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Abstract

The Improved Picture Quality (IPQ) module MK9 is an application PC-board designed to evaluate the SAA 4977
or SAA 4974 and demonstrate their features.
The SAA 4977 and the SAA 4974 are video processing ICs providing video enhancing features, memory control-

ling and an embedded 80C51 uC core. Both are intended to be applied for 50 Hz to 100 Hz (or 60 Hz to 120 Hz)
scan conversion using a 2M9 field memory. The SAA 4977 additionally has a built-in analog input interface.
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Summary

The SAA 4977 and SAA 4974 are video processing ICs providing video enhancing features, memory controlling
and an embedded 80C51 uC core. Additionally the SAA 4977 has a built-in analog input interface. Both are
intended to be applied for 50 Hz to 100 Hz (or 60 Hz to 120 Hz) scan conversion using a 2M9 field memory.

This application note gives an overview of the functions of the SAA 4977 and SAA 4974 and describes an appli-
cation board designed to demonstrate its feature and evaluate the concept. Several grades of IC assembly per-
mit to set up a low, medium and high-end concept of picture improvement. As many functions and features
depend on the grade of assembly and the program code implemented on the SAA 4977/74, the relevant software
user guide is also necessary for operating the board.
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1. Introduction

The MK9 module is a 100 Hz scan converter based on the video processing IC SAA 4977 or SAA 4974. These
ICs make possible a much simpler and cost-effective solution in designing a scan rate converter, compared to
previous modules like MK7 or MK®.

With A/D and D/A converters on chip the SAA 4977 needs only one field memory and a display PLL to generate
100 Hz display in an economical A-A-B-B mode. The SAA 4974 does not contain the A/D conversion and analog
input interface and is therefore meant to be used with digital input sources.

This application note describes the hardware functions of the SAA 4977 and SAA 4974 and the application envi-
ronment needed to realize 100 Hz scan conversion as well as extra functions. The internal software of the SAA
4977/74 defines the functions that are available to the user, so to actually run the module and invoke all features
the usler manual for the implemented software is also necessary. This manual is available as a separate docu-
ment.

The module MK9 is designed to be assembled with only one field memory besides the SAA 4977 for a low-cost
solution, or with two field memories and the SAA 4991 for improved quality scan conversion and extra features.

2. Features of the MK9 IPQ module

The SAA 4977 and SAA 4974 have the following features and functions built-in and therefore simplify the design
of a scan rate converter drastically:

Table 1: Features of the SAA 4977 / SAA 4974

Feature SAA 4977 SAA 4974
Internal prefilter °

Clamping .

Analog AGC .

Triple YUV 8-bit A/D converter .

4:1:11/0O interfaces .

Line locked acquisition PLL .

Horizontal compression .

Digital color transient improvement (DCTI) . .
Luminance peaking . .
Triple 10-bit D/A converter . .
Memory controller . .
Microprocessor with embedded ROM . .
I°C Bus interface . .
SNERT interface . .

Other features depend on the IC assembly of the board. The following table gives an overview of the available
features if the SAA 4977/74 works together with just one field memory of SAA 4955/56 type or an SAA 4991 plus
two field memories.

1. Lahann, Nils: 12C-bus register specification for BESIC, Philips Semiconductors User Manual UM9701
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Table 2: Additional features depending on IC assembly
SAA 4991 +
1 field memory 1 field memory |2 field memories
Feature SAA 4955 SAA 4956 SAA 4955
Scan conversion in A-A-B-B mode (field repetition) . . .
Still picture . . .
Advanced still picture (A-A*-A-A*) .
Progressive scan .
Frame repetition mode for movie sources .
Noise reduction . .
Variable vertical zoom .
Motion vector compensated line flicker reduction .
Motion vector compensated field rate upconversion .
Motion vector compensated film processing .
(conversion from 25 to 50 movement phases)
3. Pinlist of SAA 4977 and SAA 4974
Table 3: Pin list of SAA 4977 and SAA 4974
Pin SAA 4977 SAA 4974 Description
1 SDA SDA I°C bus serial port data (PORT1.7)
2 SCL SCL 1°C bus serial port clock (PORT1.6)
3 P15 P15 PORT1 data I/O signal 5
4 P1.4 P1.4 PORT1 data I/O signal 4
5 P1.3 P1.3 PORT1 data I/O signal 3
6 P1.2 P1.2 PORT1 data I/O signal 2
7 P1.1 P1.1 PORT1 data I/O signal 1
8 Vpooos Vpbb1 digital supply (+ 3.3 V)
9 MP_RST MP_RST microprocessor reset input (RESET = HIGH)
10 SNRST SNRST SNERT restart (PORT1.0)
11 Vbbba VbbD2 digital supply (+3.3 V)
12 SNDA SNDA SNERT data
13 SNCL SNCL SNERT clock
14 Vsspa Vssp1 digital ground
15 T™MS T™MS test mode select
16 Vssp1 Vssp1 digital ground
17 sel_clk n.c. select acquisition clock input
LOW: external clock; HIGH: internal PLL
18 Vbbb1 Vbbio1 digital supply (+5 V)
19 Vbboo n.c. digital supply
20 VACQ VACQ vertical synchronization input, acquisition part
21 Vssa1 Vssio1 analog ground
22 HA HA analog/digital horizontal reference input
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Table 3: Pin list of SAA 4977 and SAA 4974 (continued)

Pin SAA 4977 SAA 4974 Description

23 Vppa1 n.c. analog supply

24 RSTW RSTW reset write signal output, memory 1

25 Vppa2 n.c. analog supply (+5V)

26 Y_in n.c. Y analog input

27 Vssao n.c. analog ground

28 U_in n.c. U analog input

29 Vppas n.c. analog supply (+5V)

30 V_in anatest V analog input (SAA4974: analog test input)

31 Vssaz n.c. analog ground

32 WE WE write enable signal output, memory 1

33 LLA_EXT LLA acquisition clock input

34 UVod4 n.c. V digital output bit O

35 UVod5 n.c. V digital output bit 1

36 UVod6 n.c. U digital output bit 0

37 UVod7 n.c. U digital output bit 1

38 YodO n.c. Y digital output bit 0 (LSB)

39 Yodl n.c. Y digital output bit 1

40 Yod2 n.c. Y digital output bit 2

41 Yod3 n.c. Y digital output bit 3

42 Yod4 n.c. Y digital output bit 4

43 Yod5 n.c. Y digital output bit 5

44 Yod6 n.c. Y digital output bit 6

45 Yod7 n.c. Y digital output bit 7 (MSB)

46 Vopp2 Vbpioz digital supply (+5 V)

47 SWC sSwcC serial write clock output

48 Vssp2 Vssi02 digital ground

49 TRSTN TRSTN test reset, LOW active

50 Vsspa Vssps digital ground

51 Yid7 Yid7 Y digital input bit 7 (MSB)

52 Yid6 Yid6 Y digital input bit 6

53 Yid5 Yid5 Y digital input bit 5

54 Yid4 Yid4 Y digital input bit 4

55 Yid3 Yid3 Y digital input bit 3

56 Yid2 Yid2 Y digital input bit 2

57 Yidl Yidl Y digital input bit 1

58 YidO Yido Y digital input bit O

59 uvid7 uvid7 U input bit 1

60 uUVidé UVidé U input bit O

61 uVid5 uVid5 Vinput bit 1

62 uvid4 uvid4 Vinput bit 0
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Table 3: Pin list of SAA 4977 and SAA 4974 (continued)
Pin SAA 4977 SAA 4974 Description
63 RE RE read enable signal output, memory 1
64 IE2 IE2 input enable signal output, memory 2
65 Vssio Vssios I/O ground
66 BLND BLND horizontal blanking signal output, display part
67 Vbbio Vbbios /0 supply (+5 V)
68 HRD HRD horizontal reference signal output, deflection part
69 Vpbb3 Vopb3 digital supply (+3.3 V)
70 LLD LLD display clock input
71 HDFL HDFL horizontal synchronization signal output, deflection part
72 VDFL VDFL vertical synchronization signal output, deflection part
73 Vssaa Vssaa analog ground
74 V_out V_out V analog output
75 Vppag Vopasa analog supply (+3.3 V)
76 U_out U_out U analog output
77 anaref anaref analog reference input
78 Vssas Vssas analog ground
79 Y_out Y_out Y analog output
80 Vpbpas Vbpas analog supply (+3.3 V)

10
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4. Functional description of the SAA 4977

The board can be equipped with either the SAA 4977 or the pin-compatible SAA 4974. The latter one has a
reduced number of features, as it lacks the analog input interface. In the following therefore the functions of the
SAA 4977 will be described first, and in the next chapter the differences of the SAA 4974 will be pointed out.

The SAA 4977 provides the interfaces for digital video processing in an analog environment, it generates the
control signals to run the field memory, it has on board a microprocessor with embedded ROM, and also offers
various processing functions on the video data. For performance reasons the IC consists of two chips (multi-chip
module), the first one (acquisition chip) providing mostly analog functions and the second one (display chip)
mainly digital functions and controlling. Fig. 1 shows the block diagram of the SAA 4977.

=] o
v B > T
= > 5 o R
BLOCK.WMF A A
Wa June 2, 1997 T A A || S 4977
|
IAGC, AID- i 8 )
_ Clamping, sy 4l 1 4 _Peaki D/A-Conv.
Yin Analog Cé)rk;\i;. = : Y-Peaking = 10 bit Yout
Prefilter Horizontal |
Compr. i ﬁ
4:3 ->16:9 |
CI:nf‘;r']g AID- 4:3->14:9 i DA
U. ' conv. = -Lonv.
in Analog i i pcTi 3 10bit Yout
Prefilter Formatting i 4:1:1
4:4:4 ! SN 'tO. . 4:2:2
AGC, D to | 4+2.2 to
f - 4:1:1 Reform. 4:4:4
v Clamping, conv. =) ! Reform. D/A-Conv.
in Analog 3 bit } —>1 10 bit Vout
Prefilter c |
S >
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= ! 1%
o 0O
| <| B
|
Control & | ~ Control Micro-
HA PLL (acquisition) } (display) — Controller
|
|
|
‘ i
|
£ 9 3 g 3 f¥Szz® 9 2550308
3 [ 5 So00Fr 2 S x@gpEzz0on
2 g > x m>T N o % " n
- =

Fig. 1 Block diagram of the SAA 4977

4.1 Analog input processing

At the input of the acquisition chip each of the analog input signals Y, U and V is gain controlled, clamped and
low pass filtered, before it is converted to the digital domain by three 8-bit A/D converters.

The gain control unit permits an amplification of -3 dB to +6 dB in steps of 0.4%, a step size hardly visible. Lumi-
nance and chrominance gain settings can be controlled separately. The settings are under control of the micro-
controller which is therefore needed to set up an automatic gain control loop.
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Each input channel has its clamping circuit. For luminance the black level is set to digital level 16, for U and V the
colorless level is set to the center level of the A/D converters. The clamping pulse is generated internally.

Before the signals are A/D converted they pass an analog low pass prefilter. The bandwidth of this filter is -3 dB
at 6 MHz, a notch is provided at f,, (16 MHz). For the prefilter a bypass can be activated.

Three A/D converters are used to convert Y, U and V into digital data. They are identical, are 8 bit wide and run
at 16 MHz data rate.

At the output of the A/D converters an overflow detection is provided. The threshold for this overflow can be
selected by software between 216, 224, 232 and 240. The overflow occurrences are summed up in a register the
highest 8 bits of which can be read by the microprocessor. In this way an automatic gain control loop can be
established.

4.2 Digital processing at 1f  level

Some digital data processing is done at the 1f level (16 MHz) in the acquisition chip, before data is written to the
field memory.

Since all three A/D converters run at 16 MHz, this data format of 4:4:4 needs to be reduced to 4:1:1 to fit into the
memory. This conversion is done in two steps. The U and V data are low pass filtered and then down sampled
by a factor of two, low pass filtered again and down sampled a second time by a factor of two. Finally the data is
formatted into the 4:1:1 format, see fig. 2. In this format the chrominance information is distributed over 4 clock
periods, the first data word beginning one clock period after the rising edge of the WE signal.

For displaying a 4:3 sources on a 16:9 screen a horizontal signal compression can be activated. The compres-
sion factor in this case is 4/3 = 1.33 (16:9 mode). For a slighter compression mode also 7/6 = 1.16 is selectable
(14:9 mode).

When compression is active, a reduced number of pixel data per line is generated. To achieve this at the same
clock frequency every 4th (in 16:9 mode) or every 7th (in 14:9 mode) pixel is discarded (memory writing dis-
abled). The remaining ones are derived from an interpolation unit where a variable phase delay filter is used.
This filter ensures a high accuracy in interpolation.

YODO mmxYoXYoXYo)i(YoXYoXYoXYo)jC
YOD1 WYlXYlXYlXYl);(YlXYlXYlXYlX:
YOD2 mwxY2XY2XY2)§(Y2XY2XY2XY2)C
YOD3 WygxY3XY3XY3);(Y3XY3XY3XY3)C
YOD4 WMXY4XY4)(Y4);(Y4XY4XY4XY4)C
YOD5 WysxYSXYSXYSXEYSXYSXYSXYSXZ
YOD6 WYGXYGXYGXYGXYGXYGXYGXYGX:
YOD7 WWXY7XY7XY7XY7XY7XY7XY7X:
UVOD4mwxv4Xv2Xvo)i(v5Xv4Xv2Xvo)jC
U\/oD5WWXv5Xv3Xv1)j(v7Xv5Xv3Xv1)C
UVOoD6 %%;(UGXU4XU2XU0):(U6XU4XU2XU0X:
uvoD7 WWXU5XU3XU1>;(U7XU5XU3XU1X:

SWC

WE J . . 411L.WMF

Fig. 2 4:1:1 data format
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4.3 Digital processing at 2f  level

From the acquisition chip the digital video data is written to a field memory. Reading is done at twice the clock
rate by the display chip of the SAA 4977.

4.3.1 Signal data range

Signal data on the display chip are processed using a 10 bit wide data range. The user can select how this
extended range is to be used. In display mode 1 the full 10 bit range is used for the nominal signal. The black
level is now at 64 and has the same relative level compared to the 8 bit input signal. In display mode 0 basically
a 9 bit range is used for the nominal signal. The black level is at 288 and the white level at 767. This leaves
ample room for signal over- and undershoots. These relations are depicted in fig. 3.

8bit INPUT 10bit OUTPUT
display_mode = 1 i display_mode = 0

|
|

TOP 255 1023 | 31023

WHITE i ® 937

_______________________ i
@852 ]
@ 767
|
|
| 681
239 959 | 479 511

| J 851
|
|
|
! 288 32
| @256 T——— 2 Ly
@ Y )
|
|

BLACK v 16 v 64 l @ __8_6 ____________________________ Y

0 0 1 ® o

|

HUMLEV-E 1V bl/wh 2 V bl/wh | 1V bl/wh

limit_set=0, 1, 2, 3:
Fig. 3 Display modes limiting levels @ @ @ ®
4.3.2 Luminance Peaking

The luminance signal Y is processed by the linear peaking circuit of the display chip in order to boost the higher
frequency ranges. A block diagram of the circuit is shown in fig. 4. The circuit uses a combination of band pass
filter and high pass filter having their maximum gain at f; /4 and f. /2 resp., the output of which is added to the
original signal. The influence of each of the filters can be adjusted in four steps. In fig. 5 to 8 the frequency
response of the peaking circuit is given for different values of alpha (middle range) and beta (upper range).

The over- and undershoots generated by the peaking circuit can be limited, depending on far they exceed the
nominal range of the output signal. The relations are shown in fig. 3, right-hand side. For limit_set = 0 the limiting
levels O are valid and the output range is limited to 511 +256 / -255 = 256...767, thus leaving practically no room

13
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YIN
— Eﬁgg — ADDER |—»| LIMITER ﬂ:
peak a ADDER| — »| CORING |—> peIk dinIay_
_limit  mode

!

HIGH K
» — peak_
PASS coring
PEAKBLK
T Fig. 4 Peaking block diagram
peak_b
Peaking
14 T
alpha=0
12 , 1
beta=1/2
101 8

m
© 8+
Q
©
2
5
2 6l
g6
4+
2*
Fig. 5
0 | | | | | | | | Frequency response of the
0 005 01 015 02 025 03 035 04 045 05 peaking filter for alpha =0

Fregency fl/fc

for signal amplitudes exceeding the nominal range. For /limit_set = 1 and 2 the tolerated range is extended to
171...852 and 86...937 until at /imit_set = 3 the total 10 bit range of 0...1023 is used.

The peaking filter will boost higher frequency signals regardless of their amplitude. For structured small signals
this will lead to unwanted coring. In order to prevent this the coring block is added. It suppresses any gain for
low amplitudes, so the original luminance signal is not influenced. Coring levels that can be programmed are 0
(no coring), 4, 8 and 16. The different transfer curves are depicted in fig. 9.
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Peaking
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4.3.3 Digital color transient improvement (DCTI)

U and V data are reformatted from 4:1:1 to 4:2:2 using a linear interpolating filter. Further upsampling to the 4:4:4
format occurs during the DCTI process.

The Digital Color Transient Improvement (DCTI) is intended for U and V signals originating from a 4:1:1 source.
Horizontal transients are detected and enhanced without generating overshoots.

The data path delay is varied on the basis of a function of the second derivative of the U and V signal. The effect
at an edge is that during the first half the data path delay is higher than nominal and in the second half it is lower
than nominal. This will make the edge much steeper. As this interpolation is done with the resolution equal to
that of the Y samples a 2:1 interpolation is performed generating a 4 :4 :4 format for the D/A converters.

The DCTI function can be controlled mainly by adjusting the parameters gain and limit. Gain influences the
resulting steepness of the output signal, whereas /imit affects the maximum amount of data path delay. Modifica-
tions of these parameters are depicted in the fig. 10 and fig. 11 using a maximum amplitude color transient as
input signal. Both gain and limit must be greater than zero for DCTI to be active.

dig. signal
amplitude
400 + ]
output signal for:
300 4 gain=1
gain=3
gain=5
200 + gain=7 \
100 + input signal
0 ———+—+
—_—
100 4 samples
-200 +
-300 +
-400
limit=1
-500

GAIN.WMF

Fig. 10 DCTI with variation of gain for a limit setting of 1

An artifact of this processing becomes apparent when two edges are close together in the video. During the sec-
ond half of the first edge a delay is chosen that will collect video data from where the second edge is already
active. The same is valid for the second edge. The result of this processing on a video pulse, which is looking like
a hill, is that of a hill with one or two bumps on it. To prevent this from happening, the positions where the first
derivatives in U and V change sign, are marked and used to limit the range of the relative delay. This function is
called ‘over-the-hill protection’. It can be turned on and off. Figures 12 and 13 show the effect of the DCTI func-
tion with and without ‘over the hill protection’ when applied to a hill-shaped video pulse.

The ‘hill protection‘ function still produces artefacts for signal transitions where the first derivative does not
change sign, i. e. two (or more) positive (or negative) steps following each other. Signals of this kind are handled
properly if ‘superhill protection is turned on. The behavior of DCTI with active and inactive ‘superhill protection is
shown in fig. 14 and 15. Slight overshooting occurs if the output filter is turned on.

The DCTI function can be controlled by the parameter separate in regard to whether both signals U and V are
processed together or each one separately. In case of separate = 0 (off) a steep transition in either signal is suf-
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Fig. 11 DCTI with variation of limit for a gain setting of 7
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Fig. 12 DCTI without “over-the-hill protection”

ficient to activate the data path delay variation. This setting is based on the fact that most color transients involve
both signals U and V. And if one of the signals stays constant, a data path variation would do no harm.

In case of separate = 1 (on) each signal is processed separately. This setting is favorable if the transitions in both
signals do not occur at the same time. Common processing then would give false colors which can be annoying.
An example for processing such signals is given in fig. 16 and 17.
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Fig. 13 DCTI with over the hill protection
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Fig. 14 DCTI with superhill-protection off
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Fig. 16 DCTI with common processing of both signals (separate = 0)
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Fig. 17 DCTI with separate processing of both signals (separate = 1)
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4.4 Controlling

Both the SAA 4977 and SAA 4974 contain an on-chip microcontroller and a memory control unit that generates
the required signals to run the field memories. On the SAA 4977 this control unit is divided into an acquisition and
a display part, each on the respective chip. On the SAA 4974 both parts are combined.

Only the SAA 4977 has an acquisition PLL circuit, so it can generate its own acquisition clock or run on an exter-
nal one. The SAA 4974 only has this external clock mode.

44.1 Acquisition PLL

The acquisition PLL is on the acquisition chip of the SAA 4977. The rising edges of the external HA signal (hori-
zontal acquisition pulse or Hsync) and the internally generated H, ¢ are compared, and the measured phase dif-
ference controls a clock generator. This clock generator runs at 32 MHz with a S|mple clock divider being used to
generate 16 MHz. This ensures a perfect 50% duty cycle for the system clock LLAZ of the acquisition chip.

A video line of 64 ps contains 1024 clock cycles of 16 MHz. Therefore the clock frequency is divided by 1024 to
get the horizontal reference signal Hgf.

The acquisition system clock LLA can also be provided externally. This external clock mode is activated by pull-
ing pin SEL_CLK to LOW, the internal PLL is now switched off. A synchronous H, ¢ signal must be provided at
pin HA by the external application.

4.4.2 Memory controller

The on-chip memory controller provides the necessary control signals for one- or two-field memory concepts.
The write signals for the first memory are derived from the acquisition clock, signals for reading are derived from
the display clock. In order to achieve this the memory controller is divided into an acquisition part and a display
part. On the SAA 4977 each part is placed on the resp. chip. An asynchronous serial link provides communica-
tion between the two parts.

4.4.3 Microprocessor

The SAA 4977 and SAA 4974 contain an embedded 8051 microprocessor core including 256 Byte RAM and
16 kB ROM (uC). The microprocessor is placed on the display chip and runs on a 16 MHz clock, generated by
dividing the 32 MHz display clock by a factor of 2.

A parallel port (PORT 1) can be used for application specific signals. While pins P1.0, P1.6 and P1.7 are already
used for SNRST and the I12C bus signals SCL and SDA resp., the port pins P1.1 ... P1.5 are still available for spe-
cific purposes.

Internally the microprocessor and the display part of the memory controller are connected by a parallel address
and data bus. Via this bus the uC communicates with all parts of the chip. The memory controller serves as a
router, distributing all display related write and read controls on the display chip and sending/receiving all acquisi-
tion related data via the serial link to/from the acquisition chip.

For communication with external ICs two serial busses can be used, the 1°C bus and the SNERT bus. The I°C-
bus interface is used in a slave receive and transmit mode for general communication with a central master
microcontroller. Both standardized baud rates of 100 kBit/s and 400 kBit/s are supported.

The SNERT? bus is used for communication with slave ICs that also have this interface. Itis a single master bus
and uses the uC’s serial interface for transmitting and receiving data. Clock is supplied by pin SNCL while data
is written or read through pin SNDA. These pins refer to the pins TxD and RxD of a standard 8051 puC, and the
transfer mode is known as mode 0 of the serial interface. Address and data bytes are transmitted alternately. As
reset signal the bus uses a third signal line (SNRST) to determine the correct address / data sequence as well as

2. LLA ... Line Locked Acquisition (clock)
3. SNERT stands for Synchronous No-parity Eight bit Reception and Transmission
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to update any readable registers in the devices. In a video environment however the vertical sync pulse is usu-
ally taken for this reset purpose, since SNERT transmissions are initiated by this pulse, too.

5. Functional description of the SAA 4974

If digital input signals are available, e. g. from a digital color decoder, the SAA 4974 can be used instead of the
SAA 4977. The acquisition chip containing the analog input interface is missing, so the SAA 4974 consists of the
display chip alone, which is modified somewhat, so it can run as a stand-alone device. Fig. 18 shows the block
diagram.

BLOCK_74.WMF SAA 4974
8 .
Y., | variable . ’ D/A-Conv.
id > Ydelay »>| Y-Peaking 1 10 bit Yout
D/A-Conv.
pcTi [ -] 10bit Uout
4:1:1
4 .5
Wi === 5, F— O @
Reform. 4:4:4 DIALC
Refi . -Conv.
g == "ot Vout

t i ]
|

LLA Control vi
: icro-
110 : ===
Acquis. i Display Controller
< < Ww N u Q- 2N (&) W = A4 < A4
—lg I;gEU_Jn:z'-'-'-'-n: - 4 0w O0aoQg
- & <0 Jo00rT 4 S @Xxrxzzono
S x m > T &D_I%U)u)
3

Fig. 18 Block diagram of the SAA 4974

Compared to the SAA 4977 a variable luminance delay is added. This delay permits to compensate any delay
differences that may have accumulated so far. The zero delay setting is meant for the nominal case of aligned
input data according to the interface format standard. The other settings provide one to seven samples less
delay of the luminance signal.

4. see also: Waterholter, Heinrich: The SNERT bus specification, Philips Semiconductors Application Note AN 95127
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In this case a lot more functions and features are available. The diagramin fig. 19 gives an

Functional description of the SAA 4991
The MKO9 board can be run with the SAA 4977/74 and one field memory, or a second field memory and the SAA

Improved Picture Quality Module MK9
4991 can be added.

overview of the main processing blocks.
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The SAA 4991 uses two field memories. The first one does the 50Hz/100Hz scan conversion, the second is used
for noise reduction, line flicker reduction and motion compensation. Noise reduction is done in the luminance as
well as in the chrominance channel. Motion compensation is performed in the luminance signal only, since exper-
iments have shown that the dynamic resolution of chrominance is almost completely masked by luminance. So a
chrominance processing based on line-flicker elimination using a three tap median filter is implemented.

6.1 Problems in motion portrayal with picture rate conversion

The main feature of the SAA 4991 is its ability to improve motion portrayal in 100 Hz TVs and to eliminate one of
the main artefacts of conventional scan converted images: blurring at moving edges.

The simplest approach to double the scan rate is to display each field twice. This is depicted in fig. 20. For a mov-
ing object it can be seen that its position is incorrectly represented in every second field. If the viewer tracks the
object it is perceived double, as it’s location in every second field is not at the expected position.

spatial
position

expected position

direction of of object in field 6

viewer's eye
tracking the
e displayed position

moving :
object : of object in field 6

. m .. object in original field
{ O ... object in interpolated field

BLURR.WMF

50 Hz field #

Fig. 20 100 Hz field repetition
causes blurring at
moving edges

3 : 4

| | |
\ 1 \ 1 \ 1 \

5 7

8 100 Hz field #

N
w — N
H

1
—
1

Much worse is the display of movie material on a TV receiver or even in the cinema, because motion comes in a
rate of only 25 pictures per second. On a 50 Hz TV each motion phase is displayed twice resulting in annoying
jerky motion due to a lower picture update rate and therefore a larger position error between expected and dis-
played object position. In current 100 Hz TV each movie picture is repeated four times.

6.2 Motion estimation

In order to overcome the above described problems a motion estimation technique is needed, so that objects in
the interpolated image can be placed at the position expected by the viewer’s eye. The technique implemented in
the SAA 4991 is based on a 3-D recursive search block-matching algorithm.

The picture is divided into blocks of 8 x 8 pixels, and for each block a movement vector is stored in the chip’s vec-
tor prediction memory. Calculation of new vectors is mainly based on these previous vectors.

The motion estimator applies two concurrent recursive block matchers that individually check four candidate vec-
tors with different convergence directions. Among the four candidates is one from a previously processed, diago-
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nally neighboring block (spatial prediction vector), and one from a block in the previous field (temporal prediction
vector). Fig. 21 show this situation. Estimator A checks S, and T, estimator B checks S, and Ty,. The blocks for
the temporal prediction vectors are diagonally opposite to the ones for the spatial prediction vectors, and not
neighboring but in a larger distance in the same direction. This can improve convergence speed.

Sa, Sp spatial prediction vectors

Ta, Tb  temporal prediction vectors

’ current block

Q neighboring block

in current field

block in previous
field

ESTIMATE.WMF

Fig. 21 Position of the spatial and temporal prediction vectors
in relation to the currently processed block

tested vector

N

™~

— update vector
(cyclicly changing;

J

VECT_UPD.WMF

spatial prediction vector

Fig. 22 Recursive search trying to find a better vector

Besides these two vectors each estimator also tests a candidate that is the sum of the spatial prediction vector
and an update vector. This update vector is cyclicly chosen from a limited set of vectors with different direction
and length. The forth vector tested by each estimator is the vector Q.
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Due to limited number of candidates, the recursion of the algorithm and the fact that only a limited update of the
prediction value is allowed, the estimation generates a smooth rather than accurate vector field which is desirable
for a temporal interpolation of pictures. Run-in problems are solved by applying two estimators with different pre-
diction directions in parallel. A block matching algorithm with this search strategy requires only modest hardware
cost due to the limited number of candidate vectors to be evaluated, yet yields a good performance.

The parameters of the motion estimators are summarized below. "Range” really indicates the maximum speed
an object on the screen can have. The value is based on the 50 Hz field frequency (20 ms), for the actual motion
compensated interpolation on the 100 Hz side (10 ms) only half the range is needed. The larger range in horizon-
tal direction reflects the fact that large horizontal displacements occur more frequently than large vertical ones.

Table 4: Key parameters of the motion estimation

Parameter Value Unit
Range %16 hor., 9 vert. pixels / 20 ms
Block size 8 hor. x 8 vert. pixels
Accuracy +1 pixel / 20 ms
Candidates 8 (2x4)

6.3

The motion estimation algorithm is combined with an advanced up-conversion algorithm. The picture information
of the motion compensated previous and next fields are fed to a three point median filter together with a third
non-motion compensated average sample. The principle is illustrated in fig. 23. In case of correct motion vectors

Motion compensation
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Fig. 23 Implementation of the up- el

conversion algorithm
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the two motion compensated pixels from the neighboring fields are likely to be identical and the median filter will
choose one of them. If they differ, which indicates that the motion vectors are unreliable, the chance increases
that the non-motion compensated pixel appears at the output. The result is a smooth degradation of picture
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material in case of vector failure. On top of this "local fall back" option the chip generates key data on the global
reliability of motion vectors. This data is processed by an external microprocessor which, in case of suspect data,
can gradually force the upconversion process into a non-motion compensated mode.
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Fig. 24 Portrayal of a moving object on a 50 Hz and 100 Hz TV
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Motion estimation and compensation is done not only for up-conversion of video or camera sequences having 50
movements phases per second, but also for converting 25 Hz movie material. In this case both 50 Hz fields are
taken from the same movie picture. These 25 movement phases per second are doubled into 50 which is a con-
siderable improvement in movie motion portrayal. Fig. 24 shows the position of a moving object as a function of
the output field number for a 50 Hz TV set, a current 100 Hz TV set with field repetition, and a 100 Hz set
equipped with the SAA 4991, for both video camera sequences and movie material. As can be seen the SAA
4991 supports a perfect motion compensation for video camera material.

6.4 Motion detection

Because of the different kind of processing for camera and movie mode a discriminator is required to adapt the
processing. This discrimination is based on the analysis of motion vectors from the estimator. In movie mode
motion will occur only in every second field, so if the sum of absolute vectors is calculated over a field, this sum
will vary from field to field in a particular way. The data is fed to an external microcontroller which does the evalu-
ation and determines the mode to be set.

6.5 Vertical Zoom

Vertical zoom is provided by the SAA 4991 in a range between 1.0 and 2.0 in 23 steps. Moreover the zoom fac-
tors 3 and 4 are available. An example for a vertical zoom factor of 4/3 = 1.33 in video mode is shown in fig. 25.

For every output field, the up-converter generates odd and even scan lines simultaneously. These lines are
either original ones or motion compensated ones from a median filter. Zooming is done by linear interpolation
between these odd and even lines, thus for every output field, a progressively scanned frame of 576 active lines
(100 Hz) compensated to the correct motion phase, is used. This yields a highly improved performance com-
pared to an intra-field zoom. As shown in fig. 25 the interpolation coefficients repeat in a certain sequence of lines
depending on the zoom factor and are also different between fields.

A sequencer is used to control the reading of the field memories, the delay or repetition of the line memory data
and the mixing factor of the zoom interpolator. For every output field the microcode for this sequencer is loaded
in the chip by the microcontroller. This provides maximum flexibility.

Vertical zoom for chrominance is implemented similarly to luminance. Instead of motion compensated lines line-
flicker reduced lines from a median filter are used as input for the interpolator.

6.6 Noise Reduction

Noise reduction is based on a field recursive loop and done for both the luminance and the chrominance signal.
The basic scheme is given in fig. 26. New input data and field delayed data are averaged according to the factor
K which can range from O (still picture) to 1 (noise reduction off). The factor K can be fixed or adaptive. Operation
in fixed K mode is possible, but since this can easily lead to smearing along moving edges and fading effects at
contrast changes, the adaptive K mode is recommended. In this case the difference in pixel amplitude between
the actual and the field delayed input is checked in the luminance channel and taken as the base for selecting a
suitable K-factor. Low-pass filtering is performed on these absolute pixel differences, then a user-programmable
K-curve (lookup table) is taken to decide on the momentary K-value. A sample K-curve is depicted in fig. 27. It
shows that for low pixel differences a low K-value will be taken (strong noise reduction), whereas for pixel differ-
ences above 20..30 the K-factor is almost 1 which means that noise reduction is almost turned off.
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7. MK9 Application Board

The SAA 4977 provides the interfaces between the internal digital processing and the analog environment.
Luminance and color difference signals from a color decoder or other analog source can be directly input without
any external filters. 10 bit D/A converters at the output provide the interface to an RGB processing circuit.

If the board is used with an SAA 4974 no analog input processing is available. In this case the digital data as well
as the clock LLA, horizontal sync HA (ABK) and vertical sync can be input through a separate connector.

While the internal functions along the data path are always available, special 100 Hz features depend on external
digital components. The simplest form of scan rate conversion is field repetition (A-A-B-B mode), this is possible
with just one field memory of the SAA 4955 type connected. A block diagram of this configuration is shown in fig.
28.

An alternative of the SAA 4955 is the compatible SAA 4956. Itis the same memory, but with a built-in field-based
noise reduction circuit. The noise reduction function can be controlled by 12C-bus. At the time this report is written
the SAA 4956 is still in development.

LLA_EXT
HA Display PLL HDFL
(ABK) 32 MHz VDFL

VACQ _l %

LOB_FM1AWMF

YUV dig. 12 SAA4955/56 |12
data input EM1

I’C-Bus

Fig. 28 Application block diagram of the SAA 4977 / 74 using one field memory

Additional functions like motion compensation, line flicker reduction (LFR), progressive scan, zoom and noise
reduction are available if the IC SAA 4991 as well as a second field memory SAA 4955 is added. A block diagram
of this configuration is shown in fig. 29.

Many functions are realized by software, so for an exact overview of what modes and features are available to
the user refer to the appropriate software user manual.

An application board has been prepared to show the functions of the SAA 4977 /| SAA 4974. It supports all con-
figurations described above. The complete circuit diagrams are given in fig. 30 to fig. 34. 0-Ohm resistors are
used to close the data path in case of the 1-field-memory concept, when no SAA 4991 is present, and also provi-
sions are made on the board to use the SAA 4956 instead of the SAA 4955.
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LLA_EXT
HA Display PLL HDFL
(ABK) 32 MHz VDFL

Yuv dig. 12 SAA4955 12 SAA4991 SAA4955
data input FM1 MELZONIC | ] FM2
RE1 RE2
WE2 v
Fig. 29 re-Bus

Application block diagram of the SAA 4977 /74
using two field memories and the SAA 4991

SNERT-Bus 3

The SAA 4977 has several power pins for analog and digital supply both at 5V as well 3.3V, see table 5. As can
be seen on sheet 5 of the circuit diagram (fig. 34), each positive supply has its own decoupling circuitry. Decou-
pling capacitors are spread across a large value range, so a wide-band suppression of supply noise is ensured.
The positive supply voltages are fed through an inner layer of the 4-layer board, the other inner layer is com-
pletely reserved for ground. These two layers are closely on top of each other and thus further improve supply
stability.

Table 5. Analog and digital supply pins

Analog supply Digital supply
+3.3 VA +5 VA +3.3VD +5VD
pin 75: Vppaa pin 23: Vppa1 pin  8: Vppps pin 18: Vppp1
pin 80: Vppas pin 25: Vppa2 pin 11: Vpppa pin 19: Vpppo
pin 29: Vppas pin 69: Vppps pin 46: Vppp2
pin 67: Vppio

Special care is taken to supply the PLL circuit. Its voltage of +5VP has its own stabilizer. +8VA is used for the
analog output amplifiers and filters.

For testing and measurements of the SAA 4977 several power supply lines are equipped with test pins, and pro-
visions are made to break up the on-board supply for external feeding. Input and output signals as well as a few
other signals are also provided with test pins for easy monitoring.

The 4-layer board measures 120 mm by 88 mm, the layout of each layer is given in fig. 35 to fig. 38, fig 39 shows
the assembly plan of the board.
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