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Features
e Histogram and Hough Transform Calculation

e Four 512 X 9 Look-up Tables Provided to Perform User-defined Point-wise
Transformations

e Real-time Histogram Equalization

High Data Rates

e 512 X 24 Accumulation RAM
e Pixel Location Function

The 1A64250s a "plugandplay" dropin replacement for the original ®3164250. This replacement IC

has been developed usimpvA S 1 C 6 s ™ Mt Mafaged IC Lifetime Extension System, cloning
technology. This technology produces replacement ICs far more toamplerulation” while ensuring

they are compatible with the original IC. MIVMESptures the design of a clone so it can be produced even

as silicon technology advances. MIME&O verifies the clone against the original IC so that even the
"undocumated features" are duplicated. This data sheet documents all necessary engineering information
about the 1A64250 including functional and 1/0 descriptions, electrical characteristics, and applicable timing.

Package Pinout for 68 PLCC PACKAGE:
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PIN DESIGNATOR:

PIN PIN PIN PIN

NAME GRID # [NAME GRID # [INAME GRID # [INAME GRID #
GND 1 GND 18 GND 35 DO.5 52
Cl.5 2 VDD 19 STARTIO 36 DO.6 53
Cl4 3 VDO.6 20 VDD 37 DO.7 54
ClL.3 4 VDO.5 21 CLK2 38 DO.8 55
Cl.2 5 vDO.4 22 PO 39 DI.O 56
Cl.1 6 VDO.3 23 IODV 40 DI.1 57
CI.0 7 VvDO.2 24 DV 41 Dl.2 58
WE 8 VDO.1 25 AT 42 DI.3 59
REGADR.5 9 VvDO.0 26 GND 43 Dl.4 60
VDD 10 VDD 27 VDD 44 VDD 61
REGADR.4 11 RESET FP 28 DO.0 45 DI.5 62
REGADR.3 12 GND 29 DO.1 46 DI.6 63
REGADR.2 13 RY 30 DO.2 47 DIL.7 64
REGADR.1 14 CcY 31 DO.3 48 DI.8 65
REGADR.O 15 RX 32 DO.4 49 Cl.8 66
VDO.8 16 CX 33 VDD 50 CL7 67
VDO.7 17 CLK1 34 GND 51 Cl.6 68

Innovasice® 1A211011114-01 http://w ww.Innovasic.com
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Block Diagram

Figure 1
MOD_RAMDATA
SYNC
24
\
AT RAMADDR 9 —
—> >
24 9
REGADR RAMDATA 24 A501(2:x“2]4 —<—p» ADDER |46 SYNC » SHIFT
—F > > 24 24
6
. CLOCK
LKy
STARTIO_N oR % >
t*\
DV
< >
RESETFP SAT IJ DO
SEL 4 9
| .
DI < o
—4p|  CONTROLLER
9 LUT 2 o CLOCK OUT_SEL
> —
CLOCK T LUTOUT 10 9 VDO
9 -
LUTADDR _ 4x5120xh9 . ADDER » SHIFT
>
10DV LUTDATA =~ 9
- >
A
-
al
7 cy
9 OUT_SEL — 9
4T CLOCK Y Y
2 Ry > COUNTER
—
A
RESET X9
L
\
X __y,
cLock P CLOCK X X
> COUNTER o P COUNTER .
—
a
—
MODE
AT MARKER
e > VEMORY >
G ‘E_>

"

Innovasic®
Semiconductor

Extended Life Semiconductor Solutions

IA211011114-01

Page6 of 24

http://w ww.Innovasic.com

Customer Support:
1-888-8244184



IA64250 Data Sheet
Histogram/Hough Transform Processor August 19, 2008

Description

The 1A64250 performs three separate tasks, histogram generation, modified Hough transforms, and
pixel location. There are three modes of operatiothéolA64250: computation, 1/O, and
initialization.

The controller block in the block diagram decodes the instructions and contains the mode registers.
After decoding the mode, the controller generates all of the control signals to the restt.of the pa
These control signals include the addresses and input data for the LUT and ACC RAMSs, the select
lines for both the output mux and the shifter, and the reset for the FP counter. This block also
controls the clearing of the ACC RAM.

The ACC RAM storethe video data that is to be output during the I/O mode. This data can be
modified, depending on mode, by several methods prior to being output. These methods are
described in the computation mode section.

The LUT RAM can store up to four differentadiattodifying functions. These functions are used to
modify the video data coming in and access the appropriate data in the ACC RAM through the ACC
RAM address. This data is then sent out on the DO output.

During the initialization mode, the functionbeoperformed are defined. This is accomplished by
setting the values in the mode registers contained in the controller block.

During the computation mode, the histogram, Hough transform, or pixel location data is computed.
Data equalization also occdwsing this mode if desired. The controller block controls the adders
and shifters during this mode to ensure correct data manipulation. This is accomplished through the
data stored in the mode registers as well as the DV input. The controllerdotpmkeattes the
addresses to both the RAMSs.

The I/0 mode allows data to be transferred to the Accumulation RAM (ACC RAM) and/or to and
from the Look Up Table RAM (LUT RAM). The user can also update the marker memory during
the 1/0 mode. The marker menyois used to quickly find points of interest on the histogram,
Hough transform, or accumulated histogram curves. Up to seven points of interest can be specified
on the grey level axis or parameter axis. The corresponding value on the accumuldittberaxis wi

be available. The reverse is also true, where the user can specify accumulation values of interest anc
obtain the corresponding grey values. The memory map located in the /O mode description shows
the configuration of the data stored in the nmgmdhe transfer of data from an external source to
either of the RAMs is done through either the CI or DI input bus. The controller block takes in the
data and passes it along to the appropriate RAM. The controller block also supplies the RAM with
the address and control signals needed to write the data. During a data transfer from one RAM to
the other, the controller block performs a similar task, overseeing the transfer and supplying the
necessary control signals and address.

Innovasice® 1A211011114-01 http://w ww.Innovasic.com
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I/O SignalDescription

The diagram below describes the 1/0 characteristics for each signal on the IC. The signal
names correspond to the signal names on the pinout diagrams provide.

I/O Characteristics:

IODV 0 When HIGH, ACC RAM or LUT RAM data on the DO bus is valid.
VDO.0 - VDO.8 0 LUT RAM data output (uses CLK1).
Cl0.0-CIO.8 | Control register and LUT input data bus.
WE | Used to strobe data into mode latches when LOW.
REGADR.O - REGADR.5 I Selects mode latch, marker or maximum registers.
Selects marker and maximum registers when HIGH or mode latches wh

AT ! AT must be LOW to access the LUT or ACC RAMs via the DO bus.
CLK1 | Pixel clock active at rising edge.
CLK2 | User I/0 clock (may be connected to CLK1)
STARTIO | Initiates RAM /0O at HIGH to LOW transition.
CX,CY | Used to increment X or Y counters when HIGH.
RX,RY I Resets X or Y counters(overrides CX, CY) when HIGH.
RESET FP | Resets FP counter when HIGH.
PO 0 Test pin should be left unconnected.

Innovasice® 1A211011114-01 http://w ww.Innovasic.com
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Initialization Mode

Initialization defines the operatidntlee 1A64250. The mode and marker memories store

66 ninebit words that define the operation of the part and contain marker information. The
REGADR input is used to select the proper register. Data is written over the Cl bus and
read on the DO bus. €T pin controls whether data is a mode word or a marker. When
AT is low, the data written is mode information, which is stored in the mode registers
contained in the controller block. When AT is high, the data is a marker, and is stored in the
marker remory. To prevent erroneous operation STARTIOn should be high, and 10DV
and DV should be low during initialization.

Mode Register Table:

A REGA | R/ BIT LOCATION
T DR W
W cio cil ci2 ci3 ci4 ci5 Ci6 ci7 ci8
R doO dol do2 do3 do4 do5 do6 do7 do8
0 0 W sd0 sell sel2 sel3 luto lutl shl sat TESTn
0 1 W | fnO fnl Eq io0 iol hclrO hclrl func pdwn
Marker Memory Table:
AT | REGADR R/W CONTENTS
1 0 R GREY LEVEL OF MAXIMUM ACC COUNT BITS &
1 1 R MAXIMUM ACC COUNT BITS 68
1 2 R MAXIMUM ACC COUNT BITS 917
1 3 R MAXIMUM ACC COUNT BITS 183*
1 16 W TEST MODE, DO NOT ACCESS
1 17 W TEST MODE, DO NOT ACCESS
1 18 W TEST MODE, DO NOTACCESS
1 19 W TEST MODE, DO NOT ACCESS
1 32 R/W R/W MARKER 0 GREY LEVEL BITS @&
1 33 R/W R/W MARKER 0 ACC COUNT BITS-3
1 34 R/W R/W MARKER 0 ACC COUNT BITS47
1 35 R/W R/W MARKER 0 ACC COUNT BITS 133*
1 36 R/W R/W MARKER 1 GREY LEVEL BITS @&
1 37 R/W R/W MARKER 1 ACC COUNT BITS8
1 38 R/W R/W MARKER 1 ACC COUNT BTS 917
1 39 R/W R/W MARKER 1 ACC COUNT BITS 133*
1 56 R/W R/W MARKER 6 GREY LEVEL BITS 3
1 57 R/W R/W MARKER 6 ACC COUNT BITS8
1 58 R/W R/W MARKER 6 ACC COUNT BITS47
1 59 R/W R/W MARKER 6 ACC COUNT BITS 133*
*ACC COUNT BIT 1823 APPEARS ON BIT LOCATION-® RESPECTIVELY
Innovasice® 1A211011114-01 http://w ww.Innovasic.com
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Mode Definition:
The controller block decodes the instructions brought in to the 1A64250 on the CI bus, with
the REGADR input determining which instructions are being read in. The Mode Memory
table shows the configuration of the CI bus encoded instruction dgpendme state of
REGADR. A brief description of the instruction bits follows:

sel(3:0)selects the nine bits of the ACC RAM to be transferred to the DO output or to the LUT
RAM.

elo ell el2 el3 el window

select bits-8
select bits-9
select bits-20
select bits-31

S
0
0
1
1
0 select bits42

AWM RO

S S
0 0
0 0
0 0
0 0
1 0

PO ORrOR Oy

1 1 1 15 select bits 133

lut(1:0)defines one of the four 512 X 9 LUTSs as active.

shl When low, the least significant nine bits of the 10 bit LAY @ount sum will address the
ACC RAM. When high, the nine most significant bits of the sum will be used.

sat  When high, the nine bits selected from the 24 bit ACC RAM output will be forced to 511
(111111111) if the 24 bit ACC RAM output containga ¢he range of bits from the sel + 9
to 23. Otherwise the nine bits selected from the ACC RAM output will be unchanged.

test Used for testing when low. Should be high for normal operation.

fn(1:0) Determines the operation performed during the cotigmaamode.

0 1 FUNCTION

modified Hough transform computation
undefined

histogram computation

pixel location

Pk oolx
R OoOr ol

eq When high, causes the output of the ACC RAM to be accumulated as it is read. This is
commonly used to compute thetbgram equalization transfer function. When low, the
ACC RAM output is not modified.

Innovasice® 1A211011114-01 http://w ww.Innovasic.com
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i0(1:0) Control the operations of the ACC and LUT RAMs during I/O mode (when the
STARTION signal has been asserted).

io0 iol FUNCTION

0 0 transfedata from the ACC RAM to the LUT RAM
0 1 read the ACC RAM

1 0 read the LUT RAM

1 1 write the LUT RAM

hclr(1:0)Control the clearing of the ACC RAM during I/O mode

hclrO hclrl FUNCTION

0 0 ACC RAM cleared when either the ACC RAM or LUT RAN
acces=d

0 1 Undefined

1 0 ACC RAM cleared only when the ACC RAM is accessed

1 1 ACC RAM not cleared during an i/o operation

func Determines the function performed by the marker processor. When high, each marker
circuit within the processor will locate an accumulatedt drom the ACC RAM
corresponding to the previously given grey value. When low, each marker will locate the
grey value corresponding to a previously given accumulation count from the ACC RAM.

pdwn When high, the ACC and LUT RAMs are placed in aivenacbde. Should be low for
normal operation.

Memory Configurations

The following memory maps specify the configuration of the ACC RAM and the LUT RAM in the
various computational modes.

ACC RAM Histogram Mode:

Grey Level Memory Contents
0 Count br Grey Value 0
1 Count for Grey Value 1
511 Count for Grey Value 511

1A211011114-01 http://w ww.Innovasic.com
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ACC RAM Modified Hough Transform Mode:

Hough Transform Memory Contents
Parameter Axis

0 Projection Alongr =0

1 Projection Alongr =1
511 Projection Along r =511

ACC RAM Find Pixel Mode

Address Memory Contents

0-8 917 | 1823
0 X0 YO FLAG
1 X1 Y1l FLAG
N XN YN FLAG
N+1 0 0 0
511 | 0 | 0 |0

LUT RAM Histogram Computation:

Histogram Transfer Function | Memory Contents
0 f(0)

1 f(1)

511 f(511)

Innovasic®
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LUT RAM Hough Transform Mode

(45 <$ <90):

Address Memory Contents
0 0*cotp

1 1*coth

511 511*cob

LUT RAM Find Pixel Mode:

Address Memory Contents
05 67 |8
0 Flag for Greyalue| t0 Not Used
0
1 Flag for Grey Valu( t1
1
Tag
Bit
511 Flag for Grey Valu( t511
511

Computation Mode

Histogram Computation:
During histogram computation, the ACC RAM and LUT RAM form the active elements of
the data path. THRCC RAM is addressed by the controller block. The ACC RAM address
is the DI input signal. The data addressed by the DI signal is incremented if the DV input
signal is high, otherwise the data is left unchanged. The LUT is not used in the computation
of the histogram and can concurrently modify the image bydefirsed transfer function.
The DI signal addresses the LUT and the LUT data appears on the VDO output pins two
clock cycles later.

Histogram equalization can be performed in real time. isSibgrém is stored in the ACC

RAM. The equalization transfer function must be computed and transferred into the LUT
RAM. Then during the next frame as a new histogram is being computed, data will also be
equalized in real time and passed to the VDO tquitpsi
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Hough Transform Computation:

During Hough Transform computation, the ACC RAM stores the projection image, and the LUT
RAM is loaded with the function listed in the Modified Hough Transform Parameterization Table.

CX,RX CY,RY

Case D r(x,Y,®) LUTII] Controls Controls
la 0<Dd <45 XtanDd +Y itan® X Y
1b 45 <D <90 Y cotb + X icotd Y X
1c 90 < ® < 135 (YMAX -Y) cot (180) + X | (YMAX - 1) cot (180 ) Y X
1d 135<®d <180 | (XMAX - X)tan (180) +Y | (XMAX - ) tan (180 ) X Y

During initialization, the LUTE iloaded with the appropriate transfer function to compute
either f(x) or f(y). Once the LUT is loaded, the X and Y counters are used to generate the
proper memory addresses. The X counter is incremented at each valid pixel and reset at the
beginning okach line. The Y counter is incremented at the beginning of each line and reset
at the beginning of each frame. The control signals for these two counters are generated in
the controller block. As each pixel location along a line is addressed vidaegetthat

point is added to the partial sum in the memory location.

Intensity Averaging:

Another computational mode is possible by generating ACC RAM addresses differently. An
example of this is to compute the average intensity of an image #sraduiposition.

Consider a 512 X 512 pixel image divided into 256 blocks (16 X 16) of 32 X 32 pixels each.
To compute the average intensity, the Y counter would be incremented every 32 pixels and
reset at the beginning of each line. The X counted Wweuhcremented every 32 lines and

reset at the beginning of a frame. The proper addresses will be generated by multiplying the
X counter output by 16 (this is done via the LUT). After processing, the first 256 locations
of the ACC RAM will hold the agnulated intensity in each 32 X 32 region. Setting sel(3:0)

= 10 will give the average intensity in each region.

Pixel Location:

Innovasic®

Pixel location is used to determine the X and Y coordinates of up to 64 specific pixels or
group of pixels in an image. WIpenforming pixel location, the user first loads one of the
LUTs with a table indicating which pixels are of interest. Each pixel in the table is assigned a
6 bit flag that allows the user to distinguish groups of pixels.

Each time an interesting pixa$ specified in the LUT) is found, the X, Y, and flag values

are stored in the ACC RAM at the address given by the FP counter. The FP counter is then
incremented. Note that only 512 values can be stored at any instance. In the event that
more valuesra stored, the first RAM locations will be overwritten.

Pixel location uses the LUT and the X and Y counters to storkitacete and location
information about pixels of interest. The X and Y counters hold the coordinates of the grey
value on the Dipins and are controlled in the same manner described in the Hough
transform section. DI addresses the LUT producing -®itomeg and a six bit flag
associated with the grey value. If the tag bit is high and DV is high the six bit flag and X, Y

1A211011114-01 http://w ww.Innovasic.com
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coordindes are stored in the ACC RAM. Storage space is assigned sequentially as defined by
the FP counter.

/O Mode

Once a computation has taken place, the user reads data from the LUT or the ACC RAM.
These operations typically take place during a vettigaéror some other period when the
processor is not busy and AT is low. This mode is also to load the LUT with the desired
transfer function. Generally, these operations are controlled by CLK2 so that data may be
read or written at a different raterthiihe pixel clock. If the ACC RAM is accessed, the
marker values will be updated.

The internal signals hclr(1:0) control whether or not the ACC RAM is cleared during 1/0
operations. These values are stored in the mode registers of the controllerfdoitied
initialization mode. If both hclrO and hclrl are high then the ACC RAM will not be cleared
during any I/O operation. If hclrO is high and hclrl is low, then each ACC RAM location
will be cleared after it is read. If both hclrO and hclrlvatbéa each ACC RAM location

is cleared when either the ACC RAM location or the corresponding LUT RAM location is
accessed.

Read/Transfer ACC RAM:
Once the histogram has been computed and stored in the ACC RAM, the user asserts
STARTION low to initiate ealing of the data. One data value is read out of the ACC RAM
during each clock cycle of CLK2 starting with address 0. The address counter for the ACC
RAM is contained in the controller block. If STARTIO remains low, all 512 data values wiill
be read inexjuential address order and the processor will return to pixel processing mode
after 512 clock cycles. If STARTION is returned high, the /0O mode halts and the user can
return to pixel processing operations. When the output flag 10DV is high, theoprocess
has placed valid data from the LUT or ACC RAMs onto the I/O bus.

The user controls the destination of the ACC RAM data via the io(1:0) bits in the mode
registers located in the control memory. Code 01 signifies that histogram data will be placed
on the DO output bus, while code 00 will transfer data from the ACC RAM to the LUT
RAM.

In both cases the user can modify the histogram data. By setting the internal EQ control bit
high, an accumulated histogram will be output. The shifter allows thedeterniime

which nine bits of the 24 bit ACC RAM output will be directed to the DO bus and LUT
RAM. The shifter control data is stored in the mode registers. The control signals for the
shifter are generated in the controller block. Additional comtrolh@ output format can

be obtained via the SAT pin in the control memory. When SAT is high, the resultant nine
bit shifted output will be forced to 511 (111111111) if overflow occurs in the shifter.
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Marker Circuitry:
When ACC RAM is accessed, thekeracircuitry in the marker memory is updated. The
user can specify up to seven values of grey level and the associated count will be stored in
the mode memory. Setting func = 1 in the control memory register will accomplish this. By
setting func = 0,he user can specify a particular count and the marker memory will be
updated with the last grey value whose count is equal to (or just exceeds) the count of
interest.

The maximum count, and the grey value which it occurred at, are also updatedhduring eac
I/O cycle and stored in mode memory locatic8s 0

If the accumulated histogram is being computed, i.e. the EQ bit in the mode register is set,
then the maximum count register will be equal to the number of pixels scanned, and the grey
value will bette maximum grey level occurring in the image.

Reading and Writing the LUT:
Data input to and output from the LUT RAM is also controlled by CLK2 and STARTION.
On the falling edge of STARTION, the I/O cycle is initiated with the LUT RAM addresses
being red or written sequentially with each cycle of CLK2. This process is controlled by the
address counter in the controller block.

LUT read/write operations are defined by thelidits in the control memory. Code 10 is
used to read the LUT RAM. Data Wwélread sequentially and output on the DO bus. To
write the LUT RAM, code 11 is used in the control memory. Input from the CI bus is
stored in successive addresses with each cycle of CLK2.

The LUT RAM can also be addressed from the DI bus. A typitabépn would be
histogram equalization. The LUT would contain the equalized transfer function generated
by transferring ACC RAM data to the LUT with EQ high. Setting thé-RMNDits for
histogram computation configures data from the DI bus to atidtkshe ACC RAM and

the LUT. Equalized data is then output on the VDO bus. Histogram computation is taking
place concurrently. In this case CLK2 should be connected to CLK1 to achieve an
equalization rate equal to the pixel rate.

I/O Sequences

Read ACC, Read LUT, Transfer ACC to LUT
I/O operations can be divided into two groups: those that end before all 512 elements of
the ACC or LUT RAM have been accessed (short cycle) and those that end after all 512
elements have been accessed (long cydlelyO Aycles are initiated by a high to low
transition on the STARTIOnN input signal. AT must be low in each case.

The short cycle is terminated when STARTIONn is returned high before all elements of the
RAM have been read. The first data value appetirs DO pins three CLK2 cycles after
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STARTION goes low. The IODV flag also goes high after three cycles, indicating that the
data is valid. After the desired number of memory elements have been read, the user returns
STARTION high. The I/O mode compést three cycles later and IODV returns low to
indicate the end of the I/O operation. As soon as IODV returns low, the processor returns

to the pixel processing mode specified by the mode register.

The long cycle is terminated without user interventemadifelements of the ACC or LUT

RAMs have been accessed. Again, valid data appears on the DO pins three CLK2 cycles
after STARTION goes low. In this case, IODV is high for 512 CLK2 cycles and goes low
after the last RAM element has been read. SV returns low, STARTION can remain

low or be raised high at any time without affecting the operation of the 1A64250.

READING ACC/LUT
RAM OR TRANSFERING

ACC TO LUT:

Short I/0 Cycle:

ce [ L L S g vy g g v

STARTIO | [
DO ] XXXX ] XXXX ] XXXX ] RAMO | RAM1 | RAM2 | XXXX ]

oDV / \ _

End of Long I/O Cycle:
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