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IP Facts

Introduction

The Xilinx® LogiCORE™ IP Motion Adaptive
Noise Reduction (MANR) is a module for both
motion detection and motion adaptive noise
reduction | eo systems. The core allows the

motion g function to be used
indepéndently offthe noise reduction function
for app noise reduction is not

needed.
implemented

a user program
the user to contr

ois€reduction algorithm is

sfer function allowing
ape of the

motion transfer and thé’strength of the noise
reduction applied.

The motion transfer function (4
according to the settings in th va

catalog butis also programmable nti i

the register interface.

Features

« Programmable register control.

« Optional AXI4-Lite Dynamic Control
interface or fixed-mode operation.

« Selectable and programmable motion
transfer function (MTF).

- Five pre-loaded MTF curves: none,
weak, medium, strong, and aggressive.

o Supports user-defined MTF functions.

« Full support for interrupts and status
registers for easy system control.

« Supports YUV 4:2:2 at 8 bits per pixel.

« Gives calculated Y/C motion data output for
optional use by downstream IP.

« Supports spatial resolutions from 32x32 to
4096x4096.

o Supports 1080P60 in all supported
device families (1)

1. Performance on low power devices may be lower.

LogiCORE IP Facts Table

Core Specifics

Supported
Device Family(@)

UltraScale™ Architecture, Zynq® -7000,
7 Series

supported User AXI4-Lite, AXI4-Stream @
Interfaces
Resources See Table 2-1 through Table 2-4.

Provided with Core

Documentation

Product Guide

Design Files

Encrypted RTL

Example Design

Not Provided

Test Bench

Verilog

Constraints File

XDC

Simulation Encrypted RTL, VHDL or Verilog Structural,
Models C-Model
Supported
Software Standalone
Drivers

Tested Design Tools

Vivado® Design Suite
IP Integrator

For supported simulators, see the Xilinx Design
Tools: Release Notes Guide.

Vivado Synthesis

‘ Catalog.

2. Video Protocol as

Guide [Ref 3].

(<install_directory>/doc/usenglish/xilj
OS and driver support information i

Tools: Release Notes Guide.

Support

ided by Xilinx, Inc.

pported devices, see the Vivado IP

SDK directory
gs.htm). Linux
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Chapter 1

Overview

NoOise redliction is a common function in video systems and can be used to clean up sensor
other types of noise present in most video systems. In addition, many

ilencegysystems and other analytical video processing systems need real-time motion
At
a

inform rovide intelligent processing such as object detection and tracking or
camer: ring detection. The MANR core provides both of these capabilities in a single,
efficient imp ntation.

ed by recursively combining the current pixel values and a
pixel values. Large changes in pixel values between successive
and should be preserved in the output frame. Smaller

Noise reductio
percentage of t

e applied to suppress noise. This recursive action
he output image content by masking small

values from the previou
effectively reduces noise

The core uses pixel values from th

temporal differences are established:
inter-frame differences. Averaged over @ 3x5
than objects moving in or out of the kernel
output is used as an argument to a grading fu
The function value is used as a blending factor

nsional filtering kernel is used to analyze
dom noise induces smaller changes

frame, and what is carried forward from the current frame.

Feature Summary

The MANR core supports resolutions of up to 4096x4096 using 8-bit YC4:2:2 chroma
formats. The Vivado IP catalog GUI provides five preset MANR strengths which correspond
to preset MTFs. The core also supports overloading any of the 16 motion transfer functions
with user-defined values.
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& XILINX. Chapter 1: Overview

The MANR core uses two AXI4-Stream input (slave) interfaces in parallel: one for the current
frame and one for the previous frame. Typically, the current frame is provided from a live
source or an AXI VDMA. The previous frame typically originates from a frame buffer, usually
connected to the AXI VDMA core. The core processes 8-bit video data in YCC 422 format
only.

To dynamically change the noise reduction strength on a frame-by-frame basis, a processor
interf@ce is required. When generating the MANR core, you have the option of including a
interface that is instantiated in the core.

« Industrial Im&aging

* Video Confer

« Machine Vision

Licensing and Orderi formation

This Xilinx® LogiCORE™ IP module is [ der the terms of the Xilinx Core License
Agreement. The module is shipped as part ado Design Suite. For full access to all

core functionalities in simulation and in hardw
Contact your local Xilinx sales representative f

st purchase a license for the core.
en about pricing and availability.

he Xilinx Intellectual
a1 Xilinx L ORE IP

Property page. For information on pricing and availability of ot¢
modules and tools, contact your local Xilinx sales representative.
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Chapter 2

Product Specification

Adaptive Noise Reduction IP core an be used as either a stand-alone core or as
to @ processor system. An optional AXI4-Lite interface with user registers,

S device driver make the Motion Adaptive Noise Reduction module highly
M nd easy to control in real-time with a processor.

mpliance

The MANR core is co ith the AXI4-Stream Video Protocol and AXI4-Lite
interconnect standards . AXI Feature Adoption section of the AXI Reference
Guide (UG761)[Ref 3] for a ionallinformation.

*

Performance

The following sections detail the performa o cteristics of the MANR core.

Maximum Frequency
The resource utilization tables contain typical clock fr the,target devices. The

e
maximum achievable clock frequency and all resource counts ected by other tool
options, additional logic in the FPGA device, using a differe on of Xilinx tools and
other factors. Refer to in Table 2-1 through Table 2-4 for devicesspecific inf

results are typical, and have been used as target clock frequencies for t
slowest speed-grade for each device family, and apply to the main o
aclk.

Latency

The latency through the MANR core is at least one full scan line and 17 pixels. This measures
the number of cycles between a value being clocked into the core and its equivalent data
being delivered on the core output.

This latency does not take back-pressure exerted on the MANR core into account.
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Throughput

The core supports bidirectional data throttling between the AXI4-Stream Slave and Master
interfaces. If the slave-side data sources are not providing valid data samples (because
s_axis_currframe_tvalidors_axis_prevframe_tvalid is not asserted), the core
cannot produce valid output samples after the internal buffers are depleted. Similarly, if the
master-side interface is not ready to accept valid data samples (because

mem_tready, m_axis_output_tready orm_axis_motion_tready is not
he core cannot accept valid input samples once the buffers become full.

er ipterfaces are able to provide valid samples and the slave interface are ready
d samples, the core can process one sample and produce one pixel per aclk

cycle.

However,at t nd of each scanline, the core flushes internal pipelines for approximately
20 clock ¢ 4
S_axis_prev
process samples:

hich the s_axis_currframe_tready and
ready are de-asserted signaling that the core is not ready to

When the core is proces
blanking periods, and do n
met, the throughput is equal tq

reaming video, the flushing periods coincide with the
t roughput of the system. If timing constraints are
er whlich video data is written into the core. 1080P/
60 YC4:2:2 represents an average a rate of 124.4 Mpixels/sec, or a burst data rate of
148.5 Mpixels/sec. To ensure that t ocess 1080P/60 video, the core must run at

least 130 MHz when input buffers can agéommaeélate a full line, or 148.5 MHz in all other

ST

Resource Utilization

To help guide you in making system-level and board-level d able 2-1 through
Table 2-4 show the resource usage observed for the MANR supported devices in
either Vivado® Design Suite. UltraScale™ results are expected t0 be simila
results. This post-implementation characterization data has been collat
automated implementation of each configuration. Results may vary
implementations, and are intended as guidelines. Resource count and F
independent of the actual video resolution (but dependent on maximum suppor
resolutions), as well as the noise reduction value selected in the GUI. The results were
generated by setting the maximum number of active pixels per line to 1920, maximum
number of active lines per frame to 1080, and not selecting the INTC Interface option. The
core does not use any 9k block RAM, or dedicated clock, routing, or I/O devices.

Note: Performance (FMax) on Zynq-7020, Zynq-7010 and low-power (-L) devices may be lower than
quoted in Table 2-1 through Table 2-4.
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Table 2-1: Resources and Performance for Zynq-7000 Devices

FMax (MHz) Per Speed Grade

AXl4-Lite LUTs FFs BRAM36 BRAM18 | DSP48

-1 -2 -3
No 717 895 3 1 2 266 312 344
Yes 1163 | 1487 3 1 2 242 288 312

FMax (MHz) Per Speed Grade
FFs BRAM36s | BRAM18s | DSP48s
-1 -2 -3
3 1 2 258 328 360
3 1 2 234 296 328

1. Speedfile: PRODU

Table 2-3: Resources ce for Kintex-7 Devices
FMax (MHz) Per Speed Grade
AXI4-Lite LUTs FFs DSP48s
-1 -2 -3
No 719 895 250 304 375
Yes 1165 1487 226 274 320
Notes:

1. Speedfile: PRODUCTION 1.08 2013-02-09

Table 2-4: Resources and Performance for Artix-

Max (MHz) Per Speed Grade
AXl4-Lite LUTs FFs BRAM36s | BRAM18s
-2 -3
No 719 895 3 1 212 226
Yes 1162 1487 3 1 20 226
Notes:

1. Speedfile: PRODUCTION 1.08b 2013-02-09

Port Descriptions

The MANR core uses industry standard control and data interfaces to connect to other
system components. The following sections describe the various interfaces available with
the core. Figure 2-1 illustrates an I/O diagram of the MANR core. Some signals are optional
and not present for all configurations of the core. The AXI4-Lite interface and the IRQ pin
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are present only when the core is configured through the GUI with an AXI4-Lite control
interface. The intc_if interface is present only when the INTC interface enabled.

Core Interfaces

The MANR core includes control interfaces and data interfaces, as described in this section.
These interfaces and signals are shown in Figure 2-1.

CommonSignals

’ aresetn Intc_IF
aclken IRQ
aclk

AXl4-Lite Interface

s_axi_awready
s_axi_wready
s_axi_bresp
s_axi_bvalid
s_axi_arready
s_axi_rdata ‘
s_axi_rresp
s_axi_rvalid

s_axi_rready

erfaceSignals

s_axis_currframe_tdata
s_axis_currframe_tvalid
s_axis_currframe_tuser
s_axis_currframe_tlast

s_axis_currframe_tready

s_axis_prevframe_tdata , axis_prevframe_tready
s_axis_prevframe_tvalid
s_axis_prevframe_tuser
s_axis_prevframe_tlast

m_axis_mem_tready

m_axis_output_tready m_axis_ output _tdata

m_axis_ output _tvali

m_axis_ output _tuse
m_axis_output_tlast

m_axis_motion_tready m_axis_ motion_tdata
m_axis_ motion_tvalid
m_axis_ motion_tuser

m_axis_motion_tlast

X12354

Figure 2-1: MANR Interfaces and Signals
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Common Interface Signals

Table 2-5 summarizes the signals which are either shared by, or not part of the dedicated
AXI14-Stream data or AXI4-Lite control interfaces.

Table 2-5: Common Interface Signals

Signal Name Direction Width Description

In 1 Video core clock
n In 1 Video core active low synchronous reset
en 0 In 1 Video core clock enable

Out 14 Optional external interrupt controller interface.
Available only when INTC_IF is selected in the GUIL

Out 1 Optional interrupt request pin.
Available only when INTC_IF is selected in the GUIL

etn signals are shared between the core and the AXI4-Stream
data interfaces. The AXI g\icontrol interface has its own set of clock and reset pins:
esetn. See Interrupt Subsystem for a description of the
intc_if and irqg pins.

ACLK 4
The AXI4-Stream interface must b M
AXI4-Stream interface input signals S
AXI4-Stream output signal changes oc
interface is unaffected by the aclk signal.

us to the core clock signal aclk. All
n the rising edge of aclk. All
e gising edge of aclk. The AXI4-Lite

ARESETn

The aresetn pin is an active-Low, synchronous reset ihp rtaining to only AXI4-Stream
interfaces. The core resets on the next rising aclk edg r asserted low. The
aresetn signal must be synchronous to the aclk and must ow for a minimum of
32 clock cycles of the slowest clock. The AXI4-Lite interface ected by ghe aresetn
signal.

ACLKEN

The aclken pin is an active High pin which can enable or disable AXI4-Streams core

processing functionality on a clock cycle by clock cycle basis. The aclken pin facilitates
building multi-cycle path, or multi-rate designs.
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Data Interface

The core receives and transmits data using AXI4-Stream interfaces that implement a video
protocol as defined in Xilinx AXI Reference Guide (UG761)[Ref 3], Video IP: "AXI Feature
Adoption.”

AXI4-Stream Signal Names and Descriptions

describes the AXI4-Stream signal names and descriptions

A)@-Stream Data Interface Signal Descriptions

ame Direction \Width Description
s_axis£urrfrg Q ata In 16 | Current frame input video data
s_axis_cu @ tvalid In 1 Current frame input video valid signal
s_axis_currfr e A\ out 1 Current frame input ready
s_axis_currframe a o 1 Current frame input video Start-of-Frame signal
s_axis_currframe_tlast O 1 Current frame input video End-of-Line signal
s_axis_prevframe_tdata Previous frame input video data
s_axis_prevframe_tvalid In l Rrevi@us frame input video valid signal
s_axis_prevframe_tready Out | RFevious frame input ready
s_axis_prevframe_tuser In PreViou§)frame input video Start-of-Frame signal
s_axis_prevframe_tlast In 1 eviousiframe input video End-of-Line signal
m_axis_output_tdata Out 16 Downstfeam video output data
m_axis_output_tvalid Out 1 Downstream@vid A@ t valid signal
m_axis_output_tready In 1 Downstream vi@ w it ready
m_axis_output_tuser Out 1 Downstream video 7- tp Y rame signal
m_axis_output_tlast Out 1 Downstream video out @ of-Line signal
m_axis_mem_tdata Out 16 | Memory (temporal feedback) video pu
m_axis_mem_tvalid Out 1 Memory (temporal feedback) vide® ou
m_axis_mem_tready In 1 Memory (temporal feedback) video output ready
m_axis_mem_tuser Out 1 Memory (temporal feedback) video output Start-of-Frame
signal
m_axis_mem_tlast Out 1 Memory (temporal feedback) video output End-of-Line
signal
m_axis_motion_tdata Out 16 Motion output data
m_axis_motion_tvalid Out 1 Motion output valid signal
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Table 2-6: AXI4-Stream Data Interface Signal Descriptions (Cont’d)

Signal Name Direction \Width Description
m_axis_motion_tready In 1 Motion output ready
m_axis_motion_tuser Out 1 Motion output Start-of-Frame signal
m_axis_motion_tlast Out 1 Motion output End-of-Line signal

core processes 8-bit YCC 422 data only. The corresponding AXI4-Stream TDATA
X th 16 bits to accommodate 8 Luma and 8 bits Chroma.

REA A andshake

A valid tra
aclk, as seen i
Blank periods a
protocol.

henever READY, VALID, and aresetn are high at the rising edge of
2-2. During valid transfers, DATA only carries active video data.
ata packets are not transferred via the AXI4-Stream video

Note: When interfacing am master interface using an aclken input, which is not
permanently tied high, the tw erfagés must be connected using the AXI4 FIFO core to avoid data
corruption. See the LogiCORE P FIFQfGenékator P‘oduct Guide (PGO57)[Ref 2].

Guidelines on Driving VALID ifto Data Input) Interfaces

, VALID high on the rising edge of
aclk). Once asserted, VALID may only be de- fter a transaction has completed.
Transactions may not be retracted or aborted. ollowing a transaction, VALID
can either be de-asserted or remain asserted to i transfer.

ACLK : ]

I [ [ I T T

WVALID [ | | / | |
. X H X | |

I I

|

I

|

+ + |
READY | : : / \ | f }
|

|

|

|

|

I

]

soF | i | \
|

EOL , ' :
]

I I
| |
| |
1 |
| |
| |
| |
| |
I ]
| |
| |
1 |

[
|
| |
| I
| T
| I
| |
I I

Figure 2-2: Example of READY/VALID Handshake, Start of a New Frame
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Guidelines on Driving READY into Master (Data Output) Interfaces

The READY signal may be asserted before, during or after the cycle in which the core
asserted VALID. The assertion of READY may be dependent on the value of VALID. A slave
that can immediately accept data qualified by this VALID signal should pre-assert its slave
TREADY signal until data is received.

Altepdatively, READY can be registered and driven the cycle following VALID assertion. It is
ded that the AXI4-Stream slave should drive READY independently, or pre-assert

inimize latency.

4

me Signals: m_axis_video_tuser, s_axis_video_tuser

The Start ame (SOF) signal, physically transmitted over the AXI4-Stream TUSERO
signal, magks the fi ixel of a video frame. The SOF pulse is one valid transaction wide,
and must cofAaci

first pixel of a fr ’
before the first pixel

the axis_prevframe inp nc&ronization takes place by de-asserting the

axis_prevframe_tready Si etected at the output of the internal FIFO

At the same time, axis_currframe_ ady j§asserted, but samples from the
axis_currframe are dropped until SOF o fer output is sampled. Subsequently
normal data processing can commence.

End of Line Signals: m_axis_video_tlast, s_t

The End-Of-Line (EOL) signal, physically transmitted o
marks the last pixel of a line. The EOL pulse is one valid trans;
with the last pixel of a scan-line, as seen in Figure 2-3.

¥ I
ACLK: || || || ||5

oata _rus (7o J(vo (N = (v § .
wor v v T TR Ny T
oYy 1 IR | Y
g AN | VS S N VS A W
o i A S S S F [ W O S
| | | | | | Lastineofame | | first Line ol next iame | |

Figure 2-3: Use of EOL and SOF Signals
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Control Interface

When configuring the core, there is an option to add an AXI4-Lite register interface to
dynamically control the behavior of the core. The AXI4-Lite slave interface facilitates
integrating the core into the processor system along with other AXI4-Lite compliant IP.

In a static configuration with a fixed set of parameters (constant (fixed-mode)
confi@uration), the core can be instantiated without the AXI4-Lite control interface, which
e core footprint.

on‘guration

The C(M figuration caters to users who will interface the core to a fixed input video
sourcefIn canstant configuration, parameters such as the image resolution (number of
active pix@ls per Scan line and the number of active scan lines per frame) and the
noise-redUéti are hard coded into the core through the GUI. Because there is no
AXI4-Lite interface, thejcore is not programmable, but can be reset using the aresetn
port.

AXl4-Lite Interface

The AXI4-Lite interface enables d
configuration can be accomplisifed

ntrol of parameters within the core. Core
arfPAXI4-Stream master state machine, or an
embedded ARM or soft system pr ch as a MicroBlaze processor. The core can be
controlled through the AXI4-Lite interf@ce read and write transactions to the register
space. The AXI4-Lite interface signals’argflifsted in Table 2-7.

Table 2-7: AXl4-Lite Control Bus Signals

Name Direction
s_axi_awaddr In AXI4-Lite
the address of t
s_axi_awvalid AXI4-Lite Write Add

In 1 = Write address is vali@
0 = Write address is not va
s_axi_awready AXI4-Lite Write Address Channel Wi
Indicates core is ready to accept t
Out
1 = Ready to accept address.
0 = Not ready to accept address.
s_axi_wdata In AXI4-Lite Write Data Bus
s_axi_wstrb In AXI4-Lite Write Strobes. This signal indicates which byte

lanes to update in memory.

s_axi_wvalid AXI4-Lite Write Data Channel Write Data Valid. This signal
indicates that valid write data and strobes are available.
1 = Write data/strobes are valid.

0 = Write data/strobes are not valid.

In
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Table 2-7: AXl4-Lite Control Bus Signals (Cont’d)

Name

Direction

Description

s_axi_wready

Out

AXI4-Lite Write Data Channel Write Data Ready. Indicates
core is ready to accept the write data.

1 = Ready to accept data.
0 = Not ready to accept data.

s_axideresp

Out

AXI4-Lite Write Response Channel. Indicates results of the
write transfer.

00b = OKAY - Normal access has been successful.
01lb = EXOKAY - Not supported.

10b = SLVERR - Error.

11b = DECERR - Not supported.

Out

AXI4-Lite Write Response Channel Response Valid.
Indicates response is valid.

1 = Response is valid.
0 = Response is not valid.

s_axi_bready

AXI4-Lite Write Response Channel Ready. Indicates Master
is ready to receive response.

1 = Ready to receive response.
0 = Not ready to receive response.

s_axi_araddr

4-Lite Read Address Bus. The read address bus gives the
dréss of a read transaction.

s_axi_arvalid

In

4-lite Read Address Channel Read Address Valid.
ddress is valid.

s_axi_arready

Address Channel Read Address Ready.
i dy to accept the read address.

Out 1 = Rea
0=
s_axi_rdata Out
s_axi_rresp AXI4-Lite Read Response sponse. Indicates
results of the read transfe
o 00b = OKAY - Normal ace as been sucgessful.
ut 01lb = EXOKAY - Not supported.
10b = SLVERR - Error.
11b = DECERR - Not supported.
s_axi_rvalid AXI4-Lite Read Data Channel Read Da alid. gnal
indicates that the required read data is available and the
Out read transfer can complete.
1 = Read data is valid.
0 = Read data is not valid.
AXI4-Lite Read Data Channel Read Data Ready. Indicates
. master is ready to accept the read data.
s_axi_rready In

1 = Ready to accept data.
0 = Not ready to accept data.
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Register Space

The standardized Xilinx® Video IP register space is partitioned into control-, timing-, and
core-specific registers, as described in Table 2-8.

. Access| Double Default . —
Register Name Type | Buffered Value Register Description
2
CONTROL R/W No 0 b0: SW_ENABLE
bl: REG_UPDATE
b2: MTF_BYPASS
b30: FRAME_SYNC_RESET (1: reset)
b31: SW_RESET (1: reset)
0x0004 STATUS R/W No 0 b0: FRAME_STARTED
bl: FRAME_COMPLETE
b2: AXI4_SLAVE_ERROR
0x0008 ERROR No 0 b0: CURR_EOL_EARLY
bl: CURR_EOL_LATE
b2: CURR_SOF_EARLY
b3: CURR_SOF_LATE
b4: PREV_EOL_EARLY
b5: PREV_EOL_LATE
b6: PREV_SOF_EARLY
b7: PREV_SOF_LATE
: PIXEL_CNT_TC
: LINE_CNT_TC
0x000C IRQ_ENABLE R/W No 0 @ RAME_STARTED_IRQ_EN
5 RAME_COMPLETE_IRQ_EN
0x0010 Version R No 0x06000000
0x0014 SYSDEBUGO R N/A 0
0x0018 SYSDEBUG1 N/A 0
0x001C SYSDEBUG?2 R N/A 0 31-0: Pixel Throughput monitor
0x0020 ACTIVE_SIZE R/W Yes Specified in | 12-0: Number of active pixels per
GUI line
28-16: Number of active lines per
frame
0x0100 MTF_Write w No 0 7-0: MTF Input Data
27-16 MTF Input Address
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Table 2-8: MANR Registers (Cont’d)

Chapter 2: Product Specification

Col

« Bit0oft
from s

operations,

For the AXI4-
0. The SW_ENABLE
disabling the core 1

Address
(hex) Register Name A_If:ce:s B?J?;‘e?]:d Dveaflauu;t Register Description
BASEADDR + yp
0x0104 MTF_Active R/W Yes Specified in | 3-0: Internal MTF Bank currently in
GUI use by MANR core

0x0108 Frame_Noise R N/A 0 Estimated Noise content of the last

frame processed
Frame_Motion R N/A 0 Global Estimated Motion content of

the last frame processed

A 4

0000) Register

NTROL register, SW_ENABLE, facilitates enabling and disabling the core

simultaneously. One set of regi

at
e%
processor interface, while the othéf’s

values written to the processor regis

of the AXI4-Stream frame, if and only if
indicated by the SOF signal. Setting REG_UPDATE
register values, then setting REG_UPDATE t
registers are updated simultaneously at the fr

G D

ing '0' to this bit effectively disables the core halting further

after power up, or global reset, the Sw_ENABLE defaults to
otgsynchronized with the AXI4-Stream interfaces. Enabling or
mediately, irrespective of the core processing status.

E is a semaphore for the host processor,

e

tearing. For the MANR core, only the ACTIVE_STI
(0x0104) registers are double-buffered.

« Bit 2 of the CONTROL register is the MTF_BYPASS contro

noise-reduction is turned off.

to double-buffered user and timing registers
ocessor registers) is directly accessed by the
tive set) is actively used by the core. New
et copied over to the active set at the end
ATE is set at the start of a new frame,
0 before updating multiple

tes are completed ensures all
y without causing image
20) and MTF_ACTIVE

en this bit is set,

« Bits 30 and 31 of the CONTROL register, FRAME_SYNC_RESET and Siil’ RE ilitate
reset.
- Setting SW_RESET reinitializes the core to GUI default values; all interna Isters

and outputs are cleared and held at initial values until SW_RESET is set to 0. The
SW_RESET flag is not synchronized with the AXI4-Stream interfaces. Resetting the
core while frame processing is in progress causes image tearing. For applications
where the reset functionality is desirable, but image tearing has to be avoided, a
frame synchronized reset (FRAME_SYNC_RESET) is available.

- Setting FRAME_SYNC_RESET to 1 resets the core at the end of the frame being
processed, or immediately if the core is between frames when the
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FRAME_SYNC_RESET was asserted. After reset, the FRAME_SYNC_RESET bit is
automatically cleared, so the core can get ready to process the next frame of video
as soon as possible.

o The default value of both RESET bits is 0. Core instances with no AXI4-Lite control
interface can only be reset through the aresetn pin.

STARUS (0x0004) Register

TATUS register can be used to request an interrupt from the host processor. To
efidengification of the interrupt source, bits of the STATUS register remain set after

asdociated with the particular STATUS register bit, even if the event condition is
re
a

e time the interrupt is serviced. Bits of the STATUS register can be cleared
indivi iting '1' to the bit position to be cleared.

register, FRAME_STARTED signals the processor that the core
new video frame. This bit is set when a valid START OF_FRAME

has completed. This bit is as
programmed by the FRAMEYST

enghe core received all the pixel lines as
(0x@R00) register.

« Bit 2 of the STATUS register, A L RROR indicates that one of the bits of the
ERROR registers were set by an AXI reamierror either on the previous or current
frame inputs.

ERROR (0x0008) Register

Table 2-9 describes the ERROR register bit.

Table 2-9: Error Register Bit Functions

ERROR
Register Bit Name Functi

0 CURR_EOL_EARLY | Indicates that s_axis_currframe_tlast was asse
respect to the values configured in the FRA
The expected position of this pulse is defined & e
source video resolution settings.

1 CURR_EOL_LATE | Indicates that s_axis_currframe_tlast was asserted
too late considering the previous TLAST pulse and the to the values
configured in the FRAME_SIZE register.

2 CURR_SOF_EARLY | Indicates that s_axis_currframe_tuser was asserted too early with
respect to the values configured in the FRAME_SIZE register.
The expected position of this pulse is defined according to the
source video resolution settings.
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Table 2-9: Error Register Bit Functions (Cont’d)

ERROR .
Register Bit Name Function
3 CURR_SOF_LATE | Indicates that s_axis_currframe_sof was asserted too late
considering the previous SOF pulse and the to the values
configured in the FRAME_SIZE register.

4 PREV_EOL_EARLY | Indicates that s_axis_prevframe_tlast was asserted too early with

respect to the values configured in the FRAME_SIZE register.
The expected position of this pulse is defined according to the
source video resolution settings.
REV_EOL_LATE Indicates that s_axis_prevframe_tlast was asserted

too late considering the previous TLAST pulse and the to the values
configured in the FRAME_SIZE register.

PREV_SOF_EARLY | Indicates that s_axis_prevframe_tuser was asserted too early with
respect to the values configured in the FRAME_SIZE register.
The expected position of this pulse is defined according to the
source video resolution settings.

7 Indicates that s_axis_prevframe_sof was asserted too late

onsidering the previous SOF pulse and the to the values
igured in the FRAME_SIZE register.

8 PIXEL_CNT_TC t the number of pixels per lines measured (number of
re?ved between EOL pulses) is larger than the
ize"specified in the Frame Maximum dimensions panel

of

9 LINE_CNT_TC umber of lines per frame measured (number

en SOF pulses) is larger than the Vertical Size
Maximum dimensions panel of the GUIL
Bits of the ERROR register can be used to requ ifterrupt from the host processor
indirectly. If any of the bits of the ERROR regist i igh, Bit 2 of the STATUS
register (AXI4_SLAVE_ERROR) is also asserted. If th nding bit (Bit 2) of the
IRQ_ENABLE register is set, the event causes the IRQ%I ition high, and remain

To facilitate identification of the interrupt source, bits of the E i ain set after
an event associated with the particular STATUS register bit, even if the e comdition is
not present at the time the interrupt is serviced. Bits of the ERROR regigter c eared
individually by writing '1" to the bit position to be cleared.

IRQ_ENABLE (0x000C) Register

Bits 0-2 of the STATUS register can generate a host-processor interrupt request via the IRQ
pin. The Interrupt Enable register facilitates selecting which bits of STATUS register asserts
irq. Bits of the STATUS register are masked by (AND) corresponding bits of the
IRQ_ENABLE register. The resulting terms are combined (OR) together to generate IRQ.
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Version (0x0010) Register

Bit fields of the Version Register facilitate software identification of the exact version of the
hardware peripheral incorporated into a system. The core driver can take advantage of this
Read-Only value to verify that the software is matched to the correct version of the
hardware.

d sin€e power-up or the last time the core was reset. The SYSDEBUG registers can
ful #0"1dentify external memory / Frame buffer / or throughput bottlenecks in a video
syste ef ebug Tools in Appendix C for more information.

SYSDE 018) Register

The SYSDEBUG

processed since powe
be useful to identify e
system. Refer to Debug

ughput Monitor, register indicates the number of lines

he last time the core was reset. The SYSDEBUG registers can
ory / Frame buffer / or throughput bottlenecks in a video

Appendix C for more information.

4

0ol

SYSDEBUG2 (0x001C) Registe

The SYSDEBUG2, or Pixel Throughp o}
processed since power-up or the last ti
be useful to identify external memory / Fram
system. Refer to Debug Tools in Appendix

gister indicates the number of pixels

e was reset. The SYSDEBUG registers can
/ or throughput bottlenecks in a video

ognore igkormation.

ACTIVE_SIZE (0x0020) Register

The ACTIVE_SIZE register encodes the number of acti
active lines per frame. The lower half-word (bits 12:0) encod
per line. The upper half-word (bits 28:16) encodes the numbe

and the number of
dmber of active pixels
active linesgper frame.

Supported values for both are between 32 and the values provided by
To avoid processing errors, restrict values written to ACTIVE_SIZE t
by the core instance.

Motion Transfer Function (MTF) Access and Programming

Registers MTF_Write (0x0100), MTF_Active (0x0104) allow access to and programming
of 16 programmable MTF locations. MTFs establish a relationship between pixel value
changes between the current and the previous frames, and the temporal low-pass filtering
that occurs at each pixel location. For best results, the MTF table contents should be
matched to noise and motion content of the video sequence being processed.
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The MANR core can store 16 MTFs simultaneously, each defined by 256 words of data, the
first 128 words for the Luma MTF, and the second 128 words for the Chroma MTF. The core
uses the MTF bank identified by bits 3-0 of register MTF_Active. The first 8 MTF banks
come pre-configured, with bank 0 pertaining to the MTF matched to a scene with little
motion and heavy noise load, address 7 pertaining to the MTF matched to a scene with lots
of motion and small noise load.

If nogle of the predefined Motion Transfer Functions fit the application, you can download
{TFs to any of the 16 banks. To avoid image tearing, MTF_Write and MTF_Active
alect different MTF banks.

ister. Loading the MTF involves writing one, some, or all of the 256 8-bit
unsig coefficlent values within the range 0 through 255, specifying fixed point values in
the 0.0-0{996%ange. A coefficient of 0 specifies propagating the current value forward,
without an iltering (carried forward from the previous frame). Refer to
Chapter 3, Desighing h the Core for more information.

d %d motion transfer function into the Motion Transfer bank through the
Wﬁf

All 16 MTF tables can
Bits 7-0 of register M
format. The write addre
identify the intra-MTF add
the Luma (0) or the Chroma (1)

pr partially rewritten using the MTF_write (0x0100) register.
x0100) contain the data, in 8 bit, unsigned fixed-point

to bits 27-16. The lower 7 bits (22-16) of the address
o address (bit 23 of MTF_Write) selects between
2#24 determine the MTF table to be written to.

Matching MTFs to Scene
Frame_Motion Registers

n

To help dynamically select the MTF best fitting
global motion and global noise content pertai
provided are not normalized per pixel, instead repfése
same noise variance and motion content, the larger tRe frag€ resolution, the larger the
resulting register values become.

scep@rio, the core reports the measured
3st frame processed. The values

Separation of motion and noise is controlled by the current
below the MTF= 0.5 are considered noise, above MTF=0.5 are
identical consecutive frames, both indicators return 0. For two consecuti
motion but low variance noise, only the frame_noise register shou
value.

Interrupt Subsystem

STATUS register bits can trigger interrupts so embedded application developers can
quickly identify faulty interfaces or incorrectly parameterized cores in a video system.
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When the core is instantiated with an AXI4-Lite Control interface, the optional interrupt
request pin (IRQ) is present. Events associated with bits of the STATUS register can
generate a (level triggered) interrupt, if the corresponding bits of the interrupt enable
register (IRQ_ENABLE) are set. Once set by the corresponding event, bits of the STATUS
register stay set until the user application clears them by writing '1' to the desired bit
positions. Using this mechanism the system processor can identify and clear the interrupt
source.

e AXI14-Lite interface, you can still benefit from the core signaling error and
ts. By selecting the Enable INTC Port option, the core generates the optional
porgy This vector of signals gives parallel access to the individual interrupt

own in Table 2-10. Unlike STATUS and ERROR flags, intc_1if signals are not
asserted only while the corresponding event persists.

Function

Indicates that the core has started processing a new frame.

dicates that processing of a frame has completed. This bit is

2 AXI4_SLAVE_ERROR 3 ra‘ng error on either the previous or current
3 Reserved
4 CURR_EOL_EARLY i _axis’ currframe_tlast was asserted too early with
figured in the FRAME_SIZE register.
pulse is defined according to the
5 CURR_EOL_LATE Indicates that s_axis_ t was asserted

too late considering the
configured in the FRAME_

6 CURR_SOF_EARLY Indicates that s_axis_currframe_t
respect to the values configured

gasserted too early with
AME_SIZE gegister.

source video resolution settings.

6 CURR_SOF_LATE Indicates that s_axis_currframe_sof was as
considering the previous SOF pulse and the
configured in the FRAME_SIZE register.

8 PREV_EOL_EARLY Indicates that s_axis_prevframe_tlast was asserted too early with
respect to the values configured in the FRAME_SIZE register.

The expected position of this pulse is defined according to the
source video resolution settings.

9 PREV_EOL_LATE Indicates that s_axis_prevframe_tlast was asserted

too late considering the previous TLAST pulse and the to the values
configured in the FRAME_SIZE register.
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Table 2-10: INTC_IF Signal Functions (Cont’d)

INTC_IF
Signal

Name Function

10 PREV_SOF_EARLY Indicates that s_axis_prevframe_tuser was asserted too early with
respect to the values configured in the FRAME_SIZE register.

The expected position of this pulse is defined according to the
source video resolution settings.

PREV_SOF_LATE Indicates that s_axis_prevframe_sof was asserted too late
considering the previous SOF pulse and the to the values
configured in the FRAME_SIZE register.

REL_CNT_TC Indicates that the number of pixels per lines measured (number of
valid pixels received between EOL pulses) is larger than the
Horizontal Size specified in the Frame Maximum dimensions panel
of the GUL

13 L CNeFTC Indicates that the number of lines per frame measured (number
of EOL pulses between SOF pulses) is larger than the Vertical
Size specified in the Frame Maximum dimensions panel of the
GUL

interrupt controller INTC IP can be used to register the
iggered interrupt sources. The INTC IP provides
functionality to mask (ena s well as identify individual interrupt sources
from software. Alternatively, fo al Processor or MCU, you can custom build a
priority interrupt controller to ag at errupt requests and identify interrupt sources.

%

selected INTC_TIF signa
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Designing with the Core

s chapter includes guidelines and additional information to make designing with the

Theo eration

The noise redugtion algorithm is implemented with a recursive temporal filter that uses a
programmable er function (MTF) to control both the shape of the noise
reduction curve, as w he “strength” of the noise reduction.

First, the difference betwee nt and previous frames are calculated. The difference
er,using a 3x5 kernel. The absolute value of the
low-pass filter output, the moti , @cted to a greater extent by objects moving in

or out of the kernel (motion) than naise.

This motion value is used as an index'tg look-up table. The Motion Transfer
iOn offthe noise superimposed on the stream.
Assuming Gaussian noise, the S-curve shap MTE intends to minimize the error that

motion is falsely characterized as noise.

e from the MTF is used as a
iag value is summed with

For the MANR core, the above operation is carried out independently
channels. Separate engines are included for each channel. The sub-sample
channels use this second engine. Switching between Cr and Cb is handled internally.
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When the MANR core is used with a
reprogrammed using an arbitrary functi

and Programming in Chapter 2 for more inf
by using the monotonically decreasing portio
MANR core is initialized from the tool using an

exponential shape provided has been shown to be effgctive
minimizing “smearing” or “ghosting” caused by the recU¥sit

+
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The exponential transfer function is shown in Figure 3-2. The Y-axis denotes the amount of
recursion, and the X-axis denotes the amount of motion.

3':'[' T T T T T T

between the previous and current frames. Small changes in ,
frame are more likely due to noise than motion, and hence the previgus image
should be used to form the output image. The function also ha
beginning of the curve. This maximizes recursion in the area of the cury,
most likely to occur, but the function rolls off quickly as the magnitud
increase (indicating that actual motion is present).

Using this same shape, several “strengths” of noise reduction can be realized by applying an
attenuation factor to the curve in Figure 3-2. This results in the same shape response, but
varying degrees of recursion for the same shape. Shown in Figure 3-3 are example
exponential MTFs with an attenuation of 0.75, 0.5, and 0.25 applied. The MANR core is
generated with 8 initial MTFs preloaded into banks 0-7, with bank 0 containing the
strongest, bank 7 containing the weakest setting. A strong MTF is well matched to a
scenario with little motion and heavy noise load. A weak MTF is matched to a scenario with
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much motion and small noise load. Selecting a particular strength initializes the MTF on
power-up with that setting. The power-up MTF can always be overwritten at run time.

ﬁ IMPORTANT: The MTF tables specify feedback coefficients pertinent to measured pixel differences in
the range of 0 to 127 only. Any difference larger than 128 uses the value stored for 127. It is highly
recommended to set last value of the table to 0, or a value close to 0.

In 3-3, the curves illustrate how the attenuation factor is applied.

03':'0 T T T T T T

70

one table can be active in a

given frame period. See MTF Storage and Switching in ails.

General Design Guidelines

MTF Storage and Switching

The MTF values are stored in block RAM internal to the MANR core. The block RAM can
store up to 16 separate MTF curves. Separate MTF curves are stored for Y (Luma) and C
(Chroma) channels.

Storing different MTFs can be useful in situations where the content being filtered differs in
motion content. For example, a source might switch between a camera showing a fixed
scene with little movement, to a more complex scene with many moving objects. One MTF
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can be optimized for noise reduction, while another can balance noise reduction and
motion artifact from recursion. The exponential curve with a solid line shown in Figure 3-3
could be made active when the scene has little motion (because this curve will have more
recursion, and hence more smearing artifacts) while the “medium” curve could be used
when the material has a large motion content. Using the AXI4-Lite interface enables
switching between these curves on a frame-by-frame basis.

ze the MTF based on the expected source material and other conditions. To
orgpation about the content being processed, the MANR core measures
ise and motion content on a per-frame basis.

n periodically read out register values containing information on noise
elect the active MTF bank that best matches the scenario, or download a
apted to measurement data.

K)

You can load cu
existing ones. Once o
reprogrammed. The
define the MTF curve. The
motion values, the MTF sh
should output a large value. In
address 127 must be zero.

to the remaining spaces in the block RAM, or overwrite the
n, the default MTF is not available again unless the FPGA is
Y and C components consists of 128 discrete values that
e monotonically decreasing. This means that for large
all value; for small motion values, the MTF

r the register bypass mode to work, MTF value at

Input Interfaces

All video data is passed into the MANR core t gh AXI14-Stream Video protocol
interfaces. The intended use of the MANR core neously access two frames that
differ temporally by one frame period. These franfes ed to as the “current” and
“previous” frames.

Typically, the data source for this interface is a frame buffer. Th&MANR ouggtt frame must
be fed back through external frame-buffer memory to become the previ
the next frame period.

All input and output AXI4-Stream interfaces use 8-bit YC data, transmitted over
of the input AXI4-Stream bus. Luma occupies bits 7:0; and chroma occupies bits 15:8. The
MANR uses internal FIFOs and the AXI4-Stream flow-control to synchronize incoming data
from these two interfaces.

Motion Adaptive Noise Reduction v6.1 www.xilinx.com l Send Feedback I 29
PG006 December 18, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=29

& XILINX. Chapter 3: Designing with the Core

Input Stream Synchronization

Ideally, the two input streams should be synchronized, so that the first valid data beat
provided to the MANR core on both the previous and current frame inputs start with the
Start of Frame (SOF, TUSERO) signal asserted.

If this condition is not met, the MANR core attempts to synchronize the channels based on
the agsumption that the stream feeding the current frame input can not be held off, such as
S originating from a HDMI input or an image sensor, but the stream connected to

s frame input can be held off by back pressure.

.
clonizing, the MANR core always keeps TREADY asserted on the current frame

input todvoi stream cores to the current frame input to saturate and drop data.
If SOF is ot nt for the first valid sample on the previous frame AXI4-Stream interface,
the MAN TREADY on the interface, and purges the stream until SOF is

captured. At thi§'pointit deasserts TREADY, and holds up the previous frame input until
SOF is capture :

The core continues to\n synchronized behavior of the current and previous frame
inputs while processing inilar synchronization mechanism is employed to
synchronize End-of-Line (E ) Signals.

: L . €
With these synchronization me s atpplace, the MANR core can now recover from
y rting with a partial frame.

cable disconnect, reconnect, or th

Output Interfaces

Video data is passed from the MANR core thr h thfee AX14-Stream interfaces. Because

the MANR operates as a recursive temporal filtel, rame must be written into
memory, where it is available as the previous frame dgfri next frame period. The
m_axis_mem AXI4-Stream interface should be used f i frame to the frame
buffer.

In addition to writing data back to memory, the same proces utput vidg®’data is
available on the optional m_axis_output AXI4-Stream interface, for o nal by

downstream processing blocks.

A third AXI4-Stream output interface provides the motion data for optiofal us
downstream processing blocks. It is available on the optional m_axis_motion
AXI4-Stream interface.

Figure 3-4 shows a typical use-case including the use of the AXI-VDMA block for external
memory access.
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MANR
M_AXIS_MOTION |——9
——| S_AXIS_CURRFRAME M_AXIS_OUTPUT f———p»
— | S_AXIS_PREVFRAME M_AXIS_MEM

/ '
AXI_VDMA

jgure 3-4: Typical MANR Connectivity

X12235

Interrupts

The MANR core provides a ernabinterrupt controller with masking and enable features.
The core can generate a FRAME TAR 'upt, indicating that it has finished processing
the previous frame and started wafkin ajnew frame. This signal can be useful for
software to manage the core in the*cgite arger pipeline.

Use Models

Two examples are provided in this section that show the
only, and as the noise-reduction engine and motion-d

usage for noise reduction
r a larger system.

Regardless of the application, the MANR core must have ac xternal memory using
the AXI VDMA core. The recursive nature of the filter requires th@t the curr ut frame
of the core be written to memory to be stored and used as the previous e next
set of calculations.

In Figure 3-5 and Figure 3-6, thick lines are used to indicate video data flow in

Use Model 1: Noise Reduction Application

Figure 3-5 shows an example where the MANR is used exclusively to reduce noise. In this
case, streaming video data (current frames) is propagated to the MANR core directly, while
previous frames are provided by the AXI-VDMA block.
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Video data originates at a video source (for example, an HDMI technology source or an
image sensor), with periodic timing, such as sync and blanking signals. The data might need
to be pre-processed with Xilinx color-space-converter or chroma re-sampler cores to
YCC422 format. Further processing can be undertaken before or after the MANR core.

The AXI-VDMA in Figure 3-5 handles the temporal feedback path. It takes the MANR output
for storage as the previous frame input. Also, the bidirectional AXI-VDMA feeds the
previdus frame back into the core.

controller shown in Figure 3-5 detects the video resolution, and make the
esults available for the system processor. The system processor distributes the
the system components and programs, and initializes the frame-buffer

e AXI-VDMA.

The AXI4{Str o Video Out module, after being configured, waits for the streaming
video, the Video Timing Controller (VTC) generator side to generate periodic
video output ti

When a system p
to process video with 6 d resolution. By configuring the constituent cores for no

Video Input to] | RGB to YCC | .| chroma 4%?]:;::4 [ ] YCC to RGB [, AXI4 Stream
AXl4 Stream conversion - - conversion to Video Out
re-sampling re-sampling
A A A A
uBlaze or A9
\ \i {} AXl4-Lite Y Y
A
\
Vid Video Timing Video Timing Vid
- 9.1 Controller Controller |225,
iming Timing
Detector Generator

X12233

Figure 3-5: Simple Noise Reduction

Use Model 2: Noise Reduction and Motion Dete

In Figure 3-6, the MANR is used to calculate and provide motion (change) data and noise
reduction in a simple video processing system. The implicit link from the MANR to the
(generic) Image Processing block includes video data and pixel motion information which
can be used by this target block.

In this example, as in Figure 3-5, the MANR core noise-reduces the incoming video from a
camera, or other period video source. However, in Figure 3-6, the MANR core also provides
the video and motion data to a processing module through the AXI4-Stream output ports
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m_axis_output and m_axis_motion for additional processing of the motion and image
data. Typical examples include an Image Characterization block (which makes use of the
video data and the motion data outputs) or a Video Scaler block (which only uses the video
data).

The MANR output streams can be passed to the Motion and Video Processing module(s)
either directly, or indirectly through VDMA interfaces. When the VDMA output is written to
,the a_axis_output stream may remain unused, because frame data has already

motion_out
444 to 422 o outout
— »| chroma MANR | oupul_
. mem_out
re-sampling T —l
Gen| VDMA
lock | WRITE

¥

t AXI4-Lite
! Video Timing Video Timing | . .
1\_/.'(1&» Controller »| Controller |19y,
iming Timing
Detector Generator
motion_out Moti d
~| Metion an YCC to RGB AXI4 Stream
Video > . = . —>
output g ' conversion to Video Out
——~—»| Processing -
X12234
Figure 3-6: Noise Reduction and Moti sing

Clocking

The MANR core has one clock (aclk) that is used to clock the datap of tk core,
and one optional clock, s_axi_aclk, which is used as the clock source t nal

AXI4-Lite interface.

MANR Control and Timing

After reset, when using the AX4-Lite Control interface, you should initialize the registers to
set up the frame size. Next, optional loading of an MTF can be done if the pre-loaded MTFs
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are not sufficient. Prior to enabling the MANR, ensure that the current and previous frame
buffer locations are initialized with valid video data. This can be accomplished by enabling
the core and enabling bypass mode in the control register. After a full frame has been
committed to memory, as indicated by STATUS register bit 0, the bypass mode can be
disabled and normal operation can begin. Figure 3-7 illustrates MANR initialization.

= Initialize Registers

Initialize VDMA frame-size
Enable VDMA
Initialize MANR frame-size

Optional MTF

initialization

N !

Enable MANR
@ Set MTF_BYPASS
' CONTROL = 0x7

Figure 3-7: MANR Initi tion

Resets

The MANR core has one active-Low reset (aresetn) that rese entire cog@ When using
AXI4-Lite, an internal active-High software reset is combined with this si

Protocol Description

The register interface is compliant with the AXI4-Lite interface. The video and motion input
and output interfaces are compliant with AXI4-Stream Video protocol.
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Customizing and Generating the Core

s chapter includes information on the Vivado® Design Suite to customize and generate
he core Ps

Viva rated Design Environment

You can custo
parameters asso

r use in your design by specifying values for the various
e IP core using the following steps:

1. Select the IP from a
2. Double-click on the sel d IP or sel the Customize IP command from the toolbar or
popup menu. X 4

For details, see the sections, "Working
Vivado Design Suite User Guide: Desigfitn
Vivado IDE" section in the Vivado Desi

" and "Customizing IP for the Design” in the
UG896) [Ref 7] and the "Working with the
er,Guide: Getting Started (UG910) [Ref 9].

If you are customizing and generating the cor
Design Suite User Guide: Designing IP Subsystemis usifig |IP_lntegrator (UG994) [Ref 10] for
detailed information. IP Integrator might auto-conmpu ' configuration values when
validating or generating the design. To check whethefitheWgallies do change, see the
description of the parameter in this chapter. To view the you can run the
validate_bd_design command in the tcl console.

the Mivado IP Integrator, see the Vivado

Note: Figures in this chapter are illustrations of the Vivado IDE. This
current version.

out migh y from the

Interface

The Xilinx® Motion Adaptive Noise Reduction (MANR) LogiCORE™ IP is easily configured
to meet the developer's specific needs through the Vivado Design Suite Graphical User
Interface (GUI). This section provides a quick reference to parameters that can be
configured at generation time. Figure 4-1 shows the parameters for the MANR core in the
Customize IP dialog box.
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I Customize 1P

Motion Adaptive Noise Reduction (6.0)

fffi o

Chapter 4: Customizing and Generating the Core

ocumentation [ IP Location

r

Kl

Show disabled ports

Component Mame v_manr_v6_0_0|

Interface Selection
I~ Indude AXI4-Lite Interface

[~ Indude INTC Interface

Preset Moise Reduction Strength

" None
" Small
& Medium
" Strong

" Aggressive

Frame Maximum/Present Dimesnions

Horizontal Size (Pixels) |2048 Range: 32...4096
|2048 Range: 32...4096

Vertical Size (Lines)

Bought IP license available

o]

Cancel

The
the

Motion Ada
PGO06 Dece

IP Dialog Box

Customize IP dialog box displays a repre
parameter assignments on the right si

of the IP symbol on the left side, and
escribed as follows:

Component Name: The component name i
generated for the module. Names must begin wit
from characters:atoz, AtoZ 0to9and "

ase name of output files
and must be composed

Note: The name “v_manr_v6_1" is not allowed.

Noise Reduction Strength: This parameter selects the d
initialized according to one of the following settings. The MTF is fully,
and the initial values specified during core generation can easily b
programming the desired MTF at run time.

Frame Maximum/Preset Dimensions: These fields represent the maximum
anticipated rectangle size on the input and output of the MANR core. The rectangle can
vary from 32x32 through 4096x4096. When the core is being used in Fixed mode
(AXI4_LITE is disabled), these figures represent the fixed frame dimensions.

Optional Features:

o

AXI4-Lite Register Interface: When selected, the core is generated with an
AXI4-Lite interface, which gives access to dynamically program and change
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processing parameters. For more information, see Control Interface in Chapter 2.

- INT_IF interface: When selected, interrupts are generated on this bus. See Interrupt
Subsystem in Chapter 2 for more details.

Output Generation

For details, see "Generating IP Output Products” in the Vivado Design Suite User Guide:
D with IP (UG896).

4

o,
%,
O@

Motion Adaptive Noise Reduction v6.1 www.xilinx.com Send Feedback 37
PG0O06 December 18, 2013 I—\/—l


http://www.xilinx.com
http://www.xilinx.com/cgi-bin/docs/rdoc?v=latest;d=ug896-vivado-ip.pdf
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=37

& XILINX.
Chapter 5

Constraining the Core

€ .
d Constraints
The o o} ts required are clock frequency constraints for the video clock, c1k, and

the AXI4-Lite €lock axi_aclk. Paths between the two clock domains should be

constraine axh delay constraint and use the datapathonly flag, causing setup
and hold check§ito bedgnored for signals that cross clock domains. These constraints are
provided in the ts file included with the core.

4

7
(/6)
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C Model Reference

pter introduces the bit accurate C model for the Motion Adaptive Noise Reduction
hg been developed primarily for system-level modeling. Features of this

M oe N de:
« Bi cu ith v_.manr_v6_1 core

the MANR core function

« Available fofi32 and/64-bit Windows and 32 and 64-bit Linux platforms

« Supports all HW core that affect numerical results
into a larger system model

« Example application C i vided to show how to use the function

*

Overview

The bit accurate C model for the LogiCORE? R can be used on 32/64-bit Windows
and 32/64-bit Linux platforms. The model is cofprise a set of C functions, which reside
in a statically linked library (shared library). Ful S interface to these functions
are provided in Interface, page 41.

The main features of the C model package are:

« Bit Accurate C Model - produces the same output data ANR coge on a
frame-by-frame basis. However, the model is not cycle accufate, as it not model
the core's latency or its interface signals.

« Application Source Code - uses the model library function. This can & Q
example code showing how to use the library function. However, it alSo serve
purposes:

- Input .yuv file is processed by the application; 8-bit YUV422 format accepted.
- Output .yuv file is generated by the application; 8-bit YUV422 format generated.

- Report.txt file is generated for run time status and error messages.
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Unpacking and Model Contents

Unzip the v_manr_v6_1_bitacc_model file, containing the bit accurate models for the
MANR IP Core. This creates the directory structure and files in Table 6-1.

Table Directory Structure and Files of MANR C Model

File Name Contents

Makefile for running gcc via make for 32-bit and
64-bit Linux platforms

_bitacc_cmodel.h Model header file

Header file declaring the YUV image / video
container type and support functions including
.yuv file I/O

rgb_utils.h Header file declaring the RGB image / video
container type and support functions

Header file declaring the bitmap (.bmp) image file
I/0 functions.

bmp_utils.h

Header file declaring the generalized image / video
container type, I/O and support functions

video_utils.h

Header file declaring support functions for test
bench stimulus file I/O

video_fio.h

run_bitacc_cmodel.c ple code calling the C model

run_bitacc_cmodel_config.c mple code calling the C model — uses command

run_bitacc_cmodel.sh

files included in the lin64.zip file

libIp_v_manr_v6_1_bitacc_cmodel.so

run_bitacc_cmodel

files included in the lin.zip file

libIp_v_manr_v6_1_bitacc_cmodel.so Model shared object library
run_bitacc_cmodel 32-bit Windows fixed configuration execUtable
files included in the nt64.zip file Precompiled bit accurate ANSI C reference model

for simulation on 64-bit Windows platforms.

libIp_v_manr_v6_1_bitacc_cmodel.dll Precompiled library file for 64-bit Windows
platforms compilation

libIp_v_manr_v6_1_bitacc_cmodel.lib Precompiled library file for 64-bit Windows
platforms compilation

run_bitacc_cmodel.exe 64-bit Windows fixed configuration executable
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Table 6-1: Directory Structure and Files of MANR C Model (Cont’d)

File Name Contents

files included in the nt.zip file Precompiled bit accurate ANSI C reference model
for simulation on 32-bit Windows platforms.

libIp_v_manr_v6_1_bitacc_cmodel.dll Precompiled library file for 32-bit Windows
platforms compilation

Precompiled library file for 32-bit Windows
platforms compilation

32-bit Windows fixed configuration executable

Example YUV input file, resolution 1280Hx720V

Header file for video_in.yuv

Example YUV input file, resolution 128Hx128V

Header file for video_in_128x128.yuv

Software Re nts
The MANR C models were co ed s®d with the software listed in Table 6-2.
Table 6-2: Compilation Tools for th
Platform C Compiler

32/64-bit Linux

32/64-bit Windows 2008

Interface

The MANR core function is a statically linked library. A higher | softwargfproject can

make function calls to this function:

int xilinx ip_v_manr_v6_1_bitacc_simulate(
struct xilinx_ip_v_manr_v6_1_generics *generics,
struct xilinx_ip_v_manr_v6_1_inputs *inputs,
struct xilinx_ip_v_manr_v6_1_outputs* outputs).

Before using the model, the structures holding the inputs, generics and output of the MANR
instance must be defined:

struct xilinx_ip_v_manr_v6_1_generics manr_generics;
struct xilinx_ip_v_manr_v6_1_inputs manr_inputs;
struct xilinx_ ip_v_manr_v6_1_outputs* manr_outputs
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The declaration of these structures are in the v_manr_v6_1_bitacc_cmodel.h file.
Before making the function call, complete these steps:
1. Populate the generics structure:

nr_strength - Between 0 and 7. Describes the strength of the initial noise reduction
filter: 0 = Strongest, 7=Weakest.

te the inputs structure to define the values of run time parameters:
his‘mction processes one frame at a time.

_in - Video structure that comprises these elements:
bits_per_component - Must be set to 8.

ntal image size: 32 to 1920.

- rows|~ Verti€al image size: 32 to 1080.

- frame g is function processes one frame at a time.

- mode - De ma format (RGB, YUV422, and so on); see Table 6-4.
This core can onlygprocess YC422.

- data - This is the fra f o d@ta to be processed, arranged in raster form.

o mtf - MTF Look-up table. THIS is
which represents the Motio

rray of 64 integers in the range 0 to 255,
ction.

3. Populate the mtf variable. The varia
is declared as extern int mtf[16] [

internal MTF storage of the core, and
_manr_v6_1 bitacc_cmodel.h.

4. Populate the outputs structure.

- video_out - Video structure that comprises'th lements as the video_in

structure element described previously.

Note: The video_in variable is not initialized because the initializa
image to be simulated. The next section describes the initializatio

Results are provided in the outputs structure, which contains the output yi@l€o data in the
form of type video_struct. After the outputs have been evaluated o

functions return a value of 0. Otherwise, a non-zero error code indicates that problems were
encountered during function calls.

Input and Output Video Structure

Input images or video streams can be provided to the MANR reference model using the
general purpose video_struct structure, defined in video_utils.h:

Motion Adaptive Noise Reduction v6.1 www.xilinx.com l Send Feedback l 42
PG006 December 18, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=42

& XILINX

struct video_struct{

Chapter 6: C Model Reference

int frames, rows, cols, bits_per_ component, mode;

uintlé*** datal5];

}i

Table 6-3: Member Variables of the Video Structure

Member Variable

Designation

Number of video/image frames in the data structure

Number of rows per frame()

Number of columns per line!

Number of bits per color channel/component. All image planes are
assumed to have the same color/component representation.
Maximum number of bits per component is 16.

Contains information about the designation of data planes. Named
constants to be assigned to mode are listed in Table 6-4.

Set of five pointers to three dimensional arrays containing data for
image planes. Data is in 16-bit unsigned integer format accessed as
ata[plane][frame][row][col]. In the MANR C model case, only one

set to 0.

1. Pertaining to the image plane w
dimensions are assumed constant thr
and V can have different dimensionst

the d columns, such as the luminance channel for YUV data. Frame

a es‘the video stream, however, different planes, such as Y,U

Table 6-4: Named Constants for Video M responding Planes and Representations
Mode Planes
FORMAT_MONO 1 Monochrome - |
FORMAT_RGB RGB image/video data

FORMAT_C444

FORMAT_C422(1)

3
3 444 YUV, or YCbCr image
3

sub-sampled)

FORMAT_C420 3 420 format YUV video, ( U,V sub-sampled both zontally and
vertically)

FORMAT_MONO_M 3 Monochrome (luminance) video with moti

FORMAT_RGBA 4 RGB image/video data with alpha (transparen

FORMAT_C420_M 5 420 YUV video with motion

FORMAT_C422_M 5 422 YUV video with motion

FORMAT_C444_M 5 444 YUV video with motion

FORMAT_RGBM 5 RGB video with motion

1. Supported by the MANR core.
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Working With Video_struct Containers

The header file video_utils.h defines functions to simplify access to video data in
video_struct.

int video_planes_per_mode (int mode) ;
int video_rows_per_plane (struct video_struct* video, int plane);
video_cols_per_plane (struct video_struct* video, int plane);

on video_planes_per_mode returns the number of component planes defined
o de variable, as described in Table 6-4. The functions video_rows_per_plane
o_d®1s_per_plane return the number of rows and columns in a given plane of
: ctedvideo structure. The following example demonstrates using these functions in
conjun n ocess all pixels within a video stream stored in variable in_video:

frame < in_video->frames; frame++) {

; plane < video_planes_per_mode (in_video->mode); plane++) {
row < rows_per_plane(in_video,plane); row++) {

col < cols_per_plane(in_video,plane); col++) {

// User d C operations on

frame] [row] [col]

me =._0;

}
}

’ 4
Delete the Video Structure

Large arrays such as the video_in elem@€nt ingle video structure must be deleted to free
up memory.

The following example function is defined as part ofgdhe video_utils package.

void free_video_buff (struct video_struct* video

{

int plane, frame, row;

if (video->data[0] != NULL) {
for (plane = 0; plane <video_planes_per_mode (video-> e); plane {
for (frame = 0; frame < video->frames; frame++) {
for (row = 0; row<video_rows_per_plane(video,plane); row {

free(video->datal[plane] [frame] [row]) ;

}

free (video->datal[plane] [frame]) ;

}

free(video->datal[plane]) ;

}

This function can be called as follows:

free_video_buff ((struct video_struct*) &manr_outputs.video_out);
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Example Code

An example C file, run_bitacc_cmodel.c, is provided along with the lin32, lin64, NT32
and NT64 executables for this example. This C file has these characteristics:

« Cantains an example of how to write an application that makes a function call to the
R C model core function.

s an example of how to populate the video structures at the input and output,
ng @tlocation of memory to these structures.

Uses @YUM or BMP file reading function to extract video information for use by the
m l.

+  Uses ayYU¥or file writing function to provide an optional output YUV file, which
allows you t@Wisualize the result of the MANR operation.

The delivered m
removes noise from t

a number of frames from the specified .yuv or .omp input file,
stream, and outputs the noise reduced stream in the

provided for the current an s inputs. The example code contains simple
color-space converters (RGB to Y. to RGB) and chroma re-samplers (YUV444 to
YUV422, YUV422 to YUV444) t ilitate R simulations.

The MANR algorithm is temporally

tion is determined by comparing the
current frame with the previous frame. F, i

t input frame, there is no previous frame,

so the first output frame always shows zero adoti

The MTF (motion transfer function) determinesithe | to which each of the two frames
contributes to the output frame. The nr_strengt a lects between five different
MTF characteristics. These functions are coded into t er function

run_bitacc_cmodel.c.

Initializing the MANR Input Video Struc

In the example code wrapper, data is assigned to a video structure by
video file. This file is described in C Model Example I/O Files, page 4
and video_utils.h header files packaged with the bit accurate C moe
functions to facilitate file I/O. The run_bitacc_cmodel example code uses these
functions to read from the YUV file.

YUV Image Files

The header yuv_utils.h file declares functions that help access files in standard YUV
format. It operates on images with three planes (Y, U and V). The following functions
operate on arguments of type yuv8_video_struct, which is defined in yuv_utils.h.
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int write_yuv8 (FILE *outfile, struct yuv8_video_struct *yuv8_video) ;
int read _yuv8 (FILE *infile, struct yuv8_video_struct *yuv8_video) ;

Exchanging data between yuv8_video_struct and general video_struct type
frames/videos is facilitated by functions:

int copy yuv8_to_video (struct yuv8_video_struct* yuv8_in,
struct video_struct* video_out );

copy_video_to_yuv8( struct video_struct* video_in,

struct yuv8_video_struct* yuv8_out );

age/video manipulation utility functions expect both input and output structures to be
or gxample, pointing to a structure to which memory has been allocated, either as static
riables. Moreover, the input structure must have the dynamically allocated container

(data"or y407 v) structures already allocated and initialized with the input frame(s). If the output

contai is pre-allocated at the time of the function call, the utility functions verify and
generate the output container size does not match the size of the expected output. If the
output co e is not pre-allocated, the utility functions create the appropriate container

C Model Exa

Input Files

« <input_filename>.yuv (Opgffon eﬁmple, video_in.yuv,
video_in_128x128.yuv).

- Standard 8-bit YUV file forma i ne followed by entire Cb plane, followed
by the entire Cr plane.

- Can be viewed in a YUV player.
- No header. &

Output Files

« <output_filename>.yuv (Optional; for example, video

o Standard 8-bit 4:2:2 yuv file format. Entire Y plane foIIo
followed by the entire Cr plane.

2d by enti lane,

- Can be viewed in a YUV player.

Compiling the MANR C Model With Example Wrapper

Linux (32/64 bits)
For 64-bit Linux, cd into the /lin64 directory. From there, run the command:

gcc -mb4d -x c++ ../run_bitacc_cmodel.c -o run_bitacc_cmodel -L.
-1Tp_v_manr_v6_1_bitacc_cmodel -W1l,-rpath, .
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When using 32-bit Linux, cd into the /lin directory, and run with the '-m32' switch:

gcc -m32 -x c++ ../run_bitacc_cmodel.c -o run_bitacc_cmodel -L.
-1Ip_v_manr_v6_1_bitacc_cmodel -Wl,-rpath, .

To run either 32- or 64-bit executables:

1. Set your LD_LIBRARY_PATH environment variable to the location of the two .so libraries.

itacc_cmodel video_in.yuv video_out.yuv 10 1280 720 2 1

&
32/64-bits)

The v€ 601 _bitacc_cmodel.zip file includes all the necessary files required to
compile t demonstration code run_bitacc_cmodel.c with an ANSI C
compliant

This section inc

In Visual Studio, creat ty Win32 Console Application project. In the appropriate
project folders, add the

e v_manr_vé6_1 bitacc_c

e libIp_v_manr_v6_1 bita _% 1ib

e run_bitacc_cmodel.c

To run either 32- or 64-bit executables:

1. Cd to a location that includes all the followiag fi
@erated by your compiler)
1

« run_bitacc_cmodel.exe (or the executabl
o 1libIp_v_manr_v6_1_bitacc_cmodel.dl
2. Execute as follows:
Usage: c_model -y <YUV filename>
-h <H Size (pixels)>
-v <V Size (lines)>

-f <number of frames to be processed>
-n <Noise-reduction strength (0 - 4)>

For example:

run_bitacc_cmodel video_in.yuv video_out.yuv 10 1280 720 2 2

Compile/Run Shell Script

To compile the example code, use the cd command to go to the directory where the header
files, the library files and run_bitacc_cmodel.c were unpacked. The libraries and
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header files are referenced during the compilation and linking process. They are in the
/1in64 directory. Use the cd command to go into the 1in/1in64 directory and execute
the bash shell script that compiles the project using the GNU C Compiler and runs it:

bash run_bitacc_cmodel.sh

The bash script text is provided here:

#!/bin/lb
43 # i R
1 and libraries

#k###############################

gcc -x . un_bitacc_cmodel.c -o run_bitacc_cmodel -L. -1Ip_v_manr_v6_1_bitacc_cmodel

HAHHHA SR HAHHEH # HAHHA S HH A H AR H AR HA RS
# Run model.
# Usage:

# ./run_bitacc_model -y < le>.yuv -h <hsize> -v <vsize> -f <#frames> -n <NR_strength>

NR_strength:

= None
4

= Weak

0

1

2 = Medium
3 = Strong

4 = Aggressive
Example:

./run_bitacc_cmodel -y ../video_in.yuv -h 1280f=v 72 f 10 -n 2
HA#HA S HA S H AR H SRS H AR H SRS

./run_bitacc_cmodel -y ../video_in.yuv -h 1280 -v 7 2

H FHF FHF F FH F FH F HF

You can customize this shell script.
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Simulation

s chapter contains information about simulating IP in the Vivado® Design Suite
nt. for comprehensive information about Vivado simulation components, as well

ation about using supported third party tools, see the Vivado Design Suite User
j ulation (UG900) [Ref 11].

Motion Adaptive Noise Reduction v6.1 www.xilinx.com Send Feedback 49
PGO006 December 18, 2013 I—\/—l


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=49

& XILINX.
Chapter 8

Synthesis and Implementation

about synthesis and implementation, see “Synthesizing IP” and “Implementing
iv@o Design Suite User Guide: Designing with IP (UG896) [Ref 7].
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Detailed Example Design

e design is available for the Motion Adaptive Noise Reduction core at the time.

?ensive listing of the latest Video and Imaging application notes, white
rence designs and related IP cores, see the Video and Imaging Resources page:

/esp/video/refdes_listing.htm

%,

7

%
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Test Bench

pter contains information about the provided test bench in the Vivado® Design

on@ent.

Dem ion Test Bench

A demonstratiofi test
behavior in a typ

Vivado Design Suite.
configurations and ob

ges in the waveform.
Directory and File Co
d in the in the demonstration test bench

The following files are expected t
output directory:

e axidlite mst.v
e axids_video_mst.v
e axids video_slv.v

e cCce_generator.v

h is provided with the core which enables you to observe core
This test bench is generated together with the core in
encouraged to make simple modifications to the

e tb <IP instance_name>.v

Test Bench Structure
The top-level entity is tb_<IP_instance_name>.
It instantiates the following modules:
+ DUT
The <IP> core instance under test.

e axidlite_mst

Motion Adaptive Noise Reduction v6.1 www.xilinx.com Send Feedback 52
PG0O06 December 18, 2013 l—\/—l


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=52

& XILINX. Chapter 10: Test Bench

The AXI4-Lite master module, which initiates AXI4-Lite transactions to program core
registers.

e axids_video_mst

The AXI4-Stream master module, which generates ramp data and initiates AXI4-Stream
transactions to provide video stimuli for the core and can also be used to open stimuli
files generated from the reference C models and convert them into corresponding

pNgen ( C_ACTIVE_ROWS, "C_ACTIVE_COLS, 2);
e witlithe following line:
i IMULI_FILE_NAME) ;

erate stimuli files, see Chapter 4, C Model Reference.

e axids_video_slv

¢

The AXI4-Stream slave modtle, Mhichdets as a passive slave to provide handshake
signals for the AXI4-Stream trafisa m the core output, can be used to open the
data files generated from the ref el and verify the output from the core.

n
To do this, edit tb_<IP_ instance_na

a. Add define macro for the golden file nafpe ap@ directory path
define GOLDEN_FILE_NAME “<path> "

b. Comment out the following line:
SLV.1is_passive;
and replace with the following line:
SLV.use_file( GOLDEN_FILE_NAME) ;

For information on how to generate golden files, see Chapter 4, C el R ﬁl nce.
e cCce_gen

Programmable Clock Enable (ACLKEN) generator.
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Appendix A

Verification, Compliance, and
Int rability

K 4 : . : :
x includes details on simulation and testing.

Simu

A parameterizab was used to test the MANR core. Testing included the
following:

» Register accessing

« Processing of multiple fram f Y 2
« Various frame sizes /
« Various MANR strengths

» Various AXI4-Stream data bus widths.

Hardware Testing

The MANR core has been tested in a variety of hardware pla @ Xilinx for various
parameterizations, including the following:

« A test design was developed for the core that incorporated a Micro
AXI4 interface and various other peripherals, as described in Cha
Example Design.

« The software for the test system included input frames embedded in the source-code.
The checksums of the processed images were also pre-calculated and included in the
software. The frames, resident in external memory, are read by the AXI_VDMA,
processed by the MANR and the result is passed back to memory. Software then
accesses the processed frame in memory and calculates its checksum. This matches the
pre-calculated checksum.
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Appendix A: Verification, Compliance, and Interoperability

Various configurations were implemented in this way. The C model was used to create

the expected checksums and generate the stimulus C code frame data that is compiled
into the software.

« Pass/fail status is reported by the software.

In addition, the MANR core has been more regularly tested using an automated validation
flow. Primarily, this instantiates the core to read registers back, validating the core Version

and proving that it has been implemented in the design. This has been run regularly
new core versions during development.

4
/ .
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Appendix B

Migrating and Upgrading

s appéhdix contains information about migrating from an ISE design to the Vivado
i te, and for upgrading to a more recent version of the IP core. For customers

yeir IP core, important details (where applicable) about any port changes and
i C

user logic are included.

he Vivado Design Suite

For information abou

ation to Vivado Design Suite, see ISE to Vivado Design Suite
Migration Guide (UG9 ‘

Upgrading in Viva f n Suite

This section provides information about®any ch@hges to the user logic or port designations
that take place when you upgrade to a morgcurgént version of this IP core in the Vivado
Design Suite.

Parameter Changes @

There are no parameter changes.

Port Changes

There are no port changes.

Other Changes
This appendix describes updating from older versions of the IP to the current IP release.
From v5.01.a to v6.0 of the MANR core, the following changes took place:

« Two-dimensional spatial filtering added to improve noise / motion detection.

+ MTF storage was extended to 16 banks.
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« Default MTF count doubled to 8 default curves
« Debug frame, line, and pixel counters were added.

« Improved AXI4-Stream stability with the AXI-VDMA, built-in synchronization of slave
(input) AXI4-Stream channels at SOF and EOL.

« Improved error detection and recovery for SOF / EOL framing errors.

E_SIZE register address made consistent with the rest of the Xilinx Image and
Processing Cores.
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Appendix C

Debugging

s appeéhdix includes details about resources available on the Xilinx® Support website
and deb giw tools.

s,

Findi

on Xilinx.com
To help in the
web page (www.

release notes, answe @

Technical Support Web

Documentation 4

iated with the MANR core. For the Video
ideo IP and System Design Guide (UG934)
related to all products that aid in the
web page (www.xilinx.com/support) or

This product guide is the main do a
over AXI4-Stream specification, see AX14-
[Ref 5]. These guides, along with docu
design process, can be found on the Xilinx
by using the Xilinx Documentation Navigator.

Download the Xilinx Documentation Navigator frof't Tools tab on the Downloads
page (www.xilinx.com/download). For more informati@h a this tool and the features
available, open the online help after installation.

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools,
property at all stages of the design cycle. Topics include design assis
troubleshooting tips.

Answer Records

Answer Records include information about commonly encountered problems, helpful
information on how to resolve these problems, and any known issues with a Xilinx product.
Answer Records are created and maintained daily ensuring that users have access to the
most accurate information available.
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Answer Records for this core are listed below, and can also be located by using the Search
Support box on the main Xilinx support web page. To maximize your search results, use
proper keywords such as

*  Product name

+ Tool message(s)

nmary of the issue encountered
garch is available after results are returned to further target the results.

e o’ds for the MANR Core

Contac ical Support

Xilinx provides ort at www.xilinx.com/support for this LogiCORE™ IP product
when used as descri product documentation. Xilinx cannot guarantee timing,
functionality, or supp@ t if implemented in devices that are not defined in the
documentation, if custo eyohd that allowed in the product documentation, or if

changes are made to any sécti S|gn labeled DO NOT MODIFY.
Xilinx provides premier technic r customers encountering issues that require
additional assistance.
To contact Xilinx Technical Support
Q der Support Quick Links.

1. Navigate to www.xilinx.com/support.

2. Open a WebCase by selecting the WebCas
When opening a WebCase, include:

« Target FPGA including package and speed grade.

« All applicable Xilinx Design Tools and simulator software ons.

« A block diagram of the video system that explains the video source g8€sti and IP
(custom and Xilinx) used.

« Additional files based on the specific issue might also be required. S€e the nt
sections in this debug guide for guidelines about which file(s) to include with the
WebCase.

Note: Access to WebCase is not available in all cases. Please login to the WebCase tool to see your
specific support options.
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Debug Tools

There are many tools available to address MANR core design issues. It is important to know
which tools are useful for debugging various situations.

Vivado Lab Tools
vado® Jab tools insert logic analyzer and virtual I/O cores directly into your design.
ivado lab todls allows you to set trigger conditions to capture application and integrated
. dor nals in hardware. Captured signals can then be analyzed. This feature
repres t nctionality in the Vivado IDE that is used for logic debugging and

validatfo design running in Xilinx devices in hardware.

The Vivad s [@gic analyzer is used to interact with the logic debug LogiCORE IP
cores, includin
« ILA 2.0 (and later @

« VIO 2.0 (and later

See Vivado Design Suite Uséer Guide: P awing and Debugging (UG908).

/

Various Xilinx development boards support M . Ahese boards can be used to prototype
designs and establish that the core can co iéate with the system.

« 7 series evaluation boards
. KC724

C Model Reference

Reference Boards

See Chapter 4, C Model Reference in this guide for tips and instructionsg@r usi
provided C model files to debug your design.
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Hardware Debug

Hardware issues can range from link bring-up to problems seen after hours of testing. This
section provides debug steps for common issues. The Vivado lab tools are a valuable
resource to use in hardware debug. The signal names mentioned in the following individual
sectigms can be probed using the Vivado lab tools for debugging the specific problems.

G Checks
¢

Il the timing constraints for the core were properly incorporated from the
examplgfde nd that all constraints were met during implementation.

« Does i work in post-place and route timing simulation? If problems are seen in
hardwa t Matiming simulation, this could indicate a PCB issue. Ensure that all
clock source§ are a€tive and clean.

gsign, ensure that all MMCMs have obtained lock by

« If your outputs go to 0, ck your licensing.

*

Core Bypass Option /
The bypass option facilitates establis tralght through connection between input

(AX14-Stream slave) and output (AXI4-S€feam pdaster) interfaces bypassing any processing
functionality.

Flag BYPASS (bit 2 of the CONTROL register) cafjtur on (1) or off. Within the IP this
switch turns off noise reduction in the AXI4-Streamp

In bypass mode the core processing function is bypass re repeats AXI4-Stream
input samples on its output.

Starting a system with all processing cores set to bypass, the turning bypass off from
the system input towards the system output allows verification of subseg@ént s with
known good stimuli.

Throughput Monitors

Throughput monitors enable monitoring processing performance within the core. This
information can be used to help debug frame-buffer bandwidth limitation issues, and if
possible, allow video application software to balance memory pathways.

Often times video systems, with multiport access to a shared external memory, have
different processing islands. For example, a pre-processing sub-system working in the input
video clock domain may clean up, transform, and write a video stream, or multiple video

Motion Adaptive Noise Reduction v6.1 www.xilinx.com l Send Feedback I 61
PG006 December 18, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=61

& XILINX. Appendix C: Debugging

streams to memory. The processing sub-system may read the frames out, process, scale,
encode, then write frames back to the frame buffer, in a separate processing clock domain.

Finally, the output sub-system may format the data and read out frames locked to an
external clock.

Typically, access to external memory using a multiport memory controller involves
arbitration between competing streams. However, to maximize the throughput of the

S
procef ower-up or the last time the core was reset. The SYSDEBUG1 (0x0018), or

Line Thr onitor, register indicates the number of lines processed since power-up
or the last%i t was reset. The SYSDEBUG2 (0x001C), or Pixel Throughput Monitor,
register indicatés the nimber of pixels processed since power-up or the last time the core
was reset.

Priorities of memory 2 Q inks can be modified by the application software dynamically
to equalize frame, or paftial f tes.

Evaluation Core Time ¢
The MANR hardware evaluation co K fter approximately eight hours of
r res

operation. The output is driven to ze s in a black screen for RGB color systems

and in a dark-green screen for YUV color sys s.;

Interface Debug

AXl4-Lite Interfaces

Table C-1 describes how to troubleshoot the AXI4-Lite interface.
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Table C-1:

Appendix C: Debugging

Troubleshooting the AXI4-Lite Interface

Symptom

Solution

Readback from the Version
Register through the AXI4-Lite
interface times out, or a core
instance without an AXI4-Lite
interface seems non-responsive.

Are the S_AXI_ACLK and ACLK pins connected?

The VERSION_REGISTER readout issue may be indicative of the
core not receiving the AXI4-Lite interface.

from the Version
ough the AXI4-Lite
es out, or a core
itho@it an AXI4-Lite

S non-responsive.

Is the core enabled? Is s_axi_aclken connected to vcc?
Verify that signal ACLKEN is connected to either net_vcc orto a
designated clock enable signal.

Readb ro, Version
Register thro AXI4-Lite
interface e

instance wi

interface seems

Is the core in reset?

S_AXI_ARESETn and ARESETn should be connected to vcc for
the core not to be in reset. Verify that the S_AXI_ARESETn and
ARESETn signals are connected to either net_vcc orto a
designated reset signal.

VERSION_REGISTER i
from expected default

interfaces.

The core and/or the driver in a legacy project has not been
updated. Ensure that old core versions, implementation files, and
mplementation caches have been cleared.

ks, #lhe second step is to bring up the AXI4-Stream

AXl4-Stream Interfaces

Table C-2 describes how to troubleshoot the

Table C-2:

Troubleshooting AXI4-Stream Interfac

Symptom

Bit O of the ERROR
register reads back
set.

between the latest and the preceding
the value programmed into the ACTIVE_ST

ignal was less than
. If the value was

Bit 1 of the ERROR
register reads back
set.

into the ACTIVE_SIZE register. If the value was provided by the Video Timing
Controller core, read out ACTIVE_SIZE register value from the VTC core
again, and make sure that the TIMING_LOCKED flag is set in the VTC core.

Otherwise, using Vivado Lab Tools, measure the number of active AXI4-Stream
transactions between EOL pulses.

Motion Adaptive Noise Reduction v6.1

PG006 December 18, 2013

www.xilinx.com

| Send Feedback l 63


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=63

& XILINX. Appendix C: Debugging

Table C-2: Troubleshooting AXI4-Stream Interface (Cont’d)

Symptom Solution
Bit 2 or Bit 3 of the Bit 2 of the ERROR register, SOF_EARLY, and bit 3 of the ERROR register
ERROR register reads | SOF_LATE indicate the number of pixels received between the latest and the
back set. preceding Start-Of-Frame (SOF) differ from the value programmed into the

ACTIVE_SIZE register. If the value was provided by the Video Timing
Controller core, read out ACTIVE_SIZE register value from the VTC core
again, and make sure that the TIMING_LOCKED flag is set in the VTC core.
Otherwise, using Vivado Lab Tools, measure the number EOL pulses between
subsequent SOF pulses.

| o_tigady During initialization, line-, and frame-flushing, the core keeps its
,t s_axis_video_tready input low. Afterwards, the core should assert
upstrea nnot | s_axis_video_tready automatically.

Ism_axis_video_tready low? If so, the core cannot send data downstream,
and the internal FIFOs are full.

_axis_ No data is generated during the first two lines of processing.
stuck low, the f the programmed active number of pixels per line is radically smaller than
downstream cor

not receiving data

Generated SOF signal
(m_axis_video_tuser0)
signal misplaced.

Generated EOL signal
(m_axis_video_tl

ast) signal

misplaced.

Data samples lost » Are the Master and Slave
between Upstream « Is proper clock-domainf€rossi
core and this core. core and this core (Asynch

Inconsistent EOL and/

X » Did the design meet timin
or SOF periods

« Is the frequency of the clock s

received, reported Fmax reached?
Data samples lost » Are the Master and Slave AXI4-Strean '! same clock domain?
between qunstream + Is proper clock-domain crossing logic inst etween the upstream
core af‘d this core. core and this core (Asynchronous FIFO)?
Inconsistent EOL and/ | , pjq the design meet timing?
or SOF periods . .

« Is the frequency of the clock source driving the ACLK ow he

eceived.
recew reported Fmax reached?

If the AXI4-Stream communication is healthy, but the data seems corrupted, the néxt step is
to find the correct configuration for this core.

Motion Adaptive Noise Reduction v6.1 www.xilinx.com l Send Feedback l 64
PG006 December 18, 2013


http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Product_Guide&docId=pg006&Title=Motion%20Adaptive%20Noise%20Reduction%20v6.1&releaseVersion=6.1&docPage=64

& XILINX. Appendix C: Debugging

Other Interfaces

Table C-3 describes how to troubleshoot third-party interfaces.

Table C-3: Troubleshooting Third-Party Interfaces

Symptom Solution

Verify that the color component logical addressing on the AXI4-Stream TDATA
signal is in according to Data Interface in Chapter 2. If misaligned:

In HDL, break up the TDATA vector to constituent components and manually
connect the slave and master interface sides.

Unless the particular software driver was developed with the AXI4-Stream TDATA
signal color component assignments described in Data Interface in Chapter 2 in
mind, there are no guarantees that the software correctly identifies bits

processingivid orresponding to color components.
written to € a ify that the color component logical addressing TDATA is in alignment with
memory using t thgjdata format expected by the software drivers reading/writing external

AXI-VDMA core. f misaligned:

ak up the TDATA vector to constituent components, and manually
e slave and master interface sides.

%
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Application Software Development

andix details the use of the software drivers that are included with SDK.

De

Driver Fil

The MANR core is de ith a software driver written in the C programming language
that you can use to ca efore using a system processor. A high-level API provides
application developers easy a€Cess 1o the features of the MANR core. A low-level APl is also
provided for developers to"accessgthe d‘lrectly through the system registers.

API Functions /

This section describes the functions incfdded the driver generated for the MANR core.
To use the API functions provided, the follo, ader files must be included in your C
code:

#include “xparameters.h”
#include “xmanr.h”

The system hardware settings, including the base address of NR core, ate defined in
the xparameters.h file. The xmanr . h file provides the API ac€ess to all e features of
the MANR device driver.

Functions in xmanr.c

e 1int XMANR_CfgInitialize (XMANR *InstancePtr, XMANR_Config
*CfgPtr, u32 EffectiveAddr)

This function initializes a MANR core.

e void XMANR_SetFrameSize (XMANR *InstancePtr, u32 Height, u32
Wwidth, u32 Stride)
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This function sets up the frame size information used by a MANR device. Note that
'stride’ parameter is now obsolete and set to 0.

e void XMANR_GetFrameSize (XMANR *InstancePtr, u32 *HeightPtr, u32
*WidthPtr, u32 *StridePtr)

This function sets up the frame size information used by a MANR device. Note that
iridePtr' is now obsolete.

MANR_LoadMt fBank (XMANR *InstancePtr, u8 BankIndex, u32

=ti‘

fuiction loads the Motion Transfer LUT configuration to be used by a MANR device.

e voild GetVersion (XMANR *InstancePtr, ulé *Major, ul6 *Minor,

ulé6 eVl s i
This function{returns the version of a MANR device.
Functions in xma

e XMANR_Config * XM upConfig (ulé DeviceId)
e

_Lo
XMANR_LookupConfig ret a @ to a XMANR_Config structure based on the

unique device ID, Deviceld.

Functions in xmanr_intr.c
e void XMANR_IntrHandler (void nglfanc r)

This function is the interrupt handler for the

e int XMANR_SetCallBack (XMANR *Instanc
*CallBackFunc, void *CallBackRef)

andlerType, void

This routine installs an asynchronous callback function fo iven Ha rType.
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Additional Resources

ort resources such as Answers, Documentation, Downloads, and Forums, see the
or‘website at:

Xilinx.com/support.

For a comprehe
reference designs ang

ef listing.htm

d

www.xilinx.com/esp/vide

References

These documents provide supplemental matérial ful with this user guide:

AMBA® AXI4-Stream Protocol Specificatio

LogiCORE IP FIFO Generator Product Guide (PGO57,

Xilinx AXI Reference Guide (UG761)

LogiCORE IP AXI Interconnect Product Guide (PG059)
AXlI4-Stream Video IP and System Design Guide (UG934)
ISE to Vivado Design Suite Migration Guide (UG911)
Vivado Design Suite User Guide: Designing with IP (UG896)

Vivado Design Suite User Guide: Programming and Debugging (UG908)
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Vivado Design Suite User Guide: Getting Started (UG910)

10. Vivado Design Suite User Guide: Designing IP Subsystems using IP Integrator (UG994)
11. Vivado Design Suite User Guide: Logic Simulation (UG900)
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