"
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frameRate="30" />

<Audio codec="aac"
bitRate="12200"
sampleRate="8000"
channels="1" />
</EncoderProfile>

<EncoderProfile quality="timelapse480p" fileFormat="mp4" duration="30">
<Video codec="h264"
bitRate="1500000"
width="640"
height="480"
frameRate="30" />

<Audio codec="aac"
bitRate="12200"
sampleRate="8000"
channels="1" />
</EncoderProfile>

<ImageEncoding quality="90" />
<ImageEncoding quality="80" />

<ImageEncoding quality="70" /> 1
<ImageDecoding memCap="20000000" /> <§$
|
</CamcorderProfiles>

6.6 FEFEEE

MENSIHFERNKLLT, BEREABNEISEEANFERE, FEINNMTERTHXGH, N
THRZA:

#android/device/softwinner/common/config/tablet_core_hardware.xml
<feature name="android.hardware.camera.flash" />

# camera.cfg

used flash mode =1 v

6.7 USB Camera &

EH USB @EFANEAREER UVC Hal, §—LFNMIRIEE VE 7, WX config
BRINTH, ERREXE dts MIAETENEE;

6.7.1 NZECE

WMRFEIZE USB Camera, BARETRZHITECE, FIHIEE arch/arm64/configs/[1tH
‘& ] android defconfig
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CONFIG MEDIA CAMERA SUPPORT=y
CONFIG_MEDIA USB_SUPPORT=y
CONFIG_USB_VIDEO CLASS=y
CONFIG_USB_VIDEO CLASS INPUT EVDEV=y

A LLi8id make menuconfig arch=arm64 #1718 &,

6.7.2 dts Bc&

MNRIZMEA USB,DTS #%¢ sensor WEZEE disable i&;

%127 device/config/chips/[ic name]/configs/[board name]/linux-5.4/board.dts

sensorl_power_en
sensorl reset = =& :

-
vincB:vinc@2e09e0e {

inc@_csi_sel

cO_tdm_rx_sel = <@xff>;
_rear_sensor_sel = s
9_front_sensor_sel

status = "okay";

6-1: disable sensor

A100 NIZARIAZFF UV%V%%EFHEMI\E’\JEE%; ENMNEBEEITEMNZE Android wmEE, T
USB Camera, BEE %/ externalXXXX;

SDK/device/softwinner/ceres/ceres-b3/camera$ tree -L 1

— camera_b3.cfg

— camera.cfg

— config.mk //PRODUCT HAS UVC CAMERA:=false AndroidZ2RIAFRZ#%, ECERLtrueBld

— external camera_config.xml //ECEcamerafliS o ¥RfMi=MNAMR; SINXBEREERETE ZEcameralD
B757%; CameraldOffset=-2, fAUSBTmdev/videod BB44-213EIRI25ER1%ZUSB CamerafyCamerald

— external media profiles.xml //ELEZEZREH ¥R

F— hawkview

— init.camera.rc

L— media profiles.xml
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7.1 HAL3 RmiFENiE

WERNFENTNTERE:

1.device/softwinner/[/5%€]/common/camera/config.mk

# CAMERA

PRODUCT PACKAGES += \
camera.device@3.2-impl "\
android.hardware.camera.provider@2.4-service-lazy \
android.hardware.camera.provider@2.4-impl \
libcamera \ O
camera. [H%] |

USE_CAMERA HAL 3 4 := true

2.manifest.xml

#device/softwinner/[/5%]/common/system/manifest.xml
<hal format="hidl">
<name>android.hardware.camera.provider</name>
<transport>hwbinder</transport>
<version>2.4</version>
<interface>
<name>ICameraProvider</name>
<instance>legacy/0</instance>
</interface>
</hal>

RIEER BT, AIERNENEXGT, HENT:

source build/enveseupt.sh
lunch [A=E]

cd /hardware/aw/camera/3_4
mm

£ RAY HAL3 FEIETE out/target/product/[ /53 ]/vendor/lib/hw/camera.[ 5 Z].s0

@S ERHE] Android 8 &#HTIER:

adb root

adb remount

adb- push camera.[5%].so /vendor/lib/hw/
adb reboot
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8.1 HAL3 FTENVEIHFX

£ HAL3 FATIHERAAE, LB THEARATENREIRXES, A&k X# android/hard-
ware/aw/camera/3_4/common.h, EITENFERFE 4, W FFxR:

#define .LOG LEVEL 4

#define HAL LOGE(fmt, args...) if(LOG LEVEL >= 0) ALOGE("%s:%d: " fmt,  func_ , LINE,
##args)

#define HAL LOGW(fmt, args...) if(LOG LEVEL > 1) ALOGW("%s:%d: " fmt,  func_, _LINE ,
##args)

#define HAL LOGI(fmt, args...) if(LOG LEVEL > 2) ALOGI("%s:%d: " fmt,  func’ ,” LINE ,
##args) <§

#define HAL LOGD(fmt, args...) if(LOG LEVEL >'3) ALOGD("%s:%d: " fmt, func__, _ LINE_,
##args) N

#define HAL_LOGV(fmt, args...) if(LOG_LEVEL > 4) ALOGV("%s:%d: " fmty~ func_ , _ LINE ,
##args)

#define HAL LOGE IF(cond, fmtywargs...) if(LOG LEVEL == 0) \
ALOGE IF(cond, "%s:%&d: " fmt, func , «LINE , ##args)

#define HAL LOGW IF(cond, fmt, args...) if(LOG LEVEL > 0) \
ALOGW IF(cond,  "%s:%d: "«fmt, func |, LINE , ##args)

#define HAL LOGI/IF(cond, fmt, args...) if(kOG LEVEL > 1) \
ALOGI IF(cond, "%s:%d: " fmt, . func , LINE , ##args)

8.2 TRTFMENHE

# Camera BBk, HT REET, AlEREKLK saveBuffers #{TREMMIERE 2 MIEN
RF. EEXWT, Eof str AMEUBEEREFENREFER, p NiEEIUEIEAYIES, length A
HIBRYKE, is oneframe 15HIERTFEN R E ZMEIE,

//hardware/aw/camera/3_4/common.cpp
bool saveBuffers(char *str,void *p, unsigned int length,bool is oneframe)

{

int fd;
HAL LOGD("Debug to save a frame!");
if((access(str,0) !'= -1)&&(is oneframe)) {
HAL LOGD("File %s is exists!!!\n",str);
}
if(is_oneframe)
fd = open(str,0 CREAT|O0 _RDWR|O TRUNC,0777); //save one frame data
else
fd = open(str,0 CREAT|0.RDWR|O0 APPEND,0777); /7/save more frames
if(!fd) {

HAL LOGE("Open file error");
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return false;
}
if(write(fd,p,length)){
HAL LOGD("Write file successfully");
close(fd);
return true;

h

else {
HAL LOGE("Write file fail");
close(fd);
return false;

}

saveBuffers AJF#ITEEBFIE, MMARER Camera RehHEHE yuv HIBEERE, &

2537 VE E4miSH JPEG #iER =, W:

=
=

//ERREBRINyuvEERIZE /data/camera/yuv. bin, B EmEIE,
saveBuffers("/data/camera/yuv.bin",src_addr,jpeg enc.src w * jpeg enc.src_h*3/2,true);
int ret = AWJpecEnc(&sjpegInfo, &exifInfo, (void *)jpeg buf, &bufSize);

/ /B HBRIB I j pegiB{RIF1E/data/camera/test. jpg, BAEmitiiE,
saveBuffers("/data/camera/test.jpg", (void *)jpeg buf,bufSize,true);

a : =
Android &EHEEHI T FIEE:

1. QIEERBE R, ERGIFEECIE/data/camera, Alia{TEp~ mkdir /data/cameras,
2. BRI BRNEs chmod 777 /data/cameras
3. % selinux PR, setenforce O,

EREY yuv BHERI LUEE RawViewer H{TEER, HJERBMIES MR,

HHE o Fo N
© BEX [o l_ % ,r | | Hm;xﬁ'— Al H#—n | $THS | %g%f‘@gﬁ IEIL %gg E%] J‘{ f;m,%
o waEm | @ | Bewss

C &R e o] o min: [BEER] || ol | s i
& e ' B | e | gﬁo%ﬁgé‘éggﬁ]ﬁ BB
mEmEm | e || DD ApepiR
HEid Wb
& iz [ - | [ BRtkHEIhE
 ETEEET HadfifEE -
" T— AR A

8-1: RawViewer ={fIE

WRINFE © HRBEERRRINERAR. RE—IF

50



@LWIMIER‘
, KBRS W

8.3 BRI R

LIRS EE, ALEE/dev/video*, 1R dev BR FE&BEAEM video &, BIAEAM video
TREK, REHEFHAIRET SERRKBERE,.

1. EERINBINFEEH Ismod FE— TERESMEBEMRIMRIRNEEIRE [VIN ERR]registering
gc2355 mipi, No such device! MZEA sensor &R gc2355 mipi &HMEH.
2. ¥%& board.dts X B EREBAE T vind0, H status /9 okay.

8.4 Camera NEBEBE

Camera (A RRE—RREE camera hal3 #BUMEEHIR TR, FEXFNTENXXHE:

1. v4]12 camera hal.cpp X
2. v412 wrapper.cpp >Q®
3. board.dts

4. camera.cfg

Y Camera NBSELERN, AI%ER 9.1.3 WAERERDNTAREFE, BHEE cam-
era.cfg BIEBEGAREREBLEE, RENELIRM camera info 58 (NBELMNHE) 2

17::_:5:&0

8.5 ‘Camera ¥i'sn 25

ZnAEEEESHICEME, HERNNILE v412 R EHIERNEHREIN TR, FEXF
T

1. v4]l2 metadata factory.cpp
2. v412 stream.cpp

8.6 Camera TS B EEI B &

Zin—AR RGBS framework EH orientation R3¢, EZIRIEHN/KENEEHNEERE
BSHIREY,

AliBd &k camera.cfg BIEA A, EREFIEXINA sensor, FIiBEER.
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’

camera orientation = 0

IKsh BRI KFAIEE R GE S o LB 82X sensor list cfg.ini, #8125 android/device/soft-
winner/[ 5 R ]/[##]/camera/hawkview/sensor list cfg.ini:

sensor hflip0 =1
sensor vflip0 =1

8.7 Camera &5 E

$T7F camera app BY, FRNIER, ERGERE, ZAE—RKREREN D HEREMEGRESH
8, EEXFNTILXE:

1. media profiles.xml QQ
2. camera.cfg

# media profiles.xml
<EncoderProfile quality="480p" fileFormat="mp4" duration="30">
<Video codec="h264"
bitRate="1500000"
width="640"
height="480"
frameRate="30" />
</EncoderProfile>

# camera.cfg

used frame rate =1

Key support frame rate = %9
key default frame rate =30
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E1E =R

WRAXFAE © 2021 HKRiEEEEHRHDBRAT. RE—TIF,

AN RNBERERRUERP, HEENBKELTRERGERAT ( “2F ) HEHRZ
_t)J*y*lJo

AR E2SHREFRMRRIM =, RELTFEITFA, FARUMTAFFEEHL. £
fil. B ARVEBRAIEABTHBIHEE, BERSFUEMAPHERE,

(ot

LLWINER LLWINER LLWIMWER'
C @*m@%"—a‘ *‘I’ *i C (R 5= 2%

é)ﬂhﬁﬁéuﬂ&kﬁﬁm BB EEMER. EAEERNTmPHRANEERS
*T’ Fﬂﬂ%ﬂ: ﬂ]ﬂ[ﬁﬁz%ﬂ'\, igﬁﬂﬁ%@ﬁﬁﬁkﬁﬁo

REFNA

BHEON~m. RSVFENRESHKE2ERKROEBRAE (7 E”ﬁi@ﬁ%%%ﬂé
EFMFREILIR AXEPEARN2EHER D ™~ m. RS AFEAIRER A EFr LS fEBEERE
N EARIBIARRIRERFMMAERRA, HREREAXENERNR, ERBTREEH
FAYERITH (BEERRFINEE, 8, BRER) EMNAFER, £EMFARE,

¢2%¢ﬁﬁ%ﬁ RESE BT mREARLEMRE, FAXEABTEREEN, 88X
B, BAFTEN. 2EREDNELAXEPREFEHNER, EHFTHERBTT2REHEIR, H
ﬁm$2%ﬁk$ﬁ%(@EﬁTm$ﬁﬁm\ﬁﬁm FEREIHIR) BRERIEF=ZHFNAE
t, @EHAAT. AEPHFRERFRR. 58 MBINHF AR EARREERERIES &S,

AR BRE R RE B th 75 TR T 2 EERT AR FN. BRI R ERTmAY
HiEd, AIRERERTE =ZHIINFFF BEBTRASEZANFARBEXNIFA, TR
BEU RN AERRTREEZ S AR BRI (TR . 2EFWEMERNE=
Hﬁ?ﬁ*ﬁ&&ﬂﬁﬁf&ujﬁﬁﬁﬁx
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