LOGIC Devices Incorporated

== = 3-D / Temporal Filtering using Video Memory
8 INCORPORATED Video Memory Application Note
[ |
hD FRAME
MEMORY
Overview

A number of temporal image processing algorithms require field or frame delays in order to gain access to pixels
across various points in time. In some instances, wavelet domain denoising in the spatial domain creates artefacts
from frame to frame causing unpleasant “flickering” effects. Temporal filtering can suppress the residual artefacts.

In the most general case, a temporal video processing block diagram can be viewed in the following manner:

General Temporal Video Processing Block Diagram
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Similar to 1-D FIR filtering, feed-forward temporal (3D) filtering makes decisions on what the current output/sample/
pixel/region-of-interest should be, based on present and past inputs. (We will not focus on feedback systems
where previous outputs feed back into the decision making process) The following illustrates the temporal nature
of frames / fields of video.
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Consider the following simple FIR filter block diagram imple FIR Filter Structure
using one of LOGIC Devices DSP Multiply-Accu- SUEAe ersS

mulate (MAC) building blocks. Simple cycle/sample

delay lines are used to space the sequence of INPUT _12 ;|_| |_|
inputs. In these simple filters, current outputs are a DATA |A| |A|
weighted sum of current and past samples. Filter
coefficients are the weights. In simple filters, coef- A A
ficients are static and normally pre-computed and (X) c0 <X> cl (X) c2
stored in the hardware. In more complex filters,
coefficients/weights can be adaptive and updated on

the fly, based on some input/output monitoring pro-
cesses. @
LF3347
Taken a step further, the 1D filter can be transformed d N
into a 3D filter through the use of field/frame delay OUTPUT
lines as illustrated below. DATA
Temporal Filter Structure . .
In this 3-tap system, the LF3312 field/frame buffers are used
LF3312 LF3312 to buffer a complete frame of video, thus allowing the filter
to access samples that are a full frame or field apart. Each
INPUT _2 ; : . )
DATA ey AR T LF3312 is configured as a synchronous shift register - an
extremely deep shift register. The LF3347 implements the

Y “mixer”, which weights and sums a pixel’s present and past

<><> 0 <><> 1 <><> o2 values. It supports 12bit input data and 12bit coefficients
and runs at a maximum clock frequency of 83MHz. The

sum is internally rounded and limited/clamped based on user

programmable parameters.

LF3347

16

OUTPUT
DATA

The LF3312 can be configured as two 6Mbit memories with dual independent read/write ports (dual-channel
mode). If a field/frame can be accommodated in 6Mbits, the delay lines of a 3-tap 3D filter can be
implemented in a single LF3312 device. The following per-channel depths are available in dual-channel
mode:

- 777,600 samples deep x 8 bit words (per channel)

- 622,080 samples deep x 10 bit words (per channel)

- 518,400 samples deep x 12 bit words (per channel)
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Single-Device - Two Field/Frame Delays

LF3312

Channel A

DUAL CHANNEL MODE

INPUT _12

AN AOUT

DATA

Channel B

BIN  BOUT fumm

OUTPUT

DATA

LF3347

Filter using Frame Delays - LF3312 Single Channel

F3312.0
AWCLK RCLK

BWCLK AREN

ASET ol i

sl
BCLR RCLR
AWEN

BIEN

PCLK

DELAY 1110

ASET BREN
== e
BCLR RCLR

TFa3T2_T
AWCLK RCLK
BWCLK

AREN

AWEN
BWEN
AIEN
BIEN

T ol

i
o

cLK

DI D2 D3

LF3347

s

D4

AN AOUT 4 AN AOUT 4
on S o T
DELAY 210

ENB1
ENB2
ENB3
ENB4

SELRND

SELLMT

LMTEN
OCEN

ENBA
A
Acc
SHIFT
oE

FILTER OUTPUT:o

f

ASET
BSET
ACLR
BCLR
AWEN
BWEN
AIEN
BIEN

DATAis

AREN

AOUT ———

BOUT =

s ¥
nseT
Aot

DELAY 010

DATAo

DELAY 1

—

DI D

ENBA
A
Acc
SHIFT.
oE

2 D3 D4

ENB1
ENB2
ENB3
ENB4

SELAND

SELLMT

LMTEN
OCEN

LFa347

s

FILTER OUTPUT 0

Filter using Frame Delays - LF3312 Dual Channel

TFaaiz
PCLI AWCLK ROLK

BWCLK

LOGIC Devices Incorporated

The block diagram to the left illustrates the
LF3312 performing two delay lines in a
single device:

The rest of the document is dedicated to
the general schematics of implementing
the LF3312 and LF3347 in the two configu-
rations described above.

NOTES:

- Please reference the LF3312
appnote entitled “Frame Delay in Shift Reg-
ister Mode” to get specific configuration
details.

- Please reference the LF3347
datasheet in order to better understand the
Multiply Accumulate device.
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