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cvMat2AXlvideo AXlvideo2cvMat cvMat2hlsMat hlsMat2cvMat
Iplimage2AXlvideo AXlvideo2Iplimage Iplimage2hlsMat hisMat2Iplimage
CvMat2AXIvideo AXlvideo2CvMat CvMat2hlsMat hlsMat2CvMat
AbsDiff Duplicate MaxS Remap

AddS EqualizeHist Mean Resize
AddWeighted Erode Merge Scale

And FASTX Min Set

Avg Filter2D MinMaxLoc Sobel
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CvtColor InitUndistortRectifyMap Range Threshold
Dilate Max Reduce Zero

» T THEREIERE, SUSREHLSHF1EE

#2370 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.



=
N

PLAZE PR L

» BEENsiy X ENEFIC++8HS,. #include “hls_video.h”
» 50penCVaE EAE MBI O MERBIAT R, il

— OpenCVFE: cvScale(src, dst, scale, shift);
— HLS?)W/Fﬁ)ﬁ: hls::Scale<...>(src, dst, scale, shift);
> — Lty B BCR A R BB KBRS H, B4
_ OpenCVFE: cv::Mat mat(rows, cols, CV_8UC3);
— HLSHEAZE hls::Mat<ROWS, COLS, HLS_8UC3> mat(rows, cols);

» ROWSHICOL ST & Ab B 11 B K B R~
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OpenCV HLS RS
cv::Point _<T>, CvPoint hils::Point <T>, hls::Point
cv::Size <T>, CvSize hls::Size <T>, hls::Size
cv::Rect _<T>, CvRect hls::Rect <T>, hls::Rect

cv::Scalar <T>, CvScalar hls::Scalar<N, T>
cv::Mat, Ipllmage, CvMat hls: :Mat<ROWS, COLS, T>

hls: :Mat<ROWS, COLS, HLS 8UC3> mat

cv::Mat mat(rows, cols, CV_8UC3); (rows, cols);

IplImage* Img =
cvCreatelmage(cvSize(cols,rows),
IPL_DEPTH 8U, 3);

hls: :Mat<ROWS, COLS, HLS 8UC3> img,
(rows, cols);

hls: :Mat<ROWS, COLS, HLS 8UC3> i1mg;

hls: :Window<ROWS, COLS, T>

hls::LineBuffer<ROWS, COLS, T>

Page 25 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.
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> VA5 LA E BR B Open CVif A
> NSRBI TRE VT R A
— f#FIVDMAFI AXI Stream adpater £ %

> RNSCRFRERL Y ]
— BEHGHEE — R B HE e A T SR A
— iEhils: :Duplicate()

» A3z #In-place ¥ #Hr

— #iltn cvRectangle (img, pointl, point2)

OpenCV HL SHLA

EEEE pix = cv_mat.at<T>(1,]j}) hls _1mg >> pix
pix = cvGet2D(cv_img,i,]})

= vs cv_mat.at<T>(i1,jJ) = pix hls Img << pix
cvSet2D(cv_img,1,j,pix)
#2651 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.



OpenCV 1{hg

YA TR, wh— R

— B PR B R A

IplImage* dst=cvCreatelmage(cvGetSize(src),

IplImage* src=cvLoadlmage(''test_1080p.bmp™);
src->depth, src->nChannels);

cvSobel(src, dst, 1, 0);
cvSubS(dst, cvScalar(100,100,100),

LR SEail
(OpenCV)

_—

A 4

cvScale(src, dst, 2, 0);
cVErode(dst, src);
cvDilate(src, dst);

o> ]
J

|

OpenCV pf sk

¥

cvSavelmage(*'result_1080p.bmp", dst); ]
cvReleaselmage(&src);
cvReleaselmage(&dst); J

“

EBREAN
(OpenCV)

test_opencv.cpp

© Copyright 2013 Xilinx
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> RGP PR WA TR 5T
> W GG USRI FEARM Liz1T

void 1mg_process(ZNQ _S32 *rgb data in, ZNQ S32 *rgb _data out, int
height, Int width, int stride, int flag OpenCV) {

// constructing OpenCV interface ‘ SRNELIETTN
IplImage* src_dma = /
cvCreatelmageHeader(cvSize(width, height), IPL_DEPTH 8U, 4);
IplImage* dst_dma =
cvCreatelmageHeader(cvSize(width, height), IPL_DEPTH 8U, 4); r ~

(char*)rgb_data_in;
(char*)rgb_data_out;
4 * stride;
4 * stride;

src_dma->imageData
dst_dma->imageData
src_dma->widthStep
dst_dma->widthStep

OpenCV i %%k

if (flag_OpenCV) {
opencv_image_FTilter(src_dma, dst_dma); ‘
} else {
) sw_image_FTilter(src_dma, dst_dma); { S IR

cvReleaselmageHeader(&src_dma);
cvReleaselmageHeader (&dst_dma);

} img_filters.c

Page 28 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.



1 FHVivado HL SAL3ZE Nk
» #HE T2 BR AT A AR

#include “hls_video.h” // header file of HLS video library
#include “hls_opencv.h” // header fTile of OpenCV 1/0
// typedef video library core structures
typedef hls::stream<ap_axiu<32,1,1,1> >  AXIl_STREAM; o,
typedef hls::Scalar<3, uchar> RGB_PIXEL; Kl 5L (OpenCV)
typedef hls::Mat<1080,1920,HLS 8UC3> RGB_IMAGE; v
void image_ filter(AXI_STREAM& src_axi, AXlI_STREAM& dst_axi, /’[ OpenCV2AXIvideo |
int rows, int cols); 4 b 4 N\
top | AXlvideo2Mat |
A

#include “top.h” ///
IplImage* src=cvLoadlmage("'test _1080p.bmp™); HLS HLA e 0

: ® _

Mat2AXlvideo |

IplImage* dst=cvCreatelmage(cvGetSize(src),
src->depth, src->nChannels);

AXI_STREAM src_axi, dst_axi;

I
Ipl Image2AXlvideo(src, src_axi); \. $ S
) ) ) ) ) ) | AXlvideo20penCV |
image_Tilter(src_axi, dst_axi, src->height, src->width); / ¥
AXlvideo2lplImage(dst_axi, dst); 125 )\ (OpenCV)

cvSavelmage("'result_1080p.bmp', dst);
cvReleaselmage(&src);
cvReleaselmage(&dst);

AENNN

test.cCpp | & XILINX » ALL PROGRAMMABLE.




o e
1€ FHVivado HL S5 hniE

> H T FPGAINGE KRR 7] 25 & R Ek
— PR R RS A R
— Fhlsfir 4 2% 18] H R ABL B S04 L B OpenCV ik 31

—— - - - - K4 152 (OpenCV)
void image_filter (AXI_STREAM& input, AXI_STREAM& output, int rows, int cols) {

//Create AXIl streaming interfaces for the core ’ ’
#pragma HLS RESOURCE variable=input core=AX1S metadata=""-bus_bundle INPUT_STREAM" [ OpenCV2AXIvideo ]
#pragma HLS RESOURCE variable=output core=AXIS metadata=""-bus_bundle OUTPUT_STREAM" *

#pragma HLS RESOURCE variable=rows core=AXl_SLAVE metadata=''-bus_bundle CONTROL_BUS" - =
#pragma HLS RESOURCE variable=cols core=AXl_SLAVE metadata='"-bus_bundle CONTROL_BUS" 7;[ AXlvideoZMat ]
#pragma HLS RESOURCE variable=return core=AXI_SLAVE metadata=""-bus_bundle CONTROL_BU e ‘

#pragma HLS INTERFACE ap_stable port=rows

#pragma HLS INTERFACE ap_stable port=cols

RGB_IMAGE img_O(rows, cols), img_1l(rows, cols), img_2(rows, co HLS P bR £

RGB_IMAGE img_3(rows, cols), img 4(rows, cols), img 5(rows, <ols); A7

RGB_PIXEL pix(50, 50, 50);

#pragma HLS dataflow ¥

hls: :AXlvideo2Mat(input, img 0); _

hls::Sobel<1,0,3>(img_0, img_1); z[ Mat2AXIvideo ] )

his::SubS(img_1, pix, img 2); A 4

hls::Scale(img_2, img_3, 2, 0); [ AXlvideo20penCV ]

hils::Erode(img_3, img_4); ¥

his::Dilate(img_4, img _5);

hls: :Mat2AXIvideo(img_5, output); /(%5 A\ (OpenCV)

} top.cpp
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> BN, HAS TR

FILTER@Ox400D0000 {
compatible = "xInx,generic-hls";
reg = <0x400d0000 OxFfff>;
interrupts = <0Ox0 Ox37 0x4>;
interrupt-parent = <0x1>;

¥: S }
> $ATmmap ()& EUs WA =218 A - ¥ N
- - —— AXIvideo2Mat |
Ximage_fTilter xsfilter;

int fd_uio = 0; ‘

if ((fd_uio = open(*'/dev/uio0", O _RDWR)) < 0) { HLS P bR £
printf("'U10: Cannot open device node\n');

} ¥

xsTilter._Control_bus BaseAddress = hlazaXiddes J
(u32)mmap(NULL, XSOBEL_FILTER_CONTROL_BUS SIZE, . . -~
PROT_READ|PROT_WRITE, MAP_SHARED, fd_uio, 0); \
xsfilter.IsReady = XIL_COMPONENT IS READY; SIS A AT A

// init the configuration for image fTilter
XImage_fTilter_SetRows(&xsfTilter, sobel configuration.height);
XImage_fTilter_SetCols(&xsfTilter, sobel configuration.width);
XImage_filter_EnableAutoRestart(&xsftilter);
XImage_fTilter_Start(&xsfilter);

Page 31 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.
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HL SHL AL B 54

» K input” 8528 LL “INPUT_STREAM” #r4 HIAXI4 Stream

#pragma HLS RESOURCE variable=input core=AXIS metadata=""-bus_bundle INPUT_STREAM™"

> B4R O BC BIAXI4-Lite D

#pragma HLS RESOURCE variable=return core=AXl_SLAVE metadata="-bus_bundle CONTROL_BUS"
Y N . Y VA ) »

» JEE" rows” AT AXI4-LitedE O HEAT V5 1]

#pragma HLS RESOURCE variable=rows core=AXl_SLAVE metadata="-bus_bundle CONTROL_BUS"

> FIHERBHATERES “rows” Az

#pragma HLS INTERFACE ap_stable port=rows

> 3 BRI

#pragma HLS dataflow

#3270 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.
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> fRIBA R streaming”, WIREE
— BEMLYG IR LA ) “dst” in-placeiz 57

void opencv_image_FTilter(Ipllmage* img, Ipllmage* dst ) {
IplImage* gray = cvCreatelmage(cvSize(img->width, img->height), 8, 1 );
cvCvtColor( img, gray, CV_BGR2GRAY );
std: :vector<cv: :KeyPoint> keypoints;
cv::Mat gray mat(gray,0);
cv::FAST(gray_mat, keypoints, 20,true );
Int rect=2;
cvCopy(img,dst);
for (int i=0; i<keypoints.size(); i++) {
cvRectangle(dst,
cvPoint(keypoints[i].pt.x,keypoints[i].-pt.y),
cvPoint(keypoints[i].pt.x+rect,keypoints[i].pt.y+rect),
cvScalar(255,0,0),1);
+

cvReleaselmage( &gray );
} opencv_top.cpp
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void opencv_image FTilter(Ipllmage* src, Ipllmage* dst)

{
IplImage* gray = cvCreatelmage( cvGetSize(src), 8, 1 );
IplImage* mask = cvCreatelmage( cvGetSize(src), 8, 1 );
IplImage* dmask = cvCreatelmage( cvGetSize(src), 8, 1 );
std: :vector<cv: :KeyPoint> keypoints;
cv::Mat gray mat(gray,0);

cvCvtColor(src, gray, CV_BGR2GRAY );

cv::FAST(gray_mat, keypoints, 20, true); L
GenMask(mask, keypoints); hls::FASTX
cvDi late(mask,dmask) ;

cvCopy(src,dst); . -
PrintMask(dst,dmask, cvScalar(255,0,0)); hls: :PaintMask

cvReleaselmage( &mask );
cvReleaselmage( &dmask );

cvReleaselmage( &gray );
} opencv_top.cpp
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— VEE“#pragma HLS stream”
hls::Mat<MAX HEIGHT ,MAX WIDTH,HLS 8UC3> _src(rows,cols);
hls: :Mat<MAX_HEIGHT ,MAX_WIDTH,HLS 8UC3> _dst(rows,cols);
his::AXlIvideo2Mat(input, _src);
hls: :Mat<MAX HEIGHT,MAX WIDTH,HLS 8UC3> srcO(rows,cols);
hls::Mat<MAX HEIGHT ,MAX WIDTH,HLS 8UC3> srcl(rows,cols);
#pragma HLS stream depth=20000 variable=srcl.data_stream
hls: :Mat<MAX HEIGHT ,MAX WIDTH,HLS 8UC1> mask(rows,cols);
hls::Mat<MAX HEIGHT,MAX WIDTH,HLS 8UC1> dmask(rows,cols);

hls::Scalar<3,unsigned char> color(255,0,0);

nis::Dupiicate( src,srcO,srcl);

hls::Mat<MAX HEIGHT,MAX WIDTH,HLS 8UC1> gray(rows,cols);
hls::CvtColor<HLS BGR2GRAY>(srcO,gray);

hls: :FASTX(gray,mask,20,true);

hls::Dilate(mask,dmask);

hls::PaintMask(srcl,dmask, dst,color);
hls::Mat2AX1video( _dst, output);

top.cpp

Page 35 © Copyright 2013 Xilinx & XILINX » ALL PROGRAMMABLE.



RS TR g

> his::Mat A L PHRE— A Se i BR, (MR R R TAT

template<int ROWS, int COLS, int T> class Mat {
public:
HLS_SIZE_T rows, cols;
hls::stream<HLS TNAME(T)> data_stream[HLS MAT_CN(T)];

hls_video core.h

> RIEA AR — & W
— srclfg E R AL E e I g as a),  H LLUGECFASTX FlDilate ) #E 1R
CRA10M AT * 192014 %)

——r3>] CvtColor p—> FASTX — Dilate —>» PaintMask p———m>

srcl T

#pragma HLS stream depth=20000 variable=srcl.data_stream
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— & A /mnt/AX]_PerfMon.log
> YA + PRIE A R
— 1920*1080*60*32 = ~4 Gb/s per stream
— HPO: ¢ 4.01 Gb/s, 5 4.01 Gb/s, &3t 8.03 Gb/s
— HP2: i 4.01 Gb/s, 5 4.01 Gb/s, &3t 8.03 Gb/s
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1 Note: Vivada HLS

Accelerating OpenCV Applications with

x X||_|NX‘ Zynq using Vivado HLS Video Libraries
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