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l.Summary

1.1 Objectives

This applicatiordescribes use of an evaluation package withdgie detection and motion detectionvideo
processingdesignson the Trenz TE070105 platform [3] with industrial grade ZyncKC7Z02€2I device on
System on Module TE20-03-2I [1]. All demonstrated ideo processing algorithms have been deped,
debugged and testeth Xilinx SDSD 2015.4 mvironment[6]. Algorithms tave been compiled by Xilinx S@So
2015.4system level compiler (based on thé€linx HLS ompiler) to Vivado 2015.4 projectsand compiled by
Vivado 2015.45] to bitstreams The SW access functions controlling the HW accelerators have been exported to
the Xilinx SDK 2015/8] SW projectsas static .a librariegor standalone ARMCortex A9 applications This
application nde also describes ddge detection algorithmdefined in the SDSoC 2015.4 in form, which enables
in the SDK 2015.4 thmarallelexecutionof predefined video processing HW paths with C user code on ARM.

Main objectives of this applicationnote are
1 To cemonstratehow toinstall, compile, modify and use the enclos®@d/ projects in the SDK 2015.4 [5].
1 To demonstratehe HWaccelerated video qocessing algorithms and the speedup against SW versions
1 Todemonstrate parallel executioof predefined video processing HW paths with C user codeRivi

Figurel: TE070105 platform with Zynq XC72020deviceand HDMHHDMIO support
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Figure2: HW accelerated edgaetection in Full HD with 4 HW paths and variable §se@4demo)

Demo running inFigure?2 is executingso04_rows_resize 25 _to_10froject with 4HW data paths and time
variable size (number of micimes) processed by thedge detection filters. Demo is controlled from user
defined C code running on ARNhe ARMprocessor can also perform useefined synchronous computation
in parallel b the HWdata paths. See section 2.4 fdetails.

Commonsetupfor all included demos
1 ARMCortex A9 processor of Xilinx Zynq devi€e7R020-2| executes standalone C application programs
performing initialisation and synchronisation of the HW accelerated video processing.chain

9 Enclosed C programs can be modified by the user and recompiled in Xilinx SDK 2015.4.

1 Compiled demosan boot from theSD card directly after the power ON.

1 Video data are proided bya Full HD HDMI source with resolution 1920x1080p60 (laptop)

91 Data are processeth HW into the YCrCb 16it per pixel format and stored byideo DMA (VDMA)

controllerto input video frame buffers (VFBs) reseniadhe DDR3.

1 HW DMA controller(s) send data from the input VFBs to the proceddigaccelerators inthe
programmable logicRD part of Zynq

1 AnotherHWDMA controller(s) sed processed data from HW tutput VFBs in DDRS3.

1 Second part of théiWVDMAIP cores sending data to the Full HD disp(a$20x1080p60Q)
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1.2 Introduction to the demos

Edge detection
The alge detection algorithm is producing B/W Full HD video strefatges in each frame amarked aswhite
and remaining part of the figure et asblack.

The alges are detected byt Sobel filter. &ch pixelis filteredby a3x3 2D FIR filterA nonlinear decision on the
output of the filter provides informationif the pixel is part of andge or not. All computation is performed in
fixed point.

Demossh01, sh02and sh03provide accelerated HW computati@f edge detectiorwith 1, 2 or 3 parallel HW
data paths. HW demos are using 1, 2 or 3 DMWA channelgrom the DDR3 tol, 2 or 3as an input toSobel
filters. Another 1, 2 or 3 DMAW channels support output frothe Sobel filterdo the DDR3Zynq PL resources
andthe accelerationseached for thesédW designs areummarised in sections 1.8.4 and 1.5.

Demosso01, sa02, sa03 and so04 perform also edge detectionUsed programming model enables write the
userdefined synchronousparallel computation or ARM and to execute it in parallel with HW data paths.
other HW and performance relatgoarameters ofso01, so02 and so03 demosare practically identicaio the
sh0l, sh02 and sh03 demos. That is why we do not repeat the diagramkhe Zyng PL resources and
accelerations reached for tr@b04demoare summarised in sections 1.6

Motion detection

The motion detection algorithndetects and performs visualisation afoving edges The moving edges are
identified by two Sobel filters performing FIR filtering (similar to the above described edge detection) on pixels
with identical coordinatesbut from two subsequent video frames. &Hifference of thesawo filtered signalss

filtered by a Median filter. The esulting signal is used for the nonlinear binary decisibaut the pixel.lf the

pixel is part of a moving edge, i& assigned red colour and merged with the original colour video signal.
Resulting output HUHD video signal isnchanged with the exception of red colour marked moving edgése
Figure2. The fast moving edges in the face of the rabbit are marked bpixeds

Demosmd01 and md02 provide accedrated HW computation with 1 or parallel HW data path HW demos
are using or4 DMA HW channel®r reading fom two subsequent video fame buffes (locatedin the DDR3J
to 1 or 2video processing chains BiWaccelerators performing the motion detection

Another 1 or 2DMA HW channels perfornparallel write of resultsto the DDR3.Zynq PL resources and
accelerationseached for thesd¢dW designs arsummarised in sections 1.7 and 1.8

Measurements of aceleration

The acceleratiomesults have beemeasured asiratio of the frame per second (FPS) reached by the accelerator
and the FPSeached by theinitial SW implementation on ARMh the SDSG 2015.4. In casef SW
implementation¢O3 optimisation wasused.HW support for the HDMI I/@ata movement by thededicated
VDMA HW channels was used in all cad&M NEON HW accelerator is not used.

The erformance of SW version afgorithms can be evaluated by bootidgmosfrom the enclosed BOOT.bin
files. Files have been generated 8DSE 2015.4environment The SDSE 2015.4 source code atide SDSCG
2015.4platform for the TEQO72€03-2IF on TEQ70Q5 carrier boardare not included. ThesD cardBOOT.bin files
are enclosed.
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1.3 Project shO1Edge detection with single HW accelerator

Zyng module: TE0720-02-2IF (Trenz)
Carrier board: TE0701-05 (Trenz)
FMC Interface: BD-FMC-HDMI-CAM-G (Avnet)

FMC card input: Full HD HDMI (1080p60)

FMC card output:  Full HD HDMI output to display (1080p60)

Accelerator: None.

Platform: C:\S\t20i2h 1\hio

Demos(SDK2015.4): C:\WVM0O7\t20i2h1\sh01_rows_resize_25 to_100.c
C:\WMOT7\t20i2h1\sh01_rows_fixed_100.c

Design by UTIA in Xilinx SDSoC 2015.4. Date: 2016_05_27

© DDR3 RAM ARM code
8| | =—m—m—m—m—sS |
5 VFB : sobel_filter_htile1(*in,*out,tilerows) VFB
= e I
o
<
WO | HP1| | HP1 | HPO GPO
sobel_filter_htile1_0 ]— 4
£ HDMI —> HDMI
S Input Output
2 IPs IPs
d
Figure3: Project sh01 Edge detection with singldW acceleratar
TEQ72€03-2IF Sobel 1x te0701-05 te0720-2i: FPS
. 7,4 SW
Acceleration by HW 5.59x M 41,61 -
’ = HW
0 20 40 60
te0701-05 te0720-2i: Slices [%] te0701-05 te07202i: BRAMs [%
27,51 uSW 9,64 uSW
46,33 m HW 17,5 mHW
0 20 40 60 80 100 0 200 40 60 80 100
te0701-05 te0720-2i: LUTs [%] te0701-05 te0720-2i: FFs [%]
13,13 mSW 11,02 uSW
23,2 B HW 19,47 B HW
0 20 40 60 80 100 0 20 40 60 80 100

Figure4: Project £I01- Acceleration antHW resourcessed
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1.4 Project sh02Edge detection with two HW accelerators

Zyng module: TE0720-02-2IF (Trenz)
Carrier board: TE0701-05 (Trenz)
FMC Interface: BD-FMC-HDMI-CAM-G (Avnet)

FMC card input: Full HD HDMI input (1080p60)

FMC card output:  Full HD HDMI output to display (1080p60)

Accelerator: None.

Platform: C:\S\t20i2h 1\hio

Demos(SDK2015.4): C:\WVM0O7\t20i2h1\sh02_rows_resize_25 to_100.c
C:\WMOT7\t20i2h1\sh02_rows_fixed_100.c

Design by UTIA in Xilinx SDSoC 2015.4. Date: 2016_05_27

© DDR3 RAM ARM code
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Figureb: Project sh02 Edge detection with two HW accelerators
TEQ72003-2IF Sobel 2x te0701-05 te0720-2i: FPS
. 7,4 mSW
Acceleration by HW 8.11x M 60 miw
0 20 40 60
te0701-05 te0720-2i: Slices [%] te0701-05 te0720-2i: BRAMSs [%]
27,51 uSW 9,64 mSW
61,38 m HW 25,3 mHW
0 20 40 60 80 100 0 20 40 60 80 100
te0701-05 te0720-2i: LUTs [%] te0701-05 te0720-2i: FFs [%]
18,13 mSW 11,02 uSW
32,39 B HW 26,99 B HW
0 20 40 60 80 100 0 20 40 60 80 100

Figure6: Projectsh02¢ Acceleration andHW resourcessed
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1.5 Project shO3Edge detection with three HW accelerators

Zyng module: TE0720-02-2IF (Trenz)
Carrier board: TE0701-05 (Trenz)
FMC Interface: BD-FMC-HDMI-CAM-G (Avnet)

FMC card input: Full HD HDMI input (1080p60)

FMC card output:  Full HD HDMI output to display (1080p60)

Accelerator: None.

Platform: C:\S\t20i2h 1\hio

Demos(SDK2015.4): C:\WVM0O7\t20i2h1\sh03_rows_resize_25 to_100.c
C:\WMOT7\t20i2h1\sh03_rows_fixed_100.c

Design by UTIA in Xilinx SDSoC 2015.4. Date: 2016_05_27

© DDR3 RAM ARM code
a |\ | —_-
S | sobel_filter_htile1(*in,*out,tilerows) !
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Figure7: Project sh03 Edge detection with three HW accelerators
TEO72€03-2IF Sobel 3x te0701-05 te0720-2i: FPS
. 7,43 mSW
Acceleration by HW 8.08 x M 60
mHW
0 20 40 60
te0701-05 te0720-2i: Slices [%] te0701-05 te0720-2i: BRAMs [%]
27,51 uSW 9,64 HSW
76,93 m HW 33,21 mHW
0 20 40 60 80 100 0 20 40 60 80 100
te0701-05 te0720-2i: LUTs [%] te0701-05 te0720-2i: FFs [%]
18,13 uSW 11,02 uSW
41,63 B HW 4,51 B HW
0 20 40 60 80 100 0 20 40 60 80 100

Figure8: Projectsh03- Acceleration andHW resourcessed
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1.6 Project so0O4Edge detection with fouHW accelerators

Zyng module: TEO0720-02-2IF (Trenz)
Carrier board: TE0701-05 (Trenz)
FMC Interface: BD-FMC-HDMI-CAM-G (Avnet)

FMC card input: Full HD HDMI input from laptop (1080p60)

FMC card output:  Full HD HDMI output to display (1080p60)

Accelerator: Sobel edge detection in four parallel data paths

Platform: C:\S\t20i2h 1\hio

Demos(SDK2015.4): C:\WVMO07\t20i2h1\so04 _rows_resize 25 to_100.c
C:\WMOT7\t20i2h11s004_rows_fixed_100.c

Design by UTIA in Xilinx SDSoC 2015.4. Date: 2016_05_27

o DDR3 RAM ARM code
8 :_sEb_el__ﬁEer__rﬁiE('_inFo_-..ﬁnErEwg)_:
% sobel_filter_htile(*in, "out, tilerows)
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HPO HP1 | HP1 HPO GPO
i sobel_filter_htile_0 - —
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% J\+ )
Q
£ (75 MHz )
z \jg’; sobel_filter htile 2 | | CENED
% 100 MHz
120 MHz
—3 sobel_filter_htile_3 —
— >

Figure9: Project so04 Alternative programming styleEdge detection with foudW accelerators

TEQ72€@03-2IF Sobel % te0701-05 te0720-2i: FPS
Acceleration by HW:8.08 x RS 60 :Z\:,
(I] ZIO 4IO GIO
te0701-05 te0720-2i: Slices [%] te0701-05 te0720-2i: BRAMS [%]
27,51 uSW 9,64 ‘ SW
87,38  .huw 39,29 = HW
(I] ZIO 4IO GIO SIO l(I)O (I] ZIO 4IO GIO SIO l(I)O
te0701-05 te07202i: LUTS [%)] te0701-05 te0720-2i: FFs [%]
_ #3,13 ‘ ‘ ‘ mSW _ 1 i02 ‘ uSW
49 mHW 40,19 HHW
(I) ZIO 4IO GIO 8IO 160 (I] ZIO 4IO GIO SIO l(I)O

FigurelO: Projectso04- Acceleration andHW resourcessed

ARM can execute user defined C code in parallel with HW data paths. See section 2.4 ietaitse
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1.7 Project mdO1Motion detection with single chain of HW accelerators

Zyng module: TE0720-02-2IF (Trenz) 11 = pad();

Carrier board: TEO701-05 (Trenz) 21 = sobel_filter_pass();

FMC Interface: BD-FMC-HDMI-CAM-G (Avnet) 31 = sobel_filter();

FMC card input: Full HD HDMI input (1080p60) 41 = diff_image();

FMC card output:  Full HD HDMI output to display (1080p60) 51 = median_char_filter_pass();
Accelerator: Motion detection single data path (150 MHz) 61 = combo_image();

Platform: C:\S\t20i2h 1\hio 71 = ext();

Demos(SDK2015.4): C:\WVMO0T7\t20i2h1\md01_rows_fixed_100.c

Design by UTIA in Xilinx SDSoC 2015.4. Date: 2016_05_27

. [~ —_—
- My 70 70 - DDR3 RAM ARM code
& =2 = il 51 >61 >71
S 1_1JI_HE1JIJ>1— s < s 7
2 VFB VFB
=
o
<
HPO HP1 HP1 ' HPO GPO
£ HDES a HDMI
8 Input Output
2 IPs _ IPs
2 150 MFHz)
5 75 MHz
?s 100 MHz
120 MHz

Figurell: Project mdOZX Motion detection with single HW accelerator data path

TEO072003-2IF Motion Detection 1x

Acceleration by HW 31.31x

Figurel2: Project m@1 - Acceleration andHW resourcessed
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