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Sumitomo Metal Industries
IMPORTANT NOTICE

While Sumitomo Metal Industries, Ltd. (hereinafter “SMI”) believes that this manual is accurate and complete
as of its date of issuance, SMI assumes no liability for damages or injuries resulting from any errors or omissions
in this manual, or from the use of information contained in this manual. SMI reserves the right to revise this manu-
al and to make changes from time to time in the content hereof without having any obligation to notify any person,
including without limitation purchasers of the products described herein, of such revision or changes. SMI also
reserves the right to make changes in the products or to discontinue any such product without notice and advises
purchasers to obtain the latest version of relevant information before placing any order, to verify that the informa-
tion being relied on is current.

The circuit diagrams described herein are shown merely as typical examples of product applications and are
not intended to guarantee operation of any circuit designed by the purchaser. SMI makes no warranty of any kind
as to user support in the application of this product, nor assumes any responsibility for customer designs, or
infringement of any of their party’s patents, copyrights or other intellectual property rights resulting from the use of
the products described in this manual.

Use of the products described herein in certain applications (“Critical Applications”) may involve potential
risks of death, personal injury or severe property or environmental damage.

THE PRODUCTS DESCRIBED HEREIN ARE NOT DESIGNED, INTENDED, AUTHORIZED OR WARRANT-
ED TO BE SUITABLE FOR USE IN LIFE SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Use of the products described in this manual in any Critical Application requires the prior written approval of
an authorized representative of SMI. In order to minimize risks associated with the purchaser’s applications, ade-
quate design and operating safeguards should be established by the purchaser to minimize inherent or procedur-
al hazards.

The products described herein generate, use and can radiate radio frequency energy. Operation of such
product in a residential area is likely to cause radio interference, in which case the purchaser, at his own expense,
will be required to take whatever measures may be required to correct the interference.

SMI makes no representation or warranty that any license, either express or implied, is granted under any
patent right, copyright, mask work right or other intellectual property right of SMI covering or relating to any combi-
nation, machine or process in which the products described in the manual might be or are used.

No part of this manual may be copied or reproduced in any form, or by any means, without the prior written
approval of SMI.

© Copyright 1995
All rights reserved
Sumitomo Metal Industries, Ltd.

The company names and products names which appear in this manual are the
trademarks or registered trademarks of their respective companies.



WARNING

Use of the products in certain applications (“Critical Applications”) may involve potential risks of death, per-
sonal injury or severe property or environmental damage.

THE PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED OR WARRANTED TO BE SUITABLE
FOR USE IN LIFE SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICA-
TIONS.

Use of the products in any Critical Application requires the prior written approval of an authorized representa-
tive of Sumitomo Metal Industries, Ltd. In order to minimize risks associated with the purchaser’s applications,
adequate design and operating safeguards should be established by the purchaser to minimize inherent or proce-
dural hazards. ’
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IP90C31

IP90C32

IP90C51

IP90C55

(HIST) Histogramming Processor... TMVER. E3.1 ... ...........ouueeunenennnn... m
High-performance histogramming processor for 8-bit gray scale images. Max freq of
50 MHz or 20 MHz (IP90C01-LC). QFP 64-pin plastic package.

(prodJ) Projection Processor.. TMVER. E2.2. ..............iinernnneennnnnnnn. Eﬁi
X-Y axes projection processor for 8-bit gray scale images. Max freq of 20 MHz or
30 MHz (IP90C05A-HS). QFP 64-pin plastic package.

(templa) Template Matching Processor..TMVER.E1.3 .................c.cuuu... m&
Two-dimensions template matching processor for 8-bit 16X7 template size.
Max freq of 30 MHz. QFP 160-pin plastic package.

(LABop) Labeling Accelerator... TMVER. E1.4. . ..............ovvurannanannnn... m
High-speed automatic labeling accelerator for whole labeling processes.
Max 4094 labels. Max freq of 40 MHz. QFP 120-pin plastic package.

(LABop1K) Labeling Accelerator.. TMVER. E1.5 ............ccouvieuininninnnn.. E
High-speed automatic labeling accelerator for whole labeling processes.
Max 1022 labels. Max freq of 20 MHz. QFP 120-pin plastic package.

(Sketch) Image Data Reduction Processor by Averaging...TMVER.E1.4 ......... m
Real-time image data reduction processor by summing and averaging.
Max freq of 40 MHz. QFP 64-pin plastic package.

(Feature) Features Extracting Processor.. TMVER.E1.1........................ m
High-performance features extracting processor.
Max freq of 20 MHz or 40 MHz (IP90C18-HS). QFP 160-pin plastic package.

(RKFil) Rank Value Filter... TMVER. E1.4. .. ..........couutii i, “
High-speed rank value filter for computing median, minimum
or maximum value. Max freq of 50 MHz. QFP 44-pin plastic package.

(SLFC) Spatial & Logical Filter... TMVER.E23 ..............c0viiiiinnnananaa.. _
Programmable high-speed spatial and logical filter. Max freq of 25 MHz or 50 MHz.
(IP90C25-HS) PLCC 84-pin plastic package.

(MAC4) Multiplier & Accumulator with 4 Multipliers...TMVER.E1.4.............. l.
High-speed single processing multiplier and accumulator. Max freq of 30 MHz.

QFP 160-pin plastic package.

(CAROL) Configurable Arithmetic Operator.. TMVER.E1.5 ..................... m

Floating point operator with configurable data bus architecture.
Max freq of 30 MHz. QFP 160-pin plastic package.

(IMBC) image Data Bus Controller...TMVER.E1.2.....................covunn... l!
Interface controller for digital image data bus. Max freq of 36 MHz.
QFP 64-pin plastic package.

(IMSC) Image Data Stream Controller.. TMVER.E1.3........................... m
Digital image data stream switcher. Max freq of 20 MHz, QFP 184-pin

plastic package or 40 MHz. PGA 181-pin ceramic package (IP90C55G).
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IPSOMDO8

IPSOMD10

IPOOMD15

IPSOMD20

IP9OMD25

IP9OMD81/

01/05

IPSOMD100

Template Matching Module...PMVER.E1.1 ............. ... .. iiiiiiiinnn...

Template matching module with core template matching chip (IP90C08) and
peripheral circuitry. Single size. (48.8mm x 127.0mm)

Labeling Module...PMVER. E1.3....... ...ttt

Entire labeling module with LABop (IP90C10) chip and peripheral circuitry.
Double size. (98.6mm x 127.0mm)

Sketch Module...PMVER. E1.2. .. ... ..ottt ittt

Averaging image data reduction and simple image data expansion module with
Sketch (IP90C15) chip and peripheral circuitry. Double size. (98.6mm x 127.0mm)

Rank Value Filter Module...PMVER. E1.2...........itiiiiiieieiannnnnnnn

Rank value filter module with RKFil (IP90C20) chip and peripheral circuitry.
Single size. (48.8mm x 127.0mm)

Spatial & Logical Filter Module...PMVER.E1.1.................. ... ... ... .....

Spatial and logical filter module with SLFC (IP90C25) chip and peripheral circuitry.
Single size. (48.8mm x 127.0mm)

Histogram / Projection Module...PMVER.E1.2.....................coiuuunn...

Five types offered. They have one or two functions in 8-bit value histogramming (IP90C01)
and / or X-Y axes gray level projection (IP90C05A-HS). Single size. (48.8mm x 127.0mm)

Frame Memory Module...PMVER. E1.1. ... ... ....uunttttneeiinnnenannn

Expansion frame memory for image processing systems which has
two frames capability. Single size. (48.8mm x 127.0mm)

. m
i
m

Baseboards

IP90BD301

IP90BD351

IP90BD550

Baseboard for ISA bus (PC/AT)...PMVER.E2.1 ...........outiiiiiannnnnnnnnnnn

Gray scale frame grabber board with two image stream exchange chips
(IP90C55). 3 slots for SIDIP modules.

Expansion Board for ISA bus (PC/AT)...PM VER. E 2.1

3 slots for SIDIP modules.

Baseboard for VME bus (6U)...PMVER.E1.3..........civitiieinennennnnnn.

Expansion board with two image stream exchange chips (IP90C55).
4 slots for SIDIP modules.

.‘

IndustryPack

IP90OMS800 Area Sensor Image Frame Grabber...PMVER.E1.2................ccoovuunnnnn.

IP90MS803 Line Sensor Image Frame Grabber..PMVER.E1.2...............coiivieeenn.n.

An 8-bit monochrome frame grabber for area sensors with IndustryPack standard.
IndustryPack double wide.

An 8-bit monochrome frame grabber for line sensors with IndustryPack standard.
IndustryPack double wide.
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Section 1. Overview

1.1

1.2

Product Overview

The IP90CO1 is a single-chip LSI processor for grayscale histogram processing. The IP90C01 is
manufactured using the latest CMOS processes and high-speed circuit technology. The IP90C01 has
a maximum operating speed (input image data transfer rate) of 50 MHz, and can process both non-
interlaced and interlaced image data. The IP90C01 can process 8-bit grayscale pixel images in real-
time, up to a maximum size of 1023 x 1023 pixels.

Basic Specifications

Histogram Processing Functions

Histogram processing of 8-bit grayscale images

Maximum image processing area: 1023 x 1023 pixels

Maximum operating frequency: 50 MHz (IP90C01 without rank code)
20 MHz (IP90C01-LC)

Horizontal and vertical dimensions of the processing “window” can be set using a
programmable 10-bit counter.

Synchronized with external horizontal and vertical synchronization signals
One-shot clearing of histogram data

External Interfaces

°

General interface through 16-bit bus

Mode register for operating mode settings:

— Histogram processing mode

— Histogram processing results read mode

— Memory clear mode

Data readout by word:

20-bit data upper-word/lower-word selection (selected by DS1*, DS0* pins)

Process: CMOSs

Power supply: 5V single power supply
Input/output interface level: TTL compatible
Package: QFP 64-pin (plastic)

IP90CO1
Histogramming
Processor



1.3

Block Diagram

ID7-ID0

VS* ——»

VS* —»| SYNCHRONOUS

CLK —*™

IMAGE DATA
EXTERNAL

INTERFACE

A8-A0

AS*
DS0*
DS1*

BUSY*
WR*

D15-DO

PROCESSOR
INTERFACE

COUNTING
MUX [ DECODER f»| MEMORY HI\}’I,IEE“;{;’AR(?E
256 x 20 bit
»| MEMORY CONTROL |
CONTROL ]
LOGIC
[ V COUNTER |«——»{ H COUNTER |
1‘ !
MODE [ V REGISTER |+——{ H REGISTER |
REGISTER %
RST* T2-T0

IP90CO01 Block Diagram




Section 2. Pin Functions

2.1 Pin Placement and Pin Assignments

IP90C01
352522328155538 85
so AT T =
= oo =B
* ID3
= WEnse  =F
GND ——
S TP9OCO1 =5
pi— Japan XXXXXX =
= =
b= =
64\ ——1:73GND
WULIEUUE LU U0 e
EEEEEEREEEEREET,
IP90C01-LC
ss [\ AT
— ——
=L - Fl=
= [P90CO1 =
—]
= Japan XXXX)Ii)é g
= —
—] ———
a4 =
TR
Note:

The IP90CO01 and IP90CO01-LC have different markings, but have identical pin

assignments.
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Pin Assignment Table

A-4

Pin No. Name Pin No. Name Pin No. Name
1 Dé6 23 A6 45 AS*
2 D7 24 A7 46 DSso*
3 GND 25 A8 47 DS1*
4 D8 26 GND 48 vdd
5 D9 27 vdd 49 GND
6 D10 28 1DO 50 WR*
7 D11 29 ID1 51 T2
8 vdd 30 ID2 52 T1
9 vdd 31 1D3 53 TO
10 D12 32 ID4 54 GND
11 GND 33 ID5 55 vdd
12 D13 34 ID6 56 BUSY*
13 D14 35 GND 57 DO
14 D15 36 vdd 58 D1
15 A0 37 1ID7 59 D2
16 vdd 38 RST* 60 GND
17 GND 39 CLK 61 D3
18 Al 40 GND 62 D4
19 A2 41 GND 63 D5
20 A3 42 vdd 64 vdd
21 A4 43 HS*

22 A5 44 Vs*




2.2

Pin Descriptions

Pin Group Pin Names No. of Pins/(I/0O) | Description
Image input bus CLK 1 I Pixel sync clock signal
ID7-1D0 8 I 8-bit pixel data bus
HS* 1 I Horizontal sync signal
\ 1 I Vertical sync signal
CPUbus WR* 1 I Register write signal
AS* 1 I Address signal
Ds1* 1 I Memory data upper-word select signal
DSo0* 1 I Processor data verify signal and
memory data lower-word select signal
A8-A0 9 I 9-bit address bus
D15-D0 16 1/0 16-bit processor data bus
BUSY* 1 o BUSY* signal; BUSY* is low during
histogram processing
RST* 1 1 System reset: clears memory and
registers
Power supply, Vdd 9 PW 5V power supply
ground GND 10 PW Ground
Other T2-TO 3 I Test signal (set high when in use)
Total pins 64

>

IP90CO1
Histogramming
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External Dimensions
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Section 3: Registers

3.1 Register List (Write Only)

Table 1 shows the address of each register. Registers are selected by the address signal pins A8-
A0, and register settings are made through the processor data bus. Write access to registers requires
enabling the register write signal WR* and the processor data bus verify signal DS0*.

Bit
Register Address (15 14 13 12 113102 9876514 1 0
Mode register 001h Always 0 Start histogram | Clear memory
processing
V register 002h Always 0 Vertical size of processing area
H register 004h Always 0 Horizontal size of processing area

Table 1: Register List

3.2 Mode Register (2-bit)

The mode register has a 2-bit configuration and controls the IP90C01’s operating mode (histogram
processing mode or memory clear mode). The mode register is set through bits D1-DO of the data
bus. (The upper 14 bits D15-D2 are not used and should be set to 0, but are available for upwardly-
compatible products.)

(1) Memory Clear Mode

bit 0: Write 1 to this bit to clear the IP90C01’s memory. The time required to clear the memory
is the same as the system reset pulse width. To release the clear setting, write 0 to this
bit.

(2) Histogram Processing Mode

bit 1: Write 1 to this bit to put the IP90C01 in histogram processing mode. The chip then
begins histogram processing at the next VS* pulse. When histogram processing is
finished, this bit is automatically reset to 0 (so there is no need to write 0 to this bit).

3.3 Vertical and Horizontal Processing Width Registers

(1) V Register (10 bits)

This register controls the vertical size of the processing area (from 1-1023), using processor data
bus bits D9-DO.

(2) H Register (10 bits)

This register controls the horizontal size of the processing area (from 1-1023), using processor data
bus bits D9-DO0.

A-7
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Section 4. Operating Description

4.1

4.2

4.3

Overview of Operation

The IP90CO1 performs real-time histogram processing on screen units of 8-bit grayscale image data,
at processing speeds (input image data transfer rates) from 500 kHz to 50 MHz. The IP90C01 can
handle image types from NTSC-format to high-density image format. In addition, it provides
independent vertical and horizontal register settings to set the processing area to any size from 1 x
1 to 1023 x 1023 pixels. )

Histogram Processing

Histogram processing on the IP90C01 uses a special memory designed exclusively for histogram
processing, along with the proprietary Dynamic Allocated Computing Method developed by
Sumitomo. Once bit 1 in the mode register is set to 1, histogram processing begins when CLK falls
after the next VS* pulse. The vertical dimension of the processing area is controlled by counting
the number of HS* pulses according to the setting of the V register. Similarly, the horizontal
dimension is controlled by counting CLK signals according to the setting of the H register. Once the
IP90CO1 has processed the area set by the V and H registers, it resets bit 1 of the mode register,
and histogram processing ends.

Once bit 1 of the mode register is set to 1, the IP90C01 sets BUSY* low. After histogram processing
is completed, BUSY* is reset to high at the next VS* pulse. For the relationship of the I/O
signals used in histogram processing, see Section 4.6, “System Operation Timing Charts.”

Reading Histogram Processing Results

The results of histogram processing can be read from a special memory table. Giving the MSB of
the address the value 1, the lower 8 bits can be read as 20-bit histogram data values,
corresponding to each bit in the 8-bit grayscale image. Table 2 shows how memory space is
assigned.

A8 | a7 [ a6 | a5 | ae | a3 | A2 | a1 | a0
1 8-bit grayscale data

Table 2: Memory Space Assignment

To read the lower 16 bytes of the histogram data, the address verification signal AS* must be
enabled while DS0* is enabled. To read the upper 4 bits, DS1* must be enabled. However, AS*
must be enabled for every word. Table 3 shows the relation between address and grayscale values.

Grayscale Value | Address A8-A0 Histogram data (20-bit)

0 100h D3-D0, D15-D0
15 10Fh (upper word), (lower word)
255 1FFh

Table 3: Relation Between Addresses and Grayscale Values
in Reading Results of Histogram Processing



4.4

4.5

Clearing Histogram Processing Results

The results of histogram processing can be cleared from memory by sending a low-level reset signal

RST*, or by writing 1 to bit 0 of the mode register.

Operating Flow

The following chart shows the flow of IP90C01 operation.

( Start )

A

l System reset l

Y

Write memory
clear bit

Y

Set V, H registers

Y

Write histogram
processing start bit

\

Execute histogram
processing

A minimum 200-ns low-level pulse is applied.
(The IP90CO1-LC requires a minimum 300-ns
low-level pulse.)

The CPU writes the value 0001(h) to the mode
register to clear memory. (The value 0000(h) cancels
the clearing operation.)

The CPU sets the horizontal and vertical dimensions
of the processing area.

The CPU writes the value 0002(h) to the mode register.
(The IP90CO1 chip automatically resets the histogram
processing start bit to O after the process ends.)

When the histogram processing start bit (described above)

is set, the IP90CO1 chip does the following:

(1) Sets BUSY* low.

(2) Starts histogram processing simultaneously with VS*.

(3) Stops processing after the number of CLK signals
determined by the horizontal processing width register,
and the number of HS* pulses determined by the vertical

A

Is BUSY*
low?

Read processing results

End

processing width register.
(4) With the next VS*, BUSY* returns to high.

The CPU verifies that BUSY* is high, then reads
the memory contents.

A-9
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4.6

System Operation Timing Charts

Figure 4-1 shows the signals and timing relationships necessary for IP90C01 system operation. The
figure also shows the signals and dummy cycles used for histogram processing.

(1) First row of field

ok _ L Lo

v f e

HS* f————re

D I T [T
not valid (1,1) (1,2 (1,3) (1,4 (1,m-1) (1,m)

BUSY* Tom ﬁ ............

(2) Second row

ak _ L L e

Vs« f——————
HS* fr———
D [ [ [ | S —
\ notvalid (2,1) (22 (23 24 (@2ml) 2Qm
last data from st line
BUSY* fj ____________

Low

3) nth row (last row of valid data)

VS* High fy """"""
HS* ] f
D I | [ 1) [ I
notvalid (m1) (2 @3 @4 (om-1) (n,m)
BUSY* last data from n-1th line Sf ____________
Low
(4) n+1th row (terminator row)
ok _ L e e
VS# High f | E—
HS* — | ] yj
ID ; i
not valid (n+1,1) (0+1,2) (@0+1,3) (n+l1,4) (n+l,m-1) (n+1,m)
BUSY* last data from nth line ﬁ I——-‘—
Low

Note: At the next VS*, BUSY* goes high and the IP90C01 switches into a
mode that allows processing results to be read.

Figure 4-1: Histogram Processing Timing Charts

A-10



4.7

4.8

4.9

Dummy Cycle HS and VS Input

Figure 4-1 (4) shows cycles that are required for reasons other than data input. These cycles are
defined in units of one clock pulse width. This means that an HS* cycle is a cycle of one clock
pulse width in which HS* goes low, and a data input cycle is one clock cycle in which one set of
grayscale values is input. The dummy cycle required at the end of a field includes the VS* cycle
that indicates the start of a field, the HS* cycle that marks the start of a line, and the data
input cycle. This dummy cycle follows the input of the last row of data and includes one cycle
beyond the width of the H register, as well as the following VS* cycle. In effect, the HS* cycle
introduces one row of dummy input data followed by a VS* cycle, as shown in Figure 4-1 (4).

Images from CRT screens and CCD camera devices use blanking, and normally present no problem
as input. However, images transferred from CPU space or DMA transfer may come without
blanking or in compressed format.

Image Clock Input (CLK)

The image clock signal is normally present, and systems should be designed accordingly.

4.8.1 Conditions for Stopping the Clock While the CPU Reads Results

The image clock signal is not involved in reading histogram processing results, and so can be
stopped while results are read. To assure control stability, however, observe the same conditions
as for histogram processing without the clock signal, as described below.

4.8.2 Stopping the Clock Signal During Histogram Processing

Histogram processing at high speeds is made possible by incorporating dynamic circuits into the
IP90CO1. For this reason, the technical documentation places maximum limits on the clock signal
frequency (Tcc). To ensure circuit stability, input the image clock signal at all times. When this is
not possible, or when operating close to the maximum frequency, make sure the image clock signal
CLK remains high.

HS* and VS* Input at Start of Field

- 4.9.1 Basic Timing Pattern - Figure 4-2 (1)

The basic timing pattern (as described in Figure 4-2 (1) and Section 5.4, “AC Characteristics”)
assumes that a field’s first VS* and HS* pulses are input in the same cycle of the clock signal.

4.9.2 VS* Pulse and HS* Pulse Not Timed Together - Figure 4-2 (2)

Note the timing of the VS* and HS* pulses in Figure 4-2 (2). When the VS* pulse is input at the
start of a field, but the HS* pulse is not input at the same time, the V counter that determines the
vertical size of the image area is 1 higher than in the basic pattern described in Section 4.9.1.

This affects the sequence of internal processing like this: Histogram processing starts with the
data that accompanies the next clock signal received after the HS* pulse input following the VS*
pulse. By the time this delayed HS* pulse is detected, however, the V counter has already
recorded one pulse count. To allow for this, the setting written into the V register must be increased
by one. In comparison, the basic pattern described in Section 4.9.1 (in which the VS* and HS*
pulses arrive together) allows the loading of data from the V register to take priority over the V
counter cycle, so that no V counter value is recorded before the cycle starts.

1P90CO1
Histogramming
Processor



(1) Standard HS*, VS* pulse input timing (start of field)
Example: timing when VS* and HS* are input simultaneously

Cinvaliddaa (L) (12)  (13) (14  (Lm-D) (Lm)

V counter: n preset TV count: n-1
V count: n

(2) Timing When VS* and HS* are offset (start of field)

ak _ i oo
vsx T f i
HS* L I ff
ID [ Iff [ [
=Il ©LH 1) AmD) (Lm)
V counter: n preset TV count: n-1
V count: n
Note:  An asterisk following a signal name indicate inverse logic.

Figure 4-2: VS*, HS* Pulse Input Timing
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Section 5. Electrical Characteristics

5.1

5.2

5.3

Absolute Maximum Ratings

Item Symbol Min Typ Max. Unit
Power supply voltage vdd -0.5 — 6.5 \%
Input voltage Vin -0.5 — Vdd + 0.5 A%
Storage temperature Tstg -10 — 80 °C
Recommended Operating Conditions

Item Symbol Min. Typ. Max. Unit
Power supply voltage vdd 4.75 5.0 5.25 \'%
Input voltage Vin 0 — vdd \%
Ambient temperature Ta 0 — 70 °C
DC Characteristics

Item Symbol | Conditions Min. | Max. | Unit
High level output voltage Voh Vdd = Min., Ioh = 04 mA | 24 — \%
Low level output voltage Vol Vdd = Min,, Iol = 4.0 mA —_ 0.4 \%
High level input voltage Vih — 24 | vdd \%
Low level input voltage Vil — 0 0.8 v
Input leak voltage Tix GND < Vin < Vdd -10 10 pA
Output off- leak voltage Ioz Vdd = Max. -25 25 pA
Operating current Icc Tce = 20 ns (IP90CO01) — 200 mA

Tec =50 ns (IP90C01-LC) — 100 —

A-13
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5.4 AC Characteristics

Image data input timing

TepH |

TepL )

'<———ch———~ -

CLK

H Txh

IDO-ID7 X INVALID X :

~<— Tvs
VS* \;

—><——>'

: TlS s
INVALID >< VALID

Tvp

m—— Thtv ——h

/

HS* i Ths
- Thp
Units: ns
IP90C01 IP90C01-LC
Item Symbol | Min. | Typ. | Max. | Min. | Typ. | Max.
Clock cycle Tec 20 — 2000 50 —_ 2000
Clock pulse width: High level Tcph 8 — 120 15 — 120
Low level Tepl 8 — 120 15 — 120
IDO to ID7 set-up time to clock fall Tis — — — —
IDO to ID7 hold time from clock rise Tih 4 — — 4 — —
VS* fall set-up time to clock fall Tvs 1 —_ Tec 11 — Tce
VS* rise hold time from clock fall Tvh 3 — Tec 3 — Tec
VS* pulse width Tvp 18 — — 30 — —
HS* fall set-up time to clock rise Ths 12 — Tec 12 — Tcc
HS* rise hold time from clock rise Thh 0 — | Teph 0 — | Teph
HS* pulse width Thp 18 — — 30 — —
HS* fall hold time to VS* rise Thtv 4 — — 4 — —

Note 1: VS* and HS* should be low, with a width equivalent to one width of the CLK (Tcc)

signal.

Note 2: The maximum limit on clock cycle length applies during operation. When not in
operation, this value can be greater. If the clock is stopped during histogram processing,
the clock signal CLK should be fixed at thigh level. For details, see Section 4.6, “System

Operation Timing Charts.”
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BUSY Signal Timing

A0-A8

Valid address

AS? _\__/

D15-D0 Write data
DSO0* \ /
WR* \ i/
—> Tbs <— —»! Tbh <—
BUSY* \\ s
Units: ns
IP90C01 IP90C01-LC
Item Symbol | Min. | Typ. | Max. | Min. | Typ. | Max.
Delay from WR* rise to BUSY* fall Tbs — —_ 20 — — 20
Delay for VS* fall to BUSY* rise Tbh — — 20 — — 20
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Data Read Cycle

A8-A0

Valid address

—» =— Tadh
1

| ‘<~ Taswh—»!

Tasd — -~

Valid data

-“—\.4-——————- Tasw ————»; /—'\-‘

|<— Tdsw —h

AS*
Tasd ra—
DO0-D15
Tdbd — -—
DS1*, DS0O* \
(Note)
we

Note:  DS1* represents upper word selection, and DS0* represents lower word selection
Units: ns
IP90CO01 IP90CO01-LC

Item Symbol | Min. | Typ. | Max. | Min. | Typ. | Max.
A0 to A8 set-up time to AS* fall Tads 2 — — 2 — —
AS* pulse width (low) Tasw 60 — 10 ps 60 — 10 ps
AS* pulse width (high) Taswh 50 — — 50 — —
A0 to A8 hold time from AS* rise Tadh 7 — — 7 — —
Delay time from AS* rise until DO to Tasd 5 — 55 — 55
D15 data becomes invalid
Delay time from DS* fall until DO to Tdbd 5 — 55 5 — 55
D15 data becomes valid
DS0*, DS1* pulse width Tdsw 40 — 10 us 40 — 10 ps
Delay time from DS* rise until DO to Tdbz 5 — 20 5 — 20
D15 Hi-Z mode
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Register Setting Cycle

AQ0-A8 Valid address

AS* Tasw
Tass
DO-D15 Valid data

; Tds

WR* \i~—Twrw —= /

DSO0* '\ e— TdsOw —+»- /

~=— TdsOs — =—TdsOh

The above timing chart represents a register write cycle based on the rise of WR*. In the IP90C01’s
internal circuitry, AS*, DS0*, and WR* are treated the same, and the cycle is defined by the
rising edge of whichever signal rises first.

1P90CO1
Histogramming
Processor

Units: ns
IP90CO01 IP90CO01-LC

Item Symbol | Min. | Typ. | Max. | Min. | Typ. | Max.
A0 to A8 set-up time to AS* fall Tas 10 — — 10 — —_
AQ to A8 hold time from WR* rise Tah 2 — — 2 — —
AS* pulse width (low) Tasw 50 — 1000 50 — 1000
AS* pulse width (high) Taswh 50 — — 50 — —
AS* fall set-up time to WR* rise Tass 50 — — 50 — —
AS* rise hold time from WR* rise Tash 1 — — 1 — —
DO to D15 set-up time to WR* rise Tds 50 — — 50 —_ —_—
DO to D15 hold time from WR* rise Tdh 5 — —_ 5 — —_
WR* pulse width Twrw 50 — 1000 50 — 1000
DS0* pulse width TdsOw 50 — 1000 50 — 1000
DO0-D15 set-up time to DS0* fall Tdds0 0 — — — — —
DS0* fall set-up time to WR* rise Tds0s 50 — — 50 — —
DSO0* rise hold time from WR* rise TdsOh 0 — — 0 — —
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System Reset Cycle

< Trp >
RST* \ /
Units: ns
IP90CO01 IP90C01-LC
Item Symbol | Min. | Typ. | Max. | Min. | Typ. | Max.
RST* pulse width Trp 200 — — 300 — —_
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Section 6. Sample Applications

6.1 Basic Histogram

Histogram processing measures the grayscale gradient value of every pixel in the target image.

Image bus
— ¥ Histogram Module
n bit
Am

Y

Measurement results A0

Al

A2

Am-1

Sample Application

2" entries (m)

Am: the number of pixels in the image
that have a given grayscale gradient n

This process makes it possible to obtain s-tandards for quantifying the grayscale values of an
image, for use in image conversion (such as binary conversion) or enhancement processing.

Target image (grayscale)

No. of pixels

———

A-19

 Taking this level as a threshold value
7 allows clear extraction of the circle
/ in the figure at left.

Dark

Light

Grayscale gradient values
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6.2 Sample Connections to the IP90C51 (non-interlaced mode)

The IP90CO01 chip can be connected to an IP90C51 chip to provide simple control functions.

IP90C51 IP90CO1
—ID oD ID
—HS* HEN* D Q HS*

* * VS*
—j VS VEN CLK

CLK ACT* — CLK
p PR*
/E CLK QI
CL*
L
e
CLK

(a) Sample Circuit

IP90CS1 horizontal effective area=H +2
lP90C01 horizontal effective area = H

(IP90C51) :X ECXD(O 0y} D(0, 1)\ D(O, 2)XD(0 B)X X XSUD(OHH)] X

(IP90C01) X XSEX
VEN*
(IP90CS1) S

. ’)( o A N XD(() I)XD(O Z)XD(O ”XEEXD(O H)X v‘jﬁ;

)

ACT*
(IP90C51)

)

%

—

HEN*
(IP9OC51)

)

D))

VS*
(IP90CO1)

)

\_J/ \

HS*
(IP90CO1)

%

\_J %

(b) Signal Timing

Figure (a) shows a sample connection in non-interlaced mode, and Figure (b) shows the signal timing for the
example. The design should provide for pulse VEN* and HEN* output from the IP90C51.

If the horizontal and vertical dimensions of the IP90C01 processing area are H and V respectively, then the
Hsize and Vsize settings for the IP90C51 are H+2 and V+1. (An additional line of HS* pulses is required to
accommodate a dummy cycle. See the system timing charts in Section 4.6.) Adjust the image input timing to
suit the circuits used. For other IP90C51 settings, see the IP90C51’s technical documentation. The above
circuit is for reference only, and should not be used in applications without carefully considering all relevant
conditions, connections, and timing requirements.
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6.3

Histogram Processing of Interlaced Image Input: 1

Adding the circuits described below allows the IP90C01 to be connected to an IP90C51 LSI chip to
handle interlaced image input. The additional circuits mask the second VS*, which enables
continuous histogram processing.
Example: 1 field, 5x5 pixels
e IP90CO1 register settings:

— H register: 0100h

— V register: If VS* and HS* arrive simultaneously, 000Ah

If VS* and HS* do not arrive simultaneously (IP90C51 HOFS2>1), 000Bh
(For more information, see Section 4.9 of the IP90CO01 technical documentation.)

¢ [P90C51 register settings:
— SMOD register: 01h, HWID register: 0000h

= Outputs a pulse of 1 clock-cycle width from its ACT* pin, and inputs this pulse at the
IP90C01 HS* pin.

- VWIDO,1 registers:
To the VWID register corresponding to the field with the input VS*: 0005h
To the VWID register corresponding to the field with the masked VS*: 0006h
= This is because the IP90C01 requires a dummy line.

* The third-field VS* is input to the IP90CO01, allowing BUSY* to rise and processing results to

be read.
IP90C51 1P90CO1

CLK CLK CLK

ACT* HS*

VEN* ‘—D; vsx  BUSY®I—=

[ D Q
gw » ID7-IDO
ID7-IDO — K Q| |

Note:  The above sample circuits are provided for reference only. Thoroughly study all circuits

before attempting to use them in actual applications.
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The IP90C51 HOFS register is set to 4, and VS* and HS* are not input simultaneously.)

First field (VS* input)

Interlace Mode Histogram Processing Example 1: IP90C01 VS* and HS*
(Note:

A . —
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Interlace Mode Histogram Processing Example 1: IP90C01 VS* and HS* signals.

The IP90C51 VEN* and ACT* signals are adjusted for simultaneous input.)

(Note:

First field (VS* input)

10883001

Surururei8oysty

10006dI

processing |

Simultaneous

The values A-1 in the illustration represent IP90CO1 V counter values.

Note:

Second field (VS* masked, dummy data row input)

4] Histogram

it el it btats. . -

BUSY* signal rises from low to high)

4

input,

Third field (VS*

..........

BUSY* rises —® VS* HS*

HS*
HS*
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6.4

Histogram Processing of Interlaced Image Input: 2

Adding the circuits described below allows the IP90C01 to be connected to an IP90C51 chip to
handle interlaced image input. The additional circuits mask the second and third VS* pulses,
enabling continuous histogram processing.
Example: 1 field, 5x5 pixels
* IP90CO1 register settings:

— H register: 0100h

— V register: If VS* and HS* arrive simultaneously, 000Ah

If VS* and HS* do not arrive simultaneously (IP90C51 HOFS 2 1), 000Bh
(For more information, see Section 4.9 of the IP90C01 technical documentation.)

* IP90C51 register settings:
—~ SMOD register: 01h, HWID register: 0000h

= Outputs a pulse of 1 clock-cycle width from its ACT* pin, and inputs this pulse at the
IP90C01 HS* pin.

- VWIDO,1 registers: 0005h

¢ The third-field VS* is masked, so that the IP90C01 enters a dummy data line instead of VS*.

* The fourth-field VS* is input to the IP90C01, allowing BUSY* to rise and histogram processing
results to be read.

IP90C51 IP90CO1
CLK CLK CLK
ACT* HS*
VEN* ™ ysx  BUSY*i—>
L
Q 4| ID7-IDO
ID7-IDO koL
[ D Q
cK  Q*H

Note:  The above sample circuits are provided for reference only. Thoroughly study all circuits
before attempting to use them in actual applications.
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10882001
Sururnwrer3oysiy

10006dI

Histogram

processing

The IP90C51’s HOFS register is set to 4, and VS* and HS* are not input simultaneously.)

First field (VS* input)

Interlace Mode Histogram Processing Example 2: IP90C01 VS* and HS*
(Note:

'
b~ e = -
'
T ——

1
'

P SR SV JERS Dyt SUUYS QU A P S S
'
'

area
1
'
'
'

Histogram
processing

L

i et it intetts fuletels Sttt Suteluh futuluh satuint shubuiel shatuiel slulale
T T T T T T T T T
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The values A-1 in the illustration represent

IP90CO01 V counter values.

HS*
HS*
HS*

Note:

Third field (VS* masked, dummy data row input)
Dummy data row ——= HS*

Second field (VS* masked)



Fourth field (VS* input, BUSY* signal rises from low to high)

e

IP90C01 VS* and HS* signals

(Note: The IP90C51 VEN* and HEN* signals are adjusted for simultaneous input.)

.
.

Histogram
_ processing

e mmdmmmdm oo
1
'
K

The values A-9 in the illustration represent
IP90CO01 V counter values.

VS*

Note:

BUSY* rises —— HS*\Y"

Simultaneous
Second field (VS* masked)

Interlace Mode Histogram Processing Example 2
First field (VS* input)
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Third field (VS* masked, dummy data row input)

10853301 ]
=~ § Surunuei3oysiy
10006dI

HS*
HS*
HS*
HS*

Fourth field (VS* input, BUSY* signal rises from low to high)
BUSY* rises — = VS*, HS*
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6.5 Circuit Diagram: 12-Gradient Grayscale Image Data

12-bit grayscale data

Al1-A0

Memory assignment

1

Al2

0
|
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6.6 Pixel Control During Histogram Processing with Clock Signal Stopped

1. Histogram Start Sequence
1. Set the H and V registers to 0001h.
2. Set the mode register to histogram processing mode (0002h).
3. Low VS* (pulse signal) and HS* (level signal) to start histogram processing (1).

2. Histogram Pixel Control Sequence with Clock Signal Stopped
4. Hold CLK high for all pixels not to be processed (2).

3. End Histogram Processing, Read Results
5. Raise HS* 1 clock count before the final valid ID (3).

Input a dummy HS* (one or more clock counts) to cancel the internal VEN* status (4).

6.
7. Input VS* to cancel BUSY* status (5).
8. Read data (same as normal processing sequence).

(¢))

Vs* Ny
HS* ———'\ '
VEN* (internal signal) *—__—\
HEN* (internal signal) ————'——'—_\
HIST-EN (internal signal) —___—\
D Y (nvalid) {_(Valid) {_(Valid) Y (Valid) Y (Valid)
BUSY*
1 (2) '
ak [/ [/ Clockstop | \ /[ \
V§* : :
HS*
VEN* (internal signal)
HEN* (internal signal)
HIST-EN (internal signal) i :
ID _ Valid X Valid ) invand ¥ favad §  Valid )
BUSY* L
LB L@ ©® '
ak \ /LN
vsr .' | Dummy' ' \———/

HS* ‘- / \ HS* j

VEN* (internal signal) /

HEN* (internal signal) : / : \ : /

HIST-EN (internal signal) /

D ¥ Vath Valid XInvathInvath

BUSY* /
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6.7

Histogram Processing of Designated Shapes
The IP90CO01 and IP90C51 can be used to process images having any shape.

As shown in the following illustration, mask data for the desired shape is stored in RAM, and the
RAM output data is used to control the clock.

Shape memory RAM
IP90C51 [« Hv—
Image clock ik Low-byte address - 'y
FAll- Latch
| |D7-1ID0 FAO
, e Q o Va
— VS VEN* High-
—— HS* HEN* _>Pulse byte
address
OD7-OD0 HFAS* CLK R
DO
I—D—» CLK
—— HS*
VS* BUSY* —»
ID7-1ID0
IP90CO1

Operating Description
Shape mask data previously stored in RAM is read using the IP90C51 frame address generator
function. The IP90C01 input clock can be controlled by the RAM output data, so that while the
mask data stored in RAM is being read, the IP90C01 input clock is stopped at high level, and
histogram processing is skipped. Thus, by applying histogram processing only to the non-masked
RAM data, histogram processing can be performed on selected areas of any shape. (See Section 6.6
for information about clock stopping.)

Note:  The above example is not an actual sample circuit, and is intended for reference only.
The diagrams above are conceptual diagrams only. Be sure to thoroughly study all
circuits before attempting to use them in actual applications.
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6.8

Histogram Processing of Separate Local Areas

In interlace mode, a screen can be divided into multiple local areas, and histogram processing
applied to each of these areas separately. An IP90C51 can be set up to partition the image signal
into even- and odd-numbered fields, so that histogram processing can then be applied to each local

area.

Example 1: Histogram processing of 8 of 16 areas

Example 2: Histogram processing of 8 of 16 areas

Example 3: Histogram processing of all 16 areas

A-31
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First field: A, B, C,D
Second field: E, F, G, H
IP900C51 x 1

IP90CO1 x 1

First field: A, B,C,D
Second field: E, F, G, H
IP900C51 x 1

1P90CO1 x 1

First field: A, C,E, G
First field: B, D, F, H
Second field: I, K, M, O
Second field: J,L, N, P

IP900C51 x 2
IP90CO1 x 2



6.9 Area Measurement

Histogram processing of binary images can be used to measure the area of the subject image.

Image bus
1 bit

Histogram module >

Measurement results

2-entry

A0

Al

Sample Applications

Histogram processing can allow detection of form defects, surface scratches, and flaws, as well as
presence or absence of items, by measuring the surface area of the subject item and comparing the

result to a predetermined standard value.

Binary images

(Good item)
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6.10 Area Measurement of Linked Areas

Histogram measurement of labeled images (images after label processing, in which different
gradient values are assigned to each linked area) can be used to measure the surface area (in
pixels) of each linked area in the image.

Q)
Gy

@ @

> ()

Histogram Module

Sn

S1
S2
S3

Sample Applications

Histogram processing can enable analysis of particle size and definition in metal composition,
counting spherical bodies, noise reduction by threshold area value, etc.

Labeled images

Measurement
results

Sn-1
Sn

Sn: number of pixels in each label area

Image after noise reduction

(100)

(200)

(500)

(€]

@
-

8

Histo%am Module

Si

100

500 A
2000

Example: elimination of linked areas
300 of 200 pixels or fewer
200

Si: total pixels in labeled area
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6.11 Sample Applications Outside of Image Processing

The IP90CO1 is a general-purpose statistical histogram processor, and as such can naturally be used
in applications other than image processing.

Measurement of Distribution of External Pipe Diameters

Qr Rotation

A i Subject (pipe)

Laser distance measurement

DO
D1
A/D
converter
L Histogram Module
Dn: results of measurement of variations
from a theoretical perfect circle Dn-1
/\ T~ i Normal value
7 ——— /

Input signal variation

'
'
'
'
i
1
I
1
'
i
1
1
i
i
'
l

T

OK (slight variation) Reject (large variation)

*Display of results of measurement
and calculation

Reject (central deviation)
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Section 1: Overview

1

|

Functional Outline and Features

The IP90COS5A performs horizontal and vertical gray-level projection processing of 8-bit grayscale
raster-scanned images, and simultaneously stores the results in its horizontal and vertical projection
memories. The IP90CO5A can process areas of up to 512 x 512 pixels; this area can be expanded by using
multiple chips, since the IP90C05A uses 18-bit-wide memory.

Projection processing function

-- Simultaneously executes vertical and horizontal gray-level projection processing of raster-
scanned input images.

-- Performs projection processing of 8-bit grayscale image data (256 gray levels).
-- Contains two 18-bit x 512-pixel memories.

IP90CO5A
Projection
Processor

-- Mask processing can replace any pixel with any mask data.
-- Interlace/non-interlace compatible.

-- The processing area can be expanded by using multiple chips.

Maximum clock frequency: 30 MHz (IP90C05A-HS)
20 MHz (IP90C05A without rank code)
Note: The clock duty ratio of the IP9OC05A-HS is not 50% due to its
high-speed operation. Please see Section 6.5, “AC
Characteristics.”
External interface
-- The CPU data bus is 8/16 bits wide.

Other

-- Process: CMOS

-- Power supply: 5V single power supply
-- Input/output level: TTL compatible

-- Package: 64-pin QFP

Molded section (14 mm square; pin pitch = 0.8 mm)

Application examples

-- Detecting positions

-- Recognizing shapes

-- Detecting centers of gravity
-- Recognizing box frames

-- Performing multiwindow-based processing when connected to the IP90C51

B-1



Section 2: Pin Assignment

2.1 Pin Configuration Diagram

IP90CO5A

%mae:gﬁszegvgzgg
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁ
48 33

Vdde—r{ 49 32 [=—ICE*

DB7C—] . N

DBS— Sumitomo =ion
Np—] Metals © ——bi0

Vdd——] m—T2]

= IP90COSA =

DB2—] ——AD7

DBI E F—1AD6

DBO F——ADs

oo XXXXXX JAPAN ADS

TEST2—] AD3

Vdde—] ——AD2

GNDC— —=ADI1

CLK— 64 17 ——=ADO
ITTTIIIUOom]
CEEEEEEERL R

64-pin QFP package (molded section = 14 mm square; pin pitch = 0.8 mm)
IP90C05A-HS

Sumitomo =
Metals © =

= IP90CO5A =

XXXXXX JAPAN —

HS =

64 17—

TTTTTUONTTOn

64-pin QFP package (molded section = 14 mm square; pin pitch = 0.8 mm)

Note:  The IP90CO5A and IP90COSA-HS have the same pin assignments. The only difference in
their appearances is the marking stamped on each. -
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Table of Pin Assignments

Notes:

Pin No. Name Pin No. Name Pin No. Name
1 FLDi 23 AD6 45 DB10
2 1DO 24 AD7 46 DB9
3 ID1 25 ADS8 47 DB8
4 ID2 26 AD9 48 GND
5 1D3 27 AD10 49 vdd
6 1D4 28 AD11 50 DB7
7 ID5 29 AD12 51 DB6
8 GND 30 RD* 52 DB5
9 vdd 31 WR* 53 DB4
10 ID6 32 CE* 54 GND
11 1D7 33 GND 55 vdd
12 HEN 34 OVF 56 DB3
13 VEN 35 BUSY* 57 DB2
14 IDMK 36 FFLD 58 DB1
15 RST* 37 vdd 59 DBO
16 vdd 38 GND 60 TEST1
17 ADO 39 DB15 61 TEST2
18 AD1 40 DB14 62 vdd
19 AD2 41 DB13 63 GND
20 AD3 42 DB12 64 CLK
21 AD4 43 GND
22 AD5 44 DB11

1. The IP90CO5A and IP90CO5A-HS have the same pin assignments. The only difference in

their appearances is the marking stamped on each.

2. An asterisk following a signal name indicates negative logic.

B-3

IP90COSA
Projection
Processor



2.2 Pin Descriptions

No. of
Pin group Symbol Pins/Type | Function Description
Image bus CLK 1 I | Image Clock
ID0-ID7 8 I | 8-bit image data input MSB: ID7; LSB: ID0
HEN* 1 I Horizontal data enable signal
VEN* 1 I | Vertical data enable signal
IDMK 1 I | Masking signal Masks image data: When this pin is high,
data is replaced by the mask value
(Note 1).
FLDi 1 I | Field discriminator signal In interlace mode, this pin must input the
discriminator signal of the currently
processed field (Note 2).
High: odd field; Low: even field.
Control bus WR* 1 I | Write signal
RD* 1 I Read signal
CE* 1 I | Chip enable
ADO0-AD12 13 I Address bus MSB: AD12, LSB: ADO
DB0-DB15 16 1/0 | Data bus MSB: AD15, LSB: DBO
FFLD 1 O | Field discriminator signal In interlace mode, this pin outputs the
retention output at the start | discriminator signal of the field to which
of processing the first line belongs (Note 3).
This pin is high in non-interlace mode
and after a reset.
OVF 1 O | Overflow signal This pin is high whenever an overflow
occurs (Note 4), and is low after a reset.
BUSY* 1 O | Processing execution flag This pin is low during processing and high
after a reset.
RST* 1 I | Reset
Other TEST1,2 2 I Test pin This signal must remain high when in use
(Note 5).
Power supply | Vdd PW |5V
and GND GND PW | Ground
54

Note 1: Image data replacement can be controlled pixel by pixel. For details, see Section 4.4, “Mask-
Value Registers.”

Note 2: Inputs a high signal in non-interlace mode.

Note 3: This pin retains the FLDi signal for the field (1st field) input immediately after projection
processing is initiated in interlace mode. If this FLDi signal is high, the FFLD signal also
goes high ; if FLDi is low, the FFLD signal also goes low. For details, see “7) FFLD Pin
Output” in Section 5.3.

Note 4: If the processing range in the horizontal or vertical direction exceeds 512 pixels, the device
may run out of memory, driving OVF high. For processing in only one direction, see Section
5.4, “Overflow.”

Note 5:  This pin is used to test the device’s internal logic, and must be kept high during normal use.
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2.3 Logic Pin Diagram

Image bus
CLK
IDO-ID7
HEN*
VEN*
IDMK
FLDi

TEST1
TEST2
VDD
GND

Control bus
RD*

WR*

CE*
ADO-AD12
DB0-DB15
RST*

OVF
BUSY*
FFLD

|

i

IP90CO5A
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2.4

Package Dimensions
The IP90CO5A has a 64-pin plastic QFP package, as shown below.

e

=1 17.2+0.3 -1 -
<—————————140 i 050 <

i | e
:‘\ \49l: ——132 1 wﬂ
i — — °
— —
| — —
= ] —
i o — 1 =
s 3 = — !:2
= — —

— — |
| —
i —] —
‘ '6412:!::\ — 17

IR

1 ’ 16
‘ J 0.15+0.05
0.35 +0.05 o
—

units: mm
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Section 3: Block Diagram

3.1 Block Diagram

Image bus
o ‘E Horizontal
8 direction
TR E accumulator
1<
HEN* d S
1= oy |
- S8
4 q- Vertical 8%¢
-, ' gﬂ direction Horizontal &
DMK —po E accumulator

direction
' memory

18 bitx 512

Vertical
direction
memory

18 bitx 512

Control bus

WR*, RD*, CE*

Control signal
to each block

3

K ADO-ADI12
Register

file DBO-DBI15
Control jegsed MoODE RST*
BUSY*

Address

circuit CTRL
MASK OVF

FFLD

Note:  This block diagram is for functional description purposes only, and does not show all the
IP90C05A’s functions. For details about functionality, timing, etc., refer to other sections of
this manual.
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Section 4. Registers

4.1

Outline of Registers

All registers are write-only.

1) Register Outlines

Address (hex) | Register Symbol Width bit | Description
0000h Mode register MODE 8 Sets projection processing mode
0004h Control register CTRL 8 Sets control, etc. during execute
and memory read cycles
0008h Mask-value register | MASK 8 Sets the mask values
2) Functional Outline and Bitmap
Bit
15....8 7 6 5 4 3 2 1 0
Data bus DB15-DB8| DB7 | DB6 | DB5 | DB4 DB3 DB2 DB1 DBO
Mode Bit name — — — — — Vproj hproj vmstr scan
register
Outline 00h 0 0 0 0 Execute Execute Mode in | Scanning
processing | processing | which data | mode
in the in the is stored in
vertical horizontal | the vertical
direction | direction | projection
memory.
Control | Bit name — — — — |mdru |fl hmru exec sftrst
register
Outline 00h 0 0 0 Units | Field to Horizontal | Execute Software
from which the | memory reset
which | start line read
memor | belongs control.
y datais
read
Mask-value register 00h Arbitrary data

Note 1:  All registers can be cleared to 0 by resetting the hardware or software.

Note 2: The software reset bit (sftrst) is automatically set to O after software reset.

Note 3: If the execute bit (exec) and software reset bit (sftrst) are simultaneously set to 1, the device
is reset, because software reset takes priority.
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4.2 Mode Register

Use the mode register to set the IP90C05A’s processing mode.

b7 b6 b5 b4 b3 b2 bl b0 Address
MODE| 0 l 0 I 0 l 0 | vproj I hproj I vmstr l scan IOOOOh

® This register resets to 00h.
e Bits b7, b6, b5, and b4 must always be set to 0.

b0: scan bit

This bit determines whether only one field of image data (non-interlace mode) or two
(interlace mode) are processed.

® b0 = 0: Non-interlace mode (one field of image data is processed). This is the default.
¢ b0 = 1: Interlace mode (two fields of image data are processed).

bl: vmstr bit

During interlace mode (scan = 1), this bit determines whether the results of vertical
projection processing are stored in the vertical projection memory for two fields of image
data (i.e., one frame of data) or for one field of data. This bit has no effect in non-interlace
mode (scan = 0). For details, see Section 5.3. “Projection Processing in Interlace Mode.”

* bl =0: Two fields of processed data (one frame of data) are stored. This is the default.

¢ bl = 1: One field of processed data is stored.

The table below shows the relationship of the scan and vmstr bits to the input image scan mode (non-
interlaced or interlaced).

Mode register | scan 0 0 1 1
Input image vmstr 0 1 0 1
Non-interlace One frame of image data (one field Note 1 Note 2
is processed.
Interlace Only the 1st field is processed. One frame of Note 3
imafe data (two
fields) is
processed.

Note 1: Two frames of image data (two fields of data) are processed, though only 256 lines of each
field can be processed. Watch for overflows when using this mode.

Note 2: Do not use this mode since it does not affect processing.

Note 3: This is a split-field store mode, which allows the results of horizontal projection processing
to be stored in separate locations for each field. Do not use this mode during normal
processing. For details, see Section 5.3, “Projection Processing in Interlace Mode.”

IP90CO5A
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b2: hproj bit

This bit enables execution of horizontal projection processing.
® b2 = 0: Executes horizontal projection processing (this is the default).

¢ b2 =1: Does not execute horizontal projection processing (Note 4).

b3: vproj bit

Note 4:

Note 5:

This bit enables execution of vertical projection processing.
* b3 = 0: Executes vertical projection processing (this is the default).

* b3 = 1: Does not execute vertical projection processing (Note 5).

If projection processing is executed in only the vertical direction, the device enters an
expanded vertical processing area mode. In this situation, since the device contains 18-bit x
512 memory, the maximum processing area expands to 512 pixels horizontally by 1024 pixels
vertically. (Make sure the vertical processing area does not exceed 1024 pixels.) A sample
expanded vertical processing area is shown in Section 7.2, “Expanded Processing Range.”

Note that in this mode, even if the processing area exceeds 512 or 1024 pixels in the vertical
direction, the OVF signal does not output an overflow status. However, it does output an
overflow status when the area exceeds 512 pixels in the horizontal direction.

If projection processing is executed in only the horizontal direction, the device enters an
expanded horizontal processing area mode. In this situation, since the device contains 18-bit
x 512 memory, the maximum processing area expands to 1024 pixels horizontally by 512
pixels vertically. (Make sure the horizontal processing area does not exceed 1024 pixels.) A
sample expanded horizontal processing area in the horizontal processing area is shown in
Section 7.2, “Expanded Processing Range.”

Note that in this mode, even if the processing area exceeds 512 or 1024 pixels in the
horizontal direction, the OVF signal does not output an overflow status. However, it does
output an overflow status when the area exceeds 512 in the vertical direction.
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4.3

Control Register

Use the control register to set software reset, execution, and controls during a memory read.

b7 b6 b5 b4 b3 b2 bl b0 Address
cRL [ 0 | o | o |mdu| &1 | hmru | exec [ stirst |0004n

e This register resets to 00h.
® Bits b7, b6, b5, and b4 must always be set to 0.
bO: sftrst bit
Writing 1 to this bit executes the software reset. This bit is automatically cleared to 0 after
reset, so there is no need to write 0 to it.

bl: exec bit

Writing 1 to this bit readies the device for execution. This bit is automatically cleared to 0
after processing ends.

e bl = 0: Idle (this is the default).
* bl = 1: Execute.
b2: hmru bit
This bit affects horizontal projection memory address mapping in interlace mode (scan = 1).
It determines how the results of horizontal projection processing are read from the

horizontal projection memory: sequentially in order of coordinate address, or sequentially in
order of input address, field by field.

This bit has no effect in non-interlace mode. For details, see Section 5.5, “Reading Processing
Results.”

¢ b2 = 0: In the order of the coordinates (this is the default).
® b2 = 1: In the order of the input address.
b3: fl bit
This bit specifies the field to which the start line belongs. When reading the order of the

coordinates (hmru = 0) in interlace mode (scan = 1), this bit specifies whether the field of
the processing area’s first line is even or odd.

This bit has no effect in non-interlace mode (scan = 0), or when reading the order of the
inputs in interlace mode (scan = 1, hmru = 1). For details, see Section 5.5, “Reading
Processing Results.”

® b3 = 0: Even field (this is the default).
e b3 =1:0dd field.
b4: mdru bit

When reading 18-bit projection processing results from memory, this bit sets the units used:
in word units (16 bits) or byte units (8 bits).
e b4 = 0: In word units (this is the default).
* b4 =1: In byte units (Note 1).

Note 1: When accessing the memory in byte units (by setting mdru to 1), make sure the 8 high-order
bits of the data bus (DB8-DB15) are fixed either high or low through a resistor. Only 8

low-order bits (DB0-DB?) are required to write to the register. Therefore, use the low order
bits (DB0-DB?) to interface the device with, for example, an 8-bit CPU.
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4.4 Mask Value Register

This register is used to mask selected data (pixel by pixel if desired). Any image data entered when
the IDMK pin is set high is replaced by the corresponding data from this register.

b7 b6 b5 b4 b3 b2 bl b0 Address
ew T T T T T T T Joom

¢ This register resets to 00h.

b7-b0: Mask value (any data).

Typical example of masking: processing area 4 x 4, mask value = 00h

The diagram below shows the results of masking the areas enclosed by thick lines (masking applied).
The numbers in the processing area represent the value of the image data (gray level) of each pixel.

Processing area

4 Masking Masking
—_— T applied | not applied

O0IH 02H 03H 04H [———| OAH 0AH

OH | 02H | O3H | OH |——»| 0aAH | oaH
oH | ooH | o3H | oH |——5] osH | oaH

Results of horizontal
projection processing

01H 02H 03H 04H |—>| O0AH 0AH

A A

oH | o6H | o9H 10H | ‘e
o4 | osH | ocH | 1om | M

Results of vertical projection processing



Section 5: Circuit Operation and Control Method

5.1 Operation Outline

The IP90COSA performs horizontal and vertical gray-level projection processing of raster-scanned
8-bit grayscale images, and simultaneously stores the results in its horizontal and vertical projection
memories.

0 <o - vl HPR(y)

IP90CO5A
Projection
Processor

3

<L -

A . X

VPR(x)

Gray level projection in the horizontal direction (Y-axis): HPR(y) = Z f(x,y)

Gray level projection in the vertical direction (X-axis): VPR(y) = Z f(x,y)

When the control register’s execute bit (exec) is set to 1, the IP90CO5A starts projection processing the
grayscale image data of the effective area (rectangular) indicated by VEN* and HEN* after the first
fall of VEN* (detected at the falling edge of image clock CLK).



5.2 Projection Processing in Non-Interlace Mode

1) Projection Processing

In non-interlace mode (scan = 0), each frame is configured with a single field, and the IP90C05A

processes one field of image data at a time.

The diagram below shows the timing relationships between the VS*, VEN*, HEN*, and BUSY*
signals and the execute bit (exec) in non-interlace mode. When VEN* goes low after the execute bit
(exec) is set to 1, the IP90CO5A drives BUSY* low and executes projection processing for the area of
interest in one frame. After processing is complete, the execute bit automatically resets to 0 and drives
BUSY* high. When BUSY* goes high, the results can be read from the internal memory.

4

€ One frame

vs* ||
(Note 1) - Vertical processing

‘ enabled (one frame)
VEN#* I

Y

17

(Note 2)
—>>HHW <~
: Areaof Areaof ! : Areaof ! Areaof
interest © ' interest ‘ ‘ interest interest

BUSY* I

Execute bit
(exec)

o

Note 1:  VS* is shown here to indicate the start of a field. VS* does not need to be input, since the
' IP90CO5A recognizes a low period with consecutive VS* pulses as a single field.

Note 2: Make sure that the period when HEN* is high (HHW) and VEN* is low lasts at least

three cycles of the input clock.
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2) Memory Mapping of Projection Processing Results

The diagram below shows the relationship between the projection processing results of a selected image area (m

x n) and the memory addresses.

*NHA
jant
m
Z

*
i
i
i
i
:
It
i
||Q
|
r._~
L e
i
I
}‘
1
L
e
i

¥
:
i

sl e e
i ¥ i
__S&_L____L__-_;___--

g 5 g g
E E E
2 2 2 2
8§ 8§ 87T 8
2 9 5
S & & =

Horizontal projection memory

1st line
2nd line
3rd line

4th line

mt line

D areas not processed

Vertical projection memory

MSB LBS MSB LBS
Address mapping AD1, ADO (Note 1) Address mapping AD1, ADO (Note 1)
during external 10 01 00 during external 10 01 00
access (Note 2) bl7 bl6 |bl5----- b8| b7----- b0 access (Note 2) bl7 bl6 |bl5----- b8| b7----- b0
1000 Result of the 1st line 1800 Result of the 1st column
1004 Result of the 2nd line 1804 Result of the 2nd column
1008 Result of the 3rd line 1808 Result of the 3rd column
. 100C Result of the 4th line 180C Result of the 4th column

1000 + HEX [4(m-1)] Result of the mt line

1000 + HEX [4(n-1)]

Result of the nt column

1000 + HEX (4m)

: Indeterminate data
1
L}

17FC

1000 + HEX (4n)

17FC

Indeterminate data

IP90CO5A

Note1:  ADO is ignored when memory is accessed using word units.

Note2:  Addresses are represented in hexadecimal notation.
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5.3 Projection Processing in Interlace Mode

In interlace mode (scan = 1), the IP9OCO5A can process either two fields (one frame) of image data or
one field. This is controlled by setting bit 1 (vmstr) in the mode register.

1) Projection Processing One Frame (Two Fields) of Image Data

To process two fields of image data, set the mode register’s scan bit (bit 0) to 1, and the vmstr bit
(bit 1) to 0.

The vertical projection processing results for two fields of image data consist of the vertical projection
processing results of the 1st field and 2nd field. These results are stored in the vertical projection
memory.

The horizontal projection processing results are stored in separate locations of the horizontal
projection memory: the results of the 1st field are stored in locations word 0-255, while the results of
the 2nd field are stored in locations word 256-511. These results can be read by programming bit 2
(hmru) and bit 3 (fl) of the control register to convert address mapping so that a frame of data can be
read in the order of the coordinates or in the order of inputs, field by field. For details, see

“2) Method for Reading Horizontal Projection Processing Results in Interlace Mode” in Section 5.5.

The diagram below shows the timing relationships between VS*, VEN*, HEN*, BUSY*, and the
execute bit (exec) when two fields are processed in interlace mode. When VEN* goes low after the
execute bit (exec) is set to 1, the I90C05A drives BUSY* low and executes projection processing for the
effective area within one frame (two fields). After processing is complete, the IP90C05A
automatically resets exec to 0 and drives BUSY* high. When BUSY* goes high, processing results can
be read from the internal memory.

'
[ S

One frame >

vs* ] U (Note 2) u
(Note 1) . Vertical processing . VHW Vertical processing >

. > .
; enabled (1st field) : ) enabled (2nd field) |

VEN* |
HHW ); E(_(Note 3)

Area of Area of Area of Area of Area of Area of

interest interest interest interest interest interest
BUSY*
Execute bit |

(exec)

Note 1:  VS* is shown to indicate the beginning of a field. VS* does not need to be input, since the
IP90CO5A recognizes a low period with consecutive VEN* pulses as a single field.

Note 2: Make sure that the period when VEN* is high (VHW), which is between the 1st and 2nd
fields, lasts at least three cycles of the input clock.

Note 3: Make sure that the period when HEN* is high (HHW) and VEN* is low lasts at least
three cycles of the input clock.



2) Memory Mapping the Projection Processing Results for One Frame (Two Fields)

The figure below shows an example of the relationship between the results of processing a selected image area
(2m x n) and memory addresses. For details on how to read the horizontal projection processing results, see
“2) Method for Reading Horizontal Projection Processing Results in Interlace Mode” in Section 5.5.

1400 + HEX [4(m-1)]

. Result éf the an‘ﬁeld 1st line
. Result of the 2nd field 2nd line

. Result of th;: 2nd field mth line

< <
o] m
z z
* *
[N} —_
2| %| HEN*I1st
HEN* 2nd 2nd field 1st line
HEN* st 1st field Ist line
HEN* 2nd 2nd field 2nd line
HEN* 1st 1st field 2nd line
HEN* 2nd ! :
HEN* 2nd 2nd field m' line
HEN* st 1st field m™ line
_1 HEN*2nd I:] areas not processed
= = = =
E E E g
2 2 2 .. = Note: "VEN* Ist" represents VEN* for the Ist field.
S 8 8- 8 “VEN* 2nd" represents VEN* for the 2nd field.
3 2 B -E: "HEN* 1st" represents VEN* for the Ist field.
- Q8 o™ "HEN* 2nd" represents VEN* for the 2nd field.
Horizontal projection memory Vertical projection memory
MSB LBS MSB LBS
Address mapping AD1, ADO (Note 1) Address mapping AD1, ADO (Note 1)
during external 10 01 00 during external 10 01 00
access (Note 2) bl7 bl6 | bl5----- b8 | b7----- b0 access (Note 2) b17 bl6 | b15----- b8 b7----- b0
1000 Result of the 1st field 1st line 1800 Result of the 1st column
1004 Result of the 1st field 2nd line 1804 Result of the 2nd column
. . 1808 Result of the 3rd column
! ! 180C Result of the 4th column
1000 + HEX [4(m-1)] Result of the 1st field mth line
]
| Indeterminate data
13FC

[

1800 + HEX [4(n-1)]

Result of the nth column

1800 + HEX (4n)
' 1
' Indeterminate data . Indeterminate data
17FC 1FFC
Note 1:  ADO is ignored when memory is accessed using word units.
Note 2:  Addresses are represented in hexadecimal notation.
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3) Single-Field Projection Processing

Execute projection processing for a single field by setting bit 1 (vmstr) of the mode register to 1 in
interlace mode (scan = 1). More specifically, if the execute bit (exec) is not set to 1 when VEN* is high
(VHW) before starting the 2nd field (after finishing the 1st field), the device processes only the 1st
field.

The diagram below shows the timing relationships between VS*, VEN*, HEN*, BUSY*, and the
execute bit (exec). When VEN* goes low after the execute bit (exec) is set to 1, the IPOOCO5A drives
BUSY* low, and executes projection processing for only the area of interest within the field. After
processing is complete, the IP90CO5A automatically resets the execute bit to 0 and drives BUSY*
high. When BUSY* goes high, processing results can be read from the internal memory.

< One frame >
vs* | U (Note 2) U
(Note 1) ) Vertical area of > EVHW, < Vertical area of >
: interest (1st field) ! : interest (2nd field) :
VEN*

HHW-)% :E(_(NoteS)

Area of Area of Area of

interest interest interest
BUSY* ]

Execute bit ]
(exec)

Note 1:  VS* is shown here to indicate the beginning of a field. VS* does not need to be input, since
the IP90CO5A recognizes a low period with consecutive VEN* pulses as a single field.

Note 2: Make sure that the period when VEN* is high (VHW), which is between the 1st and 2nd
fields, lasts at least three cycles of the input clock.

Note 3: Make sure that the period when HEN* is high (HHW) and VEN* is low lasts at least
three cycles of the input clock.



4) Memory Mapping of Single-Field Projection Processing Results

The diagram below shows the relationship between the results of processing the selected image area (m lines
x n pixels) and the memory addresses. For details on how to read the horizontal projection processing results,
see “2) Method for Reading Horizontal Projection Processing Results in Interlace Mode” in Section 5.5.

ST xNHA

HEN* 1st

HEN* 1st

HEN* 1st

'
'
'
'
'
'
'
'
'
'
v
'

HEN* 1st

. * . +
e e B AR
S ____.f_,__-..-gg__:,-__-'.--“i.___-:_’.___
. . . . . ) . . e
« Lo
% o
. L] . L] . . * e

1st line

2nd line

= = = =
areas not processed

EEE E [ arensmorprocese

R - R S

Q o Q Q

2 9 5 Note: "VEN* Ist" represents VEN* for the 1st field.

- & & = "HEN* Ist" represents HEN* for the 1st field.

Horizontal projection memory Vertical projection memory
MSB LBS MSB LBS

Address mapping AD1, ADO (Note 1) Address mapping AD1, ADO (Note 1)
during external 10 01 00 during external 10 01 00
access (Note 2) bl7 bl6 | b15----- b8 | b7----- b0 access (Note 2) bl7 bl6 | b15----- b8 | b7----- b0

1000 Result of the 1st field 1st line 1800 Result of the 1st column
1004 Result of the 2nd field 1st line 1804 Result of the 2nd column
1008 Result of the 3rd field 1st line 1808 Result of the 3rd column
100C Result of the 4th field 1st line 180C Result of the 4th column

1000 + HEX [4(m-1)]

Result of the 1st field mth line

1000 + HEX [4(n-1)]

Result of the nth column

1000 + HEX (4m) Indeterminate data 1000 + HEX (4n) Indeterminate data
t )
17FC 1FFC
Note 1:  ADO is ignored when memory is accessed using word units.
Note 2:  Addresses are represented in hexadecimal notation.
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5) Single-Fiéld Projection Processing (Split-Field Store Mode)

When processing only one field (of two) in interlace mode, the device can be placed in split-field store
mode by setting bit 0 (scan) and bit 1 (vimstr) of the mode register to 1.

In split-field store mode, the results of each processed field are stored separately in the horizontal
projection memory. The results of the first processed field (which is processed after the execute bit is
set following a reset) are stored in horizontal projection memory, beginning with word 0. The results of
processing the 2nd field (which is processed by setting the execute bit but without resetting after the
1st field has been processed) are stored in the horizontal projection memory, beginning with word 256.

In contrast, the results of vertical projection processing are stored directly without being split into
separate locations. Therefore, these results are always stored in the vertical projection memory
beginning with word 0, and this data is overwritten for each subsequent processed field.

The diagram below shows the timing relationships between VEN*, HEN*, BUSY*, and the execute
bit (exec), when exec is set to 1 while VEN* is high (VHW) before starting the 2nd field (but after
processing the 1st field).

< One frame >

vs* | Lr(Note 2) U

(Note 1) < Vertical proce§sing > VHWy, E Vertical processing >
, enabled (1st field) . . enabled (2nd field) '
VEN* 1
HHEW _)" \ ¢ (Note 3)
Area of Area of Area of Area of Area of Area of
interest interest interest interest interest interest

BUSY* |
Execute bit L_l \ ]__

(exec)

Execute bit (exec) is programmed "1"

Note 1:  VS* is shown here to indicate the beginning of a field. VS* does not need to be input, since
the IP90CO5A recognizes a low period with consecutive VEN* pulses as a single field.

Note 2 Make sure that the period when VEN* is high (VHW), which is between the 1st and 2nd
fields, lasts at least three cycles of the input clock.

Note 3: Make sure that the period when HEN* is high (HHW) and VEN* is low lasts at least
three cycles of the input clock.
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6) Memory Mapping of the Projection Processing Results in Split-Field Store Mode

The diagram below shows an example of the relationship between the results of processing a selected image
area (2m x n) and the memory addresses. The horizontal projection processing results for the 1st field are stored
from word 0-255 in the horizontal projection memory, and the results for the 2nd field are stored from word 256~
511. For details on reading horizontal projection processing results, see “2) Method for Reading Horizontal
Projection Processing Results in Interlace Mode” in Section 5.5.

PUT xNHA
T xNHA

HEN* Ist m

HEN* 2nd 2nd field 1st line L
noQ

HEN* Lst 1st field 1st line 8%¢

HEN* 2nd 2nd field 2nd line § EE

HEN* Ist Ist tl'xeld 2nd line

HEN* 2nd Do

HEN"" 2nd 2nd field m® line

HEN* Ist 1st field m? linc

—l HEN*2nd

D areas not processed

= = = =
g€ E E £
2 2 2 . = Note: "VEN* 1st" represents VEN* for the Ist field.
8 8§ 8§ 7 TTToo 8 “VEN* 2nd" represents VEN* for the 2nd field.
2 2 B £= "HEN* 1st" represents VEN* for the st field.
A S A "HEN* 2nd" represents VEN* for the 2nd field.
Horizontal projection memory Vertical projection memory
MSB LBS MSB LBS
Address mapping AD1, ADO (Note 1) Address mapping AD1, ADO (Note 1)
during external 10 01 00 during external 10 01 00
access (Note 2) bl17 bl6 | bl5----- b8 | b7----- b0 access (Note 2) b17 b16 | bl5----- b8 | b7----- b0
1000 Result of the 1st field 1st line 1800 Result of the 1st column
1004 Result of the 1st field 2nd line 1804 Result of the 2nd column
. ' 1808 Result of the 3rd column
! ! 180C Result of the 4th column
1000 + HEX [4(m-1)] Result of the It field mth line
1 1
: 1 [
' Indeterminate data , '
13FC L L
1 1
1t of the 2nd field 1st line ) \
- s - —— 1 ]
Result of the 2nd field 2nd line ' '
: i B
{7
s o e = 1800 + HEX [4(n-1)] Result of the nth column
sult of the field Ting
_Sutoimend iy e 1800 + HEX (4n)
)
: Indeterminate data : Indeterminate data
17FC 1FFC )

Note1: ~ ADO is ignored when memory is accessed using word units.

Note 2:  Addresses are represented in hexadecimal notation.
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7) FFLD Pin Output

In interlace mode, the IP90C05A’s FFLD pin outputs the 1st field’s field discrimination signal
regardless of whether the device is processing a frame (two fields) of image data or only a field. (In
non-interlace mode, the FFLD bit is always high.) After setting the execute bit (exec) to 1, the
IP90CO5A monitors VEN* in the 1st field: when VEN* goes low, the device latches FLDi (field
identification) signal to the first fall of CLK. It then outputs the latched field discrimination signal
for the 1st field from the FFLD pin one clock cycle later. Even in the 2nd field, the FFLD pin holds
and outputs the field identification signal for the 1st field. The FFLD pin retains and outputs the
field identification signal for the 1st field even if BUSY* is driven high. When reset, it goes high.

The diagram below shows the timing relationships of CLK, VEN*, FLDi, FFLD, and BUSY*.

CLK
' < Vertical processing ! ' Vertical processing
VEN* _-i enabled (1st field) _>'—ﬂ__i<— enabled (2nd field) +'—
(Note 1) /L
FLDi —U—XVa]idX Unknown Value ).,
JJ
S floremsens s
BUSY* | i [
(Note 2) .ul
BUSY* | d
(Note 3)
BUSY* ~ | . [
(Note 4)

Note 1: U =unknown value

Note 2:  This shows one frame (two fields) of image data being processed.
Note 3:  This shows only one field being processed.

Note 4:  This shows fields of data being processed in split-field store mode.
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5.4 Overflow

1) Overflow During Projection Processing in Both Directions (hproj = 0, vproj = 0)

If the horizontal or vertical processing range exceeds 512 pixels, the IP90CO5A drives the OVF signal
high to indicate overflow status. It also simultaneously resets the execute bit to 0 to stop processing
and drive BUSY* high. The results of processing performed before the overflow are still valid, and
can be read from the internal memory. Overflow status can be cleared by resetting the device, which
sets OVF back to low. The timing charts below show typical overflow conditions in the horizontal
and vertical directions.

2) Overflow In Vertical Processing Area Expanded Mode (hproj = 1, vproj = 0)

IP90CO5A
Projection
Processor

Setting bit 2 (hproj) of the mode register to 1 and bit 3 (vproj) to 0 puts the device into vertical
processing area expanded mode (with a maximum range of 1024 pixels). In this mode, OVF does not
output overflow status even if the vertical processing range exceeds 512 pixels; instead, it stays low,
as it was when processing began. It also does not output overflow status when the horizontal
processing range exceeds 512 pixels.

3) Overflow In Horizontal Processing Area Expanded Mode (hproj = 0, vproj =1)

Setting bit 2 (hproj) of the mode resister to 0 and bit 3 (vproj) to 1 puts the device into horizontal
processing area expanded mode (with a maximum range of 1024 pixels). In this mode, OVF does not
output overflow status even if the horizontal processing range exceeds 512 pixels; instead, it stays
low, as it was when processing began. It also does not output overflow status even when the horizontal
processing range exceeds 1024 pixels. Note, however, that it does output overflow status when the
vertical processing range exceeds 512 pixels.

Overflow in the horizontal direction
IDO-ID7 ) S §°T0) 0N | x:“_x___x ) R0 (0 C650) Gl G G G

VEN* \ "
HEN* \ llll
OVF {. /

P
BUSY* \ " [

b4

Overflow in the vertical direction

ax LML LML L rLririrererererer

VENS 1

HEN*  \_HEN*for Istline [ fl— \_HEN* for 513th line |
OVF {ll /

BUSY* \ " /

3
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5.5 Reading Processing Results

1) Setting the Address Bus
The diagram below shows the IP90C05A’s memory mapping.

Address Note: Register addresses are decoded only for
! (AD12-ADO0) AD2 and AD3. (Register addresses are
! 0000h Mode register not fully decoded.) Do not use addresses
; 0001h 0001h-0003h, 0005h-0007h, or 0009h~
0002h Reserved OFFFh.
0003h
0004h Control register
0005h
0006h Reserved
0007h
0008h Mask-value register
0009h
~ Reserved N
OFFFh
1000h
A Horizontal projection memory A

17FFh
1800h

b))

Y Vertical projection memory ﬁj

1FFFh

When reading projection processing results from memory, each bit in control address bus AD12-AD0
has the following settings:

AD12: Chooses between memory access and register access:
ADI12 = 1: Memory access
AD12 = 0: Register access
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AD11: Specifies whether horizontal or vertical projection results are read:
ADI11 = 1: Reads vertical projection results
AD11 = 0: Reads horizontal projection results
AD10-AD2: Internal memory word addresses
The control address bus, when bits AD0O and AD1 are ignored, consists of the 18 bits in
the combined horizontal and vertical projection memories. (Data for addresses outside
the processing area are indeterminate and not guaranteed.)
Control address bus
Word addresses in | Word addresses in
AD10| AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | horizontal projection | the vertical projection
memory (hex) memory (hex)
0 0 0 0 0 0 0 0 0 000h 000h
0 0 0 0 0 0 0 0 1 001h 001h
0 0 0 0 0 0 0 1 0 002h 002h
0 0 0 0 0 0 0 1 1 003h 003h
0 0 0 0 0 0 1 0 0 004h 004h
0 0 0 0 0 0 1 0 1 005h 005h
0 0 0 1 1 1 1 00Fh 00Fh
0 0 0 0 1 0 0 0 0 010h 010h
1 1 1 1 1 1 1 1 0 1FFh 1FFh
1 1 1 1 1 1 1 1 1 1FFh 1FFh
AD1-ADO: Identifies 18-bit memory data for word or byte access.

For word access

Control
address bus

Data bus

AD1 | ADO DB15|DBI4| DBl3| DBlZI DB11 [ DBlO[ DB9 | DB8 | DB7lDBé LDBS l DB4 I DB3 ! DB1 IDBO
0 X Sixteen low-order bit are output
1 x 0 0 0 0 0 0 0 0 0 0 0 0 Two high-
order bits
are output
Note:  xmeans “Don't care;” it may be logic or 0. ADO is ignored.
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For byte access

Control
address bus Data bus
AD1 | ADo | DB15]| DB14]| DB13] DB12| DB11| DB10| DB9 | DB8 | DB? I DB6 l DB5 l DB4 I DB3 [ DB1 I DBO
0 X X X X X X X X Eight low-order bits are output
1 b3 b3 b3 X X X X X Eight middle-order bits are output
0 X X X X X X X X Two high-
order bits
are output
1 1 Inhibited
Note: x = Unknown. Values cannot be guaranteed. Logic 0 or 1 is output.

The access mode (word access or byte access) is determined by bit 4 (mdru) of the control register.

2) Method for Reading Horizontal Projection Processing Results in Interlace Mode

The following describes how to read the results of processing two fields of image data in interlace
mode as described in Section 5.3, “Projection Processing in Interlace Mode.”

Horizontal projection processing results are stored in the horizontal projection memory, as shown in
Section 5.3. To read these results, set bit 0 (scan) of the mode register to 1, then set bit 2 (hmru) of
the control register to 0 or 1 to map the addresses in horizontal projection memory in either
(respectively) the order of the frame coordinates or of the inputs for each field, as shown below.

a) Addresses in order of the frame coordinates

In this mode, the horizontal projection processing results for the 1st and 2nd fields are alternately
mapped in the read address space of the horizontal projection memory. To enter this mode, set bit
0 (scan) of the mode register to 1, and bit 2 (hmru) of the control register to 0. Then, to arrange the
addresses in order of the frame coordinates, set bit 3 (fl) of the control register to specify whether
the first line to be projection processed in the horizontal direction is on an even field or an odd
field. The IP90CO5A then maps the results on the memory addresses as shown below.

Horizontal projection memory

MSB LBS
Address mapping AD1, ADO (Note 1)
during external 10 01 00
access (Note 2) b17- bl5----b8| b7 ----b0
-bl6
1000 —®  Ist line of the field specified by the fl-bit
1004 —® Ist line of the field not specified by the fl-bit
1008 —®  2nd line of the field specified by the fl-bit
100C —®  2nd line of the field specified by the fl-bit

17F8
17FC

256th line of the field specified by the fl-bit
256th line of the field not specified by the fl-bit

"

Note 1:  ADO is ignored when memory is accessed using word units,
Note 2:  Addresses are represented in hexadecimal notation.
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b) Addresses in the order of the inputs for each field (scan = 1, hmru = 1)

In this mode, horizontal projection processing results are mapped in read address space of the
horizontal projection memory in the order in which processing is performed, and the results are
stored. To enter this mode, set bit 0 (scan) of the mode register to 1 and bit 2 (hmru) of the control
register to 1. Bit 3 (fl) of the control register does not affect this mode.

First half of the memory: results of the 1st field
Second half of the memory: results of the 2nd field

Horizontal projection memory

MSB LBS g g5
- 0
Address mapping AD1, ADO (Note 1) 8% ¢
during external 10 01 00 e & &
access (Note 2) bl7 b16|b15----b8 b7----b0
1000
1004
1 1
] ]
, ' Results of the 1st field
: :
1 1
1 1
13FC
1400 T

1404

Results of the 2nd field

17EC

Note 1: ADO is ignored when memory is accessed using word units,
Note 2: Addresses are represented in hexadecimal notation.
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5.6 Control Method

The following flowchart shows the IP90C0O5A’s control method.

Start

Reset by RST* pin

!

Reset by CTRL register

Y

Set mode register

A

Set control register

A

Execute projection processing

Read the processing results

End

Select the desired mode.

Select the execute bit (exec). (The IP9OCOSA automatically
clears exec to 0 after processing is finished.

After exec is set, do the following:

1. When VEN* goes low, it drives BUSY* low.

2. The image data is processed in the area of interest marked
by VEN* and HEN¥*, and the results are stored in memory.

3. Processing ends three clock cycles after VEN* goes high
in interlace or 1-field interlaced mode, and BUSY* is
driven high. In 1-frame (2-field) interlaced mode, the
device ends processing three clock cycles after VEN*
indicates that the 2nd field becomes high, and drives
BUSY* high.

After confirming that BUSY* is high, read the results from
memory.
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Section 6. Electrical Characteristics

6.1

6.2

6.3

6.4

Absolute Maximum Ratings

Item Symbol Min. Typ. Max. Unit
Supply voltage vdd -0.5 6 \%
Input/output voltage Vin/Vout -0.5 Vdd+0.5 v
Operating temperature Topt 0 70 °C
Storage temperature Tstg -10 80 °C
Recommended Operating Conditions

Item Symbol Min. Typ. Max. Unit
Supply voltage vdd 4.75 5.0 5.25 v

Input voltage Vin 0 vdd A%
Ambient temperature Ta 0 70 °C

Input rise time Tri 0 50 ns

Input fall time Tfi 0 50 ns

Pin Capacitance (Vdd = Vin = 0 V)

Item Symbol | Conditions Min. | Typ. | Max. | Unit
Input capacitance Cin f=1MHz 10 25 pF
Output capacitance Cout f=1MHz 10 25 pF
DC Characteristics

Item Symbol | Conditions Min. | Typ. | Max. | Unit
Input high voltage Vih 2.4 vdd A%
Input low voltage Vil 0 0.8 \%
Output high voltage Voh vdd =4.75, 2.4 A%
Ioh =-0.5mA
Output low voltage Vol Vdd =475V, 0.4 \%
Iol=4.0mA

Output shorting current Ios Vout = 0V 250 mA
(Note 1)

Input leakage voltage Tix GND <Vin<Vdd -20 20 pA
Output off leakage voltage Ioz GND < Vout <Vdd -25 25 pA

Note 1:  The output shorting current shown above is the absolute maximum voltage that can be
applied to one pin for one second without causing a short.
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6.5 AC Characteristics (load capacitance 30 pF)
1) Image Input Signal

f tcyc = —tcpl > [=tcph-» | |

CLK

i )
" -~ [(Noted)  (Note 1) i
o v )1 v ) oo Ju ) van fu) vom X o
|- ' : j e
| i
| |
|

H | (Note 2)
s | |tvh
VEN* e i -
| e § (« !
| | ( ) |
4‘[ ’ | (Note 3)
f ths ' : ths
| \q t s
HEN | — S I e
tfis | tfih B i ) ’
el | L |
A — i i )i =
FLDi U >< | X Unknown value | (« |
T | . —— |
| ; Bind B {
IDMK ‘ ! ‘ b !
| i Ly ,l
\ l | [
(units: ns)
IP90CO5A IP90CO5A-HS
Parameter Symbol Min. Typ. Max. Min. Typ. Max.
CLK cycle teyc 50.0 333
CLK high period teph 200 11.0
CLK low period tepl 200 16.0
IDO-ID7 setup time tis 2.0 1.0
ID0-ID7 hold time tih 75 7.0
VEN* setup time tvs 2.0 1.0
VEN* hold time tvh 7.5 7.0
HEN* setup time ths 20 1.0
HEN* hold time thh 75 7.0
FLDi setup time tfis 2.0 1.0
FLDi hold time tfih 7.5 7.0
IDMK setup time tmks 2.0 1.0
IDMK hold time tmkh 75 7.0

Notel: U =unknown value

Note2:  The VEN* recovery period (time between the 1st and 2nd fields when VEN* is high) must be at
least three CLK cycles.

Note 3:  The HEN* recovery period (time when HEN* is high and VEN* is low) must be at least three CLK
cycles.

Note4:  Data D (0,1) are overwritten by the value of the mask-value register because IDMK is high during
this period.
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WR*

CE*

2) CPU Interface Timing (Write to the Register)

ADO-AD12 >< 1 Valid address : ><
i ‘ twds | twdh | .
; : >
DB0-DB15 ; 4>< Valid data ]\
twrs ‘ | | twrh

w )

IP90CO5A
Projection
Processor

(units: ns)
Parameter Symbol Min. Typ. Max.
WR* low period twl 1.5tcyc — —
WR* high period twh 0.5tcyc — —
CE* setup time relative to the fall of WR* | twcs 3 — —
CE* hold time relative to the rise of WR* twch 3 — —_
AD setup time relative to the fall of WR* twas 3 — —
AD hold time relative to the rise of WR* twah 3 — —
DB setup time relative to the rise of WR* twds 1.5tcyc — —
DB hold time relative to the rise of WR* twdh 3 — —
RD* setup time relative to the fall of WR* | twrs 3 — —
RD* hold time relative to the rise of WR* twrh 3 —_ —

Note 1:  Although the CPU need not write to each register in synchronization with the image
data clock (CLK), make sure that CLK is input even during write cycles.
Note 2: Values internally set in the register require at least three CLK cycles after WR* goes

high to become valid.
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3) CPU Interface Timing (Memory Read)

RD*

[
AD0-AD12 |

‘ '

‘[7 trdd1 = = trdd2 >

High-Z | / Invalid >< i : High-Z

DB0-DB15 . : Valid data | ——————

! \ data ; a l§ ata 3

- (WS - [<- trwh ->

A

(units: ns)
Parameter Symbol Min. Typ. Max.
RD* low period trl 1.5tcyc — —
CE* setup time relative to the fall of RD* tres 3 —_ —~—
CE* hold time relative to the rise of RD* trch 3 — —
AD setup time relative to the fall of RD* tras 3 — —
AD hold time relative to the rise of RD* trah 3 — —
DB setup time relative to the fall of RD* trddl — — 1.0tcyc+30
DB hold time relative to the rise of RD* trdd2 5 — 0.5tcyc+30
WR* setup time relative to the rise of RD* trws 3 — —
WR* hold time relative to the fall of RD* trwh 3 — —

Note 1:  Although the CPU need not write to each register in synchronization with the image
data clock (CLK), make sure that CLK is input even during write cycles.

Note 2:  When RD* or CE* is high, the IP90C05A’s data bus lines DB0-DB15 are placed in a
high-impedance state.
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4) CPU interface timing (reset)

- Trstl >
RST* \ ‘;
(units: ns)
Parameter Symbol Min. Typ. Max.
RST* low period trstl 3tcyc — -

Note 1: Although RST* need not be synchronized with the image data clock (CLK), make sure
that CLK is input even during reset cycles.

Note 2: The device’s internal logic reset requires at least four CLK cycles after the falling
edge of RST* is detected.

5) Output timing
a) BUSY and FFLD) outputs

- thdl thd2 ‘;
BUSY* \ p /
i ' )
(Note 1) i («
FLDi U XValid' Unknown value Z()
. )
| thd
= (
i )
FFLD i
I S SS .............................................................
Note 1: U =Unknown
(units: ns)
Parameter Symbol Min. Typ. Max.
Delay time from VEN* fall till BUSY* is tdbl 2 — 0.5tcyc+25
driven low
Delay time from VEN¥ rise till BUSY* goes | tdb2 2.5tcyc — 2.5tcyc+25
high
FFLD delay time from CLK rise tfd 2 — 25
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b) OVF output

Horizontal overflow

CLK

|
s O 0E0O0C0ER0ER0C)

:
g

VEN* \ |
(( :
T I
\ |
* .
tohd l<——>-
OVF ! 1
(( L
i !
j=-tbhd =
BUSY* \
((
)

Vertical overflow

i
VEN* \ I
(( {
\ |
HEN HEN* for It line HEN* for 513th line
tovd le—n
OVF i '
§ L/
= tbvd =
BUSY* \ ‘
B
)
(units: ns)
Parameter Symbol Min. Typ. Max.
OVF delay time from CLK rise during tohd 2 —_ 25
horizontal overflow
BUSY* delay time from CLK rise during tbhd 2 — 25
horizontal overflow
OVF delay time from CLK rise during tovd 2 — 25
vertical overflow
BUSY* delay time from CLK rise during tbvd 2 — 25
vertical overflow
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Section 7: Sample Applications

7.1 Connecting the IP90C05A and IP90C51

Sumitomo Metal Industries” IP90C51 (IMBC) LSI processes images by clipping each area of the raster-
scanned digital image data as an “area of interest” (AOI). The diagram below shows a sample
application using the IP90CO5A together with the IP90C51 to process images input from a camera.
Note that this example does not guarantee clock frequency timings for any specific application, and
that these timings must be checked carefully when designing an actual system.

Example: Using the IP90CO5A with the IP90C51 and CPU.

IP90CS51(IMBC) IP90CO5A(proJ) § ~§ 5
Clock CLK L ) cik 831§
o 2L
o &~
ID wae-| IDO-ID7  ODO-OD7 j——————]-  1D0-ID7 OVF [—# T, [/O -
port or
* —_— P * * :
HS* —# HS HEN HEN BUSY interrupt
VS* —l VS VEN* [ Pl yEN* FFLD [—pm controller
IDEN*
IDEN* AD0-AD4  DB0-DB7 ADO-ADI2 DBO-DBIS
BUSY* -
+ ! i Control bus ! 1
I/Oport | . ‘

LA

Addressbus  Databus RD* WR*
CPU, etc.

MBcHEN* T ] 4 | —
"’°J3<xxu%xxx>Lxx
‘ ‘€— Valid data — i Three or more —P4— Valid data — P!

clock cycles

¢ The IP90C05A’s VEN* and HEN* inputs are level-sensitive, but not edge triggered. Therefore,
the IP90C51’s VEN* and HEN* generate level output.

The recovery period for HEN* is three clock cycles or more.
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The following shows the setting and operation procedures:

IMBC

2

IMBC

proJ

proJ

IMBC

IMBC

Drives IDEN* high (IMBC stops).

Sets the operation mode (VS* sync mode OFF).

Sets the operation mode.

Sets the execute bit.

Sets the execute bit.

Drives IDEN* low (IMBC starts execution).

The IP90CO5A proJ chip starts processing the next time VEN* or
HEN* is asserted.
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7.2 Expanding the Processing Range (1024 x 1024 pixels)
Extended operation requires four IP90OCO5A (pro]) chips. Place each IP90C05A into horizontal or

vertical processing area expanded mode by setting bit 2 (hproj) and bit 3 (vproj) of the mode register.

The IP90C51 allocates each pro]’s processing areas (areas A, B, C, and D) in correspondence with

expansion mode.
0 1023 =
]
Area A §s
511 =
512 > = .g
Area B 32
1023 X
R
Image data
HS*/VS*
Clips area A
VEN*/HEN*
.—>
IMBC ; proJ
Clips area B
VEN*/HEN*
— ————————————
IMBC ; proJ
Clips area C
VEN*/HEN*
> | REANL AN
IMBC prol
Clips area D
VEN*/HEN”‘|
IMBC proJ
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511512 1023

1023

Area C
Area D

\

\

Projection processing
in the vertical direction

Bit2=0
Bit3=1
Bit2=0
Bit3=1
Bit2=1
Bit3=0
Bit2=1
Bit3=0

Mode register settings

Places the proJ into horizontal processing
area expanded mode and processes area A
in the horizontal direction. The results are
stored in the horizontal projection memory.

Places the prol into horizontal processing
area expanded mode and processes area B
in the horizontal direction. The results are
stored in the horizontal projection memory.

Places the prol into vertical processing
area expanded mode and processes area C
in the vertical direction. The results are
stored in the vertical projection memory.

Places the proJ into vertical processing
area expanded mode and processes area D
in the vertical direction. The results are
stored in the vertical projection memory.

IPS0CO5A
Projection
Processor



7.3 Character Area Recognition

Projection processing results make it possible to recognize simple character areas and symbols.

vare
~— PIpEYS ——»

= JojoRIRY) >

.......... o

a

~¢—— Shaded are

Third
character

Second
character

First
character
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7.4

High-Speed Character Recognition by Encoding and a Recognition
Table Search

(Source: Character Recognition Technique by Image Processing by Yamauchi, Electronics [Ohm
Company], February 1992, pages 54-55.)

In most industrial applications, such as inspecting IC marking (i.e., package character recognition),
the type of character, font, and size remain almost constant. In cases where the characters are limited
as in such industrial applications, the device provides an easy way to recognize characters quickly by
“integration encoding the projection processing results.”

The following describes the execution procedures for this application:

(1) Executing projection proéessing

IP90CO5A
Projection
Processor

Projection process the characters to be recognized, as shown on the following page, in the
horizontal and vertical directions using and appropriate resolution (32 lines in Figure 7-1). The
projection processing described here requires summing binary values of the pixels on each
horizontal and vertical line. (The horizontal and vertical lines in Figure 7-1 are summed to obtain
a cumulative total.)

(2) Integration and encoding

After projection processing is completed, integrate the results at appropriate line intervals (every
4 lines in the example shown here). Quantize this integrated value at a threshold of up to 32, 64,
96, or 128 into one of four values: 00, 01, 10, or 11. Convert these quarternary-quantized eight
values in each direction into a 2-byte code (2 bytes each for the horizontal and vertical directions,
for a total 4 bytes). Thus, the character to be recognized is translated into a 4 -byte code.

(3) Creating a table for character recognition by the table

After encoding is completed, create a recognition table for the horizontal and vertical directions
as shown below. After this is done, characters can be recognized by comparing the code generated
by the same method from the characters against the values in this table.

B-39 i



€&
A

O OO O = O

o
%
A
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Character to be recognized

-<«—— Projection processing result

Code table

I{I) <1.‘--—-—---—----

3

r o |~ <

=

£ 2 *
53

128

38

e 66

LSB

54H

[EUSRURN SRS (g RS SR R PR RO

LSBMSB

MSB

01 10 01 00}01 10 01 0O

54H

V1

Vh

Figure 7-1: Integrating and encoding the projection processing result
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After the processing described above is executed, the results shown in Table 7-1 can be obtained. Table
7-2 shows experimental results obtained when the technique described here was applied to Japanese
characters in the “mincho” font. These results reveal that the technique is highly accurate, and can
even discriminate between very similar characters such as “1” and “I”.

Although this technique can only be applied to certain types of characters, it provides the following
advantages over conventional methods because it uses the integration encoded results of projection
processing:

¢ This technique is not affected by noise.

e This technique is not affected by the inclination of the characters to be recognized.

* The algorithm is very simple and executes at high speed. § 5 8
(- 1
Character to be recognized ‘Character to be recognized ‘Character to be recognized Q o~
B 1 I
Horizontal direction Vertical direction Horizontal direction Vertical direction Horizontal direction Vertical direction
(15h, 55h) (18h, 60k) (00h, 00h) (02h, 00h) (00h, 00h) (02h, 40h)
PROJ | SUM | CODE | Hh Hi| PROJ | SUM | CODE|Hh HI| PROJ | SUM | CODE| Hh Hi| PROJ | SUM | CODE| Hh HI | PROJ | SUM | CODE| Hh Hi| PROJ | SUM | CODE| Hh HI
0 0 0 0 0 0
0 0 ] 0 [ 0
5 1 0 [ 0 0
6 | 2] o 3 [ 4] o 2 | 2 | o 0o | o] o o [ o] o o [ o] o
13 3 4 0 5 0
9 4 6 0 8 0
8 21 6 0 5 0
8 8 [ 1 2| 0 | 1 4 | 0] 0 o | o | o EIE o | o] o
8 2 3 0 4 o
8 32 3 1 4 1
8 21 3 2 4 2
8 32 1 7 92 2 3 12 0 3 6 0 4 16 0 3 6 0
9 7 3 4 4 4
9 7 3 26 4 21
13 7 3 31 4 31
4 | 5| 1 | 1sa| 7 | 28 o || 3| 2] o [om| 2] w2 o]« 16] o [oan|=an] | 2w
10 8 3 19 4 31
9 10 3 2 4 15
9 13 3 1 4 3
9 37 1 19 50 1 3 12 0 1 23 0 4 16 0 3 52 1
9 2% 3 [) 4 2
3 2 3 0 4 1
5 2 3 0 4 0
9 36 1 15 89 2 3 12 0 0 0 0 4 16 0 0 3 0
9 6 3 0 4 0
9 1 3 0 4 0
12 0 4 0 4 0
17 47 1 0 7 0 9 19 0 0 0 0 6 18 0 0 0 0
6 0 4 0 11 0
0 0 o 0 o 0
0 0 0 0 0 0
0 6 1 55h 0 0 0 60h 0 4 0 00h 0 0 0 00h [ 11 0 00h 0 0 0 40h

Table 7-1: Experimental Results
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Characters to be

recognized Horizontal code Vertical code
B 15h, 55h 18h, 60h
1 00h, 00h 02h, 00h
I 00h, OCh 02h, 40h

B-42

Table 7-2: Experimental Results When the Technique is Applied to Mincho Characters




SMI ASSP

Image Processing LSI Series

[P90C08

Template Matching Processor (templa)

Sumitomo Metal Industries, Ltd.
Technical Manual Ver. E 1.3

‘ Sumitomo Metal Industries, Ltd.

1P90C08
Template Matching
Processor



Table of Contents

Section 1.
1.1
1.2

Section 2.
2.1
2.2
2.3
2.4

Section 3.
3.1
3.2

Section 4.
4.1
4.2
4.3

Section 5.
5.1
5.2
5.3
5.4
55
5.6
5.7
5.8
59
5.10
5.11
5.12
5.13
5.14

Section 6.
6.1

Characteristics and Features

Overview of Specifications ...........ccuoeviiiiiiiiiiiiii 1
Algorithms 2
Sample System Configuration and Operation

Basic System Configuration...........ccccoviiviiiiiiiiiiiniiie e 4
Operating OVeIVIEW .....uviiiiiiiiiiiiiiiiiiiiii e eaaanes 5
Operating Setup Procedures.............coviiiiiiiiiiiiiiie et 19
Sample Expanded System Configurations..........ccceeceiviiiieciiiniiienieniiiiiieeeeeeienns 23
Internal Configuration

Internal Block Diagrami........cccoviiiiiiiniiiiiiiiiiii 27
Shift Registers and Template Data RegiSters........ccccocoviviommmimeeiciccnciiiiieiecececcnne 28
Pins and Functions

Pin Lists and Functional Descriptions..........ocoeiiiiiiniiiiniiiiieeciic e 29
Pin ASSIGNMENES ..eevuviiiiiiiiiiiiiiceee e 31
Pin POSIHIONS ....uviieiiiie ettt 33
Registers

List of Registers (Address Map)... .. 34
Template Register Sets.......c.coiiiiiiiiiiiiiiiiiiiciicc e 35
Matching Coordinate Register Sets.......cocvivieiiiiiriiiiiniiiiiteiiiiie e 38
Output Compensation Bias Register.......ccccoeiviiiriiiiiiiniiiiiiiicienccire e 39
Output Compensation Shift Register.........cceieiiieiiiiiiiiniiiiiiiirc e 40
Sum-of-Differences Delay Register........ccecueiiiiiiiiiniieiiininiiecineiiciinee e 41
Shifter Connection ReGister.........ociviviiiiiiiiiiiiiiiiiii e 42
Base Coordinate Registers........ccccuiiuiiiiiininniiininniiecc 43
Reset ReGister......uuiiiiiiiiiiiiiiic s 44
Matching Coordinate Clear Register.........courimeiiiiiiiiniiiniiciieiiins e 45
Input/Output (I/O) Control Register........ccceeivriiniiiiiiiiiiceeciinee e 46
Template Select Register.......uiieiuriiiiniiiiiiiieii e 47
Execute register.......couuiiiiiiiiiiiiiie et 48
LSI Internal Test ReGiSter.......ccoiviimiieiiiiiiiieiceiir e 49
External Dimensions )

Dimensions (160-Pin QFP) .....cccccvvitiniiiiiiiiniiiniiici ittt 50



Section 7.
7.1
7.2
7.3
7.4
7.5

Section 8.
8.1
8.2

8.3

Electrical Characteristics

Absolute Maximum Ratings ..........ceoerreeiimiiniinniesiesieie e 51
Recommended Operating Conditions.........cccoveeeerieniieiiieniiee e 51
Input/Output Pin Capacity.......cceeivrereiiuiinieeeiiiiie i 51

DC Characteristics
AC Characteristics

Sample Applications and Reference Information

16 x 7 Averaging Filter Processing ...........ccceuiuiemiiieiiiiniinii e 59
Sample System Configuration for Measurement of Movement Vectors

in a Grayscale Image ATea.........cccceeviiiiiiiiiiieiiiie e 60
Template Data Notation FOrmat........cocuiiviiiniiiiiiiiiiiiieciic it 63

C-ii

1P90C08
Template Matching
Processor






Section 1. Characteristics and Features

1.1

Overview of Specifications

[Basic Functions]

Single-chip architecture for template matching of 16 x 7-pixel image areas.
Template matching of grayscale images in 0 to 255 gradients.
Real-time processing at image data input rates up to 30 MHz.

Results of template matching are determined by summing the differences in grayscale values
between the template image and the pixels in an area of the input image corresponding to
predetermined coordinates on the template.

Within each image field, four sets of coordinates of areas that have low sum-of-differences values
(that is, areas very similar to the template) are ranked in order of similarity to the template and
stored with their sum-of-differences values.

Sum-of-differences values are defined as the matched filter output from the image areas to which
they relate, and are output from the IP90C08 in real time.

[Area Expansion Functions]

The template and image areas can be expanded by using multiple IP90C08 templa chips
simultaneously and externally summing the sum-of-differences (matched filter) output from all
chips.

The template matching area can be expanded by using multiple IP90C08s in a cascade connection.
This essentially creates an expanded matched filter (sum of differences calculator), with the
respective sum-of-differences outputs connected to the expanded input from the main IP90C08 to
function as an expanded template matching area. For example, three IP90C08s in a cascade
connection can output 17-bit sum-of-differences values for an area as large as 16 x 21 pixels.

[Supplementary Functions]

Field controls can be used to provide matched coordinate measurement for one field only. Also, the
VSEN* pin can be used to control separate enable/disable settings for the field start signal VS*,
and thus synchronize multiple image processing procedures field by field.

The IP90CO08 provides two sets of template registers, and allows access to the non-selected register
at all times, even during processing. The template can be switched through the template register
set selection pin TMPSEL, or through the selection register.

The IP90CO08 also includes these easy-to-use features:

-- CPU interface in either byte (8-bit) or word (16-bit) units

-- Single 5-volt power supply, with low-demand CMOS process

-- Input and output are TTL-level compatible, with CMOS-level output
-~ 160-pin QFP (molded unit 28 x 28 mm, with a pin pitch of 0.65 mm)

-- Operating temperature range T, = 0° to 70°C
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1.2

Algorithms

Template matching is the process of searching raster-scan input images for the areas within those
images that most closely match the pixel values stored in the IP90C08’s internal template data
registers. Usually, the closeness of the match is determined by comparing the binary images pixel by
pixel.

The IP90CO08 also expands this method to provide template matching of grayscale image data. This
involves finding the pixel-to-pixel differences between the incoming grayscale image and the template
data (which is stored as grayscale image data on the IP90C08), then calculating the sum of these
differences. This sum indicates how closely the input image matches the template. Equation (1) shows
a calculation using an input image and template data located at the same position within an image
area.

Input image KxL pixels
}< K >
A | Raster scan input
Image area Template data
b A
(m, n) : ITI 7 I
L (—-—m—’—>* ¢ <——m—J i
M (a9 b) M
a
Y
N1 M1
S(a,b) =Z 2 |I(a+m-M, b+n-N )-T(m, n)| e (1)
n=0 m=0
where:

* (ab) are the coordinates of the lower right corner of the image area within the input image

* S(a,b) is the sum of differences with relation to the image area of M x N pixels having its lower
right corner at (a, b)

¢ I(a+m-M,b +n-N)is the pixel grayscale value of the point with coordinates (m, n) within
the image area

¢ T(m, n) is the image data for the corresponding template point at coordinates (m, n)
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The lower the sum-of-differences is, the more closely the template data matches the image area. The
IP90CO8 calculates the sum-of-differences with respect to the input image, and outputs the result at the
OD pin. This output can be further augmented using output compensation functions (including addition of
bias values or division by means of a shift operation), which allows the IP90C08 to act as a matched
filter or average-smoothing filter, and to create output images constructed by mapping the sum-of-
difference values.

The IP90CO8 can also locate the coordinates having the lowest sum-of-differences values (which give
the positions with the best fit), rank these sets of coordinates in order of closeness-of-fit, and save them
and their corresponding output values in the matching coordinates register.

The IP90CO08 contains template data in two sets of template registers. This allows the chip to load one
set of template data while already performing template matching on another set, so that the matching
process can continue without interruption. The IP90C08 can perform template matching for areas as
large as 16 x 7 pixels; however, using multiple IP90C08s can expand the allowable size of the image
area and the corresponding template data. (For further information, see Section 2.4, “Sample Expanded
System Configurations.”) Conversely, when processing areas smaller than 16 x 7 pixels, the template
area enable register can be used to exclude selected pixels from processing.

Images to be searched enter the IP90C08 as data columns (with a maximum height of 7 pixels) in the
direction of the raster scan, the same as would normal input to a 16 x 7 pixel filter. For details on the
configuration of systems using this type of input, see the following section.
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'Section 2. Sample System Configuration and Operation

2.1 Basic System Configuration

The following diagram shows the configuration of a basic system using the IP90C08. Image data enters
as raster scan input, in the form of single data columns of seven rows each. (The example also includes a
line delay memory.) The images are then compared in real time to two internally stored template
frames.

IP90C08

-1 iCLK
Image timing
signal ————=1 HS*

—_—] VS*

Valid area —®] VSEN* 657
classifier signal __ g} ACT* template
Template data - __I_>

selection TMPSEL

) Raster scan input
8bit (7-line input)

Sum-of-differences
output (matched

TH line delay filter output)

Summation

18bit

1H line dela; OD<17..0>

To external data
expansion unit

Difference

ODEN* | OD output
control

EMatch coordinates !
|

R
=——————

1H line dela

18bit EXin<17..0>
From sum-of-differences =i

output from other templa
chips in cascade connection

RD*
— ] WR* BUSY* i
X CS*

9bit

CPUBuS eS| AD<8.0>

16bit
<A\—> DB<15..0>

8 or 16 bit »1 BUSS

bus width
————pp] RST*

Note 1:  An asterisk (*) following a pin symbol indicates negative logic.

Note 2:  This block diagram does not include all functions of the IP90C08. Refer to appropriate sections
of this manual for information on specific functions, timing, etc.
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2.2 Operating Overview

2.2.1 Image Synchronization and Control Signals (VS*, HS*, ACT*)

This section outlines the operation of the image synchronization and control signals as used by the
IP90C08’s image input and output systems. For specific details about timing, see Section 7.5, “AC
Characteristics.” For an overview of pin functions, see Section 4, “Pins and Functions.”

2.2.1.1 Operations Synchronized with the Pixel Clock

The IP90C08’s template-matching circuits are designed to operate in synchronization with the pixel
clock signal (iCLK). Other functions, however, are not synchronized with the pixel clock: these include
selection of template data settings and CPU bus signals for internal processing settings.

The image data input signal (IA<7..0> through 1G<7..0>), the image synchronization and control
signals (HS*, VS*, VSEN*, ACT*, TMPSEL, RST*), and any expanded-area sum-of-differences input
(EXin<17..0>) are latched with an input flip-flop at the rise of the pixel clock signal. The sum-of-
differences output signal (OD<17..0>, which is the output signal for image data) and the control signal
(BUSY*) output are timed to the rise of the pixel clock signal, with a delay for external load drive.

An asterisk (*) after a signal name indicates inverse logic.

2.2.1.2 Raster Scan Input

Image data is input to the IP90C08 as a simultaneously scanned signal of 7 rows of 8-bit image data,
timed to the pixel clock, oriented in the direction of the raster scan, and input through the image data
input pins (IA<7..0> through 1G<7..0>). This signal enters the pipeline configuration of the IP90C08 for
throughput processing in real time, where it can be used for template matching processing.

2.2.1.3 Image Synchronization Signals for Frame Recognition (VS*, HS*)

Image data entering as raster scan signals must be reconstructed in two dimensions to provide a frame
from which patterns can be recognized. This process uses the vertical and horizontal synchronization
signals VS* and HS*. VS* initiates the frame, and functions much like the vertical sync (VS) signal in
a television system (and thus its name). HS* is the line initiating signal, and functions much like the
horizontal sync (HS) signal in a television system.

The composition of a frame of image data begins when VS* cycles low, and each line within the frame
begins when HS* cycles low. A frame of image data consists of the data input during the pixel clock
cycles from one VS* signal to the next. Similarly, a line of data consists of the data input during the
pixel clock cycles from one HS* to the next. Note that in this system, any data input simultaneously
with VS* or HS* (data latched with the rising edge of the same pixel clock cycle as VS* or HS*) is
invalid, and the data latched with the next cycle is considered as the first image data in that
respective frame or line.

For internal processing, the IP90C08 uses VS* and HS* as the initial loading signals for the Vent and
Hcent counters, respectively. Vent and Hent recognize the vertical and horizontal coordinates of an
image. VS* acts as the initial loading signal for the vertical-axis coordinate counter (Vcnt), setting the
inijtial value of Vent with respect to the initial vertical base coordinate of the frame (Vbase). Together
with the active area signal (ACT*, described in the following section), this VS* controls the start of
the template matching process. HS* is not used to recognize image area, but acts as the initial loading
signal for the horizontal-axis coordinate counter (Hcent), setting the initial value of Hent with respect
to the initial horizontal base coordinate of the row (Hbase). The processing area is controlled by ACT*.
For further description of the IP90C08’s internal configuration, see Section 3, “Internal Configuration.”
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VS* and HS* are inverse logic signals, and are recognized at the rise of the pixel clock. Both are
simultaneously differentiated within the IP90C08, and become effective when a low-level signal on
the clock rise is detected following a high-level signal. Because of this simultaneous differentiation,
the low phase (low pulse width) of VS* and HS* can be any length, as long as they return to a high
level before the next active phase. System timing is described further in the following section.

2.2.1.4 Active Area Signal (ACT¥)

The ACT* signal indicates that data entering the IP90C08 is valid for processing. The first VS* signal
that enters after the start of template matching (indicated by the internal execute register having been
set) is interpreted as the start of a frame to be processed. (VSEN* is also low at this time.) ACT* is used
when this frame enters the IP90C08 system, and indicates whether the local area is to be used for pixel-
to-pixel template matching. The IP90C08 applies template matching processing to the 16 x 7-pixel
template matching area that ends with the pixel column that is input when ACT* is taken low. Pixels
entering while ACT* is high are ignored, and no record is kept of match coordinates for 16 x 7-pixel
template matching areas that end with pixel columns input while ACT* is high. However, pixels
entering while ACT* is high are still considered constituents of 16 x 7-pixel template matching areas,
and are retained in internal shift registers until ACT* cycles low, at which time they are used for
template matching. »

The IP90CO08 does not send VS* at the end of a frame. Frame processing should be executed continuously
by switching between templa register sets A and B. To end processing after the input of one frame only,
set the field control flag “fl” at bit 1 of the execute register to 1 before execution, or configure the logic
circuits to hold ACT* high after the input of one frame. The IP90C55 (IMSC) chip has a function that
sends a rectangular-area-valid signal (AOI-n*) for one frame only within the image space; this
function can also be used in combination with these features.

HS* has no effect on whether incoming data is processed.



2.2.2 The VS*, HS*, and ACT* Signals, and Spatial Coordinates

The following figure shows the relationship between VS*, HS*, and ACT*, and the coordinates of
individual pixels.

The incoming image (M x N) is input as pixel data in a raster scan image synchronized by iCLK.

Raster scan direction

M
ACT"
(N 4
(Hb,Vb) o I'&III

VS*, HS* I I (Ho+1vb) | (Hb+2,vb) (Hb+m,Vb) (Hb+M-3,vb) | (Hb+M-2,vb) |(HD+M-1.Vb)
Ho b+ 1 . - (Ho+M-1,
HS* U OV ) v Hbsmypen | ™ W W ] HOAMS, | HoM2 | gy
] | (Hoem, | (HosM3
* (Ho,Vb+2) Hb+2,Vb+2) - " Hosm2, | (HosM-t,
HS -L_r (Hb+1.Vbs2) o:2 ybi2 VAR Vb:2)
" ] . x
X ] . =
: . . ( I »
* - 2 |
HS I I (HoWbs) [ oer voem RHEI2 VD) Moz, | (i1
. — N
"
=, —
"‘\/

* (Hb,Vb+N-3) - E (Hb+M-2, | (Ho+M-1,
HS* T VbeN-3) . VoiN-g' | VoeN-3)
HS* (Hb,Vb+N-2) Ho+m, (Hb+M-3, (HosM-1,
HS* I I (HbVb+N-1) | (Hb+1, (Hb+m mpm | (Ho+M3, (HbseM-2, | (Ho+M-1,

Vb+N-1) . Vb+N-1) NoiN-1) Vb+N-1)

Hb: horizontal coordinate base register value (Hbase)
Vb: vertical coordinate base register value (Vbase)

e Horizontal Coordinates

The change of HS* from high to low is detected during the rise of iCLK, and the internal
synchronous differentiation process generates a pulse signal HSpls having one clock width. HSpls
becomes the loading signal for Hent (which generates horizontal coordinates), and the Hbase
coordinate becomes the horizontal coordinate of the image data IA acquired on the iCLK rise
following the rise at which the change of HS* from high to low was detected. Hent then begins to
count upward with each iCLK signal.

e Vertical Coordinates
The change of VS* from high to low is detected during the rise of iCLK, and the internal
synchronous differentiation process generates a pulse signal VSpls having one clock width. VSpls
becomes the loading signal for Vent (which generates vertical coordinates), and the Vbase
coordinate becomes the vertical coordinate of the image data IA acquired on the next iCLK rise

following the rise at which the change of VS* from high to low was detected. Hent then begins to
count upward with each HSpls.

¢ The IP90CO08 processes image data that is input while ACT* is low (when its execute flag is
enabled).

e As shown above, ACT* should cycle to active (low) to define the active portion of each line in the
processing area. ACT* should remain high for areas not intended for processing.
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2.2.3 Incoming Image Data Transfer Format

iCLK
(pixel clock)
(“L/;\ggod;g x Xo(ano)X (Hb+1 V!XD(HD+2VDX(H:;+3Vb)x ‘ %(Hbmvb)x j):X XD(vg+ 1 D(vgq){

*note 2
VSEN* II Il Il Il II II l' ” )/
(notet) — ~ T~ TTTTTTTTTTTTETT
*note 3 *note 4 Y P
VS;note1) \ ’ Ir I' I7 l’ 4 ))
*note 4

{ 4
HS* 7T T 75'—\ /
(note 1) \——;'/' R R T ! .

4—— 1rowofdata —P

ACT* Y
(note 5) l—-——ﬁ-—‘ L

1 row of
valid data

Note 1:  An asterisk (*) following a signal name indicates negative logic. VS* starts the definition of
an image field, VSEN* validates the VS* input, and HS* starts each row in the image.

Note 2: VS*is validated if VSEN* is low during the rise of iCLK one clock cycle before VS* changes
to low. VSEN* facilitates synchronization with other image processing LSIs, image
sequencers, and similar devices, and should always be kept low when synchronization with
other devices is not needed.

Note 3:  VS* and HS* need not be input simultaneously. If HS* precedes VS?*, it will be ignored. If HS*
is input simultaneously with VS*, it will be recognized.

Note 4: Because VS* and HS* are synchronously differentiated by the internal clock signal, they
need not be input in pulse form. Any time VS* or HS* is detected at the rise of iCLK, the
system operates as though VS* or HS* has been input. After a VS* or HS* low is detected, the
signal must return to high until the next VS* or HS*.

Note 5:  ACT* should remain low throughout the valid data interval on each row.



2.24 OD and BUSY* Signal Output Timing

ACT* determines whether matching coordinate measurement is applied to image data entering via the
IA through IG signals. In the example below, ACT* is low when input data I(h,v) enters, thereby
initiating matching coordinate measurements for the 16 columns of data from I(h-15,v) to I(h,v) using
sum-of-differences values (with respect to the template). The sum-of-differences output signal OD can
also be used to constantly output the results of calculations on the most recent 16 x 7-pixel image data
input, without referring to ACT*.

The results of sum-of-differences processing of incoming image data is delayed four clock cycles before
being output through OD. This assumes that the sum-of-differences delay register value is 0, and that
the output compensation circuit is inactive (that is, the I/O control register IOCTRL has its output
compensation circuit enable flag “se” set to 0). BUSY* indicates that the LSI internal matching
coordinate measurement is in progress. In the illustration below, BUSY* returns to high nine clock cycles
after the rise of the signal in which ACT* goes high.

ACT* | ........
oD X —_ X— X — X — X —_ XS(h,v) XS(h+1,v)XS(h+2.v) XS(h+3,v) XS(h+4,v) XS(h+5,v) XS(h+GvM-
BUSY* |

...Continued from above

o ‘MMMU_M

ACT* . |

',‘,lS(h+13.v)XS(h¢14,v%(h+15,v)XS(h+16,v)XS(h+17,v)XS(h+18.v)XS(h+19,v)XS(h+20,v)X X J— X [ X —_— X P X
BUSY* ...
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2.2.5 Processing Delay

The diagram below illustrates the internal processing DIFF:
delay interval. Signals enter through the image input pins absolute value of
(IA through IG) and, after sum-of-differences calculation differences circuit
and a minimum of 4 clock cycles, are ouput at the sum- -
of-differences output pin (OD). — sh!tf;e;
: outpu
Note: This clock diagram illustrates processing delay,
and does not represent all functions of the
IP90CO8. See the relevant sections of this absolute
manual for descriptions of funcitons and ! value of
timing. differences
output
one row (16 x 1 step x 8 bit) absolute value of differences
summation

calculator #1

iy

7 rows

ET

summation calculator #2

summaton - delay tuning circuit ______
calculator #3 f 0 to 4 delay :
FIF 1 FF| SOWA | :
—— ] ! :
1 ; :
' s ;
’ ’
z : :
’ ’
' / :
FIF#B : :
L
F/F#A
coordinate
measurement
EXin > + i o
ght
_"E EXSOWA Z shifter

FIF#E

output
compensation bias
value register
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2.2.6 The Active Area Signal (ACT*) and Measurement Areas

The following illustrations show examples of how the active area signal (ACT*) can be used to select
areas of the input image for matching coordinate measurement. Each example (sequence a) through
(sequence n) assumes that image data enters as raster scan input, and shows the scanning pattern of a 16
x 7 image area as well as the time sequence of signals used to validate the matching coordinate
measurement area. Thin diagonal lines indicate the measurement area (the area of the input image in
which measurements are valid), and thick diagonal lines indicate the image area being scanned (the
area stored in the internal shift register). The IP90C08 accepts simultaneous external feed of seven
pixels of data (one column of seven rows), and stores this data in an internal shift register as an ‘image
area.” The IP90C08 then compares this 16-column x 7-row x 8-bit image data in the shift register with a
previous set of template data, and performs differential, absolute value, and sum-of-difference
calculations.

Remember the following points when referring to these examples:
e The IP90C08 constantly accepts input data and makes sum-of-differences calculations.
¢ ACT*is set low to control matching coordinate measurement.

¢ The relationship between ACT* and matching coordinate measurement is as follows. When ACT*
low is detected, matching coordinate measurement is performed on the image area stored in the
internal shift register. Thus, the valid data for this measurement includes not only the 7-row data
input at the time ACT* low is detected, but also the previous 15 columns of 7-row data that was
input to the internal shift register before ACT* low was detected. The single column input when
ACT* low is detected is then added to the previous 15 columns of data, and matching coordinate
measurement is performed on all 16 columns.

Sequence A

IA: (j-1,1-1). This image area does not fall within rows in which matching coordinate measurement can

be applied.

One portion of the image area (the top row and left-hand column of the image area, shown in heavy
diagonal lines) is located outside the measurement area, so ACT* (the solid horizontal lines) remains
high. ACT* corresponding to the position of the black dot (j-1,1-1), is high.

CLK MMM

HS*

' 000000000000000000,

=

IF(_:. n \\X\\\\\J\A\\‘_\IJ PR R S W W Y U S
W W W N, \\\’\.\11.{.!‘.!\!’ ’J’f AT A A AT A A A4
L% i A A AV S AV AV L AV A
\\\\\ J[////!V’//k’/[/j////),
\‘t\‘;\\.‘\t\ 0 AV L AV AV A AV A AT A AT ——
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, shown in heavy diagonal lines) is
remains high.

IA: (j1-1). This image area does not fall within rows in which matching coordinate measurement can be
so ACT*

applied.
One portion of the image area (the top row of the image area

located outside the measurement area,
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Sequence D
IA: (j,1). The image area falls completely within the matching coordinate measurement area.

The entire image area is within the measurement area, and ACT* is asserted low. The image area
(shown in heavy diagonal lines) having this pixel in its lower right corner is stored in the internal
shift register, and the result of a sum-of-differences calculation for this area is used for matching
coordinate measurement. The matching coordinate measurement circuit takes the sum-of-differences
value from this first measurement as the best available match (the lowest sum-of-differences), and
enters the sum-of-differences value and the coordinates (j,1) in the register MINPOS(0).

CLK LML LI
HS* T
¥ 00sn0nssanenaneesnne
e — ek
L 0 R NN N N N AT T AT AT AT AV YAV ATV P
. AN NN A A
[ TR 22 T T AT T LTI AT T T T

N v -
a5 %S WA NP NS AR NS
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L

Sequence E
IA: (k). The image area is at the right edge of the matching coordinate measurement area.

Here, the image area is moved to the right edge of the area of the frame, but is still entirely within
the measurement area. Therefore, ACT* is asserted low.

A
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The image area extends beyond the right edge of the area of the frame and outside the measurement

IA: (k+1,1). The image area extends beyond the matching coordinate measurement area.
area. ACT* is therefore de-asserted and remains high.
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C-15
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feasible. In this position, the entire image area falls within the measurement area, so ACT* is asserted

IA: (j,m). The image area falls within the last rows of the matching coordinate measurement area.
low.

The image area is scanned within the lowest rows in which matching coordinate measurement is

Sequence H

Sunpyepy ayerdwa],
80206d|
o
[]
. -
[ [
m -
< §
0
g 8
[ -
¢ 2 _ c
1 g IWEENENERRNINININ 11
N NN 3 ] R 0 Y 1| i) 1} 1| [l B K | 1| 1| i L 1| [
Il ERRRRRIEIRIRERRRRERAE £ g I L
; RN J SRR MRS R AT - -
ANNNANAR VRN SRAN AN NN g g AR RN -
AENN AN AR ANEAANRA RN £ Mw#%%VVMNU»N%U%%W\ /170
NN R R R R 5 g AR NN AR NN SN NN RN TR 07 o7
AN VTR TSN RN NINRA RN NN g & B INA NN SRR NNNENNIN RN NN 17057/
N AA‘/,,//,,X f}ﬂx‘ym[ry.m/ﬂf. © 3 ?/.;/.J/ﬁxf/// .//m///,.// . .\\\L.
RN IANIANY NINENNNNANSY o o L)ﬁfz/wzx/%//,., SN
N ﬂ/fﬁ/ N NEREN /ﬂ//y NN g5 = ENM RS NNORRNL R A \m‘_
N SR SHCR R R R < SRS NN IS R A - -
A A N N AN N RN AN AN e ulxijﬁymuﬁan”wJ/NHJ,n“\__“.“\\?
R R AR E s AR e
h, 5 g B SR N NS > A 4
YA VAT R AR RN TR RN 2 A N R N N AN N AN EE
vk ,_/m//m,/,,/zv./. LR AL Y SRS AR LN AR ‘//7‘1
RN o SRANIRANEN 5 8 NS R R NN R
N /%Hﬁmm%w%ﬁ%m : 2, AR R AR
ER SRS AR AN G NN W R - =3 AR RN N RN
AN J/(zﬂz NAS YRR SN N g 3 NN SRR AR AN TR AN AR RN R
BAERANNRAAN f,/wﬂn/f%/!/ﬂ;/ A o ;m%umf%// RN NN
& P e - 8 RN RNk L
P RN R B R R LA AL - B A% AN RN RN RN 2 -
BN R RN 2 A% ANANEEL AR RR MR AN AN VNN o
NITREARARIY SN Py ‘m ﬁuu%ﬁzmﬁ%m {Wﬁ%y_yw M
iy AENNE LSS A g , =S o0 NN RN R AN A R
NN R RN R RN - of RN N N R RN
PRI I_xffku_ Y ® g AN .xA/foxxzm/./ ;./ﬁff_f/_/ R
TR R RN R b 31 ANRUNRRRARY flﬂ NERMINNNAN
4 LN RSN NN A Y, B8 U NN RSN RN ﬁ/i} '
N RN R R R RN N 2 8% AR RN R RN RN
RSN RSN Ny, - S o RN RN RN
NN R RN & 938 FAN RSN RN N A NN AN
: RN NN A - S 5o AR R R N R AN NN
RN R RN A 2 g4 PR “w/ju#gﬁﬁﬂvww Y
R R T o AEEH A EER T FEE
HH LARARR RN 8 885 gp o wo om '
Cuwoog c o m Ou. wo Q@
(] X x
e Bf s
E oo
Yokea]
¥y &8
E Ea
T =S o
BE Lo
- £
O
g3 2E



IR S N W O W N SR B

i i io_ i o Lo UL __L_

A

VAN A AT AT A ATAT L & AV VAN AV

ATV

2

L E B

—
i

—

m
|
|

T

IA: (k+1,m). The image area attempts to measure the entire matching coordinate measurement area.
The image area is positioned after the last pixel in the lower right corner of the measurement area.
This requires scanning areas not previously measured, so ACT* is de-asserted and remains high.
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IA: (j-1,m+1). The image area is located on the row following the last row of the matching coordinate

measurement area.
data input from a line not previously measured, and therefore ACT* is de-asserted and remains high.

The image area is positioned on the row following the last row of the measurement area. This requires
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Sequence L
IA

(jym+1). The image area is located on the row following the last row of the matching coordinate

measurement area.

The image area is positioned on the row following the last row of the measurement area. The data

simultaneously input through pins IB-IG still falls within the measurement area, but the entire image

area invo

lves areas not previously measured, so ACT* is de-asserted and remains high.
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Sequence M
IA

inate

(k,m+1). The image area is located on the row following the last row of the matching coord

measurement area.

The image area is positioned on the row following the last row of the measurement area. The data

simu

Itaneously input through pins IB-IG still falls within the measurement area, but the entire image

area involves areas not previously measured, so ACT* is de-asserted and remains high.
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Sequence N

IA: (k+1, m+1). The image area is located on the row following the last row of the matching coordinate
measurement area.

The image area is positioned on the row following the last row of the measurement area. The data
simultaneously input through pins IB-IG still falls within the measurement area, but the entire image
area involves areas not previously measured, so ACT* is de-asserted and remains high.
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2.3 Operating Setup Procedures

2.3.1 One-Time Setup

0. Power ON.
A
1. Hardware reset.
Set RST* pin input low, then return to high and remain high.
{
2. Set operating mode (note 1).
{
3. Set template registers.
¢ Template area enable register (XTMPEN) settings
* Template data register (xTMP) settings
\
4. Clear matching coordinate register (note 2).
A
5. Write 1 to execute register execute flag, start execution of matching coordinate measurement.
Load base coordinate into V coordinate counter Vent from VS*, and load base coordinate into H
coordinate counter Hent from HS*.
l
6. Input image data (while ACT* is low).
Process image data input for template matching while ACT* is low.
\
7. Verify the end of the first image data input.
After the image is inputted, verify the internal processing delay cycle (or verify that BUSY* is
high, indicating the end of processing).

\J

8. Write 0 to the execute register execute flag, and end execution of coordinate matching.
\

9. Read the match coordinate register.
{

10. End or repeat.

To repeat processing, repeat from step 2 (or 3 if the mode is unchanged). If template data is
unchanged, repeat from step 4.

-> To step (2), 3) or (4)

Note 1:  Operating mode settings:

® Soft reset from reset register ¢ Template selection register ¢ 1/0 control register
e Shifter connection register ¢ Sum-of-differences delay register e Output compensation bias
register

e Output compensation shift register ® Horizontal base coordinate register e Vertical base coordinate register

Note 2: The matching coordinate clear register clears the matching coordinate register. (To the “cla”
or “clb” flag, write 1 after clear, write 0 to cancel clear.) The previous match coordinates
remain in memory until the clear procedure is executed, so results can be read any time.
Always clear the register before making new measurements.

C-19

1P90C08
Template Matching
Processor



2.3.2

10.

11.

12.

Setup for Continuous Processing with New Templates at Each Measurement
Power ON.

{

Hardware reset.

Set RST* pin input low, then return to high and remain high.
{

Set operating mode (note 1).

{

Set up template register set A.

¢ Template area enable register set A (ATMPEN) settings
¢ Template data register set A (ATMP) settings

{

Clear matching coordinate register set A.

The matching coordinate clear register clears the matching coordinate register.
To the “cla” flag, write 1 after clear, write 0 to cancel clear.
{

Execute.

®  Write 1 to execute register to start execution

\

Input the first image data, run template matching processing.
Process template register set A, only while ACT* is low.

l

Set up template register set B during template matching processing with template register set A
(note 2).

¢ Template area enable register set B (BTMPEN) settings
* Template data register set B (ATMP) settings

{

Verify the end of the first image data input.

After the image is inputted, verify the internal processing delay cycle (or verify that BUSY* is
high, indicating that processing has ended).

\
Switch template register sets.

Using the template selection register or the TMPSEL pin, switch the template register set used for
processing from set A to set B.

\
Input the second image data, and run template matching processing (set B).
Process template register set B, only while ACT* is low.
1
Read matching coordinate register set A during processing with template register set B.
{
Clear matching coordinate register set A.
¢ The matching coordinate clear register cl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>