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CHAPTER 3

bm image /45

3.1 bm_image Z5#3{F

bmev api ¥J/2 48 bm_image RIFATHY, —4 bm_image XfRI NV T—iKE .
bm_image create M bm_image X154, RIGHEH4EA bmev FTIRERRE A, (52 HE
P4 bm_image destroy £45%.

3.1.1 bm_image

bm _image £iA 44 E AT

struct bm image {
int width;
int height;
bm image format ext image format;
bm data format ext data type;
bm image private® image private;

h

bm_image 51 GIELIGE B A B9 (width, height), PEJ4%30 image _format, K R%ds
3 data_type, DASAZSSHIMIALA Ldh .
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3.1.2 bm_image format ext image format

Hrr image format 4 PATF MAEEHY

typedef enum bm image format ext {
FORMAT YUV420P,
FORMAT YUV422P,
FORMAT YUV444P,
FORMAT NV12,
FORMAT NV21,
FORMAT NV16,
FORMAT NV61,
FORMAT NV24,
FORMAT RGB_PLANAR,
FORMAT BGR_PLANAR,
FORMAT RGB_ PACKED,
FORMAT BGR_ PACKED,
FORMAT RGBP_ SEPARATE,
FORMAT BGRP_ SEPARATE,
FORMAT GRAY,
FORMAT COMPRESSED

} bm_image format ext;

BRI
FORMAT YUV420P

FRTAIE— YUV420 &K, B =4 plane
FORMAT _YUV422P

FORTRIE— YUV422 #8XXE fr, A =1 plane
FORMAT YUV444P

FORTAIE— YUV444 i & F, A=A plane
FORMAT NV12

FoRAIE— NVI2 48X &, A4 plane
FORMAT NV21

FORTAIE— NV21 AKX E F, A4 plane
FORMAT NV16

FoRTAIE— NV16 48X &, A P4 plane
FORMAT NV61

FoRAIE— NV61 A& &, P4 plane
FORMAT RGB_PLANAR

FORTAIE 1 RGB #=X1E F RGB 43 H4F51, 4 plane
FORMAT BGR_ PLANAR

Copyright © SOPHGO
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FORTIEIE— BGR #E A BGR 211, A —1> plane
FORMAT RGB_ PACKED

PRI RGB #H & 7 RGB 2245k, A—1> plane
FORMAT BGR_PACKED

FORTATHE— BGR 3 ny &/ BGR A 45HF51, H—> plane
FORMAT RGBP_ SEPARATE

FoR A4 RGB planar #XHE A, RGB 73 JFHESIH45 15—~ plane, JtA 3 4> plane
FORMAT BGRP_SEPARATE

FRPAIE— BGR planar #XHE fr, BGR 73 IFHESI4% 15—~ plane, 347 3 4> plane
FORMAT GRAY

FONTATHE— K EZERE S E A, A4 plane
FORMAT COMPRESSED

PRI VPU WEEGERE A, JEA YA plane, 73 BIAFRAAEWT
plane0: Y compressed table
planel: Y compressed data
plane2: CbCr compressed table
plane3: CbCr compressed data

3.1.3 bm_data_format ext data_type

data_type A DA A2 R4

typedef enum bm image data format ext {
DATA TYPE EXT FLOAT32,
DATA TYPE EXT 1IN BYTE,
DATA TYPE EXT 4N BYTE,
DATA TYPE EXT 1IN BYTE SIGNED,
DATA TYPE EXT 4N BYTE SIGNED,
}bm image data format ext;

R
DATA TYPE EXT FLOAT32

FoR IR T A XA BRORG REE A
DATA TYPE EXT IN BYTE

FoR g & R BdEts S TS IN UINTS
DATA TYPE EXT 4N BYTE

Copyright © SOPHGO 7
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R B B e Ag 0 AN UINTS, B 5K Jeff 5 INTS B R Bl 2 4 k1, —A4
bm _image X G HAEEA MUK JEMEAR [F ) P

. DATA TYPE EXT IN BYTE SIGNED
FR e E E 7 FdEks U EA S 1IN INTS
. DATA TYPE_EXT 4N _BYTE_SIGNED
FoR i B R BdEkg Y AN INTS, BIPUSKA F75 INTS & 7 $idE sc iR
- Hor, W AN {9 e 22 T A

AEDATA _TYPE_EXT 1N _BYTEAE R A931®iE Ela/b/c/d

13KDATA_TYPE_EXT_AN_BYTEAR R A931BIE Elx

x1

l

T - \ \

[ | \

a1 b1 et |1 a2 b2 | c2 o2 28| b3 c3| 03|
SEEY ENSE B |

mEE, B4kINEREENBERNEAMMLE R4 Byte HE—IRIEHLA
32fIAIDWORDE MANER BRI BIE A FEINMIBERIE, bl BE1R
al/bl/cl/d1EHixl | WTARBAKERIEE, EEXDERBEA

AN 7 #F RGB #4830, A32HF YUV M50 FORMAT COMPRESSED.

3.2 bm_image create

FNTABBUN P HIIESE bm_image 4514, M2l PAT APT SRAIE/H#8—14> bm_image
554 .

EgA:

bm status t bm image create(
bm_ handle t handle,
int img_h,
int img_ w,
bmcv_image format ext image format,
bmcv data format ext data type,

Copyright © SOPHGO 8
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(kb 7T)

bm image *image,
int* stride);

e A S B:
bm handle t handle
MASE. WAFSEAM, @M bm_dev_request 2KH
int img h
WASE. EhmE
int img_w
WMASE. B SER
bmcv image format ext image format

MASH. rfelE bm_image B30, B 1 bm_image format_ext Hi7}p

4

bm image format ext data type

FIAZHC BTARRIH b _image BCRARS, BT SHHEREULE b _image_data_format _ext
A4

bm_image *image
WS WIETER bm_image Z5Mf55H
int* stride

B ANZE. stride $i1A T Ar )& bm_ image $F 3 XL device memory WNIEf F. TEE
plane [J width stride {g, PA byte 1%k

BRI B :
bmev_image _create I Rz [E] BM_SUCCESS, HH 7 1 image $/EH450 . XA~

gikricsg TR, AR RS (BB A SR device memory KHE, %
H HAEEHE XY device memory

SR
1) PLFJLFE AR 0H DATA TYPE EXT IN BYTE
FORMAT _YUV420P
FORMAT _YUV422P
FORMAT _YUV444P
FORMAT NV12
FORMAT NV21
FORMAT NV16

Copyright © SOPHGO 9
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FORMAT NV61
FORMAT GRAY
FORMAT COMPRESSED
WSRAX P PA_E I Mg Uy At B A% =X bm_image, T3k [a] G I .
XA data_type S AN BHETE :
DATA TYPE EXT 4N _BYTE
DATA TYPE EXT 4N BYTE SIGNED
B M —IK bm_image_ create(), SEPR@EA A 4 5K image e & [RFEAE M.

2) DA RS SEA i nT DA 38K, 132 1 R R B B A e U R S fig . (HBHSUR
AT BB SERIE, XA DA RO HIRLR

FORMAT _YUV420P
FORMAT NV12
FORMAT NV21
FORMAT_ NV16
FORMAT NV61

3) FORMAT _COMPRESSED K| #% 0 B 7 9 B stride W20 64 X}5F, 75 W& [H
R

4) stride ZHEAEN NULL, BERHERIASSA plane f%idise compact Hi51], B0A stride.

5) W stride ¢ NULL, WA stride H1f) width stride @&k, Frignges, Bl
image format X} {4 plane [ stride K TERIA stride. BRIA stride {H )15 5%
R

int data_size = 1,
switch (data type) {
case DATA TYPE EXT FLOAT32:
data_size = 4;
break;
case DATA TYPE EXT 4N BYTE:
case DATA TYPE EXT 4N BYTE SIGNED:
data size = 4;
break;
default:
data_size = 1;
break;

int default stride[3] = {0};
switch (image format) {
case FORMAT YUV420P: {
image private->plane num = 3;
default stride[0] = width * data_size;

Copyright © SOPHGO 10
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(5 E3)
default stride[l] = (ALIGN(width, 2) >> 1) * data_ size;
default stride[2] = default stride[l];
break;

case FORMAT YUV422P: {
default stride[0] = res->width * data_size;
default stride[l] = (ALIGN(res->width, 2) >> 1) * data_ size;
default stride[2] = default stride[l];
break;

}

case FORMAT YUV444P: {
default stride[0] = res->width * data size;
default stride[1] = res->width * data_ size;
default stride[2] = default stride[l];
break;

}

case FORMAT NV12:

case FORMAT NV21: {
image private->plane num = 2;
default stride[0] = width * data_size;
default stride[l] = ALIGN(res->width, 2) * data_size;
break;

}

case FORMAT NV16:

case FORMAT NV61: {
image private->plane num = 2;
default stride[0] = res->width * data_size;
default stride[l] = ALIGN(res->width, 2) * data_size;
break;

}

case FORMAT GRAY: {
image private->plane num = 1;
default stride[0] = res->width * data_size;
break;

case FORMAT COMPRESSED: {
image private->plane num = 4;
break;

}

case FORMAT BGR_PACKED:

case FORMAT RGB PACKED: {
image private->plane num = 1;
default stride[0] = res->width * 3 * data_size;
break;

case FORMAT BGR_ PLANAR:

case FORMAT RGB PLANAR: {
image private->plane num = 1;
default stride[0] = res->width * data_size;
break;

}

(N gksk)

Copyright © SOPHGO

11



CHAPTER 3. BM_IMAGE 143

AN

case FORMAT BGRP SEPARATE:

case FORMAT RGBP_ SEPARATE: {
image private->plane num = 3;
default stride[0] = res->width * data_ size;
default stride[l] = res->width * data_size;
default stride[2] = res->width * data_size;
break;

3.3 bm_image _destroy

F4E% bm_image X%, 5 bm_image_create WX, BIAEMFEAIER bm_image Xf4,
FRTEIR AR S, S N B N AR -

B A

bm status t bm image destroy(
bm image image
);

e AS B :

bm image image
BIAZEL . AP bm_image X4,
RIS ] -

BTk [l 84 B% % bm_image X%, 1R % X R B device memory & ff
bm_image_alloc_dev_mem I MIREHOIZASE], & WHZXTE ) device memory N2
B - B OB,

3.4 bm_image copy host to device

#ZIgk:

bm status t bm image copy host to device(
bm image image,
void* buffers|]

);

1% API ff host i #a#% U1 %) bm  image Z5M)%T W ) device memory H .
& A B
bm image image

I ASE. fFHEHFE device memory (P& bm  image X},

Copyright © SOPHGO 12
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void* buffers||

i AZHL. host Uifitfl, buffers Jyfi [l AlF] plane ¥y Hast, HomM b AJHE bm_image

4

¥y} image format X§ [V [#) plane ot . 54 plane F%dE 2 A bm_image W1

B R i . stride. image format. data type PiiE. HARMITEEWT :

}

}

switch (res->image format) {
case FORMAT YUV420P: {

width[0] = res->width;

width[l] = ALIGN(res->width, 2) / 2;
width[2] = width[1];

height[0] = res->height;

height[1] = ALIGN(res->height, 2) / 2;
height[2] = height[1];

break;

case FORMAT YUV422P: {

width[0] = res->width;

width[l] = ALIGN(res->width, 2) / 2;
width[2] = width[1];

height[0] = res->height;

height[1] = height[0];

height[2] = height[1];

break;

case FORMAT YUV444P: {

width[0] = res->width;
width[1] = width[0];
width[2] = width[1];
height[0] = res->height;
height[1] = height[0];
height[2] = height[1];
break;

case FORMAT NV12:
case FORMAT NV21: {

width[0] = res->width;

width[1] = ALIGN(res->width, 2);
height[0] = res->height;

height[1] = ALIGN(res->height, 2) / 2;
break;

case FORMAT NV16:
case FORMAT NV61: {

width[0] = res->width;

width[1] = ALIGN(res->width, 2);
height[0] = res->height;

height[1] = res->height;

break;

case FORMAT GRAY: {

width[0] = res->width;

Copyright © SOPHGO
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(kb 7T)

}

height[0] = res->height;
break;
}
case FORMAT COMPRESSED: {
width[0] = res->width;
height[0] = res->height;
break;
}
case FORMAT BGR_PACKED:
case FORMAT RGB PACKED: {
width[0] = res->width * 3;
height[0] = res->height;
break;

case FORMAT BGR_PLANAR:
case FORMAT RGB_ PLANAR: {
width[0] = res->width;
height[0] = res->height * 3;
break;
}
case FORMAT RGBP SEPARATE:
case FORMAT BGRP_ SEPARATE: {
width[0] = res->width;
width[1] = width[0];
width[2] = width[1];
height[0] = res->height;
height[1] = height[0];
height[2] = height[1];
break;

}

P, XFRF) host st BT 48 44~ plane 1) buffers Byt 4 & A0 FiA RS A~
FANEEEC—3, i FORMAT BGR PLANAR HZE% 1 4 buffer [\ HuhERIAT, i
FORMAT RGBP_SEPARATE &% 3 /.

R BIE B
R E N F B, 28] BM_SUCCESS.,

1. {3 bm image K bm image create g, N3 [H] 4.
2. WA AR bm_image X REE A device memory HKRERATTE, & H 3

plane HI{EXI M image private->plane byte size K/NF] device memory, H-Kf host if
Bdade D13 5 device memory H. QIHH i device memory g, Nz APT i H
%D—\lﬁo

Copyright © SOPHGO
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4. GRS DU, Wiz APT 3 IR

3.5 bm_image copy device to host

B A

bm status t bm image copy device to host(
bm image image,
void* buffers]]

);
e AS BRI
- bm_image image
MASH ek bm_image X4,
- void* buffers]]

it 240, host unfg%r, buffers Jg AR plane #¥arF5%r, FidfE D plane FHFEALHIT
s nl PAE bm image get byte size APT RHL.

TR
1. {15 bm_ image K bm image create €7, iR [A] 2.
2. 45 bm_image %A 5 device memory A RERAYIHG, RF B KM,
3. BE AL R M TE, APT R8I 2RI
- APRAZ R EUR IR ], 20 T KRR device memory HRYELEFS D1 F] host s buffers .

W

3.6 bm_image attach

TR P EEH OB device memory, {3 device memory H4NPBAL: (VPU/VPP %5) 7=
e WA PAE DA APT $3X 3 device memory 5 bm__image 95k,

B A

bm status t bm image attach(
bm image image,
bm device mem t* device memory

)i
& NS Bl

- bm_image image

Copyright © SOPHGO 15
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WASH. FrRECHY bm_image X4,
bm _device mem t* device memory

HiAZE. HFT bm_image FTFEY device memory, s A bm_ image Z5HJH im-
age_format Xf[V. [ plane BUriE .

T
1. 7128 bm image K[y bm_image create Gz, NI [A[FIK.
2. ZEEUNTI B, bm_image ¥R 5% AN device_memory XA K HK

3. bm_image NENFEATX R X FEFEAY device_memory HEFFEHL, BIFERY i B 59
ANEROF W device memory, 3543 P AT FIXH device memory,

3.7 bm_image detach

X
bm status t bm image detach(
bm image
);
e AZ B I

bm image image
WIASHL. TR IR bm_image MR .
TERE
L N2 AR bm_image XGORMBIEE, Mk [ KK

2. Z KB IR M B, &% bm_ image X4 X BERY device memory #FFT i 5 BE,
bm _image X 4R F KB device memory,

3. WNSRMECER) device memory <& NHEH 3 TG, WISRERGXHL device memory .
4. GIERXFT G AR RPAEAT device memory, W E 2R [ 3 .

3.8 bm_image alloc_dev_mem

B A

bm_status t bm image alloc dev mem(
bm image image
);

Copyright © SOPHGO 16
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1% API of bm__image X4 H i NG FRNAF, PTHE device memory K/ plane T
device memory K/NZ Fl. plane byte size 1158 7 ¥:7E bm_ image copy host to device
PN, B dTHH bm image get byte size APT JHfiiA .

T8 AS B BWI:
bm_image image
MAZH. FHE device memory FJ bm_image Xf4¢.
R
L s bm_image XFG R, TR MK
2. 5 image format 3§ FORMAT COMPRESSED, i3 [a] 4 .
3. 2R bm_image Xf4R KK device memory, W& HAZ IR [A]
4. JirHii device memory H N, 7E destroy BUE AN AT PREL.

3.9 bm_image alloc_dev_mem heap mask

T A
bm status t bm image alloc dev mem heap mask(
bm image image,
int heap mask
);

1% API 25 bm_ image X4 H i NI FE N, FTHE device memory K/NHKA plane TR
device memory K/NZ Fl. plane byte size 115 5 VE7E bm  image copy host to device
HEZNE, @S THH bm image get byte size APT Al

& AS B WI:
bm image image

MASH. fiH{E device memory f) bm_image X4,
int heap mask

S A ZEA heap id IR, B> bit F/R—A> heap id REARL 1 %
7N A PAFE % heap BAXEE, O WIZR/ARAT PAYEZ heap bArEL, HR(Z%7~ heap0, PAMLISHE.
FL U heap mask=2 N R+8ETE heapl 4rfC%s[E], heap mask=5 NF/RFEETE heap0
& heap2 4t %s[H]

rivee e
L. AR bm_image XFZRBIE, TR B
2. IR image format 35 FORMAT COMPRESSED, 3% [a] 42 .
3. Q2R bm_image Xf4 KK device memory, W& HAZ MR [A]
4. fir i device memory HI NG, TE destroy BUE AT PREL.
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3.10 bm_image get byte size

IR bm_image Xf5:454 plane AR/,
#HEgX:
bm status t bm image get byte size(

bm image image,
int* size

);
% A BBV
bm_image image
HWASE . FFPEL device memory K/ bm image X4,
int* size
B BH. RS plane SN
R
L. f2R bm_image XfGARAIEE, Wik [l % .

2. {3 image format J§ FORMAT COMPRESSED Jf H.k 3B 4ME device memory, N
R B

3. R BUL I BRFAE size $8%F HIH &A™ plane IR 11 device memory 5 K/,
size X/PHITTE T EAE bm image copy _host to device FHEL T4 .

4. I bm_ image XJ4 K KBE device memory, [T FORMAT COMPRESSED #%%;
Ah, HAAR A REDS PR BT size,

3.11 bm_image get device mem

B A:

bm status t bm image get device mem(
bm image image,
bm device mem t* mem

);
18 AS BB
bm image image
I ASE. 3REL device memory f{) bm  image X4 .
bm_device mem t* mem
Hrt B4, JE % plane ) bm_device_mem_t £5H.
Hse E
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Lo i R BCRF R [T, 5 7E mem $54F HIHFE bm_image X 4454 plane KK

bm_ device_mem_t 5,
2. WIS bm_image X4 K X BE device memory BTG, KR 1] 520 .
3. WIR bm_image XFGRAIEE, MR A K.
4. fuiJg bm_image NFHITEIY device memory £51 , A SR HREL, PASR & E double

free,

3.12 bm_image _alloc _contiguous_mem

HNZA image JrBCIESEHINAT -

HHEX:
bm status t bm image alloc contiguous mem(
int image num,
bm _image *images
);
e AS BB

int image num
WMAZH. Fr AR image 4L
bm image *images
WMAZE. R AR image AYFEET
BRI B
BM _SUCCESS: ¥
FHifth: I
TR
1. image_num % AKT 0, PR B4 R
2. WY image B3 HCECE attach 1L NAF, MG dettach A WA, HNPKFIR KK,
AR IR image WAZRGIAATR], 45 RER [l 4 % .

A M destory K image 2 IV api BT 4T AE B, N G
bm_image free contiguous mem $f 43 B N AFRE AL, A bm_image destroy > 52 i
destory image

w

5. bm_image alloc_contiguous mem 4 bm_image free contiguous mem [ % .

Copyright © SOPHGO 19
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3.13 bm_image alloc_contiguous _mem _heap mask

HNZ A image FEFRER] heap | BLIESLHY AT

H g
bm status t bm image alloc contiguous mem heap mask(
int image num,
bm _image *images,
int heap mask
);
f A5 BEW:

int image num

WMASHE. R ENAERY image 4L
bm_image *images

WMASH T ENAFR image R4
int heap mask

BASE . LA heap id RN, 4> bit F/R—> heap id FIEEHH, 1 %
A PATEZ heap EAHE, O WIF/RANAIPATEIZ heap EAMAD, HARAIFR/R heap0, PAMCEHE.
EL A heap_mask=2 WIZR/R$§ELE heapl /AL Z51H], heap mask=5 NIZR/R$5ETE heap0
3 heap2 /MAc%S[E]

AR RAE
BM_SUCCESS: &3
Fifth:
TR IR
1. image num % AKT 0, 7 UPRHR [EI4E R
2. W AR image CLHCEGE attach 1 NAF, WY dettach A WAF, 5 WP [H] R0 .
AR BCRY image WAZRGTAAR], 75 WAFIR [] 45 1R

L M destory [ image 2 LA api FF 4 O PN, D 5
bm_image free contiguous mem $f 43 it N AFRERL, T bm_image destroy 3f 52 Ff
destory image

w

5. bm_image alloc_contiguous mem 5 bm image free contiguous mem [V *F{# ]

Copyright © SOPHGO 20
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3.14 bm_image free contiguous mem

FEGE S bm image alloc  contiguous mem 43R Z AN image HIIESE AT
g

bm status t bm image free contiguous mem(
int image num,
bm_image *images

);
e ASBM:
int image num
WMAZEL. FRENAFR) image N4
bm_image *images
MASH. FPRINAFR image YRS
AT EERPE
BM_ SUCCESS: i)
Hofth: R
TE RS
1. image_num Wiz KT 0, FHWRHREIEER.
2. AR image B ROT AR o

3. bm_ image alloc contiguous mem 5 bm image free contiguous mem I
B % f# H. bm_ image free contiguous mem fr F B A B9 N £ 0 A 2 @ o
bm_image alloc contiguous mem F4FcH) .

4, W 4 J8 B bm_ image free contiguous mem, ¥ image H N fF FE L, T
bm_image destroy 7 destory image.

3.15 bm_image attach contiguous mem

FF—HELE N T attach F]| 24> image H.
g

bm status t bm image attach contiguous mem(
int image num,
bm image * images,
bm device mem t dmem

);
& A B
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int image num
WMAZHL. i attach NAFHY image 4L
bm_image *images
WS 1§ attach NATH) image HYFEEE
bm device mem t dmem
WMAZE. COBCEFH) device memory {5 H .
BRI B
BM_ SUCCESS: i)
Hofth: R
RS
1. image_num NiZ KT 0, HNRFREIEE R,
2. FIrfif attach (1 image BAZRGIARHIA], 75 WKRE ] 5%

3.16 bm_image dettach contiguous mem

RE—HRIESE N F ML image H dettach,
EgA:

bm status t bm image dettach contiguous mem(
int image num,
bm image * images

)i

T AS B BWI:
int image num
MBS 1§ dettach NTFH) image L
bm _image *images
HAZSH. fF dettach NAFHY image MF5%T -
BRI B
BM_SUCCESS: i3
FHoft: 2R
TE RS0
1, image_num % KT 0, 75N 455
2. Frff; dettach ) image Wiz FHIE], 75 WK% [ 55 5% .

Copyright © SOPHGO
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3. bm_image attach contiguous _mem 5 bm image dettach contiguous mem JY }iji}(j‘

fifl. bm_image dettach contiguous mem frZ dettach ff) device memory 702

bm_image attach contiguous mem attach %] image H1H].

3.17 bm_image get contiguous device mem

MEANAFELE) image HFRIESNAFH device memory fFE .

B A

bm status t bm image get contiguous device mem(
int image num,
bm image *images,
bm_ device mem t * mem

)i

e AS B
int image num
WAZH. FRIUEERY image 4L
bm_image *images
MAZH UG ER image 155 .
bm device mem t * mem
SR BEIELNTFR device memory {5 .
BRI B
BM SUCCESS: i)
FHoAth: M
R FI
1, image_num Wiz KT 0, 5 NPHRGR E4H R
2. FHEAR) image Wiz ROTHANE, A3 PRI [l 15 .
3. P AR image WAZ5e WAFTELERY, 75 Ik [l 55 .
4. Fri A B image N fF 0 A

=
&
bm_image attach contiguous mem %k

Copyright © SOPHGO
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3.18 bm_image get format info

1% 0TI bm_image 1—24(F H. .
g

bm status t bm image get format info(
bm image * src,
bm image format info t *info

);

A S B
bm_image* src

MAZE. FrERRE BRI H s bm_image.
bm image foramt info t *info

SR A ITHR R BB ERAs s, = mIZ T, AN I T R RE s B .

B B -
BM_SUCCESS: {3
Hiftn: R0
Bmair st :
typedef struct bm image format info {
int plane nb;
bm device mem t plane data[8];
int stride|[8];
int width;
int height;
bm image format ext image format;
bm image data format ext data type;
bool default stride;
} bm image format info t;

int plane_nb
1% image f{) plane $(&
bm device mem t plane data|§|
A~ plane i) device memory
int stride|8];
£~ plane [ stride {H
int width;
A S
int height;
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el e
bm_ image format ext image format;

B R AR

bm image data format ext data type;

R (A R 2
bool default stride;

Se B TERARY stride

3.19 bm_image get stride

%3 0T HRECH #R bm_image [ stride {5 &..
g

bm status t bm image get stride(
bm image image,
int *stride

);

A S BB
bm_ image image
MASHE. PRI stride {52 H AR bm_image
int *stride
S TES plane 1 stride FF5%
BIHE
BM SUCCESS: i3
FHoAth:

3.20 bm_image get plane num

%% 0 HTFHRECH b7 bm_image 1) plane (& .
HrEA:

int bm image get plane num(bm image image);

A S Bt -

bm image image

Copyright © SOPHGO
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BIASE. ITEFREL plane $= M) HAR bm_image
R B
REMERIA H#R bm_image [¥) plane {5

3.21 bm_image is_attached

T T HIB HAR2 R B4 attach 774 230H] .
B A:

bool bm image is attached(bm image image);

WA S B :
. bm_image image
WMASE. FTEHINTEA attach FAH2S Y H AR bm_image.
BRI 3] :
#HAR bm_image BL4 attach FEHZS R MR ] true, 5MIR[EIY false.

3.22 bm_image get handle

Z3: 0 i bm image FREUAIAA handle.
HErg:

handle t bm image get handle(bm image* image);

5 A SR
. bm_ image image

HAZHL. FPEARI handle {9 H 47 bm_image.

SR ]

SR [ (14 E BR bm_image B4 handle.

Copyright © SOPHGO
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bm image device memory &I

4.1 bm_image device memory &8

bm_image Z5HFEE KA X device memory, F H. device memory A /R AT 75 LA BRI
AREWE 2 )5 bmev API. JGig/2 U bm_ image alloc _dev mem NEPHIE, B2 1H
] bm_image attach JEH/NENAE, WEEWS (15 bm  image ¥4 5HL device memory,

FIlr bm_image XFREHEL KK T, W LAHMLAT APL:

bool bm image is attached(
bm image image
);

e AS B W

- bm_image image
WAZHL FHHIETE) bm_image X5
BRI B -

1. f1E bm_image XF4 k00, MR false;

2. ZPRHGRE] bm_image X5 @A KEE T —3 device memory, QI KRB, MR [H true,
HR ] false
i

L —fgoiims, A bmev api ZRHEA bm_image Xf4 KEE device memory, 750
R R . T4 bm_image XA AR KER device memory, W S HEFE N FRE H
bm_image alloc dev_ mem pRE, WNEPH I NIE.

27



CHAPTER 4. BM IMAGE DEVICE MEMORY %3

2. bm_image ] bm_image alloc_dev_mem FfH 5 NAFASH NEE B shE R, FE0H 1
bm image destroy. bm image detach B# bm image attach HAh device memory
B SRR, oA HE . A, TR bm_image  attach —#t device memory I}, &
RIXHE memory R HE H OB, £ieE bm_ image destroy. bm_image detach,
A B bm image attach HAt device memory, ¥WASRE, FEFHHE T
Jils

3. HHI device memory 43 h =R NFFE4S[E] - heap0. heapl Fl heap2, =FH WX HITET o
PRELE VPP SO A SRR, HAbSE A, PRI aniRiE— APT FF2s e i il
f VPP BiHORSEEL, WALRIEZ APT B4 A bm_image fRfF1E heapl (3 heap2
235 M8 b

heap id | VPP E& AL
heap0 | 7§
heapl | /&
heap2 | /&
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BMCV API

5.1 bmcv_image yuv2bgr ext

ZIE NI YUV #53(8] RGB A% 5
#rgk:

bm status t bmcv image yuv2bgr ext(
bm handle t handle,
int image num,
bm image* input,
bm_image* output

);

e A S8
bm handle t handle

WASE . WIS, WA bm_ dev request FRHL.

int image num

WMASE. WA/ image X
bm_image* input

MAZE. WA bm_image XFR 5 .
bm_image* output

2% Fil bm_image XFR AR5 .

AR FERTALE

29



CHAPTER 5. BMCV API

BM_SUCCESS: )
Hofih: Zhig
RS-l

#include <iostream>
#include <vector>
#include "bmcv_api ext.h"
#include "bmlib utils.h"
#include "common.h"
#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include <memory>

int main(int arge, char *argv[]) {
bm handle t handle;
bm_dev request(&handle, 0);

int image n = 1;

int image h = 1080;

int image w = 1920;

bm image src, dst;

bm_ image create(handle, image h, image w, FORMAT NV12,
DATA TYPE EXT 1IN BYTE, &src);

DATA TYPE EXT IN BYTE, &dst);
std::shared ptr<u8*>y ptr = std::make shared<u8*>(
new u8[image h * image w]);
std::shared ptr<u8*> uv_ptr = std::make shared<u8*>(
new u8limage h * image w / 2]);
memset((void *)(*y ptr.get()), 148, image h * image w);
memset((void *)(*uv_ ptr.get()), 158, image h * image w / 2);
u8 *host ptr[] = {*y_ptr.get(), *uv_ptr.get()};
bm image copy host to device(src, (void **)host ptr);
bmcv _image yuv2bgr ext(handle, image n, &src, &dst);
bm _image destroy(src);
bm image destroy(dst);
bm dev_free(handle);
return O;

}

bm image create(handle, image h, image w, FORMAT BGR_ PLANAR,

TP

1. % API ¥ A NV12/NV21/NV16/NV61/YUVA20P #ztfY image X4, FHBHHEALS I

RGB ${E4551H 753 output image X4 fr £ H) device memory H1.
2. HHI% APL i A bm_image FIREEN:
FORMAT NV12
FORMAT NV21
FORMAT NV16

Copyright © SOPHGO
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. FORMAT NV61
. FORMAT_YUV420P
. FORMAT_YUV422P
YA bm image FHEA%E N
. DATA TYPE EXT IN BYTE
SCHFH bm_image EIBA&CY:
. FORMAT RGB_PLANAR
. FORMAT_ BGR_PLANAR
SCHFHE bmimage ZdEtg
. DATA TYPE EXT FLOAT32,
. DATA TYPE EXT IN BYTE,
. DATA TYPE EXT 4N BYTE,
TSR 2 i A A% UK, R el 2R
3. Wy AH A bm_image 5 ATANEE, 753 8] KK .

4. T bm_image ¥4 image format. data type. width, height WAZHAHSE, AT
AHiH bm_image X% ) image format, data_type. width., height WiAH%E, Frf
it bm_image XJ4 width, height WAZUAHSE, 75 W5 7] 0 .

5. image_num £ 7N i A XF R B9 A £, w0 2R o bm_image  H #E 4% X H
DATA TYPE EXT 4N BYTE, WM{Uii 1 4 bm image 4N %4, 22 Ml ih
image num XF4 .

6. image num WK TEET 1, /PNFEET 4, BUGR BRI,
7. FTAE R ARG attach device memory, 75 M3 [9] 2 i

8. W EHXTHK attach device memory, N£PNERIHA bm_ image alloc_dev _mem H
15 NEVE PR device memory, HRH4E{v )50 RGB (#EIE 7t F] device memory H1,

5.2 bmcv_image warp _affine

ISR A, PTSEBURERS . PR SRR D5 A R 4R (20
, yo) Bl THEARGS (z, y) BIERMEAE S, 12 D R SEIUR B0 R R R GRS
A BB AR ARAR , A ITTAR B — BT 1 5, HBeA ks U s

X W R 57 U A A B s FE Ny -

{ To = a1x + b1y + c1
To a1 b1 T
yo| = a2 b2 c2| X |y
1 0 0 1 1

Yo = a2x + by + 2
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AEARAS R 2> 6 RIBYMIRE, AR A At R AR AR HE S A R AR AR R BOE R
] PAE 1 A PR TR 3 A s ABAR R ARER . AE AN s i BRI M E 05 R
ARBUE B

bmev _affinematrix & X T — AR, HIBF R float m(6] = {al bl, cl, a2, b2,
c2}, i bmcv_afflne_lmage_matrlx FENT ik A LA e .%ﬂél}ﬁ,*?&l@
FHZ NIRRT, 20 2428 i

typedef struct bmcv affine matrix  s{
float m[6];
} bmcv_warp matrix;

typedef struct bmcv affine image matrix s{
bmcv_affine matrix *matrix;
int matrix num,;

} bmcev_ affine image matrix;

#rgk:

bm status t bmcv image warp affine(
bm handle t handle,
int image num,
bmcv affine image matrix matrix[4],
bm_image* input,
bm_image* output,
int use bilinear = 0

);
A S Bl

bm handle t handle
WMAZH. H AR bm_handle fJ4.

int image num
MAZE. MARRY, &Z3H 4.

bmev_affine image matrix matrix|4]
BASE . BRI R R AR SR RO A, 2 SCRE 4 TRIE .
bm_image* input

WMAZHL. A bm_image, ¥F IN #ix, &% 4 4> bm_image, XfF 4N B, HZ—4

bm image.

bm__image* output

WS %t bm_image, JMEPTEEUH A bmev_image create N F, HIH A
bmev _image attach H/rBr device memory. W H AT attach, W PNEH AL device
memory . X T#ith bm_image, HEHRRAFMA—2, Bl AZ 4N 1‘%4( %y 2 AN
B, A IN B, g IN X, Irf 2 bm_image K/INE A K R AR 42
Ao oA 14> 4N B0 bm_image, 4 5KE 28R 4450 4 13,0,13,51, WA 7E
R 3+0+13+5:21 BT 2 AN B, FESE (2144-1)/4=6 4> bm__image M4 H! .
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int use bilinear

BASHE G bilinear #ATHR(E, #5700 W nearest ffifE, # 4 1 WA bilinear
FEE, BRIAME ] nearest $8{H . PEFF nearest fH{EIIPERES LT bilinear, PN ILEE I 1% nearest
FHAE, BRAERIRE BEAA ZR S n] P ] bilinear f&H{H.

R B
BM_SUCCESS: )
HoAh: g
TR
1. %8 0 1) image format 4135 :
FORMAT BGR_PLANAR
FORMAT RGB_PLANAR
2. RO R data_type flF5:
DATA TYPE EXT 1IN BYTE
DATA TYPE EXT 4N BYTE
3. E ORI A LA LA bm_image ¥JSCRRAT stride.

4. FORZPE O EG A bm  image | width, height. image format DA} data type DAZ5i{%
j"%—ﬁo

5. BURZEE O bm_image 1) width, height. image format. data_type DA stride
AR FE—F

(TN

#inculde "common.h"

#include "stdio.h"

#include "stdlib.h"

#include "string.h"

#include <memory>#include <iostream>
#include "bmcv_api ext.h"

#include "bmlib utils.h"

int main(int argc, char *argv[]) {
bm handle t handle;

int image h = 1080;
int image w = 1920;

int dst _h = 256;

int dst w = 256;

bm dev request(&handle, 0);
bmcv_affine image matrix matrix image;

matrix image.matrix num = 1;

std::shared ptr<bmcv affine matrix> matrix data
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(kb 7T)

= std::make shared<bmcv_affine matrix>();
matrix image.matrix = matrix data.get();

matrix image.matrix->m[0] = 3.848430;
matrix image.matrix->m[1] = -0.02484;
matrix image.matrix->m[2] = 916.7,
matrix image.matrix->m[3] = 0.02;
matrix image.matrix->m[4] = 3.8484;
matrix image.matrix->m[5] = 56.4748;

bm image src, dst;

bm image create(handle, image h, image w, FORMAT BGR_PLANAR,
DATA TYPE EXT 1IN BYTE, &src);

bm image create(handle, dst h, dst w, FORMAT BGR_PLANAR,
DATA TYPE EXT 1N BYTE, &dst);

std::shared ptr<u8*> src ptr = std::make shared<u8*>(
new u8[image h * image w * 3]);

memset((void *)(*src_ptr.get()), 148, image h * image w * 3);

u8 *host ptr[] = {*src_ptr.get()};

bm image copy host to device(src, (void **)host ptr);

bmcv image warp affine(handle, 1, &matrix image, &src, &dst);
bm image destroy(src);

bm image destroy(dst);

bm dev free(handle);

return O;

5.3 bmcv_image warp _perspective

%3 DS R i A e, PR S A S AR e . i AR MR R R B B — A A
U, SRR T GEARR (w0 , yo) B AEARAR (z, y) RYARZMEASHR, 23 LAY SE LR AT i
B i B — AR R A AR AR 2 6 B o A G I As b, SR G A B — IR B 15, LB ikt
i (1

' =a1x+ by +c1

Yy = agx + boy + co
w' = azx + b3y + c3

xog =’ Ju’
Yo =y' /'
K R 5 R AR AR s T R -
x a1 b1 ¢ z
Y| =laz b2 co| X |y
w' a3 by c3 1
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{ xo =’ Ju’

Yo =y /uw'

ARSI R — A 9 AR GBS 3 = 1), FI AR B M n] DA S s 1l 15 Ak Fr e
HE G I P B A PR AR AR, 28 48k R T DA o o A S AR RE I 1) 4 A AR AR AR R IR

TS5 A SE AR, A PERR L TP ARE AR OB P s — R PR A
TS VR R o0 — R TR 4R B AR B 4 SRR E A, & TR
AHE VYT 25— S R/ REE , R EFR, "R AR A” B” C7
D it nk i ER ABCD, M H&EEREmM ARG A7 B’ C*. D [OA AL bRRD
AT N R AR YA A AL B A ) R PO TSR AR SR AR AR, AT
SEILIIRE o

(0,0) (in_width-1, 0)

(x0, y0) (x1.yl) (0,0) (out_width-1, 0)

A B

—

(x3.¥3) C D

(out_width-1,

(0, out_height-1) out height-1)

(x2,vy2)

(in_width-1,

0, in_height-1
(0. in_beight-1) in_height-1)

BB

bm status t bmcv image warp perspective(
bm handle t handle,
int image num,
bmcv _perspective image matrix matrix[4],
bm image* input,
bm image* output,
int use bilinear = 0

);

Hrf ) bmev_ perspective matrix & T — P AEFRAR AR, BT R float m|9] = {al, bl,
cl, a2, b2, ¢2, a3, b3, c3}. M bmev_perspective image matrix & T —5K K& BEAJL
SRR, AT ASE IO — K I R B 2 A NEI B TS S A

typedef struct bmcv perspective matrix s{
float m[9];
} bmcv_ perspective matrix;

typedef struct bmcv perspective image matrix s{
bmcv perspective matrix *matrix;
int matrix num,;

} bmcv_ perspective image matrix;

B
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bm status t bmcv image warp perspective with coordinate(
bm handle t handle,
int image num,
bmcv  perspective image coordinate coord[4],
bm image* input,
bm_image* output,
int use bilinear = 0

);

Hrf, bmev_perspective _coordinate & SC T PUEPUA TSI ARSR, IR L A b 2R
BRI A7 . T bmev  perspective image coordinate & T —5K & F B A JL4 U4
FERARAR, T PASE IS — 5K P g BLE 22 A/ N I EA T S A e

typedef struct bmcv perspective coordinate s{
int x[4];
int y[4];

} bmcv_ perspective coordinate;

typedef struct bmcv perspective image coordinate s{
bmcv_perspective coordinate *coordinate;
int coordinate num;

} bmcv_perspective image coordinate;

A S8R
bm handle t handle

M AZE. H AR bm_handle 44,
int image num

MASE. MARR, &Z3CH 4.
bmev perspective image matrix matrix|4]

WASHE K R R AR B MR UR e SCHE 4 5K IE
bmev _perspective image coordinate coord[4]

WMASEL. BKE ARG R, 52 3F 4 KE R .
bm image* input

WASE. B bm_image, XIT IN B, &% 4 4> bm_image, X AN #i, L1

bm image.
bm_image* output

S8, Wl bm image, SNEFHEZEIHH bmev image create @I @, A P UEH
bmev image attach H/4rf¢ device memory. W PR attach, W PNEMHE device
memory. A4 bm_image, HAHERTIREA B0, HIHAR AN Bk, W% L2 AN
B, f A IN B, Hrh g IN B FrR2iny bm_image K/NE A B R S e 2
Mo g A 14 AN B8 bm_image, 4 5KE G988 FEECH S 13,0,13,51, AR
e 3+-0+13+5=21, fT#id 2 4N #is, N5 (214+4-1)/4=6 4> bm_image % .
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int use bilinear

BASHE G bilinear #ATHR(E, #5700 W nearest ffifE, # 4 1 WA bilinear
FEE, BRIAME ] nearest $8{H . PEFF nearest fH{EIIPERES LT bilinear, PN ILEE I 1% nearest
FHAE, BRAERIRE BEAA ZR S n] P ] bilinear f&H{H.

B 36
BM_SUCCESS: )
Hofth:

TR

L Zde O SR AR I T A AR A S R RELE S ARG B R AR BRI R AR i, A REAE HH i
BN, B Sef fHe 0 =, WIpA B i R %510

2. ZEE O Y image  format 5
FORMAT BGR PLANAR
FORMAT RGB_PLANAR
3. AR N R data_type fU4E:
DATA TYPE EXT 1IN BYTE
DATA TYPE EXT 4N BYTE
4. ZHEEO R AL bm_image $3HRIFA strides

5. BRZBE O Hi A bm_image ff) width, height, image format DA} data_type WhZif4
2

6. ZoRiZFE O E bm_ image ) width, height. image format. data type DA} stride
AR —EL

(MR

#inculde "common.h"
#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include <memory>
#include <iostream>
#include "bmcv_api ext.h"
#include "bmlib utils.h"

int main(int argc, char *argv[]) {
bm handle t handle;

int image h = 1080;
int image w = 1920;

int dst _h = 1080;
int dst w = 1920;

(R IgkEE)
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bm dev request(&handle, 0);

bmcv_perspective image matrix matrix image;

matrix image.matrix num = 1;

std::shared ptr<bmcv perspective matrix> matrix data
= std::make shared<bmcv perspective matrix>();

matrix image.matrix = matrix data.get();

matrix image.matrix->m[0] = 0.529813;
matrix image.matrix->m[1] = -0.806194;
matrix image.matrix->m[2] = 1000.000;
matrix image.matrix->m[3] = 0.193966;
matrix image.matrix->m[4] = -0.019157;
matrix image.matrix->m[5] = 300.000;

matrix image.matrix->m[6] = 0.000180;
matrix image.matrix->m[7] = -0.000686;
matrix image.matrix->m[8] = 1.000000;

bm image src, dst;

bm image create(handle, image h, image w, FORMAT BGR_ PLANAR,
DATA TYPE EXT 1N BYTE, &src);

bm image create(handle, dst h, dst w, FORMAT BGR_ PLANAR,
DATA TYPE EXT 1IN BYTE, &dst);

std::shared ptr<u8*> src_ptr = std::make shared<u8*>(
new u8[image h * image w * 3]);

memset((void *)(*src_ptr.get()), 148, image h * image w * 3);

u8 *host ptr[] = {*src_ptr.get()};

bm image copy host to device(src, (void **)host ptr);

bmcv_image warp perspective(handle, 1, &matrix image, &src, &dst);
bm image destroy(src);

bm image destroy(dst);

bm dev_free(handle);

return O;

5.4 bmcv_image crop

W H LI IR crop AT/ MAL

HEA:
bm status t bmcv image crop(
bm handle t handle,
int crop _num,
bmcv_ rect t* rects,
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bm image input,
bm image* output

)i
LK
- bm_handle t handle
HiAZEL. bm_handle AJ#f.
- int crop_num

MASE. WE crop DNEIREUR, WERHEH rects PFrigm NARIKE, 2% bm_image
R

- bmev_rect t* rects

HASE. N crop MIXRMIMEE, BIEIGRIR. crop Tm5, HEANESE N hEdEZk
HIARH . %8445 T3 TA crop HERER,, HERIMERH crop num #iE.

- bm_image input

BIASE. iAW bm_image, bm_image FFZEA/MNTHH bmev _image create f]# . image
WNAERTPA# B bm  image alloc dev__mem B bm image copy host to device JITh¥
BN, B bmev image attach 3% attach &F B INLE.

- bm_ image™® output

2% %l bm_image BYHEET, MR HICH crop_num. bm_image FF %5
bmev _image create Al . image WAFF] PAIAT bm_ image alloc _dev mem EIFREFTHT N
7, BUE M bmev_image_attach 3 attach CATRINTF. WRA FFHCRAE api NARHE
1T EAT B
BRI 5 :
- BM_SUCCESS: i3
- At R0
Ba R -
typedef struct bmcv_rect {
int start x;
int start y;
int crop_w;

int crop_h;
} bmecv_rect t;

- start_x $iiA T crop BIBAEIIE FIERGEGEAAR, BZmA M 0 JTHh, BUETEH

[0, width).
- start_y 8 T crop WIBAEIRIE FIERGEG AR B LT 0 I s, BUETEH
[0, height),

- crop_w iKY crop ERITIRE, e X by it R SERE o
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crop_h IR crop QIR EE, Ui %t i i BRI B .
kA
crop HHE[ZFPAT image format:

num | image format

FORMAT BGR_PACKED
FORMAT BGR_PLANAR
FORMAT RGB_ PACKED
FORMAT RGB_PLANAR
FORMAT GRAY

Y| W N =

crop HHEIZFPAT data_type:

num | data_type

1 DATA TYPE EXT FLOAT32

2 DATA TYPE EXT 1IN BYTE

3 DATA TYPE EXT 1IN BYTE SIGNED

1. 7FJ8H bmev_image crop() Z Bl A image NAFE 4 H i .
2. input output [¥) data_type, image format WAZAH[A] .

3. N TR INARBA, start_ x + crop_w WIU/INT SR T A BRI width, start_y + crop_h
WA NTAET i A BRI height.

(MEZRIE
int channel = 3;
intin w = 400;
intin h = 400;
int out_ w = 800;
intout h = 800;

int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ptr(
new unsigned char[channel * in_w *in_h],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * out w * out h],
std::default delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res data = res ptr.get();
for (int i = 0; i < channel *in w *in_ h; i++) {
src_ datali] = rand() % 255;
}

(N IT4REE)
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// calculate res
bmcv_rect t crop attr;

crop_attr.start x =0
crop_attrstart y =0,
crop attr.crop w = 50;

crop_attr.crop h = 50;
bm image input, output;
bm_image create(handle,
in_h,
in_w,
FORMAT RGB_PLANAR,
DATA TYPE EXT IN BYTE,
&input);
bm_image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm image create(handle,
out h,
out w,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&output);
bm image alloc_dev mem(output);
if (BM_SUCCESS != bmcv_image crop(handle, 1, &crop attr, input, &output)) {
std::cout << "bmcv copy to error " << std::endl;
bm image destroy(input);
bm image destroy(output);
bm dev free(handle);
exit(-1);
}
bm_image copy device to host(output, (void **)&res data);
bm_image destroy(input);
bm image destroy(output);
bm dev free(handle);

5.5 bmcv_image resize

I TR A, ek i/, KR TRE .
B A:

bm_status t bmcv image resize(
bm handle t handle,
int input num,
bmcv _resize image resize attr[4],
bm image* input,
bm image* output

);

SE]:
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bm handle t handle
i AZ4(. bm_handle ],
int input _num

MASE . MABRE, mZ3XHF 4, QR input_num > 1, AN A BHQO TR IESE
R (RJPA ] bm_ image alloc  contiguous mem %522 5K & 5 #4225 [H] ) o

bmev resize image resize attr [4]
MAZE. BIKERAXINR resize 24U, 2 3CFF 4 KA
bm_image* input

HIASE. B A\ bm_image. £ bm_image F5Z/MNPEH bmev _image  create 47 . image
WAERTPA# ] bm  image alloc dev__mem B bm image copy host to device I h¥
BN, B bmev image attach 3 attach & F B INLE.

bm_image* output

B S Wi bm image. ) bm_image FFEEANAGE ] bmev_image create @I, image
AR PAELE bm  image alloc_dev mem ZIFREF A NAE, B0 bmev _image attach
k attach AN, WERAFEINFECRAE api NE#AT BT/ .

REME 56
BM_SUCCESS: )
HoAth: g

B IR

typedef struct bmcv resize s{
int start x;
int start_y;
int in_ width;
int in_height;
int out width,;
int out height;
Ybomev resize t;

typedef struct bmcv resize image s{
bmcev_resize t *resize img attr;
int roi num,;
unsigned char stretch fit;
unsigned char padding b;
unsigned char padding g;
unsigned char padding r;
unsigned int interpolation;

Ybomev resize image;

bmev resize image ffid T —iKE W resize fit EH1EE .
roi_num ffiik | —El & PR YEAT resize 1T AL

Copyright © SOPHGO 42



CHAPTER 5. BMCV API

streteh_fit Fep e A1 LG Pl AT AR, 1 o JOH i et Pl L BIER T4
O%‘zﬂ‘?”,m)?@tlﬁﬂﬁ TH, BRI, SR E T oA T 4R T
IS SIS

padding_b F/RY stretch_fit % 0 MIELLT, b il FHIHEFTME.
padding r #7824 stretch  fit &% 0 BUTELL R, i@ ﬁt?ﬁiﬁ}ﬁlﬁ’ﬂﬁo
padding g /R stretch fit WK 0 FIIFHL T, g Bl FHHIHFTAIE.

interpolation &7~ i Y& E. BMCV _ INTER _NEAREST /R it 405E V%,
BMCV_INTER LINEAR R4 MEIREE .

start_x ik T resize EAAREALSR (FEXSTIRIA), # M TIKEIIEE.
start _y il T resize EIGHRAR (FAXT I, # M THKIEZIEE.
in_width #iJA T crop R,
in_height f#§iiA T crop FMEHIE .
out _ width ik T % th EUZ 1 ¥i .
out_height ffiids 14 i KR .

(AMEZNE

int image num = 4;
int crop_w = 711, crop_h = 400, resize_w = 711, resize_h = 400;
int image w = 1920, image h = 1080;
int img size i = image w * image h * 3;
int img size o = resize_w * resize_h * 3;
std::unique ptr<unsigned char[|> img data(
new unsigned char[img size i * image numl]);
std::unique ptr<unsigned char[|> res_data(
new unsigned char[img size o * image num]);
memset(img data.get(), 0x11, img size i * image num);
memset(res data.get(), 0, img size o * image num);
bmcv_resize image resize attr[image num);
bmcv _resize t resize img attr[image num)];
for (int img idx = 0; img_idx < image num; img idx+-+) {
resize_img attr[img idx].start x = 0;
resize_img attr[img idx]|.start y = 0;
resize img attr[img idx].in width = crop w;
resize_img attr[img idx].in height = crop h;
resize img attr[img idx].out width = resize w;
resize_img attr[img idx].out height = resize h;
}
for (int img idx = 0; img idx < image num;img idx++) {
resize attr[img idx|.resize img attr = &resize img attr[img idx];
resize attr[img idx].roi num = 1,
resize attr[img idx].stretch fit = 1,
resize attr[img idx].interpolation = BMCV INTER NEAREST;
}

(R IU4kEE)
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bm image input[image num];
bm _image output[image numy];
for (int img idx = 0; img idx < image num; img idx++) {
int input data type = DATA TYPE EXT 1N BYTE;
bm image create(handle,
image h,
image w,
FORMAT BGR_PLANAR,
(bm_image data format ext)input data type,
&inputlimg idx]);
}
bm image alloc contiguous mem(image num, input, 1);
for (int img idx = 0; img idx < image num; img idx++) {
unsigned char * input img data = img data.get() + img size i * img idx;
bm_ image copy host to device(input[img idx],
(void **)&input img data);
}
for (int img idx = 0; img idx < image num; img idx+-+) {
int output data type = DATA TYPE EXT 1N BYTE;
bm image create(handle,
resize h,
resize_w,
FORMAT BGR_ PLANAR,
(bm_image data format ext)output data type,
&output[img idx]);
}
bm image alloc contiguous mem(image num, output, 1);
bmcv image resize(handle, image num, resize attr, input, output);
for (int img idx = 0; img idx < image num; img idx++) {
unsigned char *res img data = res data.get() + img size o * img idx;
bm image copy device to host(output[img idx],
(void **)&res img data);
}
bm image free contiguous mem(image num, input);
bm image free contiguous mem(image num, output);
for(int i = 0; 1 < image num; i++) {
bm image destroy(input[i]);
bm image destroy(output[i]);

}

R A
1. resize ZH§ F% image format 544k :
FORMAT BGR_PLANAR -> FORMAT BGR_PLANAR
FORMAT RGB_PLANAR -> FORMAT RGB_PLANAR
FORMAT BGR_ PACKED -> FORMAT BGR PLANAR
FORMAT RGB_PACKED -> FORMAT RGB_ PLANAR

2. resize SCRFTRAIMEIE data type Z [ :
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DATA TYPE EXT IN BYTE->DATA TYPE EXT 1IN BYTE (1 &/ re-

size (crop) —IEEEIIIEIE)

DATA TYPE EXT FLOAT32 -> DATA TYPE EXT FLOAT32 (1 I§ &K% re-

size (crop) —IREBIVIEIE)

DATA TYPE EXT 4N BYTE-> DATA TYPE EXT 4N BYTE (1 lEE&/{% re-

size (crop) —IREEIIIEIE)

DATA TYPE EXT 4N BYTE-> DATA TYPE EXT 1IN BYTE (1 [H&1 re-

size (crop) — Il KGR IMETE)

DATA TYPE EXT 4N BYTE-> DATA TYPE EXT 1IN BYTE (1 IE&/4 re-

size (crop) ZIREBRINIEIE)

DATA_TYPE_EXT_IN_BYTE-> DATA_TYPE_EXT_IN_BYTE (1 R4 re-

size (crop) ZIREEIIIEIE)

DATA TYPE EXT FLOAT32 -> DATA TYPE EXT FLOAT32 (1 I &% re-

size (crop) ZIREIRINIEIE)

1. £ bmev_image _resize() Z HILAFAALR AL image NAFCZEHI .
2. SCHFRRICRST S 2048%2048, /RIS 16%16, Ry 32.

5.6 bmcv_image convert to

T O TR EBRGBREER A, BB R A AR

y=kx+b

BB

bm status t bmcv image convert to (
bm handle t handle,
int input num,
bmcv_convert to attr convert to attr,
bm_image* input,
bm_image* output

)i

A BB
bm handle t handle

W AZ%, bm_handle AJHH.
int input_num

WASE AR R, R inputnum > 1, AR 24 A BB
Jil bm_image alloc_contiguous mem #5425k [ HIi5iELE S A ) .
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bmecv _convert to attr convert to attr
WMASE BIKE RN YR E SR
bm image* input
B ASH Hi A bm_image, H4> bm_image #MiTEZIH A bmev_image create fl|7# . image

WAERTPA# A bm  image alloc_dev_mem H# bm image copy host to device JEITh¥:
BRI NTE, B0 bmev _image attach 3 attach &4 NI

bm_image* output

S Wi bm image. ) bm__image MR ZEH ] bmev_image create @l . image
WAET DAL bm image  alloc dev mem FIFREF I NAE, B ] bmev image attach
% attach EARYNAE. WA EEIABCEAE api BIET H A4

R BEH:
BM SUCCESS: (¥
HoAt: R

B R e

typedef struct bmcv convert to attr s{
float alpha_O0;
float beta 0;
float alpha 1,
float beta 1;
float alpha_2;
float beta 2;
} bmcv_convert to attr;

alpha_ 0 8 T4 0 4 channel P72 e 2 4L

beta 0 iR T4 0 4> channel PEfTLPEASHL1Y fwFs

alpha_ 1 iR 745 1 4~ channel #FfTMAR I R %L

beta_1 i 755 1 A channel BEATZMAZ i) fwt%

alpha 2 ik %5 2 4> channel YEATAMARHAY %L

beta 2 iR T4 2 4~ channel $Ef726 425 F%
(METRIIE

int image num = 4, image channel = 3;

int image w = 1920, image h = 1080;
bm_image input images[4], output images[4];
bmcv_convert to attr convert to attr;
convert to attr.alpha 0 = I;
convert to attr.beta 0 = 0;
convert to attr.alpha 1 = 1;
convert to attr.beta 1 = 0;
convert to attr.alpha 2 = 1I;

T TgESE)

—~
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convert to attr.beta 2 = 0;
int img size = image w * image h * image channel,
std::unique ptr<unsigned char[|> img data(
new unsigned char[img size * image num)]);
std::unique ptr<unsigned char[]> res data(
new unsigned char[img size * image num]);
memset(img data.get(), 0x11, img size * image num);
for (int img idx = 0; img_idx < image num; img idx++) {
bm image create(handle,
image h,
image w,
FORMAT BGR PLANAR,
DATA TYPE EXT 1N BYTE
&input images[img idx]);
}
bm image alloc contiguous mem(image num, input images, 0);
for (int img idx = 0; img idx < image num,; img idx++) {
unsigned char *input img data = img data.get() + img size * img idx;
bm_ image copy host to device(input images[img idx],
(void **)&input img data);

}

for (int img idx = 0; img idx < image num; img idx++) {
bm image create(handle,
image h,
image w,
FORMAT BGR_ PLANAR,
DATA TYPE EXT IN BYTE,
&output images[img idx]);
}
bm image alloc contiguous mem(image num, output images, 1);
bmcv _image convert to(handle, image num, convert to attr, input images,
output images);
for (int img idx = 0; img idx < image num,; img idx++) {
unsigned char *res img data = res data.get() + img size * img idx;
bm image copy device to host(output images[img idx],
(void **)&res img data);

bm image free contiguous mem(image num, input images);
bm image free contiguous mem(image num, output images);
for(int i = 0; 1 < image num; i++) {

bm image destroy(input imagesli]);

bm image destroy(output imagesli]);

}

LE R LT
L % N 3HF 1) image_format f)5E46:
FORMAT_BGR_PLANAR —> FORMAT_BGR_PLANAR
FORMAT_RGB_PLANAR ——> FORMAT_RGB_PLANAR
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FORMAT GRAY — > FORMAT GRAY

2. BN HFRAIEIE data type Z [A]AYFE: -
DATA TYPE EXT IN BYTE — > DATA TYPE EXT FLOATS32
DATA TYPE EXT IN BYTE — - DATA TYPE EXT IN BYTE
DATA TYPE EXT IN BYTE SIGNED - DATA TYPE EXT IN BYTE SIGNED
DATA TYPE EXT IN BYTE— > DATA TYPE EXT IN BYTE SIGNED
DATA TYPE EXT FLOAT32 — > DATA TYPE EXT FLOAT32
DATA TYPE EXT 4N BYTE — > DATA TYPE EXT FLOAT32

i R

1. £ bmev_image convert to() Z Hi AR ALY image WAFC 4 H i .

2. By A image T8, B PAK data type. image format JAZIAHIA] o

3. KM image 9. B PAK data type. image format WAZ5AHI[A] .

4. FA image FEELASE Tl image $E .

5. image num KT 0.

6

. B A DA Bt 1Y) image_format H Ao FORMAT _BGR_PLANAR E(# FOR-
MAT RGB PLANAR.

HiH image [ stride WAZ201%FT width,
8. ki A image [y stride WA KT 4T width,

9. % FF & K R F h 2048%2048, #: /N R ~F S 16%16, 24 image format K
DATA TYPE EXT 4N BYTE B, w* h RFAT 1024 * 1024,

=

5.7 bmcv_image storage convert

PR R R PR B 2 8 6 I ) RS e 4 o ) PR AR A 8t SRS R PR AR R R 1Y

device memory H1,
B

bm status t bmcv image storage convert(
bm handle t handle,
int image num,
bm image* input image,
bm image* output image

);

e AS Bt
bm handle t handle
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MAZAE. RPN, @A bm_dev_request ZRHL.
int image num
WASE WA/ image $UR
bm_image* input
WS i A bm_image XI55 .
bm_image* output
2% Fil bm_image XFRAEEH .
AR FERTALE
BM _SUCCESS: i)
Hifth: K
TER
L. % APT SZHRDAT B s R A 44 -
(FORMAT NV12, DATA TYPE EXT IN BYTE)
(FORMAT NV21, DATA TYPE EXT 1IN BYTE)
(FORMAT NV16, DATA TYPE EXT IN BYTE)
(FORMAT NV61, DATA TYPE EXT IN BYTE)
(FORMAT YUV420P, DATA TYPE EXT IN BYTE)
(FORMAT YUV444P, DATA TYPE EXT IN BYTE)
(FORMAT RGB_PLANAR, DATA TYPE EXT 1IN BYTE)
(FORMAT RGB_PLANAR, DATA TYPE EXT 4N BYTE)
(FORMAT RGB_PLANAR, DATA TYPE EXT FLOAT32)
(FORMAT BGR PLANAR, DATA TYPE EXT 1IN BYTE)
(FORMAT BGR_PLANAR, DATA TYPE EXT 4N BYTE)
(FORMAT BGR_PLANAR, DATA TYPE EXT FLOAT32)
(FORMAT RGB_PACKED, DATA TYPE EXT IN BYTE)
(FORMAT RGB_PACKED, DATA TYPE EXT 4N BYTE)
(FORMAT RGB_PACKED, DATA TYPE EXT FLOATS32)
(FORMAT BGR_PACKED, DATA TYPE EXT IN BYTE)
(FORMAT BGR_PACKED, DATA TYPE EXT 4N BYTE)
(FORMAT BGR_PACKED, DATA TYPE EXT FLOATS32)
(FORMAT RGBP SEPARATE, DATA TYPE EXT IN BYTE)
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(FORMAT RGBP_SEPARATE, DATA TYPE EXT 4N _BYTE)
(FORMAT RGBP_SEPARATE, DATA TYPE EXT FLOATS32)

(FORMAT BGRP_ SEPARATE, DATA TYPE EXT IN BYTE)
(FORMAT BGRP_SEPARATE, DATA TYPE EXT 4N _BYTE)
(FORMAT BGRP_SEPARATE, DATA TYPE EXT FLOATS32).

A At image XFGATEPA EAFEH, R A 5

2.
3.

9.

WAL ErA bm_image Z5H R AT QIEE, 5 Wk B R0

ki A bm_image X% image format, data type, width, height WZifHSE, AF
At bm_image X4 ) image format, data type, width, height WAHEE, Frf
B K bm_image X4 width, helght WhATRHAE , A5 R lﬁlé‘imﬁl

image_num % 5 FOA B B A W R OA B B B Rk R
DATA TYPE EXT 4N BYTE, & A bm_image %% 1 4, £ 4N 5 im-
age_num MERUE A . WA A BgE RS RN & DATA_TYPE_EXT_4N_BYTE,
N # A image num -~ bm image X} %. W K & H bm image % P& #%
# % DATA TYPE EXT 4N BYTE, 0 # i 1 A4 bm_ image 4N X}
%, XMEPAH bm_image AR E . Sz R b B B R R 2
DATA TYPE EXT 4N BYTE, N image num X4,

. image num WKTFET 1, /INFET 4, HNEREIL,
- A ARG 0000 attach device memory, 75 IR [\ 2K .

TR X SREK attach device memory, < PNERIE A bm_ image alloc_dev _mem Hi
15 NEE PR device memory, HRH4EAb )G BRI 728 device memory H1,

- ISR A G A AR ] AR Ry, HOAN 2R3 IS5 D12 4t 1R

i,
#i RS image_w > 8192 IHAGEEHEES, W1 image_w > 8192 ME I,

(AMEZNE

#include <iostream>
#include <vector>
#include "bmcv_api ext.h"
#include "bmlib utils.h"
#include "common.h"
#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include <memory>

int main(int argc, char *argv[]) {
bm handle t handle;
bm dev request(&handle, 0);

int image n = 1;
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int image h = 1080;

int image w = 1920;

bm image src, dst;

bm image create(handle, image h, image w, FORMAT NV12,
DATA TYPE EXT 1IN BYTE, &src);

bm image create(handle, image h, image w, FORMAT BGR_ PLANAR,
DATA TYPE EXT IN BYTE, &dst);

std::shared ptr<u8*>y ptr = std::make shared<u8*>(
new u8[image h * image w]);

std::shared ptr<u8*> uv_ptr = std::make shared<u8*>(
new u8image h * image w / 2]);

memset((void *)(*y ptr.get()), 148, image h * image w);

memset((void *)(*uv_ptr.get()), 158, image h * image w / 2);

u8 *host ptr[] = {*y ptr.get(), *uv_ptr.get()};

bm image copy host to device(src, (void **)host ptr);

bmcv_image storage convert(handle, image n, &src, &dst);

bm image destroy(src);

bm image destroy(dst);

bm dev_free(handle);

return 0O;

5.8 bmcv_image vpp _basic

bm1684 FA LTRSS A BEES S VPP, FEW & — & 45 F T PA—W LB crop. color-
space-convert, resize VA K padding ZhfEE, L TPU #H P, 1% API n] DASEFIXT 25K K F

i) crop. color-space-convert, resize. padding M HATE T IIEEMAHE .

bm status t bmcv image vpp basic(

bm handle t handle,

int in img num,

bm image* input,

bm image* output,

int* crop_num_vec = NULL,
bmcv rect t* crop_rect = NULL,

bmcv padding atrr t* padding attr = NULL,
bmcv_resize algorithm algorithm = BMCV INTER LINEAR,

csc_type t csc_type = CSC_MAX:ENUM,
csc_matrix t* matrix = NULL);
e AS B

bm handle t handle
WASE. BRIELN, iR bm_dev_request RHL.
int in_img num

HMASE. WA bm_image F{&.
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bm_image* input
MAZE. HA bm_image X484, HAGMARYKEDH in_img num H#iE.
bm_image* output
SR fil bm_image XfRIEEH, HAG 2 E A K EH in_img_num Hl crop_num_ vec
Sl pesE, RTAR AR R crop B2 Al
int* crop_num_vec = NULL

M ASE . R AREE AR K A R AT crop 8, HAR SR K AR in_img_ num
A, ﬁH%T f#iJH crop TJRER[4H NULL.

bmev_rect t * crop rect = NULL
MASH FARkg0E AT

typedef struct bmcv rect {
int start x;
int start _y;
int crop_w;
int crop_h;
} bmcv_rect t;

B bm_image X5 I I ZER A BB L crop BFISEL, BRI S x PR, RGN
y AeFR. crop BEIMGIKTERE AR crop BRI RE . EGAE LTS AE AR FR I A . AR A
crop HHER[IE NULL,

bmev_padding  atrr t* padding attr = NULL

MWAZSE. P crop B HAR/NEITE dst image WA EAF E AKX E pdding #45- B R (E,
i Al padding Zhfig i &k NULL,

typedef struct bmcv padding atrr s {
unsigned int dst crop stx;
unsigned int dst crop sty;
unsigned int dst crop w;
unsigned int dst crop h;
unsigned char padding r;
unsigned char padding g;
unsigned char padding b;
int if memset;

} bmcv _padding atrr t;

1. By NERZE EATIEFXTT dst image JB5 (Z2 ) B9 offset {5 H : dst _crop_stx
F dst_crop_sty;

2. B INEZ resize 556 dst_crop _w Fl dst_crop _h;

3. dst image WL Z RGB #% X, £ iH il 7 % padding m14 £ H15 5 padding_r.
padding g. padding b, 4 if memset=1 FfHRL, WHEZ GRAY E1E ] AR =1

(E3 BB N R —AME
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4. if memset FIRTEATLEZ api NFEXT dst image % B84l 1 ) padding {HAH mem-
set, {3 FF RGB Al GRAY #%=UEIME . QR E S 0 WA FFHEAE A% api #,
M4 75 22 padding MR FAEAEE, A bmlib 14y api H X device memory 1T
memset #:4F, AR X padding PEA KL, ATPARE R 0 2% TR,

bmcev_resize algorithm algorithm = BMCV INTER LINEAR

WIAZHL . resize HEESE, U5 BMCV_INTER _NEAREST il BMCV_INTER_LINEAR
PR, BRATOL T e R 22 (H

csc_type t csc type = CSC_MAX ENUM

HiAZEL. color space convert ZHRAESE, H CSC_MAX ENUM N FHERAE, ZRIA
% CSC_YChCr2RGB_BT601 5% CSC_RGB2YChCr BT601, ¥ HHEAdE:

CSC_YCbCr2RGB_BT601
CSC_YPbPr2RGB_BT601
CSC_RGB2YChCr_BT601
CSC_YCbCr2RGB_BT709
CSC_RGB2YChCr_BT709
CSC_RGB2YPbPr_BT601
CSC_YPbPr2RGB_BT709
CSC_RGB2YPbPr_BT709
CSC_USER_DEFINED MATRIX
CSC_MAX_ENUM

csc_matrix _t* matrix = NULL

A Z%L. AT csc_type ##% CSC_USER_DEFINED MATRIX, %SG A R 5HHE,
eI

typedef struct {
int csc_ coe00;
int csc_ coe01;
int csc_ coe02;
int csc_addo;
int csc__coelO;
int csc_ coell,
int csc_ coel2;
int csc_addl;
int csc_coe20;
int csc_coe21;
int csc_coe22;
int csc_add2;

}  attribute  ((packed)) csc matrix_t;

BRI 3
BM_SUCCESS: 1§34
Hofln: i
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L. % APT Jrfs B 2 A sC AR SR, AR F AR -

src format dst format HAbRR 5l
RGB_ PACKED RGB_ PACKED k1
RGB_PLANAR 21
BGR_PLANAR £ 1
BGR_PACKED ZIF T
RGBP_ SEPARATE | 441
BGRP_SEPARATE | &4 1
BGR_PACKED RGB_PACKED 1
RGB_ PLANAR M1
BGR_PACKED ZfF1
BGR_PLANAR & 1
RGBP_SEPARATE | &fF 1
BGRP_SEPARATE | Z&fF 1
RGB_PLANAR RGB_PACKED 1
RGB_PLANAR ZfF1
BGR_PACKED 2 1
BGR PLANAR £ 1
RGBP_SEPARATE | Z&fF 1
BGRP_SEPARATE | &fF 1
BGR_PLANAR RGB PACKED £ 1
RGB_PLANAR 21
BGR_PACKED &1
BGR_PLANAR &1
RGBP_SEPARATE | &fF 1
BGRP_ SEPARATE | 4141
RGBP_ SEPARATE | RGB_PACKED 1
RGB_PLANAR ZF 1
BGR_PACKED 21
BGR_PLANAR &1
RGBP_SEPARATE | &fF 1
BGRP_SEPARATE | &fF 1
BGRP_ SEPARATE | RGB_ PACKED 1
RGB_PLANAR ZF1
BGR_PACKED 20 1
BGR_PLANAR S 1
RGBP_SEPARATE | Z&fF 1
BGRP_SEPARATE | &4 1
GRAY GRAY 1
YUV420P YUV420P M 2
COMPRESSED YUV420P ZfF 2
RGB_PACKED YUV420P ZPF3
RGB_PLANAR a3
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N

AN

RS51-EEW
src format dst format HABRR
BGR_PACKED 21T 3
BGR_PLANAR 2T 3
RGBP_SEPARATE 1% 3
BGRP_SEPARATE %0 3
YUV420P RGB_PACKED 244
RGB_PLANAR 4
BGR_PACKED S 4
BGR_PLANAR 244
RGBP SEPARATE | &/ 4
BGRP_SEPARATE | %&(F 4

NV12 RGB_PACKED ZfF 4
RGB_PLANAR 2P 4
BGR_PACKED ZfF 4
BGR_PLANAR ZfF 4

RGBP_SEPARATE | 4/F 4
BGRP SEPARATE | 4/F 4

COMPRESSED RGB_PACKED 20T 4
RGB_PLANAR 2N 4
BGR_PACKED 2P 4
BGR_PLANAR 20 4

RGBP_SEPARATE | 4/ 4
BGRP SEPARATE | 4/ 4

A4 10 src.width >= crop.x + crop.width, src.height >= crop.y + crop.height

£ 20 src.width, sre.height, dst.widht, dst.height WZ04E 2 BIFEERS, src.width >=
crop.x + crop.width, src.height >= crop.y + crop.height

A4 31 dst.widht, dst.height WZ15E 2 B, src.width == dst.width, src.height
== dst.height, crop.x == 0, crop.y == 0,src.width >= crop.x + crop.width, src.height
>= crop.y + crop.height

M4 40 sre.width, src.height DA% 2 BUHEELRS, src.width >= crop.x + crop.width,
src.height >= crop.y + crop.height

i bm_image [¥J device mem AHEFE heap0 |-,
i sl image [1) stride 70 64 X5% .
B i A image FihbRAZl 32 byte Xf5%.

B H 440 ((crop.width / output.width) PA K (crop.height / output.height)) FR
1E 1/32 ~ 32 ZJil.

NP E R (sre.width, sre.height, dst.widht, dst.height) PFRHIHE 16 ~ 4096 2 [q].
iy A 2B device memory, 75 3R 1] 2R TKL
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8. FORMAT _COMPRESSED j& VPU fi#h 5 N &R —FlE4ats=, BaHE 4 Mfs: Y
compressed table, Y compressed data, CbCr compressed table PA M CbCr compressed
data, %R bm_ image HiX PUFRA A% EI )T 5 FFMPEG Ht AVFrame 54 /[,
TR FRE attach AVFrame H device memory ${#5%| bm_image Hi}, XJW ERUF,
KT AVFrame FEAINZEHS% VPU I 0.

bm device mem t src plane device[4];

src_plane device[0] = bm mem from device((u64)avframe->data[6],
avframe->linesize[6]);

src_plane device[l] = bm mem from device((u64)avframe->data[4],
avframe->linesize[4] * avirame->h);

src_plane device[2] = bm mem from device((u64)avframe->data[7],
avframe->linesize[7]);

src_plane device[3] = bm mem from device((u64)avirame->data[5],
avirame->linesize[4] * avframe->h / 2);

bm_image attach(*compressed image, src_plane device);

5.9 bmcv_image vpp _convert

% API X4 A B RUAE h i  EGA% X, IF 30EF crop + resize TJRE, CREA 1 5Kk A
crop Z 5Kk I resize F4 H I RN,

bm status t bmcv image vpp convert(
bm handle t handle,
int output num,
bm image input,
bm image *output,
bmcv_rect t *crop rect,
bmcv_resize algorithm algorithm = BMCV _INTER LINEAR

);

e A S8
bm handle t handle

WS WA, WA bm_dev_request FREL
int output num

2% fit bm_image $&, Ml src image ) crop BEAMIAE, —A> sre crop firth—> dst
bm image

bm image input

MAZHL. %A bm_image X5
bm__image* output

SR il bm_image XFGARE

bmev_rect t * crop rect
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WASH Bl 3Cnr

typedef struct bmcv rect {
int start x;
int start _y;
int crop_ w;
int crop_h;
} bmcv_rect t;

B bm_image MR TR HITER A KB L crop WS WIERLG A x AR, I A
y A5 crop BRI TEEEVA K crop BB R -

bmcev_resize algorithm algorithm = BMCV INTER LINEAR

i AR, Tesize BV, f13E BMCV _INTER_NEAREST I BMCV_INTER LINEAR
PR, BRI LT R 2=

S ERVAUIE
BM _SUCCESS: i)
oAt R0
RS
L. i% APL s 24 2 g 2N AR 25K 5 bmev_image vpp_basic H A ]«

2. W AR PR (sre.width, src.height, dst.widht, dst.height) FREIFE 16 4096 2 [d].
3. Hy AT FER device memory, MR [B] ST

4. FORMAT_COMPRESSED J& VPU fi#fihj5 N B —FhE4ikg s, B 4 M Y
compressed table, Y compressed data, CbCr compressed table PA M CbCr compressed
data. VER bm_image HiXPUFREAE RN 5 FFMPEG H AVFrame A A [d,
RFTE attach AVFrame H1 device memory §(#5%| bm image 1}, XNV IRKRUT,
#%F AVFrame 41N %51ES% VPU BHPFM

bm device mem t src plane device[4];

src_plane device[0] = bm mem from device((u64)avframe->data[6],
avframe- >linesize[6]);

src_plane device[l] = bm mem from device((u64)avframe->data[4],
avframe->linesize[4] * avframe->h);

src_plane device[2] = bm mem from device((u64)avframe->data[7],
avframe->linesize[7]);

src_plane device[3] = bm mem from device((u64)avframe->data[5],
avframe->linesize[4] * avirame->h / 2);

bm image attach(*compressed image, src plane device);

(MEZRUE

#include <iostream>
#include <vector>
#include "bmcv_api ext.h"

(R IU4kEE)
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(kb 7T)

#include
#include
#include
#include
#include
#include
#include

"bmlib utils.h"
"common.h"
<memory>
"stdio.h"
"stdlib.h"
<stdio.h>
<stdlib.h>

int main(int argc, char *argvl[]) {

bm handle t handle;

int image h = 1080;
int image w = 1920;
bm image src, dst[4];

bm dev request(&handle, 0);
bm image create(handle, image h, image w, FORMAT NV12,
DATA TYPE EXT 1IN BYTE, &src);
bm image alloc dev mem(src, 1);
for (int i = 0;1 < 4; i++) {
bm_image create(handle,
image h /2,
image w / 2,
FORMAT BGR_ PACKED,
DATA TYPE EXT 1N BYTE,
dst + i);
bm image alloc dev mem(dst[i]);
}
std::unique ptr<u8 [|> y_ptr(new u8[image h * image w]);
std::unique ptr<u8 [|> uv_ptr(new u8[image h * image w / 2]);
memset((void *)(y _ptr.get()), 148, image h * image w);
memset((void *)(uv_ ptr.get()), 158, image h * image w / 2);
u8 *host ptr[] = {y_ptr.get(), uv_ptr.get()};
bm image copy host to device(src, (void **)host ptr);

bmcev rect t rect]] = {{0, 0, image w / 2, image h / 2},
{0, image h / 2, image w /2, image h / 2},
{image w / 2, 0, image w / 2, image h / 2},
{image w /2, image h /2, image w /2, image h / 2}};

bmcv image vpp convert(handle, 4, src, dst, rect);

for (inti=0;1 < 4;i4++) {
bm image destroy(dst[i]);

}

bm image destroy(src);
bm dev_free(handle);
return 0O;
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5.10 bmcv_image vpp convert padding

i vpp BEAFZEUR, 4544 dst image fif memset #fE, SCELEIE padding [HRCR . XA
RWSEHLUER M T vpp B9 dst crop ITIEE, BRI/ NEIERE R RE Y. AT AM—
K src image = crop ZAHIREG, XTE—1HR/NE, WA—RHETER csctresize #AE,
SRIGIRIEHAE R E I offset {5, HARKEH . —IK crop KR ANEEMT 256.

bm status t bmcv image vpp convert padding(
bm handle t handle,
int output num,
bm image input,
bm image * output,
bmcv padding atrr t * padding attr,
bmcv_ rect t * crop_rect = NULL,
bmcv_resize algorithm algorithm = BMCV _INTER LINEAR);

e ASB:
bm handle t handle
WIASH. WAFMEAIAN, @i bm_dev_request FKHL
int output_num
i ZE il bm image %, Fl src image ) crop B AHSE, —A> src crop fii i —4> dst
bm image
bm image input
WASE #j A bm_image XJ4
bm__image* output

Wi 2%, fili bm_image X4 45E
bmev padding  atrr t * padding attr

WASHL. sre crop W HAR/NETE dst image HrdA7 EAS B A K2 pdding 15 EH R R {H

typedef struct bmcv padding atrr s {
unsigned int  dst crop stx;
unsigned int  dst crop_sty;
unsigned int  dst crop w;
unsigned int  dst crop h;
unsigned char padding r;
unsigned char padding g;
unsigned char padding b;
int if memset;

} bmcv _padding  atrr t;

L. HARNEWZE BRI T dst image JFigi (72 Bff) A9 offset {FH: dst_crop_stx
F dst__crop _sty;

2. HWINEZ resize G 5aE: dst_crop w A dst_crop h;
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3. dst image & RGB # 3, & il 5% padding 1918 = H {5 5 padding r.
padding g. padding b, 4 if memset=1 FfHRL, WHEZ GRAY E1B ] PAKF =1
{HI U E M [F—AME

4. if memset FIRFEATELEZ api NEK dst image #2184 Ml E ) padding {HA mem-
set, 3% RGB fil GRAY X% . @Rz R 0 WA FHEFAETHZ% api #l,
*ETE 72 padding MR RE(E L, A bmlib H1% api E#XT device memory #47
memset £24E, WX padding EA XL, AIPARE N 0 ZI&%A TR,

bmev _rect t * crop rect
MASEL. A src image RS H AR/IME B A AR 58 5 15 B
HAtg e SCan

typedef struct bmcv rect {
int start x;
int start_y;
int crop w;
int crop_h;
} bmcv_rect t;

bmcev resize algorithm algorithm

i NS resize FYEMER, A5 BMCV_INTER _NEAREST #1 BMCV_INTER_LINEAR
P, BRI UL R T

RIHiE BEW:
BM_SUCCESS: i
Hofth: g

TR

1. % API 1y dst image @ # =X X ¥ FRFORMAT RGB_PLANAR.
FORMAT BGR_PLANAR. FORMAT RGBP_SEPARATE. FOR-
MAT BGRP SEPARATE. FORMAT RGB_PACKED Fl FOR-
MAT_ BGR_PACKED.

2. TR AZ api B, FREMRE4EE padding 1% Z{EXT dst image [y device memory #f
T memset #4E, FHHF if memset B 0, HN, padding FJE5 2 WAL 5 B 805

3. % APT Frifg 2 iR DA KR 7 25K 5 bmev_image  vpp_ basic —#{.
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5.11 bmcv_image vpp _stitch

T vpp BECEFEIERY crop ThRE, SCILEGPHEMRCR , XA image FJPA—IR5EM sre crop
+ csc + resize + dst crop #:E. dst image FFHFHEH/NEGEEAGERE T 256,

bm status t bmcv image vpp stitch(
bm handle t handle,
int input num,
bm image* input,
bm image output,
bmcv_ rect t* dst crop rect,
bmcv_ rect t* src_crop_rect = NULL,
bmcv resize algorithm algorithm = BMCV INTER LINEAR);

e A S B
bm handle t handle
MBS BRI, A bm_dev_request FRHL
int input num
WS A bm_image ¥
bm_imagei* input
MASHL. HiA bm_image M Z 455
bm image output
WS Wil bm image XJ4
bmev_rect t * dst_crop rect
WAZHL. A5 dst images b, A HAR/NERY BRI TE 5 15 5
bmev rect t * src_crop rect
WS FE sre image b, A H AR/ AN AL BRI BE = 55
FLAA%E AT

typedef struct bmcv rect {
int start x;
int start_y;
int crop w;
int crop_h;
} bmcv_rect t;

bmcev_resize algorithm algorithm

i AR Tesize B, f13E BMCV _INTER_NEAREST il BMCV_INTER LINEAR
PR, BRI LT R 25

A ERVAIE
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BM_SUCCESS: i
oAt R
TR
L. % API ) src image A SCRFEGAREREE .
2. % APT Prif 2 2 s X LA SR 3 25K 5 bmev_image vpp_basic —%{.
3. SN sre image i crop #:/E, —5k src image H crop —4~H#».

5.12 bmcv_image vpp csc_matrix_convert

BIATEOLT , bmev_image vpp_convert ] #¥3e BT _609 HrifEdbAT (it . A LAEILT
it LA A AR E , BE B E S ese S8

bm status t bmcv image vpp csc matrix convert(
bm handle t handle,
int output num,
bm image input,
bm image *output,
csc_type t csc,
csc_matrix t * matrix = nullptr,
bmcv_resize algorithm algorithm = BMCV _INTER LINEAR);

e AS BRI
bm handle t handle

WMASEL. WA, @i bm_dev_request FKHL
int image num

MASHL. %A bm_image &
bm image input

WS A bm_image X5
bm__image* output

2%, fil bm_image X4 45E
csc_type t csc

MASEL. CIEARAEER, HATnk:

typedef enum csc_type {
CSC_YCbCr2RGB BT601 = 0,
CSC_YPbPr2RGB_BT601,
CSC_RGB2YCbCr_BT601,
CSC_YCbCr2RGB_BT709,
CSC_RGB2YCbCr BT709,
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(kb 7T)

CSC_USER_DEFINED MATRIX = 1000
CSC_MAX ENUM

} csc_type t;

csc_matrix t * matrix

WSRO E E SO, ALY csc 2y CSC_USER_DEFINED_MATRIX HiX
MEA AR

FLAAAR A SCAE

typedef struct {
int csc_ coe00;
int csc_ coe01;
int csc_ coe02;
int csc_addo;
int csc__coelO;
int csc_ coell,
int csc_ coel2;
int csc_addl;
int csc_coe20;
int csc_coe2l;
int csc_coe22;
int csc_add2;

}  attribute  ((packed)) csc matrix_t;

dsty = (csc__coey * srcy + csc__coegy * Srey + csc__coegy x srea + esc__addg) >> 10
dst; = (csc_coeyg * sreg + csc__coeqy * srey + ¢sc__coejs *x sreg + csc_addy) >> 10
dsty = (csc_coegy * STy 4 csc__coegq * srey + ¢sc__coegs *x sreg + csc__addy) >> 10

bmcev_resize algorithm algorithm

i NBHL. resize BYELERE, A3F BMCV _INTER_NEAREST #l BMCV_INTER LINEAR
Wit BN OL T @221 .

B B6WI:
BM_SUCCESS: )
Hofth:
TR
L. % APT a2 R s X LA i 43 25K 5 vpp_convert —2(

2000 R R M2 XA S input A1 output A% XA X ML, A esc ==
CSC_YCbCr2RGB_BT601, [fif input image format & RGB #&=, MR [A] 4,

3. W csc == CSC_USER_DEFINED MATRIX [fii matrix 4 nullptr, W3R 520,
(MEZRIE
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#include <iostream>
#include <vector>
#include "bmcv_api ext.h"
#include "bmlib utils.h"
#include "common.h"
#include <memory>
#include "stdio.h"

#include "stdlib.h"
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argvl[]) {
bm handle t handle;

int image h = 1080;
int image w = 1920;
bm image src, dst[4];

bm dev request(&handle, 0);
bm image create(handle, image h, image w, FORMAT NV12,
DATA TYPE EXT 1IN BYTE, &src);
bm image alloc dev mem(src, 1);
for (int i = 0;1 < 4; i++) {
bm_image create(handle,
image h /2,
image w / 2,
FORMAT BGR_ PACKED,
DATA TYPE EXT 1N BYTE,
dst + i);
bm image alloc dev mem(dst[i]);
}
std::unique ptr<u8 [|> y_ptr(new u8[image h * image w]);
std::unique ptr<u8 [|> uv_ptr(new u8[image h * image w / 2]);
memset((void *)(y_ptr.get()), 148, image h * image w);
memset((void *)(uv_ ptr.get()), 158, image h * image w / 2);
u8 *host ptr[] = {y_ptr.get(), uv_ptr.get()};
bm image copy host to device(src, (void **)host ptr);

bmcev rect t rect]] = {{0, 0, image w / 2, image h / 2},
{0, image h / 2, image w /2, image h / 2},
{image w / 2, 0, image w / 2, image h / 2},
{image w /2, image h /2, image w /2, image h / 2}};

bmcv image vpp csc matrix convert(handle, 4, src, dst, CSC_YCbCr2RGB
—BT601);

for (inti=0;1< 4;i4++) {
bm image destroy(dst[i]);

}

bm_image destroy(src);
bm dev_free(handle);
return 0O;
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5.13 bmcv_image jpeg enc

2 O PASCIIXT £ 5K bm_ image ) JPEG Zgfidid#E .
#ZgA:

bm status t bmcv image jpeg enc(
bm handle t handle,
int image num,
bm image * src,
void * p_jpeg data]],
size t* out_size,
int quality factor = 85

);
PN E
- bm_handle t handle
A%, bm_handle 4.
- int image num
WA WARREGR, &2 4
- bm__image* src

I ASE W\ bm_image HYF5%l . 41 bm _image F53EAMNPIEH bmevimage  create Al
image WNAFR] PABEA bm_ image alloc_dev _mem #{# bm image copy host to device
I REF R NAE, 8 bmev _image attach 3 attach B NF

- void * p_jpeg data,

SR WSS REEAR R, BT O SRR SRR e, PR R, &R
A HR/NEIY image_num. J PRI RABEEEA N R A ) (BIE4i 4oy NULL)
TE api PR R S 0I5 Bt 40 K/ B sl e s 8], (H 2 AN P8 P e 2 1 P P sh Rl s
] AR PR AT AER: H O HE BB =S ] .

- size_t *out_ size,
S8 SRS KIE AR/ (DA byte B ) AERRTEIZIRET
- int quality factor = 85

BWASE. WSS E AR R R T BUE 07100 28], {E#ORFERE R FREE, E5dhEE
WAbBOR, S (B NE R A, BBt RS HC RS, BOME 85.

R B
. BM_SUCCESS: i3
- HAth: ZRIg

T
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H i 4 i) S Ry P v A AL R LR LR

FORMAT _YUV420P

FORMAT _YUV422P

FORMAT _YUV444P

FORMAT NV12

FORMAT NV21

FORMAT NV16

FORMAT NV61

FORMAT GRAY

RIS
int image h = 1080;
int image w = 1920;
int size = image h * image w;
int format = FORMAT YUV420P;

bm image src;

bm image create(handle, image h, image w, (bm image format ext)format,
DATA TYPE EXT 1N BYTE, &stc);

std::unique ptr<unsigned char[]> bufl(new unsigned char|[size]);

memset(bufl.get(), 0x11, size);

std::unique ptr<unsigned char[|> buf2(new unsigned char[size / 4]);
memset(buf2.get(), 0x22, size / 4);

std::unique ptr<unsigned char[|> buf3(new unsigned char|[size / 4]);
memset(buf3.get(), 0x33, size / 4);

unsigned char *buf]] = {bufl.get(), buf2.get(), buf3.get()};
bm_ image copy host to device(src, (void **)buf);

void* jpeg data = NULL;
size t out size = 0;
int ret = bmcv _image jpeg enc(handle, 1, &src, &jpeg data, &out size);
if (ret == BM_ SUCCESS) {

FILE *fp = fopen("test.jpg", "wb");

fwrite(jpeg data, out size, 1, fp);

fclose(fp);
}
free(jpeg data);
bm_image destroy(src);
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5.14 bmcv_image jpeg dec

I DN ASEBEX 2 3K B 7 JPEG f#phid A
HEX:

bm status t bmcv image jpeg dec(
bm handle t handle,
void * p_jpeg datal],
size t* in_size,
int image num,
bm image * dst

);
i A S B -
- bm_handle t handle
i AZ%. bm_ handle 4.
- void * p_jpeg datal]
WA TR R BARFEET, T 0 SRR 2 3K e, TR HR ST A
- size_t *in_size

AR A 5K B/ (RA byte S BAAL) ATzt ¢t b, gl Bid p_jpeg_ data
B YESRE IR 10 2 E RN

- int image num
WA WMARRER, R34

- bm_ image™ dst
i 2% i bm_image 135 %, A~ dst bm_image M PR PAEEEE A AT A
bm_image_create @7, 0] AREHEAQE. Q02K R A WY A ) 8 0 el B2 0 AR AR

PRSI A5 B e, BN format WITNRIUTR, 24N FHFEIATZEMH P E A
bm image destory H445%.

LA BRINEIH format
YUV420 | FORMAT YUV420P
YUV422 | FORMAT YUV422P
YUV444 | FORMAT YUV444P
YUV400 | FORMAT GRAY

R B
. BM_SUCCESS:
- HAh: R
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1. R P A#H bmev _image create fl## dst 1 bm_image, IFATFERSEIEA
FREFPTHR I A [E) 2 O,

2. HEifES SR B s XS g A O 2 AN, G SR PR S DA Bl A
2, "#ESH ] bmev image create HATHI#E dst bm image, M SRR F RS
B PAT XS M i A%

iR M format

YUV420 | FORMAT YUV420P
FORMAT NVI12
FORMAT NV21
YUV422 | FORMAT YUV422P
FORMAT NVI16
FORMAT NV61
YUV444 | FORMAT YUV444P
YUV400 | FORMAT GRAY

A BIHCES

size_t size = 0;

// read input from picture

FILE *fp = fopen(filename, "rb+");
assert(fp |= NULL);

fseek(fp, 0, SEEK END);

*size = ftell(fp);

u8* jpeg data = (u8*)malloc(*size);
fseek(fp, 0, SEEK SET);

fread(jpeg data, *size, 1, fp);
fclose(fp);

// create bm image used to save output

bm image dst;

memset((char*)&dst, 0, sizeof(bm _image));

// if you not create dst bm_image it will create automatically inside.

// you can also create dst bm image here, like this:

// bm image create(handle, IMAGE H, IMAGE W, FORMAT YUV420P,
// DATA TYPE EXT 1IN BYTE, &dst);

// decode input

int ret = bmcv_image jpeg dec(handle, (void**)&jpeg data, &size, 1, &dst);
free(jpeg data);

bm image destory(dst);
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5.15 bmcv_image copy to

A 1 SEIR R PR DL A AR A Y, A DX
#IHEX:

bm status t bmcv image copy to(
bm handle t handle,
bmcv_copy to atrr t copy to attr,
bm image input,
bm image output

);
S
bm handle t handle
i AZ%¥. bm_ handle .
bmcv_copy to atrr t copy to attr
WAZAL. api I A E PR E .
bm image input

HIASE. ®i A bm_image, bm image FFZA/MPIIH bmev image create . image N
HrPAM#E A bm_ image alloc_dev_mem (¥ bm image copy host to device JFITREH
HINTE, B bmev image attach 3§ attach B4 W NIF

bm image output

i 2. it bm_ image, bm_image FREA/MNIHH bmev image create . image PN
Al DA d bm image alloc_dev _mem RIFREF I NLE, B& M H bmev image attach
k attach AN WHRA TS ECRAE api NE#IT BT/ .

B ] -
BM_SUCCESS: )
Hoft: R
Bl IR -
typedef struct bmcv copy to atrr s {
int start  x;
int start _y;

unsigned char padding r;
unsigned char padding g;
unsigned char padding b;
int if padding;

} bmcv_copy to atrr t;

padding_b #/n2 input AYEIGRE/NFH EEFEL T, 2 dRER b s bk
HFEHIE.
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padding_r 7R input {YERE/NT Al FRRIREOL T, 2 HRIEIR ©iliE EYER
FEHIHE.

padding g #7n2Y input FJERE/NFHHEGRITEILT, ZHRMER ¢ i EHER
FEHIHE.

start_x ik J~ copy _to ¥4 DI E i i KB P e RS AT AR R o
start_y ik 1 copy_to ¥ DI £ i E B T fERYE I AR -

if padding /524 input iR E/NF4H BB T, 210575 20X 2 40 K5 X
HAFEdim, 0 R AFE, 1 FRTFFE. Mi%(HIE 0 i}, padding_r, padding_g,
padding b FYBERFTLAL

NP
int channel = 3;
intin w = 400;
intin h = 400;
int out_ w = 800;
intout h = 800;

int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ptr(
new unsigned char[channel * in w * in h],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * out w * out h],
std::default delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res data = res ptr.get();
for (int i = 0; i < channel *in w *in h; i++) {
src_ datali] = rand() % 255;
}

// calculate res
bmcv copy to atrr t copy to attr;
copy to_ attr.start x =0;
copy to_ attr.start y =0;
copy_to_attr.padding r = 0;
copy_to attr.padding g = 0;
copy to attr.padding b = 0;
bm image input, output;
bm_image create(handle,
in_h,
in_w,
FORMAT RGB_ PLANAR,
DATA TYPE EXT 1IN BYTE,
&input);
bm_image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm image create(handle,
out h,
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(kb 7T)

out w,
FORMAT RGB_PLANAR,
DATA TYPE EXT IN BYTE
&output);

bm image alloc dev mem(output);

b

bm image destroy(input);
bm image destroy(output);
bm dev free(handle);

exit(-1);

}

bm_image destroy(input);
bm image destroy(output);
bm dev free(handle);

if (EM_SUCCESS = bmcv_image copy to(handle, copy to attr, input, output)) {
std::cout << "bmcv copy to error ! << std::endl;

bm_ image copy device to host(output, (void **)&res data);

(SEW 2L

copyTo HHIXHFPAT image format F1 data_type B &

num | image format

data type

FORMAT BGR_PACKED

DATA TYPE EXT FLOAT32

FORMAT BGR PLANAR

DATA TYPE EXT FLOAT32

FORMAT BGR_ PACKED

DATA TYPE EXT IN BYTE

FORMAT BGR_PLANAR

DATA TYPE EXT IN BYTE

FORMAT BGR PLANAR

DATA TYPE EXT 4N BYTE

| O | W N~

FORMAT GRAY

DATA TYPE EXT IN BYTE

TERE

1. fEiH] bmev_image_copy_to() Z HLAHH PRI AR image NAFE 2T -
2. input output f¥] data type, image format WZAH[A .
3. N T EHL N, WA EE width + start x AUV/NT2E T H B width stride.

5.16 bmcv_image draw _lines

A PASEBAE— K R b — 2k i 2R B, Al DASE BRI 2 MR EhaE, H SCRrfa e 4

P ML) TE 1
#rgA:

typedef struct {
int x;
int y;

(R IgkEE)
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} bmcv_ point _t;

typedef struct {
unsigned char r;
unsigned char g;
unsigned char b;
} bmcv_color t;

bm status t bmcv image draw lines(
bm handle t handle,
bm image img,
const bmcv_point t* start,
const bmcv_point t* end,
int line num,
bmcv_color t color,
int thickness);

SR -
bm handle t handle
i AZ%. bm_ handle .
bm image img

WA B M. A M B 2 9 bm_image, bm_image % % 5b ¥V
bmev image create Al Z. image N W] DA ] bm image alloc dev mem =Y
bm_image copy host to device K JFREH ) N AF, i {1 ] bmev image attach 3k
attach B8 I NIF -

const bmcv_point t* start

WMASHL . SBORIG AR, R AREE K R line_num SHkiE . WBAE AR
R EATECY x J5TE, [N y DA

const bmev_point _t* end

MASR KBEAUTHARMEEE, 1R BB R line_num ZH0GE . BIRZA LR
R A x JyTE), [ AR y DA

int line  num
MASR. FHEELNEE.
bmev _color t color
WS BEMEE, 250 RGB =/ANEEm{H.
int thickness
MIASE. WEMTERE, ST YUV A& EGEOR .
BRI ] :
BM_ SUCCESS: ¥
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Hft: R0
EWZRE
%310 HESZFPA T image format:

num | image format
FORMAT GRAY
FORMAT YUV420P
FORMAT YUV422P
FORMAT YUV444P
FORMAT NV12
FORMAT NV21
FORMAT NV16
FORMAT NV61

O || O x| W[N]~

HRSCFFPAT data_type:

num | data_type
1 DATA TYPE EXT IN BYTE

(¥CERUE
int channel = 1;
int width = 1920;

int height = 1080;

int dev_id = 0;

int thickness = 4

bmcv _point t start = {0, 0};

bmcv_point t end = {100, 100};

bmcv_color t color = {255, 0, 0};

bm handle t handle;

bm status t dev ret = bm dev request(&handle, dev id);

std::shared ptr<unsigned char> data ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());

for (int i = 0; 1 < channel * width * height; i++) {

data ptr.get()[i] = rand() % 255;

// calculate res
bm image img;
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT IN BYTE,
&img);
bm image alloc dev mem(img);
bm image copy host to device(img, (void **)&(data ptr.get()));
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EaW)
if (BM_SUCCESS != bmcv image draw lines(handle, img, &start, &end, 1, color,.
—thickness)) {

std::cout << "bmcv draw lines error !!!" << std::endl;
bm image destroy(img);

bm dev free(handle);

return;

}
bm_ image copy device to host(img, (void **)&(data ptr.get()));
bm_image destroy(img);

bm dev free(handle);

5.17 bmcv_image draw _rectangle

B0 TR EE— A e MR IEAE.
#ZIrgA:

bm status t bmcv image draw rectangle(

bm handle t handle,

bm image image,

int rect num,

bmcv _rect t * rects,

int line width,

unsigned char r,

unsigned char g,

unsigned char b)

e A S8R
bm handle t handle

WASE BRI, U bm_dev_request HRHL.
bm image image

A TEAEH EEAEAER bm_image X4,
int rect _num

WASH. FIHELCE, $5 rects F5EHPIMIE R bmev_rect _t XA
bmev_rect  t* rect

WMASH WIAEX SR, WHBRG TR . BANESE TR .
int line width

MASE. HIPHEL S
unsigned char r

WA ARSI 705,
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unsigned char g
WASHE. HIPESER g 75 .
unsigned char b
MASH. ISR ¢ /& .
P ERVAIE
BM _SUCCESS: i)
oAt R0G
O SITE

typedef struct bmcv rect {
int start x;
int start_y;
int crop_ w;
int crop_h;
} bmcv_rect t;

start_x fiii8 T crop EIBAEIIE R ETERGEIGEALAR, BZMAM 0 J1h, BUETEH

[0, width),
start_y & T crop EURAEIEE P EIEREIGALAR. A EMTRA 0 IR, BUETEH]
[0, height).

crop_w iR crop EIRIYTERE, i@t it E B T8 .
crop_h $iiH) crop BEIBIIEEZ, WAL R R
TERE

1. % API # A NV12 / NV21 / NV16 / NV61 / YUV420P / RGB_PLANAR /
RGB_PACKED / BGR_PLANAR / BGR_PACKED #3[1) image %%, 370
WK device memory | IEEME, A EIMINIEHIEHM copy.

2. HAT% APT S A bm_image E§HstH
FORMAT NV12
FORMAT NV21
FORMAT NV16
FORMAT _NV61
FORMAT _YUV420P
RGB_PLANAR
RGB_PACKED
BGR_PLANAR
BGR_PACKED
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SCRFIA
DA

ARG

bm_image B#atg N
TA TYPE EXT IN BYTE
SRR A K AR SR, R [ .

3. K AR T bm_image SEAHR ATAIEE, 5 MR A KM

4. 15 image 4 NV12/NV21/NV16/NV61/YUV420P 4%, MZE 55 line width 23 [ 3
RO 5%

5. {5 rect num Sk 0, NWHBhRE .
6. QR line_width /NTE5, MR [|] 260
7. TR A TER R ER D FE image 2 4h, W H & T image Z NIZSL, FFREIED).

(MR

int

#include <iostream>
#include <vector>
#include "bmcv api ext.h"
#include "bmlib utils.h"
#include "common.h"
#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include <memory>

main(int argc, char *argv[]) {
bm handle t handle;
bm_dev request(&handle, 0);

int image h = 1080;
int image w = 1920;
bm image src;
bm image create(handle, image h, image w, FORMAT NV12,
DATA TYPE EXT 1N BYTE, &src);
std::shared ptr<u8*> y ptr = std::make shared<u8*>(
new u8limage h * image w]);
memset((void *)(*y ptr.get()), 148, image h * image w);
memset((void *)(*uv_ ptr.get()), 158, image h * image w / 2);
u8 *host ptr[] = {*y_ptr.get(), *uv_ptr.get()};
bm image copy host to device(src, (void **)host ptr);
bmcv_rect t rect;
rect.start x = 100;
rect.start _y = 100,
rect.crop w = 200;
rect.crop_h = 300;
bmcv image draw rectangle(handle, src, 1, &rect, 3, 255, 0, 0);
bm_image destroy(src);
bm dev free(handle);
return 0;
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5.18 bmcv_image put text

A ASEBTE— KR LS FRIIRE (3E30), FFCFieE T rsiea. K/ANITERE .
#ZjEA:
typedef struct {
int x;
int y;
} bmcv_point_t;

typedef struct {
unsigned char r;
unsigned char g;
unsigned char b;
} bmcv_color t;

bm status t bmcv image put text(
bm handle t handle,
bm image image,
const char* text,
bmcv_point t org,
bmcv_color t color,
float fontScale,
int thickness);

SR :
bm handle t handle
i AZ%(. bm_handle AJ##.
bm image image

WOAN/foR S B R o4 B B B2 B bm_image, bm_image FF ZE A H M H
bmev _image create Al &, image N fF ®] DA bm_ image alloc _dev_mem 1f &
bm_image copy host to device 3 JTREH 9 N A7, 2{E {# ] bmev image attach 3k
attach &8 W NF.

const char* text
BWASE. HFEARNCARNE, HAMCGHHEC,
bmcv_point t org

WMASE F— TR ARARGIE . FRA AN, AT x Jrm, T
4 y Tt

bmcev_ color t color

WASE. MBI, 250 RGB =AM BB/ fE.
float fontScale

WAZEL. TR
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int thickness
HANSH. ERITERE, ST YUV AR B s o (k.
BRI 3] :
BM_SUCCESS: 3
Hoth: Sk
E S Z T
%3 0 HESZHRFPAR image_ format:

num | image format
FORMAT GRAY
FORMAT YUV420P
FORMAT YUV422P
FORMAT YUV444P
FORMAT NV12
FORMAT NV21
FORMAT NV16
FORMAT _NV61

O || T = | W[N]~

HaiZFFPA R data_type:

num | data_type

1 DATA TYPE EXT IN BYTE

(NCERUE
int channel = 1;
int width = 1920;
int height = 1080;

int dev_id = 0;

int thickness = 4

float fontScale = 4;

char text[20] = "hello world";

bmev_point t org = {100, 100};

bmcv_color t color = {255, 0, 0};

bm handle t handle;

bm status t dev ret = bm dev request(&handle, dev id);

std::shared ptr<unsigned char> data ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());

for (int i = 0;1 < channel * width * height; i++) {

data ptr.get()[i] = rand() % 255;
}

// calculate res
bm image img;
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bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1IN BYTE,
&img);
bm image alloc dev mem(img);
bm_ image copy host to device(img, (void **)&(data ptr.get()));
if (BM_SUCCESS != bmcv_image put text(handle, img, text, org, color, fontScale,.
<thickness)) {
std::cout << "bmcv put text error !!!" << std::endl;
bm image destroy(img);
bm dev_free(handle);
return;
}
bm image copy device to host(img, (void **)&(data ptr.get()));
bm image destroy(img);
bm dev free(handle);

5.19 bmcv_image_fill rectangle

T 0 TR B A EE 2
#gA:

bm_status t bmcv image fill rectangle(

bm handle t handle,

bm image image,

int rect num,

bmcv rect t * rects,

unsigned char r,

unsigned char g,

unsigned char b)

e AS BRI
bm handle t handle
WMASE. WIS, B bm_dev_request ZKHK.
bm image image
MASE. FEAEH EETRER bm_image X4,
int rect _num
MAZE . THEFTHEIEREE, 1§ rects 85 P IT &1 bmev_rect t XFZRMEL.
bmev_rect  t* rect

WASEL. FEXGRE, BEHRER TR .. RANESS TSR .

N
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unsigned char r
WASH. FIHFEBOR © &
unsigned char g
WASE. MEHTBOWN ¢ 8.
unsigned char b
MASR. IO b k.
AT EERPLE
BM_ SUCCESS: i)
oAt KNG
B R g -

typedef struct bmcv rect {
int start x;
int start_y;
int crop_ w;
int crop_h,;
} bmcev_rectt;

start_x fiii8 T crop EBAEIEIE P EIERGEIGRALAR, BZETAM 0 JT46, BUEIEH]

[0, width).
start _y fiiik 1 crop BRIEIR K R ETERE IR AR H BN 0 JHas, HETE
[0, height),

crop_w ik crop EMRINTLIL, Ul Xo by i Hh T 1 B L
crop_h i1 crop BRI, WAL R
e

1. i% API # A NVI12 / NV21 / NV16 / NV61 / YUV420P / RGB_PLANAR /
RGB_PACKED / BGR_PLANAR / BGR_PACKED 43t image XI5, H-1Ex}
[ device memory FHIEHAT, EA RN NAEH I copy.

2. Huliz APT S A bm_image EIEA&0H
FORMAT NV12
FORMAT NV21
FORMAT NV16
FORMAT NV61
FORMAT _YUV420P
RGB_PLANAR
RGB_PACKED
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BGR_PLANAR
BGR_PACKED
A bm_image FdRAER K
DATA TYPE EXT IN BYTE
ARG i A R SRR, R[] R
3. i AH T A bm_image Z5HASRATENE, 75 IR ] K
4. 2R rect_num 3 0, W H SR E

5. IrA R AFTE X R AE image Z8h, WA SIFEAE image Z WHYAERSY, TR 8.

R

#include <iostream>
#include <vector>
#include "bmcv_api ext.h"
#include "bmlib utils.h"
#include "common.h"
#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include <memory>

int main(int arge, char *argv[]) {
bm handle t handle;
bm_dev request(&handle, 0);

int image h = 1080;
int image w = 1920;
bm image src;
bm image create(handle, image h, image w, FORMAT NV12,
DATA TYPE EXT IN BYTE, &src);
std::shared ptr<u8*>y ptr = std::make shared<u8*>(
new u8limage h * image w]);
memset((void *)(*y ptr.get()), 148, image h * image w);
memset((void *)(*uv_ptr.get()), 158, image h * image w / 2);
u8 *host ptr[] = {*y_ptr.get(), *uv_ptr.get()};
bm image copy host to device(src, (void **)host ptr);
bmcv_rect t rect;
rect.start x = 100;
rect.start y = 100;
rect.crop_w = 200;
rect.crop _h = 300;
bmcv _image fill rectangle(handle, src, 1, &rect, 255, 0, 0);
bm image destroy(src);
bm dev free(handle);
return 0;
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5.20 bmcv_image _absdiff

PSR/ IR T 79 Pl RS0 AR R A AT BB H B X
#IEgX:

bm status t bmcv image absdiff(
bm handle t handle,
bm image inputl,
bm image input2,
bm_image output);

SR
bm handle t handle
HiAZE. bm_handle AJ#,
bm image inputl

WA Z B W OAE — Kk BB bm_image, bm_image F E b # M
bmev _image create ] #. image N /% A PAfE i bm_image alloc _dev_mem If #%
bm_image copy host to device 3 JTREH 9 N A7, 2{E {# ] bmev image attach 3k
attach A WNLE.

bm image input2

BN S . WA K BB R bm_image, bm_image FF Z A # M H
bmev image create Al &, image N fF W DA ] bm image alloc dev mem =Hf
bm_image copy host to device 3 JFREH ) N AF, s{E {1 ] bmev image attach 3k
attach B8 I NIF»

bm image output

HHSE. HiE bm_ image, bm_image F5ZA/MNTIHH bmev image create §]#, image N
Al DA bm image alloc_dev mem EIFREF I NAE, B H bmev image attach
K attach CAPINFE. WRA TN BORTE api WHEHT BT/ B

B 3] :
BM_SUCCESS: iz
HoAth:
e W Z
SO HFSCRFPAT image  format:
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num | image format

1 FORMAT BGR_PACKED

2 FORMAT BGR_PLANAR

3 | FORMAT RGB _PACKED

4 | FORMAT RGB_PLANAR

5) FORMAT RGBP_SEPARATE
6 FORMAT BGRP_SEPARATE
7 FORMAT GRAY

8 FORMAT YUV420P

9 FORMAT YUV422P

10 FORMAT YUV444P

11 FORMAT NV12

12 FORMAT NV21

13 | FORMAT NVI6

14 FORMAT NV61

15 FORMAT NV24

Hai AR data_type:

num | data_type
1 DATA TYPE EXT IN BYTE

TR :
1. 7FJH bmev _image absdiff() 2 HiAAf A AN image NIEE 4 Hi
2. input output f{J data_type, image format WZiAH[].

(NCERUE
int channel = 3;
int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> srcl ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> src2 ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * srcl data = srcl_ptr.get();
unsigned char * src2 data = src2_ ptr.get();
unsigned char * res data = res ptr.get();

—~

T gRSE)
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for (int i = 0; 1 < channel * width * height; i++) {
srcl datali] = rand() % 255;
src2 datali] = rand() % 255;
}
// calculate res
bm image inputl, input2, output;
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&inputl);
bm image alloc dev mem(inputl);
bm image copy host to device(inputl, (void **)&srcl data);
bm_image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1N BYTE,
&input?2);
bm image alloc dev mem(input2);
bm image copy host to device(input2, (void **)&src2 data);
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&output);
bm image alloc_dev mem(output);
if (BM_SUCCESS != bmcv_image absdiff(handle, inputl, input2, output)) {
std::cout << "bmcv absdiff error !!'" << std::endl,;
bm image destroy(inputl);
bm image destroy(input2);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm image destroy(inputl);
bm_image destroy(input2);
bm_image destroy(output);
bm dev free(handle);
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5.21 bmcv_image bitwise and

PSR/ IR R 1) P R0 AR SRAE A T 25 A
#IEgX:

bm status t bmcv image bitwise and(
bm handle t handle,
bm image inputl,
bm image input2,
bm_image output);

SR
bm handle t handle
HiAZE. bm_handle AJ#,
bm image inputl

WA Z B W OAE — Kk BB bm_image, bm_image F E b # M
bmev _image create ] #. image N /% A PAfE i bm_image alloc _dev_mem If #%
bm_image copy host to device 3 JTREH 9 N A7, 2{E {# ] bmev image attach 3k
attach A WNLE.

bm image input2

BN S . WA K BB R bm_image, bm_image FF Z A # M H
bmev image create Al &, image N fF W DA ] bm image alloc dev mem =Hf
bm_image copy host to device 3 JFREH ) N AF, s{E {1 ] bmev image attach 3k
attach B8 I NIF»

bm image output

HHSE. HiE bm_ image, bm_image F5ZA/MNTIHH bmev image create §]#, image N
Al DA bm image alloc_dev mem EIFREF I NAE, B H bmev image attach
K attach CABINAFE. WRAEINSECRFAE api NERHEAT BT

B 3] :
BM_SUCCESS: iz
HoAth:

e W Z

SO HFSCRFPAT image  format:
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num | image format

1 FORMAT BGR_PACKED

2 FORMAT BGR_PLANAR

3 | FORMAT RGB _PACKED

4 | FORMAT RGB_PLANAR

5) FORMAT RGBP_SEPARATE
6 FORMAT BGRP_SEPARATE
7 FORMAT GRAY

8 FORMAT YUV420P

9 FORMAT YUV422P

10 FORMAT YUV444P

11 FORMAT NV12

12 FORMAT NV21

13 | FORMAT NVI6

14 FORMAT NV61

15 FORMAT NV24

Hai AR data_type:

num | data_type
1 DATA TYPE EXT IN BYTE

TR
1. 7FJH bmev _image bitwise and() Z iR I A image WAFE 4 H i .
2. input output {¥) data_type, image format WAZAH[A] .

(NCERUE
int channel = 3;
int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> srcl ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> src2 ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * srcl data = srcl_ptr.get();
unsigned char * src2 data = src2_ ptr.get();
unsigned char * res data = res ptr.get();

—~

T gRSE)
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for (int i = 0; 1 < channel * width * height; i++) {
srcl data[i] = rand() % 255;
src2 datali] = rand() % 255;
}
// calculate res
bm image inputl, input2, output;
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&inputl);
bm image alloc dev mem(inputl);
bm image copy host to device(inputl, (void **)&srcl data);
bm_image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1N BYTE,
&input?2);
bm image alloc dev mem(input2);
bm image copy host to device(input2, (void **)&src2 data);
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&output);
bm image alloc_dev mem(output);
if (BM_SUCCESS != bmcv_image bitwise and(handle, inputl, input2, output)) {
std::cout << "bmcv bitwise and error !!!" << std::endl,
bm image destroy(inputl);
bm image destroy(input2);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm image destroy(inputl);
bm_image destroy(input2);
bm_image destroy(output);
bm dev free(handle);
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5.22 bmcv_image bitwise or

WK/ 6L H RS G 8 LB s
BB

bm status t bmcv image bitwise or(
bm handle t handle,
bm image inputl,
bm image input2,
bm_image output);

SR
bm handle t handle
HiAZE. bm_handle AJ#,
bm image inputl

WA Z B W OAE — Kk BB bm_image, bm_image F E b # M
bmev _image create ] #. image N /% A PAfE i bm_image alloc _dev_mem If #%
bm_image copy host to device 3 JTREH 9 N A7, 2{E {# ] bmev image attach 3k
attach A WNLE.

bm image input2

BN S . WA K BB R bm_image, bm_image FF Z A # M H
bmev image create Al &, image N fF W DA ] bm image alloc dev mem =Hf
bm_image copy host to device 3 JFREH ) N AF, s{E {1 ] bmev image attach 3k
attach B8 I NIF»

bm image output

HHSE. HiE bm_ image, bm_image F5ZA/MNTIHH bmev image create §]#, image N
Al DA bm image alloc_dev mem EIFREF I NAE, B H bmev image attach
K attach CABINAFE. WRAEINSECRFAE api NERHEAT BT

B 3] :
BM_SUCCESS: iz
HoAth:
e W Z
SO HFSCRFPAT image  format:
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num | image format

1 FORMAT BGR_PACKED

2 FORMAT BGR_PLANAR

3 | FORMAT RGB _PACKED

4 | FORMAT RGB_PLANAR

5) FORMAT RGBP_SEPARATE
6 FORMAT BGRP_SEPARATE
7 FORMAT GRAY

8 FORMAT YUV420P

9 FORMAT YUV422P

10 FORMAT YUV444P

11 FORMAT NV12

12 FORMAT NV21

13 | FORMAT NVI6

14 FORMAT NV61

15 FORMAT NV24

Hai AR data_type:

num | data_type

1 DATA TYPE EXT IN BYTE

TER

1. 7FJH bmev_image bitwise or() Z HiAZJififAH A image NAEE 4 H il o

2. input output {¥) data_type, image format WAZAH[A] .
(METNIE

int channel = 3;
int width = 1920;
int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> srcl ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> src2 ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * srcl data = srcl_ptr.get();
unsigned char * src2 data = src2_ ptr.get();
unsigned char * res data = res ptr.get();
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for (int i = 0; 1 < channel * width * height; i++) {
srcl data[i] = rand() % 255;
src2 datali] = rand() % 255;
}
// calculate res
bm image inputl, input2, output;
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&inputl);
bm image alloc dev mem(inputl);
bm image copy host to device(inputl, (void **)&srcl data);
bm_image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1N BYTE,
&input?2);
bm image alloc dev mem(input2);
bm image copy host to device(input2, (void **)&src2 data);
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&output);
bm image alloc_dev mem(output);
if (BM_SUCCESS != bmcv_image bitwise or(handle, inputl, input2, output)) {
std::cout << "bmcv bitwise or error !!!" << std::endl,
bm image destroy(inputl);
bm image destroy(input2);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm image destroy(inputl);
bm_image destroy(input2);
bm_image destroy(output);
bm dev free(handle);
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5.23 bmcv_image bitwise xor

PSR/ IR T 1) PR AR R AR A T 07 e B R A
#IEgX:

bm status t bmcv image bitwise xor(
bm handle t handle,
bm image inputl,
bm image input2,
bm_image output);

SR
bm handle t handle
HiAZE. bm_handle AJ#,
bm image inputl

WA Z B W OAE — Kk BB bm_image, bm_image F E b # M
bmev _image create ] #. image N /% A PAfE i bm_image alloc _dev_mem If #%
bm_image copy host to device 3 JTREH 9 N A7, 2{E {# ] bmev image attach 3k
attach A WNLE.

bm image input2

BN S . WA K BB R bm_image, bm_image FF Z A # M H
bmev image create Al &, image N fF W DA ] bm image alloc dev mem =Hf
bm_image copy host to device 3 JFREH ) N AF, s{E {1 ] bmev image attach 3k
attach B8 I NIF»

bm image output

HHSE. HiE bm_ image, bm_image F5ZA/MNTIHH bmev image create §]#, image N
Al DA bm image alloc_dev mem EIFREF I NAE, B H bmev image attach
K attach CABINAFE. WRAEINSECRFAE api NERHEAT BT

B 3] :
BM_SUCCESS: iz
HoAth:

e W Z

SO HFSCRFPAT image  format:
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num | image format

1 FORMAT BGR_PACKED

2 FORMAT BGR_PLANAR

3 | FORMAT RGB _PACKED

4 | FORMAT RGB_PLANAR

5) FORMAT RGBP_SEPARATE
6 FORMAT BGRP_SEPARATE
7 FORMAT GRAY

8 FORMAT YUV420P

9 FORMAT YUV422P

10 FORMAT YUV444P

11 FORMAT NV12

12 FORMAT NV21

13 | FORMAT NVI6

14 FORMAT NV61

15 FORMAT NV24

Hai AR data_type:

num | data_type

1 DATA TYPE EXT IN BYTE

TER

1. 7FJH bmev_image bitwise xor() Z HiWAAfHLR AN image NAFE L H i .

2. input output {¥) data_type, image format WAZAH[A] .
(METNIE

int channel = 3;
int width = 1920;
int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> srcl ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> src2 ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * srcl data = srcl_ptr.get();
unsigned char * src2 data = src2_ ptr.get();
unsigned char * res data = res ptr.get();
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for (int i = 0; 1 < channel * width * height; i++) {
srcl data[i] = rand() % 255;
src2 datali] = rand() % 255;
}
// calculate res
bm image inputl, input2, output;
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&inputl);
bm image alloc dev mem(inputl);
bm image copy host to device(inputl, (void **)&srcl data);
bm_image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1N BYTE,
&input?2);
bm image alloc dev mem(input2);
bm image copy host to device(input2, (void **)&src2 data);
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&output);
bm image alloc_dev mem(output);
if (BM_SUCCESS != bmcv_image bitwise xor(handle, inputl, input2, output)) {
std::cout << "bmcv bitwise xor error " << std::endl;
bm image destroy(inputl);
bm image destroy(input2);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm image destroy(inputl);
bm_image destroy(input2);
bm_image destroy(output);
bm dev free(handle);
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5.24 bmcv_image add weighted

SR KA [F] R/ INEHR B A A, B4R -
output = alpha * inputl + beta * input2 + gamma
ZEX:

bm status t bmcv image add weighted(
bm handle t handle,
bm image inputl,
float alpha,
bm image input2,
float beta,
float gamma,
bm _image output);

SR :
bm_ handle t handle
I AZ%(. bm_handle AJf#.
bm image inputl

WA B W W OASH — K E 0 bm_image, bm_image % % 5b ¥
bmev _image create Al &, image N fF °] DA I bm_ image alloc _dev_mem mf #&
bm image copy host to device 3 JTREH 9 N AF, 3{FE {# ] bmev image attach 3k
attach &4 W NF.

float alpha
KR AR

bm image input2

BOA B W W OAS K E A bm_image, bm_image % % 5 ¥ ¥
bmev _image create Al &, image N F 7] DA I bm_ image alloc _dev_mem 1f &
bm image copy host to device 3 JTREH 9 N AF, 3{E {# ] bmev image attach 3k
attach &8 W NIF.

float beta
IR R AL
float gamma
G Z s & o
bm image output

B S it bm_image, bm_image FFE /MBI bmev_image create i . image N
FFAlPAJE S bm_image alloc_dev_mem SEFFREFTHYNFF, B 1] bmev_image attach
K attach CAHINTE. RIS RAFE api ERIERT E1 7ML

B e -
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BM_SUCCESS: i3
Hoth: Sk
E S Z T
%3 0 HEl 28 AT image _format:

num | image format

FORMAT BGR_PACKED
FORMAT BGR_PLANAR
FORMAT RGB_PACKED
FORMAT RGB_ PLANAR
FORMAT RGBP SEPARATE
FORMAT BGRP_SEPARATE
FORMAT GRAY

FORMAT YUV420P

FORMAT YUV422P

FORMAT YUV444P

FORMAT NV12

FORMAT NV21

FORMAT NV16

FORMAT NV61

FORMAT NV24

OO0 || T = W N+~

==
= O

—_
[\

—_
w

,_.
=

—_
ot

HHEISCHFPAT data_type:

num | data_type
1 | DATA TYPE EXT IN BYTE

i
Lo FEJH HIZA%E D Z Ji i P AR image INTFEL 4 HIE .
2. input output [{J data_type, image format WZiAH[A] .

MEZHIE
int channel = 3;
int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> srcl ptr(
new unsigned char[channel * width * height],
std::default _delete<unsigned char[]>());
std::shared ptr<unsigned char> src2 ptr(
new unsigned char[channel * width * height],

(N IU4kEE)
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std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * srcl data = srcl ptr.get();
unsigned char * src2 data = src2_ptr.get();
unsigned char * res data = res ptr.get();
for (int i = 0;1 < channel * width * height; i++) {
srcl datali] = rand() % 255;
src2 datali] = rand() % 255;
}
// calculate res
bm image inputl, input2, output;
bm_image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1N BYTE,
&inputl);
bm_ image alloc dev mem(inputl);
bm image copy host to device(inputl, (void **)&srcl data);
bm image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1IN BYTE,
&input2);
bm image alloc dev mem(input2);
bm image copy host to device(input2, (void **)&src2 data);
bm_image create(handle,
height,
width,
FORMAT RGB_PLANAR,
DATA TYPE EXT 1N BYTE,
&output);
bm_ image alloc dev mem(output);
if (BM_SUCCESS != bmcv_image add weighted(handle, inputl, 0.5, input2, 0.5, 0,
—output)) {
std::cout << "bmcv add weighted error " << std::endl;
bm image destroy(inputl);
bm image destroy(input2);
bm image destroy(output);
bm dev free(handle);
exit(-1);
}
bm_ image copy device to host(output, (void **)&res data);
bm_image destroy(inputl);
bm image destroy(input2);
bm image destroy(output);
bm dev_free(handle);
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5.25 bmcv_image _threshold

PR BI{E AL 1
#IEgX:

bm status t bmcv image threshold(
bm handle t handle,
bm image input,
bm image output,
unsigned char thresh,
unsigned char max_value,
bm thresh type t type);

)
F

thresh Z8HIYNR -

typedef enum {
BM THRESH BINARY =0,
BM_THRESH BINARY INV,
BM THRESH TRUNC,
BM THRESH TOZERO,
BM THRESH TOZERO INV,
BM_THRESH TYPE MAX

} bm_thresh type t;

A W B AR 23

Enumerator

THRESH_BINARY

maxval if src(x thresh
ast(2,y) = t_‘yJ e
0 otherwise
THRESH_BINARY_INV
- - . 0 if src(x,y) > thresh
dst(z,y) = e
maxval otherwise

THRESH_TRUNC
ol threshold if src(z,¥) > thresh

src(=z,y) otherwise

dst(z.y) = {

THRESH_TOZERO )
src(z,y) ifsrc(x,y) > thresh

0 otherwise

dst(z,v) = {

THRESH_TOZERO_INV
= = 0 if src(x,y) > thresh

src(z,y) otherwise

dst(z,y) = {

SR :
bm_ handle t handle
I AZ%(. bm_handle AJf.

bm image input
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MASE. W AKRMGSY bm_image, bm_image T /NI bmev _image create Gl .
image WAFZR] PABEF] bm_ image alloc_dev _mem #{# bm image copy host to device

KITRETHINAE, B bmev _image attach 3§ attach B4 HINTE.

bm image output

S8 HiH bm_ image, bm_image FFEA/MNTHH bmev image create §]## ., image N

Al DAL bm image alloc dev mem SEITFREFBINLE, B H bmev image attach

Kk attach EAHINAF. WARA FZ I HCFAE apt AUEST BT B o

unsigned char thresh
(=R
max_ value
KA
bm thresh type t type
AL
BRI W] :
BM_ SUCCESS: i)
oAt KNG
ESZLE
3% D HESCRFA T image  format:

num | input image format

output image format

FORMAT BGR_PACKED

FORMAT BGR_PACKED

FORMAT BGR_PLANAR

FORMAT BGR_PLANAR

FORMAT RGB_PACKED

FORMAT RGB_PACKED

FORMAT RGB_PLANAR

FORMAT RGB_PLANAR

FORMAT RGBP_ SEPARATE

FORMAT RGBP_ SEPARATE

FORMAT BGRP SEPARATE

FORMAT BGRP SEPARATE

FORMAT GRAY

FORMAT GRAY

FORMAT YUV420P

FORMAT YUV420P

OO0 || Y = | W[N]+~

FORMAT YUV422P

FORMAT YUV422P

FORMAT YUV444P

FORMAT YUV444P

JUY T
=l =

FORMAT NV12

FORMAT NV12

—_
\V)

FORMAT NV21

FORMAT NV2I

—_
w

FORMAT_ NV16

FORMAT NV16

—
W

FORMAT NV61

FORMAT NV61

—_
ot

FORMAT NV24

FORMAT NV24

HHISCHEPAT data_type:
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num | data_type
1 DATA TYPE EXT 1IN BYTE

TR
L. FEW RS O Z Bl i iR A image NAFCL & HITE
2. input output [¥) image format DA data type WAZiAH[E] .

(MCERUE
int channel = 1;
int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res data = res ptr.get();
for (int i = 0;1 < channel * width * height; i++) {
src_ datali] = rand() % 255;
}

// calculate res
bm image input, output;
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1IN BYTE,
&input);
bm_ image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm_image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT IN BYTE
&output);
bm image alloc dev mem(output);
if (BM_SUCCESS != bmcv image threshold(handle, input, output, 200, 200, BM
_THRESH BINARY)) {
std::cout << "bmcv thresh error " << std::endl;
bm image destroy(input);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
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}
bm image copy device to host(output, (void **)&res data);
bm_image destroy(input);

bm_image destroy(output);

bm dev free(handle);

5.26 bmcv_image dct

X%t T DCT A8 4,
g

bm status t bmcv image dct(
bm handle t handle,
bm image input,
bm image output,
bool is inversed);

PN 2Lk
bm handle t handle
W AZ%. bm_handle F#f
bm image input

BIASH. ¥i A bm_image, bm_image FFE AN bmev_image create G|, image N
A AE] bm_image alloc_dev_mem 5{# bm_image copy_host_ to_device SKITR¥Hf
BINAE, B bmev image attach 3§ attach &G I NAF-

bm image output

S8, HH bm_ image, bm_image FFEA/MNTHH bmev image create §]# . image N
Al DA bm image alloc dev mem SEITFREFBINLE, B H bmev image attach
k attach AN WERAFEINFECRAE api NEEET BT/ .

bool is inversed
BRI B

BM_ SUCCESS: i)

Hoth: R0K

HF DCT A8 2 E00 5 KL% width F1 height A13¢, T bk O ARk ER R EE T
AAHRL, T HEANIEG, 7 EE TR R, aTDAR B Ly
I3 A SE I

L SIS BB
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2. SRJ5 T DA M e AR RO A R R/ N A DCT AR He
TR AL e T

bm _status t bmcv dct coeff(
bm handle t handle,
int H,
int W,
bm device mem t hcoeff output,
bm device mem t wcoeff output,
bool is inversed);

A S B -
bm handle t handle
HiAZ%(. bm_handle ]
int H
WA FGREE.
int W
WASHE. FBMTIE.
bm device mem t hcoeff output

Hith B4, % deviee memory % FIFEIZ b 4EEEH) DOT ASHFSL, AT HAW JoMOER
%25 [E K/ Nk H¥H*sizeof(float)

bm device mem t wcoeff output

B ¥ device memory ZAERA w HERER DCT ASHREL, AT HW oM,
A B KN WHWsizeof(float) o

bool is_inversed
MASR RN
BIE W]
BM_ SUCCESS: i)
oAt RN
BRI R )G, FFHARLG T I O HR T R

bm status t bmcv image dct with coeff(
bm handle t handle,
bm image input,
bm device mem t hcoeff,
bm device mem t wcoeff,
bm_image output);

PN K
bm_ handle t handle
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A%, bm_handle fJfH
bm image input

HIASEL. ¥ A bm_image, bm image FFZA/MNPIEH bmev _image create ], image N
ERTPA# ] bm  image alloc dev mem B{# bm image copy host to device JEITREHT
HINTE, B bmev image attach 3 attach B4 I NF

bm device mem t hcoeff

WYL % device memory ZEFIK b AN DOT ASBEH, XT HW /MO,
%256 KNk H¥H*sizeof(float)

bm device mem t wcoeff

M5 ABHL. ¥ device memory ZSIAERAH w MBI DOT ASHRRL, XHF HAW JMOE
%2 IR W WHsizeof(float)

bm image output

S8, HH bm_ image, bm_image FFEA/MNTHH bmev image create §]# ., image N
Al DA bm image alloc dev mem SEITFREFBINLE, B H bmev image attach
k attach AN WERAFEINFECRAE api NES#EAT BT/ .

TR ERPLAE
BM_SUCCESS: )i
oAt R0g
EWE LT
B HAISCRFAT image_ format:

num | input image format | output image format
1 FORMAT GRAY | FORMAT GRAY

HHISZFEPAT data_type:

num | data_type
1 DATA TYPE EXT FLOATS32

R
L eV %4 1 2 B PR A ) image INAFEZEHITE .
2. input output FJ data_type @ ZiAH[H]

ZN I
int channel = 1;
int width = 1920;

int height = 1080;
int dev_id = 0;

(R IgkEE)
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bm handle t handle;

bm status t dev ret = bm dev request(&handle, dev id);

std::shared ptr<float> src_ptr(
new float[channel * width * height],
std::default delete<float[]>());

std::shared ptr<float> res_ptr(
new float[channel * width * height],
std::default delete<float[]>());

float * src_data = src_ ptr.get();

float * res data = res ptr.get();

for (int i = 0; 1 < channel * width * height; i++) {

src_data[i] = rand() % 255;
}

bm image bm input, bm output;
bm_image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT FLOATS32,
&bm _input);
bm image alloc dev mem(bm input);
bm image copy host to device(bm input, (void **)&src data);
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT FLOATS32,
&bm  output);
bm image alloc dev mem(bm output);
bm device mem t hcoeff mem;
bm device mem t wcoeff mem;
bm malloc_device byte(handle, &hcoeff mem, height*height*sizeof(float));
bm malloc device byte(handle, &wcoeff mem, width*width*sizeof(float));
bmcv dct coeff(handle, bm input.height, bm input.width, hcoeff mem, wcoeff
—mem, is_inversed);
bmcv _image dct with coeff(handle, bm input, hcoeff mem, wcoeff mem, bm
—output);
bm image copy device to host(bm output, (void **)&res data);
bm image destroy(bm input);
bm_image destroy(bm output);
bm_free device(handle, hcoeff mem);
bm free device(handle, wcoeff mem);

bm dev_free(handle);
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5.27 bmcv_image sobel

LA Sobel H¥
#gA:

bm_status t bmcv image sobel(
bm handle t handle,
bm image input,
bm image output,
int dx,
int dy,
int ksize = 3,
float scale = 1,
float delta = 0);

SR :
bm handle t handle
i AZ%(. bm_handle AJf .
bm image input

BAZE. W AEBL bm_image, bm image F5Z AP bmev image create fI %,
image WAZR] PABEF] bm_ image alloc_dev mem 5{# bm image copy host to device
RFFREFINAE, B bmev image attach 3 attach 045 1 TE.

bm image output

S8, HiH bm_ image, bm_image FFEA/MNTHH bmev image create §]## ., image N
Al DAL bm image alloc dev mem SEITFREFBINLE, B H bmev image attach
k attach AN WERAFEINFECRAE api NES#ET BT/ .

int dx

x J7 1) BRI ZE Sy Brg.
int dy

y I BRI ZESr B g
int ksize = 3

Sobel #E RN, WAE-1,1,3,5 B 7. H kM, W2-1 WAEH 3 x 3 Scharr JEH#E, A
B 1 MMER 3x1 8 1x3 ft%. BRIAEN 3.

float scale =1
XER I ZE SR A VAR R R, BOAERN 1o
float delta = 0
e R ARG RZ min Bz ms &, BROAEN 0.
BRI 5] -
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BM_SUCCESS: i3
Hoth: Sk
E S Z T
%3 0 HEl 28 AT image _format:

num | input image format output image format

1 FORMAT BGR_ PACKED FORMAT BGR_PACKED

2 FORMAT BGR_ PLANAR FORMAT BGR_PLANAR

3 FORMAT RGB PACKED FORMAT RGB_ PACKED

4 FORMAT RGB PLANAR FORMAT RGB PLANAR

) FORMAT RGBP SEPARATE | FORMAT RGBP_ SEPARATE
6 FORMAT BGRP_SEPARATE | FORMAT BGRP_ SEPARATE
7 FORMAT GRAY FORMAT GRAY

8 FORMAT YUV420P FORMAT GRAY

9 FORMAT YUV422P FORMAT GRAY

10 FORMAT YUV444P FORMAT GRAY

11 FORMAT NV12 FORMAT GRAY

12 FORMAT NV21 FORMAT GRAY

13 | FORMAT NVI16 FORMAT GRAY

14 FORMAT NV61 FORMAT GRAY

15 FORMAT NV24 FORMAT GRAY

HHEISCHFPAT data_type:

num | data_type
1 | DATA TYPE EXT IN BYTE

R

L. FEJE %8 0 Z B R A AR image NAFE & H -
2. input output [{J data_type W ZiAH[HA]

3. HHSHFEBR K width 2 2048,

(MZZRIE
int channel = 1;
int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());

(N IT4REE)
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std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default _delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res data = res ptr.get();
for (int i = 0; 1 < channel * width * height; i++) {
src_data[i] = rand() % 255;
}

// calculate res
bm image input, output;
bm image create(handle,
height,
width,
FORMAT _GRAY,
DATA TYPE EXT 1IN BYTE,
&input);
bm image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm_image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1N BYTE,
&output);
bm_ image alloc dev mem(output);
if (BM_SUCCESS != bmcv_image sobel(handle, input, output, 0, 1)) {
std::cout << "bmcv sobel error !!!" << std::endl;
bm image destroy(input);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm image destroy(input);
bm_image destroy(output);
bm dev_free(handle);

5.28 bmcv_image canny

BRI Canny HF-,
#ZnjEk:

bm status t bmcv image canny(
bm handle t handle,
bm image input,
bm image output,
float thresholdl,
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float threshold2

bool 12gradient

)

int aperture size = 3,

= false);

S -

bm handle t handle
HiAZEL. bm_handle AJ#f.

bm image input

BWASE. BAKEER bm_ image, bm image FFE AN bmev image create Gl 7.
image WAFA] PABEA bm_image alloc_dev_mem 3{# bm image copy host to_ device

RIFREFTHINAT, BE A bmev_image attach 3 attach B4 NTF-

bm image output

2. K bm image, bm image FREA/NHH bmev image create . image N
Al DA bm image alloc_dev _mem RIFREF I NAE, B& M H bmev image attach
K attach AN WRA TN ECRAE api NERHEFT BAT4L .

float threshold1

it Je Ak PR AR ) S — A L

float threshold2

it e A BRI A T B 5 AN IR

int aperture size =

3

Sobel MR/, HHEMUSTE 3.
bool 12gradient = false

se i L2 JERCROR BRI, BUAMEA false.

BB :

BM_SUCCESS: )i

Hofth: M
iEWE LT

Z3E 0 HEl S FFPAF image  format:

num

input image format

output image format

FORMAT GRAY

FORMAT GRAY

HHEISCHFPAT data_type:

num | data_type

1 DATA TYPE EXT IN BYTE
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?‘ lm\%nﬁ:
L. FE %8 0 Z Bl A R A Y image AFE 4 HIE -

2,

input output [ data_type, image format WAZIFH[H] .

3. HESZRrEG M ER width 2 2048,
4, AR stride WZUFT width —%.

(MZZRIE
int channel = 1;
int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm_status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res_data = res_ptr.get();
for (int i = 0; 1 < channel * width * height; i++) {
src_datali] = rand() % 255;
}

// calculate res
bm image input, output;
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1IN BYTE,
&input);
bm image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm_image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT IN BYTE
&output);
bm_ image alloc dev mem(output);
if (BM_SUCCESS != bmcv_image canny(handle, input, output, 0, 200)) {
std::cout << "bmcv canny error " << std::endl;
bm _image destroy(input);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}

bm image copy device to host(output, (void **)&res data);
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bm image destroy(input);
bm image destroy(output);
bm dev_free(handle);

5.29 bmcv_image yuv2hsv

Xt YUV BRI HEE Ky HSV #52K
#ZIEX:

bm status t bmcv image yuv2hsv(
bm handle t handle,
bmcv_rect t rect,
bm image input,
bm image output);

SR -
bm handle t handle
#iAZE. bm_handle AJ#,
bmcev rect t rect

il 7 PR P R e X B AR AR AR A KN A SR Z L bmev_image_ crop #% HH
HUE L

bm image input

HWASE. WAKEBY bm_image, bm_image T /NI bmev _image create Gl 7,
image WAFR] PABE ] bm_ image alloc _dev _mem #{# bm image copy host to device
KIFREFHINAE, 85 (] bmev_image attach 3 attach A N

bm image output

S8 HiH bm_ image, bm_image FFEA/MNTHH bmev image create ], image N
A PAE T bm image alloc_dev__mem RIFREF AN, Bi& M bmev image attach
k attach AN WERAEINFECRIAE api NE#EIT BT/ .

R HE ] :
BM_SUCCESS: )
Hofth: R
AL Fr:
%3O HESCRPAT image_format:
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num | input image format output image format

1 FORMAT YUV420P | FORMAT HSV_ PLANAR
2 | FORMAT NVI2 FORMAT HSV_PLANAR
3 FORMAT NV21 FORMAT HSV_ PLANAR

HaiZEFPA T data_type:

num | data_type
1 DATA TYPE EXT 1IN BYTE

TR
L, FEWR %% 1 2 i 00 PR B image INAFEL 28T
Rl

int channel = 2;

int width = 1920;

int height = 1080;
int dev_id = 0;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ ptr(
new unsigned char[channel * width * height],
std::default _delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res _data = res_ptr.get();
for (int 1 = 0; i < channel * width * height; i++) {
src_ datali] = rand() % 255;
}

// calculate res
bmcv_rect t rect;

rect.start x = 0;
rect.start y =0,
rect.crop w = width;

rect.crop_h = height;
bm image input, output;
bm_image create(handle,
height,
width,
FORMAT NVI12,
DATA TYPE EXT 1IN BYTE,
&input);
bm_image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm image create(handle,
height,
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width,
FORMAT HSV PLANAR,
DATA TYPE EXT 1N BYTE,
&output);
bm image alloc dev mem(output);
if (BM_SUCCESS != bmcv_image yuv2hsv(handle, rect, input, output)) {
std::cout << "bmcv yuv2hsv error !!!" << std::endl;
bm image destroy(input);
bm image destroy(output);
bm dev free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm_image destroy(input);
bm_image destroy(output);
bm dev_free(handle);

5.30 bmcv_image gaussian _blur

P e T I -
#rgA:

bm status t bmcv image gaussian blur(
bm handle t handle,
bm image input,
bm image output,
int kw,
int kh,
float sigmaX,
float sigmaY = 0);

UM
bm handle t handle
HiAZ%. bm_handle AJ#,
bm image input

BWASE. BAKEEY bm_image, bm_image FF3 AN bmev _image create Gl .
image NAFR] A ] bm _image alloc_dev_mem H# bm_image copy host to device
RIFREFINAE, B bmev_image_attach g attach A 1N

bm image output

HWHZ8. HH bm image, bm image FFEANPYE A bmev image create . image N
A DA bm_ image alloc dev _mem RIFREFAINAF, BiE ] bmev image attach
k attach CAMNAE. WHRAEINFECRAE api NE#IT BT/ .

int kw

Copyright © SOPHGO 111



CHAPTER 5. BMCV API

kernel 7£ width J5[a]_ERI K.
int kh

kernel 7F height 75 [n]_ LK/,
float sigmaX

X 7 ) ERY AR 2 .
float sigmaY = 0

Y J5ia) ER AR E R . ARy 0 WZoR5 X I ) B e s A

R3] :
BM_SUCCESS: )
Hopt: SR
L E R
% 1 H B SCRFPAR image_format:

input image format

c
3

output image format

FORMAT BGR_PACKED

FORMAT BGR_PACKED

FORMAT BGR_PLANAR

FORMAT BGR_PLANAR

FORMAT RGB_PACKED

FORMAT RGB_PACKED

FORMAT RGB_PLANAR

FORMAT RGB_PLANAR

FORMAT RGBP_SEPARATE

FORMAT RGBP_SEPARATE

FORMAT BGRP SEPARATE

FORMAT BGRP_ SEPARATE

FORMAT GRAY

FORMAT GRAY

FORMAT YUV420P

FORMAT YUV420P

OO0 U =|WIN| S

FORMAT YUV422P

FORMAT YUV422P

—
o

FORMAT YUV444P

FORMAT YUV444P

HHISZFEPAT data_type:

num | data_type

1 DATA TYPE EXT IN BYTE

TR

L eV %4 1 2 B0 PR A image INAFEL 2 HITE .
2. input output [fJ data_type, image format WZiAH[A] .

3. HHEIFF BRI R width 2 2048,
(MEZRUE
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int channel = 1;
int width = 1920;
int height = 1080;
int dev_id = 0;
bm handle t handle;
bm_status t dev ret = bm dev request(&handle, dev id);
std::shared ptr<unsigned char> src_ ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
std::shared ptr<unsigned char> res ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
unsigned char * src_data = src_ ptr.get();
unsigned char * res data = res_ptr.get();
for (int i = 0; 1 < channel * width * height; i++) {
src_datali] = rand() % 255;
}

// calculate res
bm image input, output;
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1IN BYTE,
&input);
bm image alloc dev mem(input);
bm image copy host to device(input, (void **)&src data);
bm_image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1N BYTE,
&output);
bm_ image alloc dev mem(output);
if (BM_SUCCESS != bmcv_image gaussian blur(handle, input, output, 3, 3, 0.1)) {
std::cout << "bmcv gaussian blur error !!!" << std::endl;
bm image destroy(input);
bm image destroy(output);
bm dev_free(handle);
exit(-1);
}
bm image copy device to host(output, (void **)&res data);
bm_ image destroy(input);
bm_image destroy(output);
bm dev free(handle);
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5.31 bmcv_image transpose

%3 CnT ASE B I S R e A L
g

bm status t bmcv image transpose(
bm handle t handle,
bm image input,
bm image output

);
e A S8
bm_handle t handle
WASE BRI, VA bm_dev_request FRHL.
bm image input
MASH. SAKIRE bm_image 451414,
bm image output
SR G R bm_image S5H1A.
BRI B
BM_ SUCCESS: i3
FoAt: 2RIk
Rl

#include <iostream>
#include <vector>
#include "bmcv_api ext.h"
#include "bmlib utils.h"
#include "common.h"
#include "stdio.h"

#include "stdlib.h"
#include "string.h"
#include <memory>

int main(int arge, char *argv[]) {
bm handle t handle;
bm_ dev request(&handle, 0);

int image n = 1;

int image h = 1080;

int image w = 1920;

bm image src, dst;

bm image create(handle, image h, image w, FORMAT RGB_ PLANAR,
DATA TYPE EXT 1N BYTE, &src);

(N ITgkEE)
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2.

NS ov
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bm image create(handle, image w, image h, FORMAT RGB PLANAR,
DATA TYPE EXT IN BYTE, &dst);

std::shared ptr<u8*> src_ptr = std::make shared<u8*>(
new u8[image h * image w * 3]);

memset((void *)(*src_ptr.get()), 148, image h * image w * 3);

u8 *host ptr[] = {*src_ptr.get()};

bm image copy host to device(src, (void **)host ptr);

bmcv_image transpose(handle, src, dst);

bm_image destroy(src);

bm_ image destroy(dst);

bm dev_free(handle);

return O;

}

Ji:

% APT ZORE AR M bm_image FIGARAARIR, SCRFPA T AR
FORMAT RGB PLANAR
FORMAT BGR_PLANAR
FORMAT GRAY

% APT ZORE A KIS Y bm_image Zl2RBUAM], SCRpRATR 262
DATA TYPE EXT FLOAT32,
DATA TYPE EXT 1IN BYTE,
DATA TYPE EXT 4N BYTE,
DATA TYPE EXT IN BYTE SIGNED,
DATA TYPE EXT 4N BYTE SIGNED,

iyt BRI width 2055 T4 A BRI height, fi B8 height 2020155 T A IR

i) width ;

A BB SRR stride;

W AHth bm_image ZE AR EI R, 5 NIR [ KK
i A bm_image W/ attach device memory, 75 )i [u] 2

GRS B XTS R attach device memory, W< PEUHH bm  image alloc dev. mem H

T NERE PR device memory, FH¥HEE EHIEARIE 7] device memory H1,
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5.32 bmcv_image morph

AT PASEBIN B ) AR S5 a2, AFEIZK (Dilation) FJE 1 (Erosion).
FI PRI AR VAR P2 i R -

5.32.1 3XEX Kernel g4 Device Memory

AT DATE W AR A R DA B 3Rt Kernel [ Device Memory, 2495 ] AT RAE 5 X
Kernel H %M % 2 TK.

PR EE S AT Kernel B R/NEAR, 3R [BIXFR Device Memory 45 )5 I E Sz
DGR, P R ) e e T ) R s R 23 ]

#rgA:

typedef enum {
BM_ MORPH RECT,
BM_MORPH_ CROSS,
BM_MORPH_ELLIPSE
} bmcv _morph shape t;

bm device mem tbmcv get structuring element(
bm handle t handle,
bmcv_morph shape t shape,
int kw,
int kh

)i

SR
bm handle t handle

I AZ%$(. bm_handle A,
bmcv_morph shape t shape

MAZE. FR Kernel FRIAR, HAEISFRFAEE . +5. WHlE.
int kw

i NS, Kernel 1) 5%)E .,
int kh

WS Kernel BF)E.

BRI B :

iz 1] Kernel X} W #) Device Memory %5[H].
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5.32.2 eBHFEH

H R SCRE B PRI AR, T P ] DU X A AR 4L & S B A R DB
FHEFE (Opening)
FZST (Closing)
ESEEE (Morphological Gradient)
TiiiE (Top Hat)
ME (Black Hat)
#ZjEA:

bm status t bmcv image erode(
bm handle t handle,
bm image src,
bm image dst,
int kw,
int kh,
bm device mem t kmem

);

bm status t bmcv image dilate(
bm handle t handle,
bm image src,
bm image dst,
int kw,
int kh,
bm device mem t kmem

);

SR :
bm_ handle t handle
i AZ%(. bm_handle AJf.
bm image src

BWASH . FLHHEMBAE bm image, bm image FEANAIHH bmev  image create .
image WAFR] PABEA] bm_image alloc_dev_mem 3{# bm image copy host to_ device
KIFREF B NAE, B #H bmev image attach 3k attach B8 NAF-

bm image dst

WS WHEEMBA bm image, bm_image FFEAMFIEH A bmev _image create 17,
image WAZA] PABEA bm_ image alloc_dev_mem #{# bm image copy host to device
KIFREHHINAT, B bmev image attach 3 attach B AW NAE, W A G N
X HBHH,

int kw

W AZH. Kernel (N5
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int kh
W AS%. Kernel B& .

bm device mem t kmem

BN 2= . fF fii Kernel [y Device Memory %5 [B], B DA i i # O
bmev _get_structuring_element FRE, AW ATAH E L, HEA 1 FREkd iz
2, (54 0 FRBEZB R
B W] :
BM _SUCCESS: i3
Hofth: R
HEWZ LT
I H B SFFAT image_format:
num | image format
1 FORMAT GRAY
2 FORMAT RGB PLANAR
3 FORMAT BGR PLANAR
4 FORMAT RGB PACKED
5 FORMAT BGR PACKED
HHAISZRFPAR data_type:
num | data_type
1 DATA TYPE EXT 1IN BYTE
(MEZRUE
int channel = 1;
int width = 1920;
int height = 1080;
int kw = 3;
int kh = 3;
int dev_id = 0;
bmcv_morph shape tshape = BM_ MORPH RECT;
bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
bm device mem tkmem = bmcv get structuring element(
handle,
shape,
kw,
kh);
std::shared ptr<unsigned char> data ptr(
new unsigned char[channel * width * height],
std::default delete<unsigned char[]>());
(N oigkzr)
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for (int i = 0; 1 < channel * width * height; i++) {
data_ptr.get()[i] = rand() % 255;

// calculate res
bm image src, dst;
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1IN BYTE,
&src);
bm image create(handle,
height,
width,
FORMAT GRAY,
DATA TYPE EXT 1IN BYTE,
&dst);
bm image alloc dev mem(src);
bm_ image alloc dev mem(dst);
bm_ image copy host to device(src, (void **)&(data ptr.get()));
if (BM_SUCCESS != bmcv_image erode(handle, src, dst, kw, kh, kmem)) {
std::cout << "bmcv erode error !!!" << std::endl;
bm image destroy(src);
bm_image destroy(dst);
bm free device(handle, kmem);
bm dev_free(handle);
return;
}
bm image copy device to host(dst, (void **)&(data_ptr.get()));
bm_image destroy(src);
bm image destroy(dst);
bm free device(handle, kmem);
bm dev free(handle);

5.33 bmcv_image _laplacian

6T laplacian 51
#ZEA:

bm status t bmcv image laplacian(
bm handle t handle,
bm image input,
bm image output,
unsigned int ksize);

SR :
bm handle t handle
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iAZ%. bm_handle AJ#F,

bm image input

BMASE. WAKEGY bm_image, bm_image 52 /M bmev _image create Gl .
image WNAZR] PAFE A bm_ image alloc dev mem 5{# bm image copy host to device

KITRERTRINAT, B (] bmev_image attach 3 attach A INAT.

bm image output

S8, HiH bm_ image, bm image FREA/NTHH bmev image create . image N
A DA bm image alloc dev mem FFREFAINAE, BiE [ bmev image attach
k attach CAHPINAE. WRA T BORAE api WH#HAT BT B

int ksize = 3

Laplacian ZRI /)N, iz 1 858 3.

input image format

output image format

BRI 36 :
BM_SUCCESS: iz
HoAth:
EEWZ
O HFISCRRPAT image  format:
num
1

FORMAT GRAY

FORMAT GRAY

HAEISCHFPAT data_type:

num | data_type

1 DATA TYPE EXT IN BYTE

TER

L, AR 3% O 2 i 0 PR image NAFEL 48 HITH
2. input output ft) data_type WAZIAHIHE
3. HHESCRE BRI EK width 2 2048.

Rl :
int loop =1;
int ih = 1080;
int iw = 1920;

unsigned int ksize = 3;
bm image format ext fmt = FORMAT GRAY;

fmt = argc > 1 7 (bm_image format ext)atoi(argv(l]) : fmt;
ih = argc > 2 7 atoi(argv([2]) : ih;
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iw = argc > 3 7 atoi(argv[3]) : iw;
loop = argc > 4 7 atoi(argv[4]) : loop;
ksize = argc >5 7 atoi(argv[5]) : ksize;

bm status t ret = BM_SUCCESS;

bm handle t handle;

ret = bm dev request(&handle, 0);

if (ret !'= BM_SUCCESS)
throw("bm dev request failed");

bm image data format ext data type = DATA TYPE EXT 1N BYTE;
bm image input;
bm image output;

bm image create(handle, ih, iw, fmt, data type, &input);
bm image alloc dev mem(input);

bm image create(handle,ih, iw, fmt, data type, &output);
bm_image alloc dev mem(output);

std::shared ptr<unsigned char*> chO ptr = std::make shared<unsigned char*>
—(new unsigned char[ih * iw]);

std::shared ptr<unsigned char*> tpu res ptr = std::make shared<unsigned char *>
—(new unsigned char[ih * iw]);

std::shared ptr<unsigned char*> cpu res ptr = std::make shared<unsigned char *>
< (new unsigned char[ih*iw]);

for (int 1 = 0; i < loop; i++) {
for (int j = 0; j < ih * iw; j++) {
(*chO_ptr.get())[j] = j % 256;
}

unsigned char *host ptr[] = {*chO ptr.get()};
bm image copy host to device(input, (void **)host ptr);

ret = bmcv_image laplacian(handle, input, output, ksize);
if (ret) {
cout << "test laplacian failed" << endl;
bm image destroy(input);
bm_image destroy(output);
bm dev_free(handle);
return ret;
} else {
host ptr[0] = *tpu res ptr.get();
bm image copy device to host(output, (void **)host ptr);
}
}

bm image destroy(input);
bm image destroy(output);
bm_ dev_free(handle);
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5.34 bmcv_image lkpyramid

LK &7 BOUHHE. se a2 R, JA7. 5= RERE RS- M TPU,
M5 2E T MR ATIZ AR B CPU, T PCle i, #INMifE CPU STk, A
RS 5 B

5.34.1 gl

MBI N AR BTG 2 LA ], O 1R T A RS ], R e g A
PALZ L O b, RS EAEE SR — KR AZ RIA ] execute #21 (R RS AL
AZRIHOLT ), AT

bm status t bmcv image lkpyramid create plan(
bm handle t handle,
void*& plan,

int width,
int height,
int winW = 21,
int winH = 21,

int maxLevel = 3);

PN K
- bm_handle t handle
W AZ%. bm_handle FJ#
- void*& plan
SR AT BT A A .
- int width
WASH. FRALBERA SR .
- int height
WAL, R BRI
- int winW
WMASE, BB O, BUAMER 21,
- int winH
MASE, FEALEE O, BOAMER 21.
- int maxLevel

WMASE, STHEAENEE, BOMEN 3, HAISCRERED 5. SHEBR, Tkl
Frif e, B UURYE SE PR R e AT 32 (/ML

R B
. BM_SUCCESS:
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5.34.2 11T

B ORI E 1) plan AT AT G EIEPATErE T, AR (anT

typedef struct {
float x;
float y;

} bmcv  point2f t;

typedef struct {
int type; // 1: maxCount 2:eps 3: both
int max _count;
double epsilon,;

} bmcv term criteria t;

bm status t bmcv image lkpyramid execute(
bm handle t handle,
void* plan,
bm image previmg,
bm image nextImg,
int ptsNum,
bmcv_point2f t* prevPts,
bmcv _point2f t* nextPts,
bool* status,
bmcv_term criteria t criteria = {3, 30, 0.01});

PNk
bm handle t handle
#WIAZ%E(. bm_handle fJfH
const void *plan
WA BRI B 2 5 AN .
bm image previmg

WAZE. m—IEEBA bm_image, bm_image FFEAMPIHH bmev_image create )%,
image WAFR] PABE R bm_ image alloc_dev _mem 5{# bm image copy host to device
KITREFHI A, B bmev_image_attach 5 attach CAWNTF.

bm image nextlmg

BMASHE. 5 —IBEM®A bm_ image, bm_image FFEANAEHH bmev image create §1] 7.
image WNAFR] A ] bm_image alloc_dev_mem H# bm_image copy host to device
RIFREFHINAT, BE I bmev_image _attach 3 attach AT NAT.

int ptsNum
MASH. BB ARG .
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bmev_point2f t* prevPts

WIASH. FHEBE AR — IR PR AL AR TR EE, HAR AR ptsNum.,
bmev  point2f t* nextPts

S8 TR RIIBE TR IR RGP ARARER SR, HARI MK B ptsNum,
bool* status

B nextPts PR MBERUZEAR, HAGHMMPKEN ptsNum, 5 nextPts Ak
Bi——XtNE, ASRAZIN true, NN false (FoRBEATER— SRR HE BRI ER B
] REE R -

bmcev _term criteria_t criteria

MASHL. BARETRIRE, type Fom AR S BN EE A IR A0 250 1 W RAE AR AR
max_count LR FIMSEL, #5702 WPARZE epsilon LR FIMISEL, 58 3 WMME L
WE . ZSWSHRPATI], B BURYE PR BOR R e A 4 LR AR

BRI -
BM_SUCCESS: 13}
Hofth: 20K

5.34.3 $HE%

N/ I S B L <o T TP - B /L R e
bmev _image lkpyramid create plan BXHE A .

void bmcv image lkpyramid destroy plan(bm handle t handle, void *plan);

RS ZEE
%30 HEl S PAF image  format:

num | image format
1 FORMAT GRAY

HHISZFEPAT data_type:

num | data_type
1 | DATA TYPE EXT IN BYTE
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bm handle t handle;
bm_status t ret = bm dev request(&handle, 0);
if (ret '= BM_SUCCESS) {
printf("Create bm handle failed. ret = %d\n", ret);
return -1;
}
ret = bmcv_open cpu_ process(handle);
if (ret !'= BM_SUCCESS) {
printf("BMCYV enable CPU failed. ret = %d\n", ret);
bm dev free(handle);
return -1;
}
bm image format ext fmt = FORMAT GRAY;
bm image prevlimg;
bm image nextlmg;
bm image create(handle, height, width, fmt, DATA TYPE EXT 1IN BYTE, &
—previmg);
bm image create(handle, height, width, fmt, DATA TYPE EXT 1IN BYTE, &
< nextImg);
bm image alloc dev mem(previmg);
bm image alloc dev mem(nextImg);
bm image copy host to device(previmg, (void **)(&prevPtr))
bm image copy host to device(nextImg, (void **)(&nextPtr));
void *plan = nullptr;
bmcv_image lkpyramid create plan(
handle,
plan,
width,
height,
kw
kh,
maxLevel);
bmcv image lkpyramid execute(
handle,
plan,
previmg,
nextImg,
ptsNum,
prevPts,
nextPts,
status,
criteria);
bmcv image lkpyramid destroy plan(handle, plan);
bm image destroy(previmg);
bm_image destroy(nextImg);
ret = bmcv_close cpu_process(handle);
if (ret '= BM_SUCCESS) {
printf("BMCV disable CPU failed. ret = %d\n", ret);
bm dev free(handle);

)

)
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return -1;

}
bm dev_free(handle);

5.35 bmcv_debug savedata

ZIE LT bm_image Xkt 2 AE S " dE ST debug, T SCAFEAR DA
LSt s AR R 45

T A:
bm_status t bmcv debug savedata(

bm image input,
const char *name

)i
S E LW

bm image input
MASEL. A bm_image.

const char* name
BASE . DRATI) R ST ER AR DA S SR R
AR

BM_SUCCESS: 3

Hofth: R
ARES B LA e 3k SC -t br i

bm image input;
bm image create(handle,
1080,
1920,
FORMAT BGR_PLANAR,
DATA TYPE EXT 1IN BYTE,
&input);
bm image alloc dev mem(input);
// ... your own function
bmcv_debug savedata(input, "input.bin");
// now a file named "input.bin" is generated in current folder

// the following code shows how to parse the binary file

FILE * fp = fopen("input.bin", "rb");
uint32 t data offset = 0;
uint32 t width =0

—~

T TAESE)
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uint32 t height =0
uint32 t image format = 0;
uint32 t data type =0;
uint32 t plane num = 0;

uint32 t stride[4] = {0};
uint64 t size[4] = {0}

fread(&data_offset, sizeof(uint32 t), 1, fp);
fread(&width, sizeof(uint32 t), 1, fp);
fread(&height, sizeof(uint32 t), 1, fp);
fread(&image format, sizeof(uint32 t), 1, fp);
fread(&data_type, sizeof(uint32 t), 1, fp);
fread(&plane num, sizeof(uint32 t), 1, fp);

fread(size, sizeof(size), 1, fp);
fread(stride, sizeof(stride), 1, fp);

uint32 t channel stride[4] = {0};
uint32 t batch stride[4] = {0};
uint32 t meta data size[4] = {0};

uint32 t N[4] = {0};
uint32 t C[4] = {0};
uint32 t H[4] = {0},
uint32 t W[4] = {0};

fread(channel stride, sizeof(channel stride), 1, fp);
fread(batch stride, sizeof(batch stride), 1, fp);
fread(meta data _size, sizeof(meta data size), 1, fp);

fread(N, sizeof(N), 1, fp);
fread(C, sizeof(C), 1, fp)
fread(H, sizeof(H), 1, fp);
fread(W, sizeof(W), 1, fp);

fseek(fp, data offset, SEEK SET);
std::vector<std: ‘unique ptr<unsigned char[]>> host ptr;
host ptr.resize(plane num);
void* void ptr[4] = {0};
for (uint32 ti = 0;1i < plane num,; i++) {
host ptrli] =

std::unique ptr<unsigned char[]>(new unsigned char[size[i]]);

void ptr[i] = host ptr[i].get();

fread(host ptr[i].get(), 1, size[i], fp);
}
fclose(fp);

std::cout << "image width " << width << " image height " << height

<< " image format " << image format << " data type " << data type

<< " plane num " << plane num << std::endl;
for (uint32 ti = 0;1i < plane num,; i++) {
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std::cout << "plane" << i << "size " << sizefi] << " C" << C[i]
<< n H n << H[l] << nwn << W[l] << n stride n
<< stride[i] << std::endl;

// The following shows how to recover the image
bm image recover;
bm image create(handle,
height,
width,
(bm_image format ext)image format,
(bm_image data format ext)data type,
&recover,
(int *)stride);
bm image copy host to device(recover, (void **)&void ptr);
bm image write to bmp(recover, "recover.bmp");
bm image destroy(recover);

TR T :

1. 71 A bmev_debug savedata() Z Hj W0 A P55 AR image E 8% 1E 6 61 & I LRIk
is_attached, 75 pRHCRF IR [B] R0

5.36 bmcv_sort

R DT ASE B s e OF ) /Wy ) o ELSCRAHERR I T ARSI R BT X 2 14

index,
#ZjEA:

bm status t bmcv sort(bm handle t  handle,
bm device mem ¢t src index addr,
bm device mem ¢t src_data addr,
int data cnt,
bm device mem t dst index addr,
bm device mem ¢t dst data addr,

int sort cnt,

int order,

bool index enable,
bool auto index);

PNk
bm handle t handle
MAZE. AR bm_handle 4t
bm device mem ¢t src_index addr

i NS A BT, index (R bk 40 RHRE index _enable 3 HAHH auto_index
i, W% 2 80F &L, bm_device_mem _t iy P Fon Hb Ak B B 2R AL, W] DAME T eR AR
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bm_mem_from_system(addr) KfEai I /7 6 A9 45 41 SO e N R AL, Pl 2% R
BIACRS 8 5 F J 2K

- bm_ device mem ¢t src data addr

NS T 5 BRI il . bm device mem  t kP R HbdE AR
A, ATPAME %L bm_mem from system (addr) RS ) P B9 HE £ BOMIER iz e AL,
R e = R A L O D

- int data_cnt
WASH T I AR A

- bm_ device mem t dst index addr

w280 HEFE G A BT . index g HbhE, Q1SR {HAE index_enable Ff H AN
auto_index B}, NMHIZZHHERL. bm_device mem t N EF/RHNEAEPEZETL ) w] DA
PE%L bm_mem _from _system(addr) K538 ] P 9384 sk RS A% 88, I P&
AR R A O =

- bm_device mem t dst data addr

i SR HET R N5 SR BT SO . bm device mem t P B 2T HUL HORCRK
A, WAL bm_mem _from _system (addr) Y55 1 B R SHLALRS h i
F P 2% BT A B P 2

- int sort cnt

WMASE. TEHFRRCR, g 2R, AR BRI LY. index o HE
kP HEs ), AR AR AT 3 KRB, WHZSHE N 3 BT

- int order
MASE. FPidRREy, 0 FnAr, 1 FRBET.

- bool index enable

WMAZH. 2EMAE index. WA {F AR BD W] & b HE T 5 B0 BT XA index 5
src_index addr il dst_index addr XS ETICRL

- bool auto index

MIAZSE. REMAEHNE index DJRE. M HIZPIRENHIFEZ index _enable Z4CH true,
WARZSEAN R true W R R #2 B8 By A B0H8 B A7 66 00 7 A O FF IR THEUE A index, S5k
src_index addr fEFRL, HiH 4558 P HE B T 1Y index BIAFRLT dstindex  addr
HihbH

A RPIE
. BM_SUCCESS: )
- At R
g
1. 3K sort _cnt <= data_ cnt,
2. B auto index TJfE, HIHEES4L index enable 2y true.
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3. % api ELZAFF IMB JdlaieHET -
A B

int data_cnt = 100;

int sort cnt = 50;

float src_data p[100];

int src_index p[100];

float dst data p[50];

int dst index p[50];

for (int i = 0; i < 100; i++) {
src_data pli] = rand() % 1000;
src_index p[i] = 100 - i;

}
int order = 0;
bmev _sort(handle,
bm mem from system(src_index p),
bm mem from system(src_data p),
data cnt,
bm mem from system(dst index p),
bm mem from system(dst data p),
sort cnt,
order,
true,
false);

5.37 bmcv_ base64 enc(dec)

base64 W 2% &5 H Bt =, FIH 64 AN A58 6 (i —EHI ARG .
#ZgA:

bm status t bmcv base64 enc(bm handle t handle,
bm device mem t src,
bm device mem t dst,
unsigned long len[2])

bm status t bmcv base64 dec(bm handle t handle,
bm device mem t src,
bm device mem t dst,
unsigned long len[2])

SE]:
bm handle t handle
HiAZ%. bm_handle FJ#f,
bm device mem t src

MO Z . WA FE AP I AR Mk, 2K A CH bm_device_mem_t. FF Z I A
bm mem from system() FFEidEHiE LG40 bm device mem  t Frkf W 4544 .
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bm device mem t dst

WS B, WO FE NS M, KA AN bm devicemem t. FF E i
bm mem from system() FFEidEHik AL BG40 bm device mem  t Frkf W45 .

unsigned long len|2|

WS W7 basebd AL EUBIDAYIIE, RALZE . HA len[0] CEMAKEE, 7&EH
M S T len(1] SA%mH KB, oapi RS .

RBIM
BM_SUCCESS: )
HoAth: SR

(MCTRIE

int original len[2];
int encoded len[2];
int original len[0] = (rand() % 134217728) + 1;
int encoded len[0] = (original len + 2) / 3 * 4;
char *src = (char *)malloc((original len + 3) * sizeof(char));
char *dst = (char *)malloc((encoded len + 3) * sizeof(char));
for (j = 0; j < original len; j++)
afj] = (char)((rand() % 100) + 1);

bm handle t handle;
ret = bm_dev request(&handle, 0);
if (ret 1= BM_SUCCESS) {
printf("Create bm handle failed. ret = %d\n", ret);
exit(-1);
}
bmcv_base64 enc(
handle,
bm mem from system(src),
bm mem from system(dst),
original len);

bmcv_base64 dec(
handle,
bm mem from system(dst),
bm mem from system(src),
original len);

bm dev_free(handle);
free(src);
free(dst);

TR :

1. % api —KEZ WX 128MB BRI T RS, BIZ4C len AR 128MB.

2. [ S A AHIEEZRBR system Bf device,

3. encoded _len[1] 7244 K I, T HLR AR AR FE P 2 e A
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5.38 bmcv_feature match

GO TR AR R AL R (int8 A5K) SHE PAHE A (int8 #52X) UEATHORS, #ath
HRAEPLICHY top-ke

#EgA:

bm status t bmcv feature match(
bm handle t  handle,
bm device mem t input data global addr,
bm device mem t db data global addr,
bm device mem t output sorted similarity global addr,
bm device mem t output sorted index global addr,

int batch _size,

int feature size,

int db_size,

int sort cnt = 1,

int rshiftbits = 0);
i A2 B 5] -

- bm_handle t handle
HiAZ%. bm_handle AJ#f.
- bm_device mem t input_data global addr

NS LI BT S A R p bl . A B batch size * feature size [{EHE
I HITHEY] . batch_size, feature _size HAKE SCRFFE FTHIHI T4 . bm_device_mem_t
A BRI BRI AL, AT DAE A 4L bm_mem _from _system(addr) 3558 A
PR EF s HbhERE A% AL, PRl S22 R GRS i i X

- bm_device mem t db data global addr

BASE . BRI RE S AR A R . 2B B feature size * db_size (RS
HATHES . feature size, db_ size BARS SCRAE P TN 4. bm  device mem t HNE
FORHIE P EAERAL, T RAM ] K4 bm_mem _from _system (addr) 3838 FH P68 484t
BCHBHEFE KA, P TS R A g 4 .

- bm_device mem t output sorted similarity global addr

S8 B4 batch 2] EXTEEREE R IIUME (BFHES) fefthhl, Bikgz b
AMEH sort ent PeiE . ZEHE R batch  size * sort  cnt BYEIEKS X IEFTHES] . batch size
RS SUSTE F TS . bm device mem  t Sy PR Mtk B2 7 . AT LA A R
% bm_mem_from_system(addr) K53538 H S A fa sk ie oz K8, P S %R
ARS8 =X

- bm_device mem t output sorted index global addr

S8, B batch 1531 U XSS R PR B P -5 AR R . QX T batch O, 41
B output sorted similarity global addr A bacth 0 BYZHEAE A A s -5 50 ZE R0 265 800
AR S AT LS 308, AB4 output_sorted index global addr FfE#bhEXT R batch 0
RIEE N 800. output sorted similarity global addr WG IR batch  size * sort cnt
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R EE AT HES . batch_size LA SCRFE TR T/ M4 . bm_device_mem t SHNE
FORMAE R RARIEAL, ATPAME ] % bm_mem _from _system (addr) 558 76l 14T
BRI, PRI S R B R £ 75 5K

- int batch _size

W ASE. TR ABEER) batch DN, W ARG 4 HAEHIE S, WHZEdERT batch_size 4
4, batch size fx KAHA N # 8.

- int feature size

WMASH FABIRIFFIE R feature _size S KAEA N XL 4096
- int db_ size

WASR BB AL R A db_size SR W il IE 500000,
- int sort _cnt

S AZHL. 454 batch RFEEESR P TEADFAVR, LR AR, WFEIRIH 3 4
BAEESE, T sort_ent WER 3. BB L. sort_cent SRR BT 30.

- int rshiftbits
@%@ﬁoﬁﬁ%ﬁﬁﬁgﬁﬁ%ﬁﬁyE%%ﬁmmdﬁ¢ﬁﬁﬁm%ﬁﬁoﬁ§ﬁy%
Bl BW:

. BM_SUCCESS: i

AN
S-S K
L B ABSHR AN SR i Ui A B e 2l char.

2. i RS REAE AN short, )75 28 8000 int.

3. Bl E P BARAE AT IR feature _size * db_size, [HULFG2ERF—HIRHIE AUEATHE B
ZJE PTG T o

4. sort_cnt PIHUETEREN 1 ~ 30,
AR

int batch _size = 4;

int feature size = 512;

int db_size = 1000;

int sort cnt = 1;

unsigned char src_data p[4 * 512];

unsigned char db_data p[512 * 1000];

short output val[4];

int output index[4];

for (int i = 0;i < 4 * 512; i++) {
src_data_pli] = rand() % 1000;

}

—~

N TgREE)
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for (int i = 0; i < 512 * 1000; i++) {
db data pli] = rand() % 1000;

bmcv_feature match(handle,
bm mem from system(src data p),
bm mem from system(db data p),
bm mem from system(output val),
bm mem from system(output index),
batch_size,
feature size,
db_size,
sort cnt, 8);

5.39 bmcv__gemm

Wi LRI float32 ST MIHEAG I IR T, I F AR

C=axAxB+8xC

Hrp, AL B. CINAERE, o FI B EHHE REL

ARSI
bm status t bmcv gemm(bm handle t  handle,

bool is A trans,
bool is_B _trans,
int M,
int N,
int K,
float alpha,
bm device mem t A,
int lda,
bm device mem t B,
int ldb,
float beta,
bm device mem t C,
int ldc);

i A8 -

bm handle t handle
#A\Z¥. bm_handle FJf
bool is A trans

WA BOERE A R

Copyright © SOPHGO

134



CHAPTER 5. BMCV API

- boolis_ B _trans
MAZE. WEMNME B 2R
- int M
MASHE M A FIHERE C RFTEL
- int N
MAZE. % B MM C %L
- int K
WMASHE B A RSV B BIFT4L
- float alpha
- bm_device mem t A

HAZAC RSO T AR 2 A CRng device HlbsR# host Hutk. ATSRECHRA
T host 2N AR FEh5ER s2d HoHisE

- int lda

WASE. WFE A 1Y leading dimension, BJEE—ZEEM R/, AT ST ZRBCA stride (1§
DU RN A SR () sliATHe (e )

- bm_device mem tB

A ARIEEURF B LR AT B BRI device HURESKH host HBtl. AAHRTT
T host ZS [ W N #R< H 858 i s2d iRz .«

- int 1db

HASE. %E%E C 11 leading dimension, BE5—4E K/, TEFT 5472 [0%A stride B
SUREIA B 0% (ML) STk (k&

- float beta
- bm_device_ mem t C

b 28 MRISEIRA A B RAF A C XdEn) device Huhikbal# host Huhik. WIRJE host
Jk, W24 beta A 0 F, PTERTATRS B 3158 s2d iz, ISR E 358 d2s Bk -

- int Idc

HASE. %%E C 11 leading dimension, BE5—4EF K/, EFT 5472 [0%A stride B
BRI C B9%4L.

R B
. BM_SUCCESS: i3
- HoAth: geng
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A BIRY

intM=3 N=4,K=5;
float alpha = 0.4, beta = 0.6;
boolis A trans = false;
boolis B trans = false;

float *A = new float[M * K],
float *B = new float[N * K];
float *C = new float[M * NJ;

memset(A, 0x11, M * K * sizeof(float));
memset(B, 0x22, N * K * sizeof(float));
memset(C, 0x33, M * N * sizeof(float));

bmcv gemm(handle,
is A trans,
is_B_trans,

)

K7
alpha,
bm mem from system((void *)A),
is A trans ? M : K,
bm mem from system((void *)B),
is B trans 7 K: N,
beta,
bm mem from system((void *)C),
N);

delete A;

delete B;

delete C;

5.40 bmcv_ matmul

AL TR ASEEL 8-bit Bl KA R SRVA T, R s

C = (AX B)>>rshift_bit (5.1)

C = alpha x (A x B) + beta (5.2)
Hrr,

A B WA, HBPEHEA AT DA unsigned char 53 signed char &[] 8-bit %
i, KANE (M, K)
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- B2 AR, HAHRRA N PAZ unsigned char B signed char JEAU) 8-bit XL
i, KR (K, N)

- C A AR, HEPRRAR R PAE int8, int16 mi3 float32, I FHCEIRE .

W C 2 int8 HH int16 B, BT EAAR (5.1) MIIRE, MIHASERT A
RIB, % A FI B ESATAFER C A RTAFSE, wINAE

% C J2 float32 i, $f7 EiRAEN (5.2) BPIEE.

' I'Shift_bit %%ﬁﬁﬁfﬁ%ﬁ*ﬁﬁ, 2 C J2 int8 E‘Z%‘ intl6 Bﬂ‘j‘%‘&i) iy T4 B e 1
Al fES R 8-bit sk 16-bit AYTER, FrPAM FAT ABCE — @A AL, il #r 7 eay
i BER B 1135

-+ alpha il beta 2 float32 fH RE, 24 C 2 float32 WA H.

ARSI
bm status t bmcv matmul(bm handle t handle,

int M,
int N,
int K,
bm device mem t A,
bm device mem t B,
bm device mem t C,
int A sign,
int B_sign,
int rshift bit,
int result type,
bool is B _trans,
float alpha = 1,
float beta = 0);

A S B -

- bm_handle t handle
H A%, bm_handle f4
- int M
WASEL B A R C 1Tk
- int N
WMASR. M B AR C %
- int K
WASH M A PV B AFT4
- bm_device mem t A

WASE. WA A BRI AL E RS device HBILEE host bl WERERAELT
host 25 [ & F 358 s2d iHkiz

- bm_ device mem tB
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WMASE. WIEAHER B BRF U E LR H device HAIEEE host Huhk. WUERERAELT
host 25 [ R H B 5E I s2d HfRz -

- bm_device mem t C

MBS R C BRAE A ERAFH device HihEEE host Hihl. HJE host bk,
W24 beta A% 0 I, TAHTNMS B35 s2d Btz WHRIGHAZIZEN d2s Az .

- int A_sign

WMASE LB A WY, 1 AT, 0 RS
- int B_sign

WAZE. AR B WFS, 1 RREMNS, 0 s,
- int rshift bit

MASE HERBRWARE, ARG R result_type 55T 0 5 1 B AARL.
- int result _type

WASHE. fHEASREE R, 0 e int8, 1 3R intl6, 2 IR float32,
- bool is_ B trans

WMASH. WAGRE B @i 2 R i .
- float alpha

AR BAMEE A M B MR G R EZAR, A Y result_type ST 2 REAHRL, B
NV

. float beta

WAL, TEMMEPRIEM C Zar, I bizmtsa, HAY result_type T 2 BEAFR, B
WIEH 0,
BRI 56
. BM_SUCCESS: #
oAt 2
RIS

int M=3, N=4,K=5;
int result type = 1;

boolis B _trans = false;
int rshift bit = 0;

char *A = new char[M * K],
char *B = new char[N * K];
short *C = new short[M * NJ;

memset(A, 0x11, M * K * sizeof(char));
memset(B, 0x22, N * K * sizeof(char));

bmcv _matmul(handle,
M

)
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Na

K’

bm mem from system((void *)A),
bm mem from system((void *)B),
bm mem from system((void *)C),
1
1’

rshift bit,
result type,
is B _trans);

b

delete A;
delete B;
delete C;

5.41 bmcv_ distance

IR Z Y28 T 24 RS RE AR BGCEEE, Al AR EIE 2R device memory Hr,
FE A RHAAR B S HAEN . ARFME N float 27,

AT

bm status t bmcv distance(
bm handle t handle,
bm device mem t input,
bm device mem t output,
int dim,
const float *pnt,
int len);

i A S B ) -
bm handle t handle
i AZ%L. bm_handle A
bm device mem t input
BIASE AL len A SARAREY device 25[E] . FER/INVHA len*dim*sizeof(float) .
bm device mem t output
S 1A len NMEEEY device 23[a] . FHLK /N A len*sizeof(float) .
int dim
WA 2B RN
const float *pnt

WMAZSH FrE— RIS, KN dim.

Copyright © SOPHGO 139



CHAPTER 5. BMCV API

int len
WA FERAIRIECR.
B 36
BM_SUCCESS: )
Hofth:

ZN I
int L = 1024 * 1024;
int dim = 3;

float pnt[8] = {0};
for (int i = 0; i < dim; ++1i)
pnt[i] = (rand() % 2 7 1.f: -1.f) * (rand() % 100 + (rand() % 100) * 0.01);
float *XHost = new float[L * dim];
for (int i = 0; 1 < L * dim; ++i)
XHost[i] = (rand() % 2 ? 1.f : -1.f) * (rand() % 100 + (rand() % 100) * 0.01);
float *YHost = new float[L];
bm handle t handle = nullptr;
bm dev request(&handle, 0);
bm device mem t XDev, YDev;
bm_malloc device byte(handle, &XDev, L * dim * 4);
bm_ malloc device byte(handle, &YDev, L * 4);
bm memcpy s2d(handle, XDev, XHost);
bmev _distance(handle,
XDev,
YDev,
dim
pnt,
L))
bm memcpy d2s(handle, YHost, YDev));
delete [] XHost;
delete [] YHost;
bm_free device(handle, XDev);
bm_free device(handle, YDev);
bm dev free(handle);

b

5.42 bmcv_min _max

XFFHET device memory HFEZEAS A AY— LA, 1% 11 AT DASRIBGE 450 H i e R AR
w/MH-

F LR

bm status t bmcv min max(bm handle t handle,
bm device mem t input,
float *minVal,
float *maxVal,
int len);
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A BB
bm_ handle t handle
HiAZ%L. bm_handle f4
bm device mem t input
WASH W ABPEN device Huhk .
float *minVal
WM. EREERINR/IMAESSR, RS NULL WA o ME.
float *maxVal

BB BRIGHIINEKRESR, W NULL WA TR RKE.

int len
WASE. WABIRA .
BRI 6
BM_ SUCCESS: (¥
HoAth: M
ABIRES

bm handle t handle;
bm status t dev ret = bm dev request(&handle, dev id);
int len = 1000;
float max = 0;
float min = 0;
float *input = new float[len];
for (int i = 0; i < 1000; i++) {
input[i] = (float)(rand() % 1000) / 10.0;
}

bm device mem t input mem;
bm malloc device byte(handle, input mem, len * sizeof(float))
bm memcpy s2d(handle, input mem, input);
bmcv_min _max(handle,
input mem,
&min,
&max,
len,
2);
bm_free device(handle, input mem);
bm dev_free(handle);
delete [| input;
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5.43 bmcv_ fft
FFT 28, 28 ALROEeE. i, B%=%.

5.43.1 gl

SCRF—HESCEPIER) FET 3155, HROIET QI A b, 5 i A AT R S5O0 A [l e 2

M.
T4 FET, %54 bateh FIEE, HOELIT:

bm_status t bmcv fft 1d create plan(
bm handle t handle,
int batch,
int len,
bool forward,
void *&plan);

A S B
bm_handle t handle
i AZ%(. bm_handle FJ#H
int batch
i AZ%5. batch 1%,
int int
WAZEL. HA> batch UK.
bool forward
MASH A NIEN A, false Zernllifm) A8 .
void *&plan
A AT B LA A
A ERIAIE
BM_SUCCESS: ¥
Hifth: I
XFTPI4E MAN /) FET 255, #B0r:

bm status t bmcv fft 2d create plan(
bm handle t handle,
int M,
int N,
bool forward,
void *&plan);
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PN A E
bm_ handle t handle
i AZ%L. bm_handle f4f
int M
WMASHL B DHEERRAN.
int N
WA BN
bool forward
MBI RIS, false FRisiH A
void *&plan
SR RATHY B A B A
BRI e
BM_ SUCCESS: i3
Foft: 2R

5.43.2 ;11T

M bk a8 S 1 plan g al DAIOT AR EIE R RATRIN B 1, SCHRF S 800 AN S A TR 1T

HARA AT

bm status t bmcv fft execute(
bm handle t handle,
bm device mem t inputReal,
bm device mem t inputlmag,
bm device mem t outputReal,
bm device mem t outputimag,
const void *plan);

bm status t bmcv fft execute real input(
bm handle t handle,
bm device mem t inputReal,
bm device mem t outputReal,
bm device mem t outputlmag,
const void *plan);

PN K
bm handle t handle
I AZ%. bm_handle Ak

bm device mem t inputReal
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WMASE AP ARG L 01 device memory Z3[H], X F—4ER) FFT, HK/NA
batch*len*sizeof(float), X} T4t FFT, HAK/INA M*N*sizeof(float).

bm device mem t inputlmag
WMASHE AP ARAR BRGS0 1 device memory ZS[H], XfF—4ER) FFT, HK/NA
batch*len*sizeof(float), X}FPigk FFT, HA/INA M*N*sizeof(float).

bm device mem t outputReal
SR A7 AR SSHGH r 1Y) device memory ZE[R], X T4y FFT, HK/NA
batch*len*sizeof(float), X}FW4E FFT, HK/NA M*N*sizeof(float).

bm device mem t outputlmag
SR A AR BB 0 1Y device memory ZS[E], X F—4ER) FET, HK/NA
batch*len*sizeof(float), XJFW4E FFT, HK/NA M*N*sizeof(float) .

const void *plan
WASEL. B BRI AUA .
BRI W]

BM_ SUCCESS: i)

oAt KNG
5.43.3 $HEX
2 PAT 58 B T B S T R A A

void bmcv_fft destroy plan(bm handle t handle, void *plan);
5.43.4 R{IED

bool reallnput = false;

float *XRHost = new float[M * NJ;

float *XIHost = new float[M * NJ;

float *YRHost = new float[M * NJ;

float *YTHost = new float[M * NJ;

for (inti=0;1 < M * N; ++i) {

XRHost[i] = rand() % 5 - 2;
XIHost[i] = reallnput ? 0 : rand() % 5 - 2;

}

bm handle t handle = nullptr;

bm_dev request(&handle, 0);

bm device mem t XRDev, XIDev, YRDev, YIDev;

bm malloc device byte(handle, &XRDev, M * N * 4);

bm malloc device byte(handle, &XIDev, M * N * 4);

bm malloc device byte(handle, &YRDev, M * N * 4);

bm_ malloc device byte(handle, &YIDev, M * N * 4);

(N oigkzr)
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bm memcpy s2d(handle, XRDev, XRHost);
bm memcpy s2d(handle, XIDev, XIHost);
void *plan = nullptr;
bmcv_ fft 2d create plan(handle, M, N, forward, plan);
if (reallnput)
bmev_fft execute real input(handle, XRDev, YRDev, YIDev, plan);
else
bmcev_ fft execute(handle, XRDev, XIDev, YRDev, YIDev, plan);
bmcv_fft destroy plan(handle, plan);
bm memcpy d2s(handle, YRHost, YRDev);
bm memcpy d2s(handle, YIHost, YIDev);
bm free device(handle, XRDev);
bm free device(handle, XIDev);
bm_free device(handle, YRDev);
bm_free device(handle, YIDev);
bm dev_free(handle);

5.44 bmcv_calc _hist

5441 HEFHE
BB

bm_status t bmcv calc hist(
bm handle t handle,
bm device mem t input,
bm device mem t output,
int C,
int H,
int W,
const int *channels,
int dims,
const int *histSizes,
const float *ranges,
int inputDtype);

SR -
bm handle t handle

i AZ%(. bm_handle AJ#f.,
bm device mem t input

MAZH . % device memory ZE[AIFAE TR A LM, KAATDAZ float32 B uint8, HIZ4L
inputDtype g, HK/NK C*H*WHsizeof(Dtype).

bm device mem t output
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i th Z 8. 1% device memory 75 i) f7 fiff T i 45 2R, KAUSH float, /NN hist-
Sizes|0]*histSizes[1]* - - *histSizes|n|*sizeof(float) .

int C
WASHL. S AR EIE R
int H
WMASH AR E BN R
int W
WASH WA EIER T
const int *channels
MASH HFEITEEITEE channel 5113, HAKEEN dims, HNICRMELAVNT C,
int dims
WMASE W EIT Y, EERAKT 3.
const int *histSizes
WIASH. WIS channel ST E TR, HAREEN dims,
const float *ranges
WMASE. B EES 5SS TR, HRKEHN 2*5dims.
int inputDtype
BASE. W ABHEZEAL: 0 FIR float, 1 FIR uint8,

AR
BM SUCCESS: i3
Hofth: R
(MCERUE
int H = 1024;
int W = 1024,
int C = 3;

int dim = 3;
int channels[3] = {0, 1, 2};
int histSizes[] = {15000, 32, 32},
float ranges[] = {0, 1000000, 0, 256, 0, 256};
int totalHists = 1;
for (int i = 0; 1 < dim; ++i)

totalHists *= histSizes|i];
bm handle t handle = nullptr;
bm_status tret = bm dev request(&handle, 0);
float *inputHost = new float[C * H * W];
float *outputHost = new float[totalHists];
for (int i = 0;1 < C; ++i)
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for (int j = 0;j < H* W, ++j)
inputHost[i * H * W + j] = static cast<float>(rand() % 1000000);

if (ret !'= BM_SUCCESS) {

printf("bm dev request failed. ret = %d\n", ret);

exit(-1);
}
bm device mem t input, output;
ret = bm_malloc_device byte(handle, &input, C * H * W * 4);
if (ret 1= BM_SUCCESS) {

printf("bm malloc device byte failed. ret = %d\n", ret);

exit(-1);
}
ret = bm memcpy s2d(handle, input, inputHost);
if (ret !'= BM_SUCCESS) {

printf("bm memcpy s2d failed. ret = %d\n", ret);

exit(-1);
}
ret = bm_malloc device byte(handle, &output, totalHists * 4);
if (ret !'= BM_SUCCESS) {

printf("bm malloc device byte failed. ret = %d\n", ret);

exit(-1);
}
ret = bmev calc  hist(handle,

input,
output,

channels,
dim,
histSizes,
ranges,
0);
if (ret !'= BM_SUCCESS) {
printf("bmcv calc hist failed. ret = %d\n", ret);
exit(-1);
}
ret = bm_memcpy d2s(handle, outputHost, output);
if (ret 1= BM_SUCCESS) {
printf("bm memcpy d2s failed. ret = %d\n", ret);
exit(-1);
}
bm _free device(handle, input);
bm _free device(handle, output);
bm dev_free(handle);
delete [| inputHost;
delete [| outputHost;
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5.44.2 HWEMEFE
HIEA:

bm_status t bmcv calc hist with weight(
bm handle t handle,
bm device mem t input,
bm device mem t output,
const float *weight,
int C,
int H,
int W,
const int *channels,
int dims,
const int *histSizes,
const float *ranges,
int inputDtype);

SR :
bm handle t handle

i AZ%(. bm_handle AJ#f.,
bm device mem t input

WMASH. % device memory ZE[RIFFAE THIAKE, HA/NR C*H*Wsizeof(Dtype).
bm device mem t output

i th 2 8. % device memory %3 [ A7 fift 1 th 4525, KN float, HK/NZY hist-
Sizes|0]*histSizes[1]* - - *histSizes|n|*sizeof(float).

const float *weight

B ASH . channel NHHEFAICEIEG T BT EIRRCE , Hok/NA H*WHsizeof(float) , 14
P Ak 1 5858 7 P Eh REAHTR] o

int C
WA AR EE L
int H
WS AR EIER
int W
WA WA EER T
const int *channels
MASE. FHEITAETEN channel 512, HKEN dims, SAICRMELI/NT C,
int dims

WA W ETTEYEE, SERART 3.
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- const int *histSizes
WMASHE MVAAS channel e E TR EL, HACEY dims.
- const float *ranges
MAZE . BMEESSETREE, HKEHR 2%dims.
- int inputDtype
BASE WABIRNZEAL: 0 R float, 1 IR uint8.
BRI B :
- BM_SUCCESS: W)
- HA: ZRIK

5.45 bmcv_nms

I DU T B M AT R R 2 R PARIE, - HRE R A .
B A

bm status t bmcv nms(bm handle t handle,
bm device mem t input proposal addr,
int proposal _size,
float nms_threshold,
bm device mem t output proposal addr)

SRV
- bm_handle t handle
i AZ4(. bm_handle ],
- bm_device mem t input proposal addr

WA WA ERER S T fEdhE, AP RERIE S5 face _rect _t, L THI B SS
i . FREEH bm_ mem from  system() RFEPEHIEFEAL RS E ) bm device. mem ¢
JIE I 4544

- int proposal size

WA WIRHEALL.
- float nms_ threshold

WASE LIEYRIER R, EBUNTZ BRI S oo i
- bm_device mem t output proposal addr

it S8 Y R RE B BT FE sk, AR RE B 4549 S8 nms_proposal _t, 1
DL T S Ui B, R bm_mem  from  system() B Fi % Hb bk 5% 10 BCFE 46 R
bm_device mem t FrXt HYZEF .
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AN
BM_SUCCESS: )
HoAt: R

B Y e

typedef struct

{
float x1;
float y1;
float x2;
float y2;
float score;

}ace rect t;

face_rect _t $id 1 — I AHE ARAR LB DA KR B4 70 B
x1 fifiid T AHE 223 G R AR A
y1 ik TR B G AR AR
x2 ik T IAEAT T SRR AR AR
y2 filiid T YIAE TR R YA AR
score A T W) AHERT 1170 %L

typedef struct
{
face rect t face rect{MAX PROPOSAL NUM];
int size;
int capacity;
face rect t *begin;
face rect t *end,
} nms_proposal t;

nms_ proposal _t fifiid T4 P ARAERE .
face rect iR T it U5 M HAE (S B
size iR T 1L P FE 1S B P A HEABL
capacity i 7 5 ) A HE o R 4L
begin A fifi ]
end A

(MCZRIIE

face rect t *proposal rand = new face rect t{{MAX PROPOSAL NUM];
nms_proposal t *output proposal = new nms proposal t;

int proposal size =32;

float nms_threshold = 0.2;

(R IU4kEE)
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for (int i = 0; i < proposal _size; i++)
{
proposal rand[i].x1 = 200;
proposal rand[i].x2 = 210 ;
proposal rand[i].y1 = 200;
proposal rand[i].y2 = 210;
proposal rand[i].score = 0.23;
}
bmcv_nms(handle,
bm mem from system(proposal rand),
proposal _size,
nms_threshold,
bm mem from system(output proposal));
delete[] proposal rand,
delete output proposal;

TE I
% api Al AR H K proposal %04 56000,

5.46 bmcv_nms_ ext

B2 bmev_nms B2 L) UE A, 3085 Hard_NMS/Soft . NMS/Adaptive_ NMS/SSD_NMS,
AT HEEM AT AR Z YRR, TSR ARE.

BB R:

bm status t bmcv nms ext(bm handle t  handle,
bm device mem ¢t input proposal addr,
int proposal _size,
float nms_threshold,
bm device mem t output proposal addr,
int topk,
float score threshold,
int nms_alg,
float sigma,
int weighting method,
float * densities,
float eta)

S
bm handle t handle
HiAZ%(. bm_handle FJff .
bm device mem t input proposal addr

WS WA ERAER S T fEdtl, 3 A RNERR S5 face _rect _t, 0L THI AR SS
FIUEE . FFEHH bm_ mem from  system() KFErPa ik FE L BE4 L bm_ device mem t
FIeXE Y i 2544
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- int proposal size

WS PIRHENEL
- float nms_ threshold

WMASE S EREE, DEUNTIRBUE R YRR 2 PO I8
- bm_device mem t output proposal addr

o 28 Bl ARRE RO BT AR Hb ik, i ) R HE B s 4549 4 nms_proposal _t, 1F
DLR T B PE A5 A B . 7R EE U bm_mem  from _system() Rf i H hk 5% A6 AR A R
bm _device mem t FfXtR 458

- int topk
MIASHE MEIARMN, HIESERTRERY R RETI R A4 1
- float score threshold

HIASE. 4 Soft NMS 5 Adaptive  NMS B}, /KA score threshold, 24 score I
FIZ(EE, score FFX I AOHERF L I

- int nms_alg

B ASEANFR NMS B3Er0% 8, 045 Hard  NMS/Soft  NMS/Adaptive. NMS/SSD _NMS,
- float sigma

HIASE. M4 H Soft NMS 3 Adaptive NMS B}, Gaussian re-score pRE{IIZSE.
- int weighting method

HASE. 4 H Soft NMS i3 Adaptive  NMS I, re-score pRFGED 1 ALFELAMAUE N
Gaussian FUH. TESE:

typedef enum {
LINEAR WEIGHTING = 0,
GAUSSIAN WEIGHTING,
MAX WEIGHTING TYPE
} weighting method _e;

LNERERIB AT
. {s iou(M, b;) < N,
si % (1 —iou(M,b;)), iou(M,b;) > N,
Gaussian FUHFIEALT
51 = 51 x e—UM b

A A, M FIR 4T score R RIYMIAIE, b FoRHAMh score H M RRIHIIAAE,
si FRHAh score t M ARIIPIAIER score {H, Ny Fon NMS [TR, o XA O HSE

float sigma.

. float* densities
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2

A%, Adaptive-NMS %% J&F({H .

float eta
WAZ%. SSD-NMS 2%, MT % iou HIfH.
BIRIA:

BM SUCCESS: i)

oAt KNG
(MEENE

unsigned int seed1 = 100;
bm nms data type t nms threshold = 0.22;
bm nms data type t nms score threshold = 0.22;

bm nms data type t sigma = 0.4;
int proposal size =0;
int rand loop num = 10;

int weighting method = GAUSSIAN WEIGHTING;
std::function<float(float, float)> weighting func;
int nms type = SOFT NMS;
const int soft nms total types = MAX NMS TYPE - HARD NMS - I;
for (int rand loop idx = 0;
rand loop idx < (rand loop num * soft nms total types);
rand loop idx++) {
for (int rand mode = 0; rand mode < MAX RAND MODE; rand mode++) {
soft nms gen test size(nms score threshold,
nms_threshold,
sigma,
proposal _size,
weighting method,
rand mode);
nms type = rand loop idx % soft nms total types + HARD NMS + 1;
if (nms_type == ADAPTIVE NMS) {
std::cout << "[ADAPTIVE NMS] rand mode : " << rand mode
<< std::endl;
} else if (nms_type == SOFT NMS) {
std::cout << "[SOFT NMS] rand mode : " << rand mode
<< std::endl;
} else if (nms_type == SSD_NMS) {
std::cout << "[SSD NMS| rand mode : " << rand mode << std::endl,
} else {
std::cout << "nms type error" << std::endl,
exit(-1);
}
std::cout << "nms_ threshold: " << nms_threshold << std::endl;
std::cout << "nms score threshold: " << nms score threshold
<< std::end];
std::cout << "proposal size: " << proposal size << std::endl;
std::cout << "sigma: " << sigma << std::endl,
std::shared ptr<Blob<face rect t>> proposal rand =
std::make shared<Blob<face rect t>>(MAX PROPOSAL NUM);
T akEE)

—~
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}

}

std::shared ptr<nms proposal t> output proposal =
std::make shared<nms proposal t>();

std::vector<face rect t> proposals _ref;
std::vector<face rect t> nms_proposal,
std::vector<bm nms data type t> score random buf;
std::vector<bm nms data type t> density vec;
std::shared ptr<Blob<float>> densities =
std::make shared<Blob<float>>(proposal size);
generate random buf<bm nms data type t>(
score_random _buf, 0, 1, 10000);
face rect t *proposal rand ptr = proposal rand.get()->data;
float eta = ((float)(rand() % 10)) / 10;
for (int32 t1i=0;1i < proposal _size; i++) {
proposal rand ptr[i].x1 =
((bm_ nms data type t)(rand() % 100)) / 10;
proposal rand ptr[i].x2 = proposal rand ptr[i].x1
+ ((bm nms data type t)(rand() % 100)) / 10;
proposal rand ptr[i].yl =
((bm_ nms data type t)(rand() % 100)) / 10;
proposal rand ptr[i].y2 = proposal rand ptr[i].y1
+ ((bm_nms data_ type t)(rand() % 100)) / 10;
proposal rand ptr[i].score = score random _ buf[i];
proposals ref.push back(proposal rand ptrli]);
densities.get()->data[i] = ((float)(rand() % 100)) / 100;
}

assert(proposal size <= MAX PROPOSAL NUM);
if (weighting method == LINEAR WEIGHTING) {
weighting func = linear weighting;
} else if (weighting method == GAUSSIAN WEIGHTING) {
weighting func = gaussian weighting;
} else {
std::cout << "weighting method error: " << weighting method
<< std::endl;
}
bmcv _nms_ext(handle,
bm mem from system(proposal rand.get()->data),
proposal _size,
nms_threshold,
bm mem from system(output proposal.get()),
]'7
nms_score_threshold,
nms_type,
sigma,
weighting method,
densities.get()->data,
eta);

return GEN PROPOSAL SUCCESS;
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RS
% api A% ARYECK proposal %k 1024,
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PCle CPU

6.1 PCle CPU

XFARI @A TPU s #4E, 7% CPU MLER T8
W SoC i, host EEIR A g ARM A53 AbPEgs . T sk5e CPU #4E.

Wi PCle £, host Sig iy AL, CPU #AE R DAYESEAE host dig5e il, thml ASEH
J by ARM AB3 AbBEERRSE . PIRPSEBTT A A LB R I 75 2AE device I host 2
Az i A s, (HI2PERETREOL T ARM, B RAJH PR ARSI 5 5 host ARBRZHERE.
TARAF L P UL e LAY Ty 3 BOAOU T MR, AR O AL B nl 4 B DA T
YW=

6.1.1 HEZTIE
R B RE A AL B S, IS ATTELAIPIA SO

- ramboot_rootfs.itb
- fip.bin

s BERFIE P SO T TE Y AR B 2 AR iz AT i B A8 BMCV_CPU_KERNEL_PATH
SAN U

$ export BMCV _CPU_ KERNEL PATH=/path/to/kernel fils/

BMCV Frf % CPU #AERSEBIYAEE libbmev_cpu_func.so i, F2LRHz CHEBERAR
A MBI iaf T A B BMCV_CPU_LIB_PATH 1, 4R

$ export BMCV_CPU_LIB PATH=/path/to/lib/
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HHElF 2 CPU 255 APL AR B, QRECAH AT APL A 2RI fE -

um | API
bmcv image draw lines

bmcv _image erode

bmcv _image dilate

bmcv _image lkpyramid execute
bmcv image morph

Q| W N~ |3

6.1.2 F/EFIKH
J AT DAERR P AT AR 25 AL 70 S B AR PN 10, BT 2 3 S B D RE R T A 9 PA] o

bm status t bmcv open cpu process(bm handle t handle);

bm_status t bmcv close cpu process(bm handle t handle);

18 A S5
bm_handle_t handle

i A\Z%. bm_ handle .

PRI e -
BM_SUCCESS: 3
HoAt: R
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7.1 bmcv_image

PATF B 4509 DA S 4 LACh T 325 b— A=, I BT RBAE A AT Iy s 8, HE
BM1684 Z 415 iy AR @ UE A .

BM1682 ] BMCV JEX 5 J ) A S B 4 A AT 1 52%¢, E20E )T image K
CITEEL OB

TE X PAR:

#define MAX BMCV IMAGE CHANNEL 4
typedef enum bmcv data format {
DATA TYPE FLOAT =0, // data type is 32 bit float
DATA TYPE BYTE =4 // data type is 8 bit
}bmcv data format;

typedef enum bmcv_color space {
COLOR_YUV, // color space is yuv
COLOR_YCbCr, // color space is YCbCr
COLOR_RGB // color space is rgh
}bmev_color space;

typedef enum bmcv image format {
YUV420P, // data is in YUV420 packed format
NV12, // datais in NV12 format
NV21, // datais in NV21 format
RGB, // data is in RGB planar format
BGR, // data is in BGR planar format
RGB_PACKED, // data is in RGB packed format
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BGR PACKED, // data is in BGR packed format
BGR4N // data is in BGR 4N mode, for future use
}bmev image format;

typedef struct bmcv image t{
bmcv_color space color space;
bmcv data format data format;
bmcv image format image format;

int image width;

int image height;

bm device mem t datalMAX BMCV IMAGE CHANNEL];
int strideMAX BMCV IMAGE CHANNEL];

}bmev _image;

HASEGY] (bm_image WA RIS EE L) -
bmcev_color space color space

PR E BB (45 )
bmev data format data format

PR G R

bmev image format image format
PR EBAR A
int image width
e L
int image height
FoRE B
bm device mem t datal]MAX BMCV_ IMAGE CHANNEL]
PR G A B TE R ik
int stridel MAX BMCV_ IMAGE CHANNEL]
FoR BB 451HIE stride

7.2 bmcv_img_ bgrsplit

B 0T BM1682 Xt bgr ##a iy M interleave #ESIHHES plannar HEF. wJ DA
bmev_image vpp convert % [ SEIZIIEE

bm status t bmcv img bgrsplit(
bm handle t  handle,
bmcv_image input,

(R IU4kEE)
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bmcv_image output

)i

e A S B:
- bm_handle t handle
WA AN, B bm_dev_request KL
- bmcv_image input
WARHAC B B B8, ber i, packed HEF1 755K

bmcv _image output

i AL PR MR . ber B, plannar HE51550

7.3 bmcv_img_crop

R AT BM1682 M bgr FE Ao 4)—al a2 nlHi

bm status t bmcv img crop(
bm handle t handle,
bmcv_image input,
int input_c,
int top,
int left,
bmcv_image output

)i

e AS B iE:
- bm_handle t handle
- BRI, P bm_dev_request 2KEX

- bmecv_image input

BAEIME, H3FF BGR planar 3(# RGB planar #83X, i A% BGR 5% RGB Jijijy—

UM . i At ] ARERR R SR 2N float i byte

- int input_c

WABIRBEE, TR 1806 3, MMEhBiaia2 1 86 3

- int top

SYUIF IR SR, R ZE EACRIR S, BRI R
- int left

STYITT IR RRAAAR, RS BRI, BRI R

- bmecv_image output
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i ) PR Il IR S5

7.4 bmcv_img _scale

BEE VR T BM1682 X IR ATAR L, I SR S TR IR 4R, DA it PR AT 0 —
d&a(s

bm status t bmcv img scale(

bm handle t handle,

bmcv_image input,

int n, int do_ crop, int top, int left, int height, int width,

unsigned char stretch, unsigned char padding b, unsigned char padding g,.
—unsigned char padding r,

int pixel weight bias,

float weight b, float bias b,

float weight g, float bias g,

float weight r, float bias r,

bmcv_image output

);
e ASBiim:

bm handle t handle
bmev FJEHALFEUY) handle

bmcev__image input

A BB R AL, NS0k BGR planar 80 RGB planar #2085, SZFF float
B byte JAEE

int n
AL PRI RCR, B AT S 1
int do_ crop

TR gL, 00 AKIE, RIS EOCH . 10 KIE, SR T
K A RS

int top

REFF IR AR, B R Ze BRI, AR R
int left

IRETFG SRR, e EARIER, AR R
int height

M=, BACHBRR

int width

METERE, BACAERR
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- unsigned char stretch

scale #ist, 00 fit B, SFHBIGE, %M padding ZHCOHFEHI@; 10 i
i, S HARR/DN, TR padding Z40CH

- unsigned char padding b

fit Bk I @IE O, S 0-255 2 byte K7, WL HHKT Y byte o float {HAHG I
VS, MA@ AR, WA float S HLAEEIA—fk, B B
AL 5

- unsigned char padding g

fit BT R @IFEEME, S 0-255 2 byte ZRHU, 2Rk 282U, byte 5( float {HAFEE N
—ALITE, W ECHIEER o &, WRE Y float R H LI —4b, Wt B oA bk
FrA— it

- unsigned char padding r

fit BIAFLLEITEOME, Ty 0-255 Z byte 62, R4 RN byte = float {HARHE 2 I
— AV, A R T 4 B, AR R float 257 HAREIH—4k, U o kH Y
FrA— A5

- int pixel weight bias
e AR T I — . 00 AU —ALTTER, T weight 1 bias 24K
JeH; 1 T

- float weight b
PRERERDER

- float bias b
b i 1E

- float weight g
g TEIEAY AL

- float bias_g
g TEIE Y W% A

- float weight r
r JHIE R

- float bias r
r i3 A (RS

- bmecv_image ouput

i i i R A S5, S2FF BGR planar 5 RGB planar #%5X, {Hi244205
AT
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7.5 bmcv_img transpose

BEHE AT BM1682 Xt ber #gxCERIVEEE, KF R AL AL B O A B

bm status t bmcv img transpose(
bm handle t handle,

bmcv_image input,
bmcv_image output
)i
& A S B iseWl:

- bm_handle t handle
- IR IMEAE, L JH A bm dev request FRHL
- bmcv__image input
A, %3 BGR planar 5% RGB planar 257 float a{ byte 257!
- bmcv_image output

Wik, 2% BGR planar 8% RGB planar 27 float 5 byte %%, BGR {ZHIFF 5
1 A 7]

7.6 bmcv_img  yuv2bgr

BEpR AU T BM1682 X NV12 45 3(i R Bi sy BGR A x(i&ds

bm status t bm img yuv2bgr(
bm handle t handle,

bmcv_image input,
bmcv_image output
)i
18 AS BB

- bm_handle t handle
- IR, LA bm_dev_request FHL
- bmecv_image input
o A R R R, 24 S e NV 12 A% ARG, e 2318 %4 YUV fil YCbCr
- bmecv _image output

B R ARG R, 4% BGR planar /packed 5% RGB planar/packed #zCiET .
iy AT E float ZRAEH byte 24
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