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NIPPON PRECISION CIRCUITS LTD.

SM5835AF
2D Digital Image Filter

OVERVIEW

The SMS5835AF is a two-dimensional digital filter
for non-interlaced 8-bit images. It processes a
33.pixel image segment at the video data rate. It
includes two horizontal line delays, for lines from
14 to 1037 pixels long, and filtering coefficients in
ROM for averaging, Laplacian and two other types
of filtering. These features allow any frame size to
be processed without any need for external
memory.

Other features include decimation registers to
change filter characteristics, and independent gain
settings for the filtered and unfiltered signal com-
ponents. The net result is a flexible, high-perfor-
mance two-dimensional filter IC.

FEATURES

» 3 x 3-pixel two-dimensional filter

» Video signal rates up to 14.5 MHz

+ 8-bit data input, selectable for unsigned mag-
nitude or 2s-complement format

e 12-bit 2s-complement data output

e Two-line delay, variable in length from 14 to
1037 pixels

» Coefficients stored in internal ROM for two-
dimensional averaging, Laplacian, and two other
filters

« Decimation registers to vary filter characteristics

» Independent gain settings for filtered and unfil-
tered signal components

» Overflow limiting and overflow detection flag
output

» Optional rounding for 8-bit output

+ TTL-compatible input/output levels

« Tristate data outputs

« Single 5 V supply

. Moly-gate® CMOS process

* 64-pin QFP package

APPLICATIONS

« Image processing for copying machines
* Video signal processing
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PIN DESCIPTION
Pin number Pin name 10 Description

1 DLO ip Delay line length select (Isb)

2 DU ip Delay line length select (bit 1)
3 DL2 ip Delay line length select (bit 2)
4 DL3 ip Delay line length select (bit 3)
5 DL4 ip Delay line length select (bit 4)
6 DL5 ip Delay line length select (bit 5)
7 DL6 ip Delay line length select (bit 6)
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Pin number Pin name 10 Description
8 DL7 ip Delay line length select (bit 7)
9 DL8 ip Delay line length select (bit 8)
10 DL9 ip Delay line length select (msb)
11 VSS1 Ground pin 1
12 VDD1 5 V supply pin 1
13 CLK i Clock input
14 S20 ip Decimation setting pin 0O
15 SZ1 ip Decimation setting pin 1
16 DOO o Data output (Isb)
17 DO1 0 Data output (bit 1)
18 DO2 o Data output (bit 2)
19 (NC) No connection
20 DO3 0 Data output (bit 3)
21 D04 0 Data output (bit 4)
22 D05 0 Data output (bit 5)
23 DO6 ) Data output (bit 6)
24 DO7 0 Data output (bit 7)
25 VSSs2 Ground pin 2
26 vDD2 5 V supply pin 2
27 DO8 o Output data (bit 8)
28 DO9 0 Output data (bit 9)
29 DO10 o Output data (bit 10)
30 DO11 0 Output data (msb)
31 OVF 0 Overflow flag
32 OE ip Tristate output enable. HIGH = enabled; LOW = tristate
33 RND ip Output rounding enable. HIGH = enabled; LOW = disabled
34 GFO ip Filter gain coefficient (Isb)
35 GF1 ip Filter gain coefficient (bit 1)
36 GF2 ip Filter gain coefficient (bit 2)
37 GF3 ip Filter gain coefficient (bit 3)
38 GF4 ip Filter gain coefficient (bit 4)
39 GFs ip Filter gain coefficient (msb)
40 VSS3 Ground pin 3
41 vDD3 5 V supply pin 3
42 GIo ip Unfiltered signal gain select (Isb)
43 G ip Unfiltered signal gain select (bit 1)
44 G2 ip Unfiltered signal gain select (msb)
45 FNCO ip Function select (Isb)
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Pin number Pin name 110 Description
46 FNC1 ip Function select (bit 1)
47 FNC2 ip Function select {msb)
48 TO1 o Test output 1
49 THN ip Test input 1 (tie HIGH for normal operation)
50 TI2N ip Test input 2 (tie HIGH for normal operation)
51 (NC) No connection
52 (NC) No connection
53 TCN ip Input format select. HIGH = unsigned absolute; LOW = 25 complement
54 DI7 ip Input data (msb)
55 Di6 ip Input data (bit 6)
56 DI5 ip Input data (bit 5)
57 Dl4 ip Input data (bit 4)
58 VSS4 ip Ground pin 4
59 VDD4 ip 5 V supply pin 4
60 DI3 ip Input data (bit 3)
61 Di2 ip Input data (bit 2)
62 DIt ip Input data (bit 1)
63 Dio ip Input data (Isb)
64 RSTN ip Reset

Note

i = input, ip = input with pull-up, o = output

Absolute Maximum Ratings

VSS = O V

Parameter Symbol Rating Unit
Supply voltage range Voo 031070 v
Input voltage range Vin Vss — 0.3 to Vpp + 0.3 v
Storage temperature range Tsta —40 to 125 °C
Power dissipation Po 400 mW
Soldering temperature Tswo 255 °C
Soldering time tsLp 10 s

Recommended Operating Conditions

Vss =0V

Parameter Symbol Conditions Unit
Supply voltage Voo 475 to 5.25 v
Operating temperature Topr —20 to 70 °C
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DC Electrical Characteristics

T = =20 to 70° C, Vss = 0 V, Vpp = 4.75 10 5.25 V unless otherwise noted

Rating
Parameter Pins Symbol Conditions Unit
min typ max
Current consumption *1 lop See note. - 60 80 mA
Vin 24 - -
Input voltage '3, 4 \
Vie - - 05
Vou lon = 0.4 mA 40 - -
Output voltage '5, 6 v
VoL loL = 1.6 mA - - 0.4
input current *4 he, VN =0V - 10 20 pA
'3, 4 ILH VN = Voo - - 1
Input leakage current A
*3 Il Vin=0V - - 1
Output high-impedance G I Vin = Voo - - 5 uA
leakage current L V=0V _ _ 5
Note
Vobo = 5.0 V, CLK frequency fc = 14.5 MHz, all outputs unloaded.
Pin classification
Pin type Pin type number Pins
Voo pins 1 VDD1, VDD2, VDD3, VDD4
Vss pins *2 VSS1, V882, VS8S3, VsS4
Input pins 3 |CLK
. . ' DI0O to 7, DLO to 9, SZ0 to 2, FNCO to 2, TCN, RND,
Input pins with pull-up 4 GIO 1o 2, GFO to 5, THN, TI2N, RSTN, OF
Output pins *5 OVF, TO1
Tristate cutputs ‘6 DOO to 11

AC Electrical Characteristics

T, =20 to 70° C, Vss = 0 V, Vpp = 4.75 w0 5.25 V unless otherwise noted

Rating
Parameter Symbol Cenditions - Unit
min typ max

CLK period tcp 68 - 1000 ns
CLK LOW-evel interval to 1 =0 - 500 s
CLK HIGH-level interval tcu 30 - 500 ns
CLK rise time tcR 10 to 20 V - - 10 ns
CLK fall time ter 1020V - - 10 ns
Input data setup time ts 30 - - ns
Input data hold time tH 0 - - ns
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Rating
Parameter Symbol Conditions Unit
min typ max
CLX to data output delay top1 - - 50 ns
CLK to data output hold time 1oH1 Load conditions 1 5 - - ns
CLK to OVF output delay tonz (Note 1) - - 50 ns
CLK to OVF output hold time toHz 5 - - ns
tpzL - - 40 ns
OE to data output enabled delay
PzH Load conditions 2 - ~ 40 ns
Tog  |(Not€ 2) - - 40 s
OE to data output disabled delay
lPHz - - 40 ns
RSTN pulsewidth tRsT 10 o 20 V 50 - - ns
Input capacitance CiN fc =1 MHz - - 10 pF
Output capacitance Court fc = 1 MHz - - 15 pF
Note

1. Load conditions 1

2. Load conditions 2

Timing Diagrams
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FUNCTIONAL DESCRIPTION

The SMS5835AF is a video-signal rate two-dimen-
sional digital filter for non-interlaced 8-bit images.
It contains eight sets of 3 x 3-pixel filter coeffi-
cients in ROM. Although it is not possible to
program the SMS5835AF with your own sets of
coefficients, this configuration eliminates the need
for an external coefficient loading chip. The inter-
nal variable-length delay lines support any frame
size without the need for external memory.

3 x 3-element Filter

Basic operation

The two-dimensional filter calculation operates by
scanning across the image. At each pixel, that pixel
and the neighboring eight pixels are each multiplied
by the corresponding coefficient. These products
are summed to give the filter output for that pixel.
For example, for image X and coefficients C,

2 2
yaR)D=Y Y ChmxX(@i+n-1j+m=1)]
n=0m=20

(0, 0) c(o, 1) c(0, 2)
c(1,0) c(1, 1) c(1, 2)
C(2, 0) c(2. 1) c(2, 2)

Figure 1. 3 x 3 filter coefficient matrix

X(i-1, j-1) X(i~1, ) X(i-1,j+1)

X{,i-1) X(i, 1) X(i, j+1)

X(i+1, j-1) X(i+1, ) X(i+1, j+1)

Figure 2. 3 X 3 nearest-neighbour matrix
(filter input)

y(i, j)

Figure 3. 3 x 3 filter output

Filter coefficients

Pins FNCO to FNC2 select one of eight different
sets of filter coefficients, from four different types
of filter. In the following descriptions, the value
ENC is the number represented by FNCO to ENC2.

Averaging filter (noise reduction)

This filter takes the average of all nine pixels in the
3 x 3-pixel window, thus reducing the amplitude of
the noise component by a factor of nine. This also
has the side-effect of reducing the sharpness of the
image. The SM5835AF requires filter coefficients
to be a multiple of 1/2. Therefore, all coefficients
arc equal to 1/8, as shown in figure 4, instead of
1/9. The filter thus has a net gain 1.125 (9/8). To
compensate, set the filter gain coefficients GF0O to
GFS 1o 001110. This corresponds to a gain of 14/16
= 0.875, bringing the net gain back to close to
unity.

Me

2
y (3 =08 3
n=0

Xi+n-1,j+m-1)
m=20

1/8 1/8 1/8

1/8 1/8 1/8

1/8 1/8 1/8

[FNC = 000]

Figure 4. Averaging filter coefficients

Laplacian filters (image sharpening)

The Laplacian filters emphasize the high-frequency
componen(s of the image. The filter coefficients are
equal to either

[(1/89)2X(4, j)]
or
[—(U4)vX(, 7]

NIPPON PRECISION CIRCUITS—7



SM5835AF

» Laplacian filter 1
This filter uses the eight neighboring pixels:
. .. X(-Lji-D+XE-L)+XE-Lj+D+XELji-D+XGj+D+XG+1,j-1)
y@ ) = XG j) - 1’{+ XG+1L)+XG+1,j+1) ]
= Laplacian filter 2
This filter uses the four vertical and horizontal neighbors:
v §) = X0 §) - v4XG - L)+ X0 j- D+ X0 j+ 1)+ X(3 + 1, )]
» Laplacian filter 3
This filter uses the four diagonal neighbors:

v ) =X0E5) - 1M4XG-Lj-D+XE-1L,j+D+XG+Lj-D+XGE+1j+1)]

-1/8 | -1/8 | —1/8 0 -1/4 0 -1/4 0 ~1/4

-1/8 1 -1/8 -1/4 1 -1/4 0 1 0

-1/8 | —1/8 | -1/8 0 -1/4 0 -1/4 0 -1/4
Laplacian 1 Laplacian 2 Laplacian 3
[FNC = 001] [FNC = 010} [FNC = 011]

Figure 5. Laplacian filter coefficients

Template matching (line enhancement)

These two filters provide templates for enhancing features can be enhanced by correlating image seg-
horizontal and vertical lines. They are specific ment with a matching template.
instances of the general principle by which image

» Vertical line detection
y(i, §) = U4[XE - 1, j) + XG0 ) + XGE + 1, j)]
—BXE-Li-D+XE-Lji+D+XEi-D+XGLj+D+XE+1Lj-D+XGE+1,j+1)]
e Horizontal line detection

y(, J) = (UAXGE § - 1 + XE §) + X0 j + 1)]
—OBXGE- LD+ XG-Lj-D+XE-Lj+D+XE+1L -1 +XE+10)+X(G+1,j+1)

-1/8 | 1/4 | -1/8 -1/8 | —1/8 | -1/8
-1/8 1/4 -1/8 1/4 1/4 1/4
-1/8 1/4 -1/8 -1/8 | -1/8 | -1/8
Vertical line detector output Horizontal line detector output
[FNC = 100] [FNC = 101]

Figure 6. Horizontal and vertical line detection
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Differencing (edge enhancement)

The SMS835AF provides horizontal and vertical SM5835AF, since square root and squaring opera-
Sobel operators to enhance image edges. The Sobel  tions are also required.
processing is not completely performed by the

« Horizontal Sobel operation
yHG j) = - (UDXGE - 1, j - 1) + 2#X(0, j - 1) + X( + 1, j - 1)]
+U)XG-1L, 7+ +2+XE j+ D+ XE+ 1, j+ 1)

= Vertical Sobel operation
yVGE ) = XG -1, j- 1)+ 2XG-1L )+ XEA -1, + 1)
—AXGE+ 1L, - +25XGE+ 1, §) + XGE + 1, j+ 1)

-1/4 0 1/4 1/4 1/2 1/4
-1/2 0 1/2 0 0 0
~1/4 0 1/4 -4 | -1/2 | -1/4
Sobel operator (horizontal direction) Sobel operator (vertical direction)
[FNC = 110] [FNC = 101}

Figure 7. Sobel operators

Two SM5835AFs are needed to process the signal ~ Table 1. Decimation selection

in both horizontal and vertical directions, producing 71 70 Declmation
the outputs yH(i, J) and yV(i, j). Additional exter-
. . . 0 0
nal pr906531ng is required to perform the complete No decimation
operation, as follows. 1 1
y(i, §) = [[yHG )P + [yVG, j)]z]l/z 0 1 Decimate by two
1 0 Decimate by four
Decimation Register
Pins SZ0 and SZ1 set the decimation factor to one N (it o
(no decimation), two or four, as shown in table 1. (=1, -1 (=1.1 (=1, 5+1)
With decimation enabled, the filter coefficients are B - -
multiplied by every second or fourth horizontal X(. j=1) X(i. i X(i. j+1)
pixel, instead of every pixel. Figures 6 10 8 illus-
trate the effect of the different decimation settings. X(i+1, j-1) X(i+1,]) X(i+1, j+1)
Figure 8. Filter operation with no decimation
X(i-1, j-2) D X(i-1, ) D X(i-1, j+2)
X(, j-2) D X(i, j) D X(i, j+2)
X(i+1, j-2) D X(i+1, ) D X(i+1, j+2)

Figure 9. Filter operation with decimation by two
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X(i-1,j4) | D|D| D X(i-1, j) D|D|D/| Xt j+)

X(, j—4) p|lD|D X, J) D|D|D X(i, j+4)

X(i+1,j<4) | D! D | D X(i+1, j) DI{D|D| Xit,j+4)

Figure 10. Filter operation with decimation by four

The decimation feature is provided to allow the  equations give the exact equations for the filter
filter characteristics to be changed. The following  outputs.

1. No decimation (SZ0 = 0, SZ1 = 0, or SZ20 = 1, SZ1 = 1)

2 2
yh =Y Y [ChmxXi+n-1j+m-1)

n=0m=0

2. Decimation by two (SZ0 = 1, SZ1 = ()

2 2
yi, )= Y 3 [Co m) x XG +n - 1, j + 2m - 2)]

n=0m=0

3. Decimation by four (SZ0 = 0, SZ1 = 1)

2 2
yi, )= ¥ Y [Ch,m) x XG+n -1, ]+ 4m - 4)]
n=0m=20

Variable-length Delay (DLO to DL9)

The SMS5835AF’s inbuilt delay lines can be set to S .
Ly = 14 DLk x 2

be lengths between 14 and 1037 pixels log. The " " kgo )

length of the delay lines, Ly, is set by the DLO to

DL9 pins, as given by the following equation.

Table 2. Delay line length settings

Length settings DL9 DL8 DL7 DL6 DLS oL4 DL3 DL2 ou DLO
14 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0 1
16 0 0 0 0 0 0 0 0 1 0
17 0 0 0 0 0 0 0 0 1 1
18 0 0 0 0 0 0 0 1 0 0
512 0 1 1 1 1 1 0 0 1 0
513 0 1 1 1 1 1 0 0 A 1

1024 1 1 1 1 1 1 0 0 1 0
1025 1 1 1 1 1 1 0 0 1 1
1036 1 1 1 1 1 1 1 1 1 0
1037 1 1 1 1 1 1 1 1 1 1
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Source and Filtered Signal Gains (GI0 to GI2, GF0 to GF5)

The SMS5835AF allows the gains of the original
source signal and the filtered signal to be indepen-
dently controlled. GFO to GF5 control the gain of
the filtered signal. These six bits represent a
2s-complement  fixed-point number, with two
integer bits and four fractional bits. The value is
given by the following equation.

4
Gm = -GF5 x 2 + Y GFk x 2k~ 4
k=0

Table 3. Filtered signal gain control

Table 3 summarises the effect of GFO to GFS. GIO
to GI2 control the gain of the input signal.
Table 4 lists the effect of these pins.

GFk GF5 GF4 GF3 GF2 GF1 GF0
Gain

Weight -2 1 2 i o 116

1 + 15/16 = 19375 0 1 1 1 1 1
1 + 14116 = 1.875 0 1 1 1 1 0
1 =1.0 0 1 0 0 0 0
15/16 = 0.9375 0 0 1 1 1 1
116 = 0.0625 0 0 0 0 0 1

0 =00 0 0 0 0 0 0
-1186 = —0.0625 1 1 1 1 1 1
-1 = -1.0 1 1 0 0 0 0

-1 - 1/16 = —1.0625 i 0 1 1 1 1
-1 — 1516 = —19375 1 0 0 0 0 1
-2 = -2.0 1 0 0 0 0 0

Table 4. Source singnal gain control

Gain GIN Gl2 Gl Glo
0 =00 0 0 0
12 =05 0 0 1
3/4 = 075 0 1 0
78 = 0875 0 1 1

1516 = 0.9375 1 0 0

Clock Input (CLK)

The clock input, CLK, controls the operation of
every part of the SMS835AF. The maximum clock

frequency is 14.5 MHz, the minimum, 1 MHz. All
input and output data transfer is synchronized to the
system clock.

Input Data (DI0 to DI7)

The input dala can be in either unsigned-magnitude
or 2s complement format. The format is selected by
the TCN pin—TCN = HIGH: Unsigned-magnitude,
and TCN = LOW: 2s complement.

In unsigned-magnitude format, all eight bits
represent an unsigned integer value—input values
range from O to 255. In 2s complement format, the
most-significant bit represents the sign of the num-
ber—input values range from —-128 to +127. In-
ternally, the SM5835AF uses 9-bit 2s-complement
arithmelic.
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Table 5. Input data table

8-bit unsigned magnitude 8-bit 2s complement

xsB)y | 7 | 6 | s | 4| 3|21 |o|sey| 7|6 |5 |a]a|lz2|1]o0

+MAX

(255) 1 1 1 1 1 1 1 1

@4 [+ 1t {1t 1o

(@28 | 1 oo | oo ]| ofolo

+MAX
2n | o | 1 1 1 1 1 1 1 wen | O | 1 1 1 1 1 1

(126) 0 1 1 1 1 1 1 0 (126) 0 1 1 1 1 1 1 0

+1LSB 0 0 0 0 0 0 0 1 +1LSB 0 0 0 0 0 0 0 1

—-1LSB 1 1 1 1 1 1 1 1

(—127) 1 0 0 0 0 0 0 1

-MAX
(~128)

Output Data (DOO to DO11, RND, OVF)

Output data format

The output data is in 12-bit unsigned-magnitude or ~ TCN = H (Unsigned magnitude)
2s complement format. The output format is the

7
same as the currently-selected input format, but Xin = kZ’O(DIk) x 2
with an additional four bits for numerical precision. u
That is, if the input data is treated as an 8-bit Yout = ), (Dlk) x 2%~ 4
integer, then the output data has an effective k=0
decimal point between bits three and four.
Table 6. Input/output data format (TCN = H)
Integer Decimal
Data
2 2 2 2 v 22 2! 20 2! 22 23 24

Input data 7 | b | ps | b4 | o | o | on | Dio

DI0 fo 7

%‘gg”’mdﬂa pott | Doto | Dog | Dos | Do7 | Dos | Dos | Do4 | Dos | poz | Dot | Dpoo
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TCN = L (2s complement)

6
Xin = - (DI7) x 27 + Y (DI) x 2%
K=o

Table 7. Input/output data format (TCN = L)

10
Yout = — (DO11) x 27 + )’ (DIk) x 2%~ 4
k=0

Integer Decimal
Data
R
pat data | ;| pe | ps | o4 | b | o | b | oo
D0 1o 7
Odtput 932 | pot1 | poto | Dos | Dos | Do7 | Dos | Dos | bos | Dos | poz | pot | Doo

Overflow limiter

Although the internal arithmetic of the SM5835AF
uses extra bits for precision, overflow can occur
when the output signal is limited to the number of
output bits. To prevent this, the SMS5835AF
includes an output limiting circuit. In unsigned-
magnitude mode, the output data range is from 0 (o
255, and in 2s-complement mode, the output data
range is from —128 to +127.

Overflow flag

The OVF output goes HIGH when an internal
overflow has been detected, and the overflow
limiter has operated. If an overflow is detected,
reduce the gain using the GIO to GI2 and GFO to
GFS control pins.

Output data rounding

An output rounding mode is provided for systems
in which only the higher eight bits of the output are
read. If the RND pin is HIGH, 1 is added to bit 3.
That is, 2! is added to the output.

Tristate output

Output pins DOO to Doll are tristate outputs,
enabled by the OE pin. They are enabled if OE is
HIGH, and high-impedance if OE is LOW.

Reset (RSTN)

The SMS835AF requires a reset pulse to initialize
its internal timing circuits. A reset pulse must be
applied to the RTSN pin in the following circum-
stances.

+ Power is applied
» The system clock is stopped for 10 ps or more.

For reset, RSTN must be held LOW for at least two
CLK cycles.
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TIMING CHARTS

Relation between Input and Output Data
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PACKAGE OUTLINE

Unit: mm
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NIPPON PRECISION CIRCUITS LTD. reserves the right to make changes to the products contained in this data sheet in order to improve the
design or performance and to supply the best possible products. Nippon Precision Circuits Lid. assumes no responsibility for the use of any circuits
shown in this data sheet, conveys no license under any patent or other rights, and makes no claim that the circuits are free from patent
infringement. Applications for any devices shown in this data sheet are for illustration only and Nippon Precision Circuits Ltd. makes no claim or
warranty that such applications will be suitable for the use specified without further testing or modification.
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5-4, Hachobori 4-chome

Chuo-ku, Tokyo 104, Japan
NIPPON PRECISION CIRCUITS LTD. Telephone: 03-3555-7521

Facsimile: 03-3555-7528
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