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Legal Notes

The information in this document is current as of July 2009. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC
Electronics data sheets or data books, etc., for the most up-to-date specifications of NEC
Electronics products. Not all products and/or types are available in every country. Please
check with an NEC Electronics sales representative for availability and additional
information.

No part of this document may be copied or reproduced in any form or by any means without the
prior written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors
that may appear in this document.

e NEC Electronics does not assume any liability for infringement of patents, copyrights or other
intellectual property rights of third parties by or arising from the use of NEC Electronics
products listed in this document or any other liability arising from the use of such products. No
license, express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Electronics or others.

e Descriptions of circuits, software and other related information in this document are provided
for illustrative purposes in semiconductor product operation and application examples. The
incorporation of these circuits, software and information in the design of a customer's
equipment shall be done under the full responsibility of the customer. NEC Electronics
assumes no responsibility for any losses incurred by customers or third parties arising from
the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC
Electronics products, customers agree and acknowledge that the possibility of defects thereof
cannot be eliminated entirely. To minimize risks of damage to property or injury (including
death) to persons arising from defects in NEC Electronics products, customers must
incorporate sufficient safety measures in their design, such as redundancy, fire-containment
and anti-failure features.

e NEC Electronics products are classified into the following three quality grades: "Standard",
"Special" and "Specific".
The "Specific" quality grade applies only to NEC Electronics products developed based on a
customer-designated "quality assurance program" for a specific application. The
recommended applications of an NEC Electronics product depend on its quality grade, as
indicated below. Customers must check the quality grade of each NEC Electronics product
before using it in a particular application.
"Standard": Computers, office equipment, communications equipment, test and measurement
equipment, audio and visual equipment, home electronic appliances, machine tools, personal
electronic equipment and industrial robots.
"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems,
anti-disaster systems, anti-crime systems, safety equipment and medical equipment (not
specifically designed for life support).
"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control
systems, life support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified
in NEC Electronics data sheets or data books, etc. If customers wish to use NEC Electronics
products in applications not intended by NEC Electronics, they must contact an NEC Electronics
sales representative in advance to determine NEC Electronics' willingness to support a given
application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also
includes its majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC
Electronics (as defined above).
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IMAP Image Processing Library

1 Purpose of the document

The main goal of this document is to create a complete documentation for all
the functions of the LIBIPL (Image Processing Library).

LIBIPL contains image processing basic functions. Image processing is the
analysis, interpretation and manipulation of images and it is part of signal

processing. Typical applications are filtering or feature extraction. Below are
some illustrated examples of image processing applications.

Original image

_Binarization Edge detection
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IMAP Image Processing Library

2 Image manipulation

2.1 IxBinlm - Image Binarization

Syntax

Description

Type of inputs

Type of output

Example

void IxBinlm (sep void * src, sep void * dst, int bytes, int thres, int lines)

void IxBinImc(sep uchar src[], sep uchar dst[], int thres, int lines)

void IxBinlmi(sep uint src[], sep uint dst[], int thres, int lines)

Binarizes the initial image

src and dst are respectively the source and destination image

bytes is the number of bytes for each pixel of the source image

thres is the threshold value to be used for the binarization

lines is the number of lines to process

src: 2-dimensional array -> sep void *

bytes: scalar -> int

thres: scalar -> int

lines: scalar -> int

dst: 2-dimensional array -> sep void *

Image input

Il

Filtered image with thres = 64

BHHHHA
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IMAP Image Processing Library

Dependency
diagram

IxBinlm

PMEM : 264 bytes

IMEM : 0 bytes
v v
IxBinlme IXBinlmi
PMEM : 140 bytes PMEM : 140 bytes
IMEM : 0 bytes IMEM : 0 bytes

Time performance

592 steps with 128 PE and for a 128*128 image

2.2 IxClearlm — Image Clear

Syntax
void IxClearIm(sep void dst[], int bytes, uchar val, int lines)
void IxClearlmc(sep void dst[], uchar val, int lines)

void IxClearlmi(sep void dst[], uint val, int lines)

Description
The whole image is filled with a constant value.
. dst is the destination image
. bytes is the number of bytes for each pixel of the source image
o val is the value to be used for the filling

. lines is the number of lines to process

Type of inputs

. val: scalar -> uchar or uint
. bytes: scalar -> int

. lines: scalar -> int

Type of output

. dst: 2-dimensional array -> sep void *
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IMAP Image Processing Library

Example

Image input Cleared image with val = 128

Dependency
diagram

IxClearlm

PMEM : 164 bytes

IMEM : 0 bytes
v v
IxClearlmc IxClearlmi
PMEM : 340 bytes PMEM : 340 bytes
IMEM : 4 bytes IMEM : 4 bytes

IxClearlm_sub

Time performance

290 steps with 128 PE and for a 128128 image

Preliminary User’'s Manual U19879EE1VOMUOO




IMAP Image Processing Library

2.3 IxCopylm — Image Copy

Syntax

Description

Type of inputs

Type of output

Example

void IxCopylm(sep void src[],sep void dst[], int bytes, int lines)
void IxCopylmc(sep void src[],sep void dst[], int lines)
void IxCopylmi(sep void src[],sep void dst[], int lines)

void IxCopylmci(sep void src[],sep void dst[], int lines)

This function copies the lines number of lines of the source image src to the
destination image dst.

bytes is the number of bytes for each pixel of the source image
. IxCopylmc copies 8-bits source image src to 8-bits destination image dst
. IxCopylImi copies 16-bits source image src to 16-bits destination image dst

. IxCopylmci copies 8-bits source image src to 16-bits destination image dst

e  src: 2-dimensional array -> sep void *
. bytes: scalar -> int

. lines: scalar -> int

. dst: 2-dimensional array -> sep void *

Image input Copied image

Preliminary User’'s Manual U19879EE1VOMUOO 9



IMAP Image Processing Library

Dependency
diagram
IxCopylm
PMEM : 168 bytes
IMEM : 0 bytes
A 4 A 4 A 4
IxCopylmc IxCopylmi IxCopylmci
PMEM : 648 bytes PMEM : 784 bytes PMEM : 648 bytes
IMEM : 0 bytes IMEM : 0 bytes IMEM : 0 bytes
IXCopylm_sub

Time performance
671 steps with 128 PE and for a 128*128 image

2.4 I1xSublm - Images Substraction

Syntax
void IxSublm(sep void * src, int bytes, sep void * dst, uint lines)
void IxSublmc(sep uchar src[],sep uchar dst[], uint lines)

void IxSublmi(sep uint src[],sep uint dst[], uint lines)

Description

Calculates the absolute difference between two images. If the result is
negative, absolute value is used. The result is stored in dst.

. src and dst are the image operands
o dstis also used as destination image
e  bytesis the number of bytes for each pixel of the source image

. lines is the number of lines to process

Output = abs ( Input1 — Input2 )
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IMAP Image Processing Library

Type of inputs

Type of output

Example

. src: 2-dimensional array -> sep void *
. dst: 2-dimensional array -> sep void *
. bytes: scalar -> int

) lines: scalar -> uint

e  dst: 2-dimensional array -> sep void *

Image input 1 Image input 2

Dependency
diagram

Time performance

Image output

IxSublm

PMEM : 224 bytes

IMEM : 0 bytes
v v
IXSubimc IXSubImi
PMEM : 196 bytes PMEM : 324 bytes
IMEM : 0 bytes IMEM : 4 bytes

IxSublm_sub

1012 steps with 128 PE and for a 128*128 image
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2.5 IxSplitim - Image Splitting

Syntax

Description

Type of inputs

Type of output

Memory
consumption

void IxSplitim(outside sep uchar eadr|], outside sep uchar eadr_out[], int lines)

Splits the lower byte part (8 least significant bits) from the higher byte part (8
most significant bits) of an integer image (16 bits).

lines is the number of lines of the integer image.
The integer image is stored from eadr address (2*lines).

Result is stored back into eadr_out ... eadr_out+2*lines.

eadr: pointer to the integer image -> outside sep uchar * (2*/ines)

lines: scalar -> int

eadr_out: pointer to the two splitted images -> outside sep uchar *

Memory type | Bytes
PMEM 460
IMEM 480

2.6 IxArrowDraw — Arrow Drawing

Syntax

Description

void IxArrowDraw(osep uchar xdir[], osep uchar ydir[], sep void * img,
int bytes, int rate1, int rate2, int col, int lines)

Draws arrows according to direction data.

Regarding xdir as the disposition in the x direction, ydir as the disposition in
the y direction, IxArrowDraw draws arrows at corresponding location on the
source image img.

. bytes is the number of bytes for each pixel of the source image
. rate1 (>=6) designates the distance between two arrows.

. rate2 (<=rate1) designates the maximum arrow length.

. col designates the grey level of the arrow (between 0 and 255).

. lines is the number of lines to process
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Type of inputs

Type of output

Example

xdir: 2-dimensional array stored in external memory -> osep uchar *

ydir: 2-dimensional array stored in external memory -> osep uchar *

img: 2-dimensional array -> sep void *

bytes: scalar -> int
ratel: scalar -> int
rate2: scalar -> int
col: scalar -> int

lines: scalar -> int

img: 2-dimensional array -> sep void *

Image input

Image output

Dependency
diagram

IxArrowDraw

PMEM : 352 bytes
IMEM : 0 bytes

A

y

IxArrowDraw_sub

PMEM :22608 bytes
IMEM : 32 bytes
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2.7 IxAffine — Affine Transform

Syntax

Description

void IxAffine(sep void * src, int bytes, int src_x, int src_y, sep void * dst, int
dst_x, int dst_y, long cof_a, long cof_b, long cof_c, long cof_d, long cof_e,
long cof_f, int defval)

Performs the affine transform on source image src returned in destination
image dst.

bytes is the number of bytes for each pixel of the source image
src_x and src_y are respectively the width and height of the source image

dst_x and dst_y are respectively the width and height of the destination image

Transform matrix cof_a, ..., cof_f must be fixed pointer numbers (integer part
16 bits, others 16 bits).

cof_a, ..., cof_fmust fulfill the following conditions:
|cof_b| < 0.5 * 65536 et |cof_d| < 0.5 * 65536
|cof_a| < 0.125 * 65536 et |cof_c| < 0.125 * 65536

For each location (dx,dy), pixel locationed at the following (sx,sy) is placed:
sx = (cof_a * dx + cof_b * dy + cof_c) / 65536
sy = (cof_d * dx + cof_e * dy + cof_f) / 65536

Or in matricial formulation:

sx=[ab][3§i|+c

Sj,rz[d e][ji}+f

Linear interpolation is performed during the above calculation.

And if (sx,sy) is beyond the range of the input image, then defval is used to fill
the corresponding (dx,dy) location.

The error produced by this function depends on the rotation angle.
The larger the rotation angle is, the more the error may occur.

Also, the speed of the function depends largely on the amount of displacement
along the x direction.
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Type of inputs

Type of output

Example

. src: 2-dimensional array -> sep void *

. src_x: scalar -> int
. src_y: scalar -> int
e  dst_x:scalar -> int
. dst_y: scalar -> int
. bytes: scalar -> int
e  cof_a: scalar -> long
e  cof_b: scalar -> long
e  cof_c: scalar -> long
e  cof_d: scalar -> long
e  cof_e: scalar -> long
e  cof_f: scalar-> long

. defval: scalar -> int

. dst: 2-dimensional array -> sep void *

. Chosen parameter values:

Parameter | Value
Src_x 128
src_y 128
dst_x 100
dst_y 100
Parameter | Value
cof_a 68680
cof b -5025
cof ¢ 0
cof _d 5397
cof e 66774
cof_f 0

. Result:

Image input

|

Image output

Preliminary User's Manual U19879EE1VOMUOO
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Dependency
diagram

IxAffine

PMEM : 592 bytes

IMEM : 0 bytes
A 4 A 4
IxAffinec IxAffinei
PMEM : 3928 bytes PMEM : 3936 bytes
IMEM : 16 bytes IMEM : 24 bytes
IxAffine_sub

Time performance
10038 steps with 128 PE and for a 128*128 image

2.8 IxRotation90 — 90° Image Rotation

Syntax
void IxRotation90(sep void * src, int bytes, int flag, int lines)

Description
Rotates a PENO * lines image over 90 degrees.
e srcis the source image
o flag is used to choose the type of rotation: 1 if clockwise, O if anticlockwise

e  bytes represents the number of bytes per pixel

Type of inputs

e  src: 2-dimensional array -> sep void *
o flag: scalar -> int
. bytes: scalar -> int

. lines: scalar -> int

Type of output

e  dst: 2-dimensional array -> sep void *

Preliminary User’'s Manual U19879EE1VOMUOO 16
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Example

Image input

Dependency

Result for IxRotation90

diagram

IxRotation90

PMEM : 224 bytes

IMEM : 0 bytes

\ 4

\ 4

IxRotation90c

PMEM : 688 bytes
IMEM : 4 bytes

IxRotation90i

PMEM : 912 bytes
IMEM : 4 bytes

IxRotation90_sub

Time performance

e 2944 steps for a 128*128 image with

128 PE

Preliminary User’'s Manual U19879EE1VOMUOO
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2.9 IxRotation - Image Rotation

Syntax

Description

Type of inputs

Type of output

Example

e void IxRotation(sep void * src, sep void * tmp, int bytes, uint degree, uint lines)

Rotates the src source image depending on the value of degree.
The angle of rotation in degrees correspond to 45/16 times the degree value

0 |-90°
16 | -45°
32 |0
48 | 45°
64 | 90°

bytes is the number of bytes for each pixel of the source image
The destination image is temporary computed in tmp and finally returned in src.

lines is the number of lines to process

e  src: 2-dimensional array -> sep void *
e  degree: scalar -> int
. bytes: scalar -> int

. lines: scalar -> uint

e  src: 2-dimensional array -> sep void *

e tmp: 2-dimensional array -> sep void *

Image input Result for degree = 16

V

1] H“H\HHHH
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Dependency
diagram

Time performance

IxRotation

PMEM : 256 bytes
IMEM : 0 bytes

A 4

\ 4

IxRotationc

PMEM : 2072 bytes
IMEM : 8 bytes

IxRotationi

PMEM : 2568 bytes
IMEM : 8 bytes

IxRotation_sub

32047 steps for a 128128 image with 128 PE

Preliminary User’'s Manual U19879EE1VOMUOO
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3 Image filtering

3.1 Edge detection

3.1.1 IxKirsch —Kirsch filter

Syntax
void IxKirsch(sep void * src, int bytes, sep uchar dir[], int thre, uint lines)

Description
The Kirsch Filter detects edges using 8 oriented filters.

All eight filters are applied to the image with the maximum being retained for
the final image.

The convolution filters are of the form:

5 5 3 55 -3 5-3-3 -3-3-3
-30 -3 5.0 -3 50 -3 50 -3
| -3-3-31 [-3-3-3] L5-3-3] L5 5 3]
[—3-3-3 [-3-3-37] [-3-35] [-35 5]
-30 -3 -30 5 -305 -30 5
5 5 51 |-35 5] L-3-35] [-3-3-3]

. srcis used as source and destination image

. bytes is the number of bytes per pixel for the source image
. thre is the threshold value for edge detection

e linesis the number of lines of the source image

. dir is the output direction information

Type of inputs

e  src: 2-dimensional array -> sep void *
. bytes: scalar -> int
e thre: scalar -> int

. lines: scalar -> uint

Type of output

. src: 2-dimensional array -> sep void *

e dir: 2-dimensional array -> sep uchar *

Preliminary User's Manual U19879EE1VOMUOO 20
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Example

Image input

Filtered image

Dependency
diagram

Time performance

IxKirsch

PMEM : 200 bytes
IMEM : 0 bytes

\ 4

\ 4

IxKirschc

PMEM : 1576 bytes
IMEM : 36 bytes

IxKirschi

PMEM : 3396 bytes
IMEM : 68 bytes

IxKirsch_sub

52132 steps with 128 PE and for a 128128 image
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3.1.2 IxPrewitt — Prewitt filter

Syntax
void IxPrewitt(sep void * src, int bytes, sep uchar dir[], int thre, uint lines)

Description
The Prewitt filter detects edges using 8 oriented filters. All eight filters are
applied to the image with the maximum being retained for the final image. The
convolution filters are of the form:

T1 1 177711 17 T11-=-1]T[T1-1=-17
1-21 1-2-1 1-2-1 1-2-1
| -1-1-1] [1=1-1] Lt 1-1] Lt1-1]

(—1-1-1] [=1-11] [-11 1] [ 1 11]
1-21 -1-21 —1-21 -1-21
11 1] L1 11 -111] |-1-11]

. srcis used as source and destination image

. bytes is the number of bytes per pixel for the source image
. thre is the threshold value for edge detection

. lines is the number of lines of the source image

o dir is the output direction information

Type of inputs

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int
. thre: scalar -> int

. lines: scalar -> uint

Type of output

e  src: 2-dimensional array -> sep void *

e dir: 2-dimensional array -> sep uchar *

Example

Image input Filtered image
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Dependency
diagram

Time performance

3.1.3

Syntax

Description

IxPrewitt

PMEM : 200 bytes
IMEM : 0 bytes

\ 4

A 4

IxPrewittc

IxPrewitti

PMEM : 948 bytes
IMEM : 36 bytes

PMEM : 2616 bytes
IMEM : 68 bytes

IxPrewitt_sub

40389 steps with 128 PE and for a 128128 image

IXRobinson — Robinson filter

void IxRobinson(sep void * src, int bytes, sep uchar dir[], int thre, uint lines)

The Robinson filter detects edges using 8 oriented filters.

All eight filters are applied to the image with the maximum being retained for
the final image.

The convolution filters are of the form:

1 21 21 0 10-1 0-1-2

o 0 0 10 -1 20-2 10 -1
L-1-2-11 | 0-1-2 10-1 21 0
[—1-2-1] | -2-10 -101 o1 2

oo 0 -101 -202 -101
L1 2 1. o 12 -101 -2-10

srcis used as source and destination image

bytes is the number of bytes per pixel for the source image
thre is the threshold value for edge detection

lines is the number of lines of the source image

dir is the output direction information
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Type of inputs

Type of output

Example

. src: 2-dimensional array -> sep void *

. bytes: scalar -> int
e thre: scalar -> int

) lines: scalar -> uint

. src: 2-dimensional array -> sep void *

. dir: 2-dimensional array -> sep uchar *

Image input

Filtered image

Dependency
diagram

Time performance

IxRobinson

PMEM : 200 bytes
IMEM : 0 bytes

\ 4

IxRobinsonc

PMEM : 1280 bytes
IMEM : 36 bytes

IxRobinsoni

PMEM : 1864 bytes
IMEM : 60 bytes

IxRobinson_sub

39129 steps with 128 PE and for a 128128 image
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3.1.4 IxVanderbrug — Vanderbrug filter

Syntax
void IxVanderbrug(sep void * src, int bytes, sep uint dir[], int thres, uint lines)

Description
The Vanderbrug operator detects edges using 16 oriented filters.

All 16 filters are applied to the image with the maximum being retained for the
final image.

. The result is stored in src, and the output direction information is stored in dir.
. bytes is the number of bytes per pixel for the source image
o thres is the threshold value used for edge detection.

e linesis the number of lines of the source image

Type of inputs

e  src: 2-dimensional array -> sep void *
. bytes: scalar -> int
. thres: scalar -> int

. lines: scalar -> uint

Type of output

e  src: 2-dimensional array -> sep void *

e dir: 2-dimensional array -> sep uint *

Example

Image input Filtered image
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Dependency
diagram

IxVanderbrug

PMEM : 200 bytes

IMEM : 0 bytes
\ 4 A 4
IxVanderbrugc IxVanderbrugi
PMEM : 15316 bytes PMEM : 50352 bytes
IMEM : 76 bytes IMEM : 80 bytes

IxXVanderbrug_sub

Time performance
94312 steps with 128 PE and for a 128*128 image

3.1.5 IxLaplace — Laplace filter

Syntax
void IxLaplace(sep void * src, int bytes, uint lines)

Description
It performs the laplacian filter between the current pixel and its 8 neighbors by
convoluting the image with the matrix below.

e  srcis used as source and destination image
. lines is the number of lines to process

. bytes is the number of bytes per pixel for the source image
0-10
Qutput =abs ( -1 4 -1 *Input)
0 -1 0]

Type of inputs

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

) lines: scalar -> uint

Type of output
. src: 2-dimensional array -> sep void *
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Example

Dependency
diagram

Image input

Il

Filtered image

IxLaplace

PMEM : 136 bytes
IMEM : 0 bytes

A 4

IxLaplacec

PMEM : 260 bytes
IMEM : 16 bytes

\ 4

IxLaplacei

PMEM : 332 bytes
IMEM : 28 bytes

Time performance

IxLaplace_sub

2383 steps with 128 PE and for a 128*128 image
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3.1.6 IxSobelx, IxSobely — 3-dimensional Sobel filter

Syntax

Description

Type of inputs

Type of output

Examples

void IxSobelx(sep void * src, int bytes, uint lines)

void IxSobely(sep void * src, int bytes, uint lines)

Performs the edge-detecting Sobel filter which is a special high-pass filter.
. srcis used as source and destination image

. bytes is the number of bytes per pixel for the source image

. lines is the number of lines of the source image

0 IxSobelx(src,lines) returns in src the result of the convolution
between the source image and the
vertical filter below:

[10-1
Output=abs (2 0 -2 *Input)
10 -1]

o Inthe same way, IxSobely(src,lines) returns in src the result of the
convolution between the source image
and the horizontal filter below:

21
Output=abs( 0 0 0 *Input)
-1-2-1]

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

. lines: scalar -> uint

. src: 2-dimensional array -> sep void *

Sobelx result

Image input

Sobely result
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Dependency
diagrams

IxSobelx

PMEM : 136 bytes
IMEM : 0 bytes

A 4 A 4

IxSobelxc IxSobelxi

PMEM : 228 bytes PMEM : 272 bytes
IMEM : 8 bytes IMEM : 12 bytes

IxSobelx_sub

IxSobely

PMEM : 136 bytes
IMEM : 0 bytes

4

IxSobelyc IxSobelyi

PMEM : 216 bytes PMEM : 376 bytes
IMEM : 8 bytes IMEM : 20 bytes

IxXSobely_sub

Time performance
Number of steps with 128 PE and for a 128128 image:

Function | Steps
IxSobelx | 2382
IxSobely | 2361
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3.1.7 IxSobel5x, IxSobel5y — 5-dimensional Sobel filter

Syntax
void IxSobel5x(sep void * src, sep void * dst, int bytes, uint lines)

void IxSobel5y(sep void * src, sep void * dst, int bytes, uint lines)

Description
Performs the edge-detecting Sobel filter which is a special high-pass filter

. src and dst are respectively the source and destination image
. bytes is the number of bytes per pixel for the source image
. lines is the number of lines of the source image

0 IxSobel5x(src,dst,lines) returns in src the result of the convolution
between the source image and the
vertical filter below:

31 48 0 —48 —317]
24 60 0 — 60 — 24
60120 0 — 120 &0
24 60 0 — 60 — 24
31 48 0 —48 - 31

0 Inthe same way, IxSobel5y(src,dst,lines) returns in src the result of
the convolution between the source
image and the horizontal filter below:

[~ 31 24 &0 24 31 7
4u 60 1200 60 43
o 0 0 o 0
—45-60-120-60-48
| —31-24 —60 —24-31_

Type of inputs

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

) lines: scalar -> uint

Type of output

. dst: 2-dimensional array -> sep void *
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Examples
Image inputs | Sobel5x result | Sobel5y result
Dependency
diagrams
IxSobel5y
PMEM : 168 bytes
IMEM : 0 bytes
\ 4
IxSobel5yc IxSobel5yi

PMEM : 472 bytes
IMEM : 4 bytes

PMEM : 820 bytes
IMEM : 12 bytes

IxSobel5y_sub

IMEM : 4 bytes

IxSobel5x
PMEM : 168 bytes
IMEM : 0 bytes
IxSobel5xc IxSobel5xi
PMEM : 436 bytes PMEM : bytes

IMEM : 12 bytes

IxXSobel5x_sub
Preliminary User's Manual U19879EE1VOMUOO
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Time performance

3.1.8 IxSobel3x3

Syntax

Description

Type of inputs

Type of output

Example

Number of steps with 128 PE and for a 128128 image:

Function | Steps
IxSobel5x | 7204
IxSobel5y | 6901

void IxSobel3x3(sep void * src, int bytes, uchar thre, uint lines)

Performs the edge-detecting Sobel filter which uses 2 special high-pass filters.
e  srcis the source image

. bytes is the number of bytes per pixel for the source image

. lines is the number of lines of the source image

. dst is the output image
IxSobel(src,dst,lines) returns in dst the result of the following operation:

1 2 1 12-1
Output = 0 0 O [xInput|+|| 20-2 |x Input
-1-2-1 10-1

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

. lines: scalar -> uint

. dst: 2-dimensional array -> sep void *

Image input Filtered image

LIl IIII|I~||||||\
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Dependency
diagram
IxSobel3x3
PMEM : 168 bytes
IMEM : 0 bytes
IxXSobel3x3c IxXSobel3x3i
PMEM : 196 bytes PMEM : 340 bytes
IMEM : 8 bytes IMEM : 20 bytes

IxSobel3x3_sub

Time performance
2136 steps with 128 PE and for a 128*128 image

3.1.9 IxSobel5 - 5x5 Sobel filter

Syntaxes
void IxSobel5(sep void * src, sep void * dst, int bytes, uint thre, uint lines)

Description

Performs the edge-detecting Sobel filter which uses two special high-pass
filters.

. srcis the source image
. bytes is the number of bytes per pixel for the source image
e linesis the number of lines of the source image

. thre is the threshold value used for edge detection

o dstis the output image

IxSobel5(src,dst,thre,lines) returns the sum of the images filtered by the two 5-
dimensional filters described below:

31483 0-48 —31 ] 31 24 60 24 31 7
24 60 0-60 - 24 43 60 120 60 48
Output=abs [| 60120 0-60—- 120 FInput]+abs[| ¢ © 0 0 0O [rInput]
24 60 0-60 - 24 - 48-60-120-60-48
| 3148 0-48 —-31_] | —31-24 —60 -24-31 _|
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Type of inputs

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int
. lines: scalar -> uint

. thre: scalar -> uint

Type of output

. dst: 2-dimensional array -> sep void *

Example
Image input Image output
Dependency
diagram
IxSobel5
PMEM : 200 bytes
IMEM : O bytes
A 4 A 4
IxSobel5¢ IxSobel5i
PMEM : 1280 bytes PMEM : 3300 bytes
IMEM : 8 bytes IMEM : 16 bytes
IxXSobel5_sub

Time performance
13579 steps with 128 PE and for a 128*128 image
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3.1.10 IxSobelxy — 3x3 Sobel filter

Syntaxes

Description

Type of inputs

Type of output

Example

void IxSobelxy(sep void * src, int bytes, uint thre, uint lines)

Performs the edge-detecting Sobel filter which uses two special high-pass
filters.

The two oriented filters are applied to the image, then the two resulting images
are binarized and the OR is taken between them to provide the final image.

. srcis used as source and destination image
. bytes is the number of bytes per pixel for the source image
e linesis the number of lines of the source image

° thre is the threshold value used for binarization.

The two convolution filters are of the form:

10-1 1 21
20=2 0 0 0
10-1 -1-2-1

e  src: 2-dimensional array -> sep void *
. bytes: scalar -> int
. lines: scalar -> uint

. thre: uchar -> uint

. src: 2-dimensional array -> sep void *

Image input Result (thre = 120
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Dependency

diagram

Time performance

IxSobelxy

PMEM : 168 bytes
IMEM : 0 bytes

A 4

IxSobelxyc IxSobelxyi

PMEM : 312 bytes PMEM : 444 bytes
IMEM : 12 bytes IMEM : 20 bytes

IxSobelxy_sub

3662 steps with 128 PE and for a 128128 image

3.1.11 IxSobelDegree — Sobel Degree filter

Syntax

Description

Type of inputs

void IxSobelDegree(sep void * src, int bytes, sep uchar deg([], uchar sel, uint lines)

This function calculates the sobel magnitude and angle.

Both are returned respectively in src and deg

. bytes is the number of bytes per pixel for the source image

. sel is the parameter used to choose the Kernel size: 3*3 if sel = 0, 5*5 if sel = 1
. lines is the number of lines to process

Therefore, the magnitude array is an approximation (the 9 lowest significant

bits are deleted).

The angle is returned in a value between 0 and 255 corresponding to the
range O up to 180 degree.

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int
. sel: scalar -> uchar

. lines: scalar -> uint
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Type of output

Example

. src: 2-dimensional array -> sep void *

e deg: 2-dimensional array -> sep uchar *

Image input Result

Dependency
diagram

Time performance

IxXSobelDegree

PMEM : 200 bytes

IMEM : O bytes
\ 4 A 4
IxSobelDegreec IxSobelDegreei
PMEM : 4736 bytes PMEM : 13104 bytes
IMEM : 152 bytes IMEM : 304 bytes

IxSobelDegree_sub

12472 steps with 128 PE and for a 128*128 image
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3.1.12 IxPercentileFilter — Percentile filter

Syntax

Description

Type of inputs

Type of output

Example

void IxPercentileFilter(sep void * src, int bytes, int percent, uint lines)

Performs percentile filter upon src.

For each pixel, the intensity level of all the 3x3 neighbourhood pixels are first
sorted.

Then the difference in intensity of the pixel at the "percent" % and "100-
percent" % replaces the intensity of the central pixel.

. src is used as source and destination image
. bytes is the number of bytes per pixel for the source image

e lines is the number of lines of the source image

“percent” can take the values: 10, 20, 30 or 40.

Forsrc=[012, PercentileFilter(src,20,3) returns [0 0 0
345 060
67 8] 000]

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int
3 percent: scalar -> int

. lines: scalar -> uint

e  src: 2-dimensional array -> sep void *

Image input Filtered image
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Dependency
diagram

IxPercentileFilter

PMEM : 168 bytes

IMEM : O bytes
\ 4 A 4
IxPercentileFilterc IxPercentileFilteri
PMEM : 724 bytes PMEM : 968 bytes
IMEM : 20 bytes IMEM : 28 bytes

IxPercentileFilter_sub

Time performance
50281 steps with 128 PE and for a 128*128 image

3.1.13 IxCanny — Canny filter

Syntax
void IxCanny(sep void * src, sep void * dst, int bytes, uint zeros, uint thres, uint lines)

Description
Performs the Canny operator, namely, it calculates the ratio between the
second directional derivative and the gradient magnitude.

. src and dst are respectively the source and destination images

. bytes is the number of bytes per pixel of the source image

. thres is the threshold used for edge detection

. if equal to zero, zeros provides the second directional derivative only
e else zeros calculate edges

. lines is the number of lines to process

Type of inputs

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

. lines: scalar -> uint

. thres: scalar -> uint

. zeros: scalar -> uint
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Type of output

. dst: 2-dimensional array -> sep void *

Example

Image input Filtered image

Dependency
diagram

IxCanny

PMEM : 232 bytes

IMEM : O bytes
v
IxCannyc IxCannyi
PMEM : 3380 bytes PMEM : 4320 bytes
IMEM : 48 bytes IMEM : 72 bytes
IxCanny_sub

Time performance
36341 steps with 128 PE and for a 128*128 image
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3.2 Noise reduction

3.2.1 IxAverageFilter — Averaging filter

Syntax

Description

Type of inputs

Type of output

Example

void IxAverageFilter(sep void * src, int bytes, uint lines)

It performs the average filter between the current pixel and its 8 neighbors by

convoluting the image with the matrix below.

e srcis the source image

e bytesis the number of bytes per pixel for the source image

. lines is the number of lines.
121

Output=1/16*abs ( 242 * Input)
121]

. src: 2-dimensional array -> sep void *
e  bytes: scalar -> int

° lines: scalar -> uint

e  src: 2-dimensional array -> sep void *

Image input

Filtered image
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Dependency
diagram

IxAverageFilter

PMEM : 136 bytes

IMEM : 0 bytes
\ 4 A 4
IxAverageFilterc IxAverageFilteri
PMEM : 224 bytes PMEM : 224 bytes
IMEM : 4 bytes IMEM : 8 bytes

IxAverageFilter_sub

Time performance

3.2.2

1766 steps with 128 PE and for a 128*128 image

IXxMedian3x3 — 3-dimensional median filter

Syntax
void IxMedian3x3(sep void * src, sep void * dst, int bytes, uint lines)

Description
Performs 3-dimensional median filter.

428 [00O
Example: Input= 917 => Output= 050
36 5] 000]

. srcis the source image
. bytes is the number of bytes per pixel for the source image
. lines is the number of lines of the source image

. dst is the destination image

Type of inputs

e  src: 2-dimensional array -> sep void *
. bytes: scalar -> int

. lines: scalar -> uint

Type of output

. dst: 2-dimensional array -> sep void *
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Example

Image input Filtered image

Dependency
diagram
IxMedian3x3
PMEM : 180 bytes
IMEM :
A 4 A 4
IxMedian3x3c IxMedian3x3i
PMEM : 648 bytes PMEM : 660 bytes
IMEM : 12 bytes IMEM : 24 bytes

IxMedian3x3_sub

Time performance
3197 steps with 128 PE and for a 128*128 image
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3.2.3 IxSmoothing — Smoothing filter

Syntax

Description

Type of inputs

Type of output

Example

void IxSmoothing(sep void * src, sep void * dst, int bytes, uint lines, uchar mask)

Smooth an image using a masksize * masksize neighborhood averaging, with
edge preserving

e  srcand dst are respectively the source and destination images
. bytes is the number of bytes per pixel for the images
. lines is the number of lines to process

. mask is the mask size (equalto 1,3 or 5, ...)

e  src: 2-dimensional array -> sep void *
e lines: scalar -> uint

. mask: scalar -> uchar

e  dst: 2-dimensional array -> sep void *

Image input Filtered image
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Dependency
diagram

IxXSmoothing

PMEM : 200 bytes

IMEM : 0 bytes
\ 4 A 4
IxXSmoothingc IxXSmoothingi
PMEM : 1944 bytes PMEM : 2320 bytes
IMEM : 16 bytes IMEM : 28 bytes

IXSmoothing_sub

Time performance
17620 steps with 128 PE and for a 128*128 image

3.2.4 IxGuassian3 — 3-dimensional Guassian filter

Syntax
void IxGuassian3(sep void * src, sep void * dst, int bytes, uint lines)

Description
Performs the 3*3 Guassian filter.

19 3219
Output= (| 3251 32 | *Iput )/ 256
19 32 19
. src and dst are respectively the source and destination images
. bytes is the number of bytes per pixel for the source image

. lines is the number of lines to process

Type of inputs

. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

) lines: scalar -> uint

Type of output

e  dst: 2-dimensional array -> sep void *
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Example

Dependency
diagram

Time performance

Filtered image

IxGuassian3

PMEM : 168 bytes
IMEM : 0 bytes

A 4

A 4

IxGuassian3c

PMEM : 188 bytes
IMEM : 8 bytes

IxGuassian3i

PMEM : 276 bytes
IMEM : 16 bytes

IxGuassian3_sub

2132 steps with 128 PE and for a 128*128 image
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3.2.5

IxGuassian5 — 5-dimensional filter

Syntax

void IxGuassian5(sep void * src, sep void *dst, int bytes, uint lines)

Description

Performs the 5*5 Guassian filter.

Output = (

24 6 427

|24 6 42 _]

4 212 74
61215126 |*Input)/ 163
4212 %4

e  srcand dstare respectively the source and destination images

. bytes is the number of bytes per pixel for the source image

. lines is the number of lines to process

Type of inputs

e  src: 2-dimensional array -> sep void *

. bytes: scalar -> int

. lines: scalar -> uint

Type of output

. dst: 2-dimensional array -> sep void *

Example

Image input

Preliminary User’'s Manual U19879EE1VOMUOO
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Dependency
diagram

IxGuassian5

PMEM : 168 bytes

IMEM : 0 bytes
IxGuassian5c IxGuassianbi
PMEM : 276 bytes PMEM : 512 bytes
IMEM : 16 bytes IMEM : 32 bytes

IxGuassian5_sub

Time performance
3733 steps with 128 PE and for a 128*128 image

3.2.6 IxPnSRemoving — Pepper and Salt removing filter

Syntax
void IxPnSRemoving(sep void * img, int bytes, uchar lim1, uchar lim2, uint lines)

Description
Removes pepper and salt noise from an image

The function supposes a binary (0/255) input image img of lines number of
lines.

bytes is the number of bytes per pixel for the source image

It looks for every pixel how many are non-zero:

. if this number is smaller than lim1 the pixel is zeroed, thus removing salt
noise (white pixels in black area).

. if it is more than lim2, the pixel is set to 255 too, thus removing pepper
noise (black pixels in a white area).

Limitations
This function works well with binary image only
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Type of inputs

. img: 2-dimensional array -> sep void *

. bytes: scalar -> int

) lines: scalar -> uint
. lim1: scalar -> uchar
. lim2: scalar -> uchar

Type of output

o img: 2-dimensional array -> sep void *

Example
Forlim1 =2 and lim2 = 6:

Image input

.

l

LT

Filtered image

0] |

|

_

Dependency
diagram

IXPnSRemoving

PMEM : 200 bytes

IMEM : 0 bytes

IxPnSRemovingc

PMEM : 1248 bytes
IMEM : 8 bytes

\ 4

IXPnSRemovingi

PMEM : 908 bytes
IMEM : 8 bytes

IXPnSRemoving_sub

Time performance

5981 steps with 128 PE and for a 128128 image
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3.2.7 IxErosion —Image Erosion

Syntax

Description

Type of inputs

Type of output

Limitations

Example

void IxErosion(sep void * src, int bytes, uint lines)

Performs erosion operation upon binary source image src.

Every white pixel that is touching a black pixel is changed into a black pixel

The result is overwritten into src
bytes is the number of bytes per pixel for the source image.

lines is the number of lines to process

src: 2-dimensional array -> sep void *
bytes: scalar -> int

lines: scalar -> uint

src: 2-dimensional array -> sep void *

This function works well on binary image input only

Image input Filtered image
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Dependency
diagram

IxErosion

PMEM : 136 bytes

IMEM : 0 bytes
A\ 4 A 4
IXxErosionc IXErosioni
PMEM : 192 bytes PMEM : 200 bytes
IMEM : 4 bytes IMEM : 4 bytes

Time performance

IxErosion_sub

1671 steps with 128 PE and for a 128*128 image

3.2.8 IxDilation — Image Dilation

Syntax

void IxDilation(sep void * src, int bytes, uint lines)

Description

Performs dilation operation upon binary source image src.

Every black pixel that is touching a white pixel is changed into a white pixel

Type of inputs

Type of output

Limitations

The result is overwritten into src
bytes is the number of bytes per pixel for the source image.

lines is the number of lines to process

src: 2-dimensional array -> sep void *
bytes: scalar -> int

lines: scalar -> uint

src: 2-dimensional array -> sep void *

This function works well on binary image input only
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Example

Image input

Filtered ima_tr;e

Dependency
diagram

PMEM : 136 bytes

IMEM : 0 bytes

\ 4

IxDilationc

PMEM : 188 bytes
IMEM : 4 bytes

\ 4

IxDilationi

PMEM : 204 bytes
IMEM : 4 bytes

Time performance

IxDilation_sub

7042 steps with 128 PE and for a 128*128 image
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4 Color space conversions

4.1 IxRGB2HSI, IXHSI2RGB — RGB and HSI conversions

Syntax
void IXRGB2HSI(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

void IXHSI2RGB(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

Description
Note that HSI color space is also known as HSV (hue, saturation, value).

The first function converts RGB image to HSI image using the following

equations:
h h
=% |%
=vx(1l—s)
g=uvx({l—f xs)
t=vx(l—(1-f)xs)
((v,t,p), ifh;=0
(g.v,p), ifhy =1
{p v,t), if by =2
(r,g,b) = e
{p g,v), if h; =3
(t,p,v), ifh; =4
((v,p,q), ifhi =5
The second function converts HSI image to RGB image using the following
equations:
0 if max = min
- (60° x —=2— 4 0°) mod 360°, if max=r
] 60° x m+12[1° if max=g
0, if max =0
5= . )
maEx—Ii =1 - I otherwise
U = max

. img1is used as R- and H-components
e img2is used as G- and S-components
e  img3is used as B- and I-components

. lines is the number of lines to process
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Type of inputs

Type of outputs

Example

. img1: 2-dimensional array -> sep uchar *

. img2: 2-dimensional array -> sep uchar *

e img3: 2-dimensional array -> sep uchar *

) lines: scalar -> uint

. img1: 2-dimensional array -> sep uchar *

. img2: 2-dimensional array -> sep uchar *

e img3: 2-dimensional array -> sep uchar *

Red component

Green component

Blue component

Hue

Saturation

Intensity

Memory
consumption

Red rebuilt

Green rebuilt

Blue rebuilt

PMEM | IMEM

RGB to HSI | 852 bytes 8 bytes

HSI to RGB | 760 bytes 28 bytes
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Time performance
Number of steps for a 128*128 image with 128 PE:

Function | Steps
RGB to HSI | 15301
HSI to RGB | 6728

4.2 IxXRGB2XYZ, IxXXYZ2RGB — RGB and XYZ conversions

Syntax
void IXRGB2XYZ(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

void IxXXYZ2RGB(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

Description
The first function converts RGB image to XYZ image using the following
transformation matrix:

i 049 0,31 0,20 E
T [= 5 17'1'.96? *| 017657 081240 001063 || G
Z ’ o000 0,01 0,99 E

The second function converts XYZ image to RGB image using the inverse of
the matrix above.

e img1is used for R and X components.
e img2is used for G and Y components
. img3is used for B and (X+Y+Z) components

. lines is the number of lines to process

Type of inputs

. img1: 2-dimensional array -> sep uchar *
. img2: 2-dimensional array -> sep uchar *
e img3: 2-dimensional array -> sep uchar *

) lines: scalar -> uint

Type of outputs

. img1: 2-dimensional array -> sep uchar *
. img2: 2-dimensional array -> sep uchar *

e img3: 2-dimensional array -> sep uchar *
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Example

Red original

Green original

Blue original

X computed

Y computed

X+Y+Z computed

Red rebuilt

Memory
consumption

Green rebuilt

PMEM IMEM

RGB to XYZ | 392 bytes | 8 bytes

XYZ to RGB | 552 bytes | 12 bytes

Time performance

Number of steps for a 128*128 image with 128 PE:

Function

Steps

RGB to XYZ

11664

XYZ to RGB

6849
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4.3 IxXRGB2YC, IXYC2RGB, IxXYC2R, IxXYC2G, IxXYC2B — RGB and Luma, Chroma

conversions

Syntax

Description

Type of inputs

Type of outputs

void IXRGB2YC(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)
void IXYC2RGB(sep uchar * img1, sep uchar *img2, sep uchar * img3, uint lines)
void IxXYC2R(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)
void IxXYC2G(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

void IxXYC2B(sep uchar * img1, sep uchar *img2, sep uchar * img3, uint lines)

The first function converts RGB image to YC image using the following
equations:

Y=0299*"R+0.587*G+0.114*B
Cb=-0.1687*R-0.3313*G+0.5*B
Cr=05*R-0.4187*G-0.0813*B

Then, C is coded so that Cr is on odd lines and Cb on even lines.

The other functions convert YC image to RGB image using the following
equations:

R=Y +1.402 * Cr
G=Y-0.34414*Cb-0.71414 * Cr
B=Y+1772*Cb

. img1 is used for R and Y components.
e img2is used for G and C components
e  img3is used for B component

. lines is the number of lines to process

. img1: 2-dimensional array -> sep uchar *
e img2: 2-dimensional array -> sep uchar *
. img3: 2-dimensional array -> sep uchar *

. lines: scalar -> uint

e img1: 2-dimensional array -> sep uchar *
e img2: 2-dimensional array -> sep uchar *

. img3: 2-dimensional array -> sep uchar *
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Example

Red original Green original Blue original

Y computed C computed

Red rebuilt Green rebuilt Blue rebuilt

Memory
consumption

PMEM IMEM
RGB to YC | 404 bytes | 8 bytes
YC to RGB | 596 bytes | 12 bytes
YCtoR 272 bytes | 8 bytes
YCto G 320 bytes | 8 bytes
YCtoB 272 bytes | 8 bytes

Time performance
Number of steps for a 128*128 image with 128 PE:

Function | Steps
RGB to YC | 3969
YC to RGB | 7596
YCtoR 3191
YCto G 3576
YCtoB 3170
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4.4 IxXYC2YCrCb, IXYCrCb2YC - Luma, Chroma conversions

Syntax

Description

Type of inputs

Type of outputs

void IxXYCrCb2YC(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

void IxXYC2YCrCb(sep uchar * img1, sep uchar * img2, sep uchar * img3, uint lines)

The first function converts (Y,Cr,Cb) components to (Y,C) components: C is
coded with Cr on odd lines and Cb on even lines.

The second function does the inverse operation

img1 is used for Y component.
img2is used for Cr and C components
img3is used for Cb component

lines is the number of lines to process

img1: 2-dimensional array -> sep uchar *
img2: 2-dimensional array -> sep uchar *
img3: 2-dimensional array -> sep uchar *

lines: scalar -> uint

img1: 2-dimensional array -> sep uchar *
img2: 2-dimensional array -> sep uchar *

img3: 2-dimensional array -> sep uchar *
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Example

Y original

Cr original

Cb original

Y computed

C computed

Memory
consumption

Y rebuilt Cr rebuilt

Cb rebuilt

PMEM

IMEM

Y,Cr,Cbto Y,C

196 bytes

4 bytes

Y,Cto Y,Cr,Cb

212 bytes

8 bytes

Time performance

Number of steps for a 128*128 image with 128 PE:

Function Steps

Y,Cr,Cbto Y,C | 2020

Y,CtoY,Cr,Cb | 2148
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5 Image analysis

5.1 IxHistogram — Histogram computation

Syntax
int IxHistogram(sep uchar * src, sep ulong * hist, uint lines, uint off)

int IxHistogrami(sep uint * img, sep ulong * hist, uint maxlabel, uint lines, uint off)

Description
These functions calculate the grey level distribution of the source image.

0 In case of 8-bits image, use IxHistogram:

grey levels from 0 to 127: histogram result is stored in the PE value of hist[0]
which has the same PE number.

grey levels from 128 to 255: histogram result is stored in the PE value of
hist[1] which has the PE number equal to “grey level substracted by 128”

0 In case of more than 8-bits per pixel, use IxHistogrami:

For grey levels from 128% to 128%i+127, histogram result is stored in the PE
value of hist[i] which has the PE number equal to “grey level substracted by
128*1”

. srcis the source image

. histis the resulting histogram

e lines represents the number of lines to process

e  maxlabel represents the maximum greylevel of the source image

. off is an offset

Type of inputs

e src: 2-dimensional array -> sep uchar *

. lines: scalar -> uint

Type of output
. hist: 2-dimensional array -> sep ulong *

Example

Initial Image Histogram

A OCCUrence

grey level
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Dependency
diagrams

IxHistogram

PMEM : 364 bytes
IMEM : 4 bytes

IxVote_uiu2 IxVoteCollect_u2u4

PMEM : 264 bytes PMEM : 408 bytes
IMEM : 0 bytes IMEM : 0 bytes

IxHistogrami

PMEM : 1176 bytes
IMEM : 12 bytes

\ 4

IxHistogrami_sub

PMEM : 164 bytes
IMEM : 0 bytes

Time performance
3560 steps with 128 PE and for a 128*128 image
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5.2 IxHistNorm — Histogram equalization

Syntax
void IxHistNorm(sep uchar * src, uint lines)

Description
This function corrects the input image by normalizing its histogram.

This type of histogram spreading uses the following formula:
¥ = Sumy(x)
where x and y represents respectively the old and new pixel values.

The Sum function is defined as:
1
. - .
Sumx(1) = /7, px(j)
j=0

Where Px(i) represents the probability of occurrence of the grey level i:
. ny
1= —
Pxlt) = —
where n; is the number of occurrence of the grey level i and n the total number
of pixel in the image
. srcis used as source and destination image

e lines represents the number of lines to process

Type of inputs

e  src: 2-dimensional array -> sep uchar *

. lines: scalar -> uint

Type of output

. src: 2-dimensional array -> sep uchar *

Example

A CCCUrence OCCUrence

arey level grey level
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Memory
consumption

Time performance

Memory type Bytes
PMEM 900 bytes
IMEM 8 bytes

12646 steps with 128 PE and for a 128*128 image

5.3 IxHistStretch — Histogram stretching

Syntax

Description

Type of inputs

Type of output

void IxHistStretch(sep uchar * src, sep uchar * wrk, uint lines)

This function performs histogram stretching.

Histogram is first computed, then histogram values are stretched according to
the following formula:

MNew

Old

tTAs — thin

greslevel mit

grevlevel =

where min and max are respectively the minimum and maximum grey level
values of the old histogram

srcis used as source and destination image
wrk is the temporary workspace to compute the new grey level values

lines represents the number of lines to process

src: 2-dimensional array -> sep uchar *

lines: scalar -> uint

src: 2-dimensional array -> sep uchar *

wrk: 2-dimensional array -> sep uchar *
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Example

b OCCUrence QCCUrence

L

Memory
consumption

Time performance

grey level grey level
Memory type Bytes
PMEM 1292 bytes
IMEM 16 bytes

19867 steps with 128 PE and for a 128*128 image

5.4 IXFFT - Fast Fourier Transform

Syntax

Description

void IXFFT(int inverse, sep long * real, sep long * imag, int lines)

Performs N elements 1D-FFT or 1D-IFFT defined by the following formulas:
o FFT:
H-1
K= o, EE ENﬂnk
n=10
where k=0, ..., N-1
o IFFT:

N-1
2mi
2= I{_JE I, Xke_?kn
k=0

wheren=0, ..., N-1

N represents the number of coefficients to compute and is equal to the number
lines of lines to process.

real and imag are used respectively as input/resulting real and imaginary part
of the image

Preliminary User’'s Manual U19879EE1VOMUOO 65



IMAP Image Processing Library

inverse is a flag equal to 0 if FFT should be performed, 1 if IFFT should be
performed

Type of inputs
e real: 2-dimensional array -> sep long *
e imag: 2-dimensional array -> sep long *
. inverse: scalar -> int

° lines: scalar -> int

Type of output

e real: 2-dimensional array -> sep long *

e imag: 2-dimensional array -> sep long *

Examples

Real part Imaginary part

Input none

Output after 2D-FFT

Output after 2D-IFFT

Memory
consumption Memory type Bytes
PMEM 18240 bytes
IMEM 100 bytes

Time performance
116473 steps with 128 PE and for a 128*128 image
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5.5 IxDistanceTransform — Distance Transform

Syntax

Description

Type of inputs

Type of output

Example

void IxDistanceTransform(sep void * src, int bytes, uint xsize, uint lines, uint
diagonal, uint straight)

IxDistanceTransform performs Distance Transform (see references below)
based on a Recursive Neighborhood Operation (RNO)

Maximum resulting distance value is always below 256.

srcis used as source and destination image (src must be a binary image)
bytes is the number of bytes per pixel for the source image.

xsize represents the width of the source image.

lines is the number of lines of the source image.

straight represents the 4-connected neighborhood distance

diagonal represents the 8-connected neighborhood distance

src: 2-dimensional array -> sep uchar * or sep uint *
bytes: scalar -> int

Xsize: scalar -> uint

lines: scalar -> uint

straight: scalar -> uint

diagonal: scalar -> uint

src: 2-dimensional array -> sep uchar * or sep uint *

With straight = 20 and diagonal =10, we obtain:

Input Output
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Dependency
diagram
IxDistanceTransform
PMEM : 232 bytes
IMEM : 0 bytes
v
IxDistanceTransformc IxDistanceTransformi
PMEM : 244 bytes PMEM : 244 bytes
IMEM : O bytes IMEM : O bytes
<
v
IXRNOScanc IXRNOScani
PMEM : 1340 bytes PMEM : 1504 bytes
IMEM : 16 bytes IMEM : 16 bytes

IxDistanceTransform_sub

Time performance
39410 steps with 128 PE and for a 128*128 image
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5.6 IxThinning — Line thinning

Syntax
void IxThinning(sep void * src, sep void * stack, sep void * mtbl, int bytes, uint lines)

Description
This function performs thinning on a binary image, i.e. any line wider than one
pixel becomes one pixel wide.

. srcis used as source and destination image (src must be a binary image)
. stackllines] and mtbl[256] are used as work areas.
. bytes is the number of bytes per pixel for the source image.

e linesis the number of lines of the source image.

Type of inputs

. src: 2-dimensional array -> sep uchar * or sep uint *
. bytes: scalar -> int

° lines: scalar -> uint

Type of output

. src: 2-dimensional array -> sep uchar * or sep uint *
e  stack: 2-dimensional array -> sep uchar * or sep uint *

. mtbl: 2-dimensional array -> sep uchar * or sep uint *

Example

After a Sobel filter After thinning
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Dependency
diagram
IXThinning
PMEM : 200 bytes
IMEM : 0 bytes
v v
IXThinningc IXThinningi

PMEM : 7120 bytes
IMEM : 20 bytes

PMEM : 7700 bytes
IMEM : 28 bytes

Time performance

IXThinning_sub

143642 steps with 128 PE and for a 128*128 image
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6 Image segmentation

6.1 IxColorReduction — Color Reduction

Syntax
void IxColorReduction (sep uchar * img, uchar nr_levels, uchar method, uint lines)

Description
This function reduces the number of gray values in an image.

It uses one of the two methods described below depending on the value of
method:

o if method = 0 -> use histogram information to put each accumulated
continuous grey level pixels into same
label

o if method =1 -> Simply let 256/nr_levels grey values get same level
(quantization)

The '+2' in the new levels is to allow for labeling, which does not work on 1
value pixels.

0 pixels stay O.
e imgis used as source and destination image
. nr_levels represents the number of destination levels

. lines is the number of lines to process

Type of inputs
. img: 2-dimensional array -> sep uchar *
3 nr_levels: scalar -> uchar
. method: scalar -> uchar

) lines: scalar -> uint

Type of output

e img: 2-dimensional array -> sep uchar *
Examples

Input image and Results with 1% Result with 2™
histogram method method

occurence OCCUrence OCCurence

" |

grey level grey level orey level

| I i
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Memory
consumption

Time performance

Memory type Bytes
PMEM 2032 bytes
IMEM 256 bytes

Number of steps for a 128*128 image with 128 PE:

Chosen method | Steps
1* method 20256
2" method 10787

6.2 IxConnectCheck8, IxConnectCheck16 — Connection detection

Syntax

Description

void IxConnectCheck8(sep void * src, int bytes, sep uchar * dir, uint lines)

void IxConnectCheck16(sep void * src, int bytes, sep uint * dir, uint lines)

Check the connectivity of edge pixels and delete edge pixels which do not
satisfied the following conditions:

e  There exists at least one edge pixel:

o0 in the 3x3 neighborhood whose direction is within 45 degrees of the
central pixel's direction for
IxConnectCheck8

o0 in the 5x5 neighborhood whose direction is within 22.5 degrees of
the central pixel's direction for
IxConnectCheck16

e  The central pixel possesses the largest value among edge pixels:

o0 in the 3x3 neighborhood which has the same direction with the
central pixel for IxConnectCheck8

o0 in the 5x5 neighborhood which has the same direction with the
central pixel for IxConnectCheck16

. srcis used as source and destination image and represents the power of
each edge pixel.

. lines is the number of lines to process
e  bytesis the number of bytes of the source image.

o dir represents the direction information of each edge pixel, where each bit
(from LSB to MSB) represents respectively:

0 n,ne,e,se,s, sw,w, and nw directions for IxConnectCheck8

O n, nne, ne, nee, e, see, se, sse, S, SSW, SW, SSW, w, wwn, nw and
nnw directions for IxConnectCheck16

Note that the mentioned direction is not the direction of the edge, but the
direction of the intensity (from dark to bright).

Preliminary User's Manual U19879EE1VOMUOO 72



IMAP Image Processing Library

Type of inputs

Type of output

Examples

src: 2-dimensional array -> sep void *
bytes: scalar -> int
dir: 2-dimensional array -> sep uchar * or sep uint *

lines: scalar -> uint

src: 2-dimensional array -> sep void *

dir: 2-dimensional array -> sep uchar * or sep uint *

Input edges Final result

IXxConnectCheck8

Orignal image

IXxConnectCheck16
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Dependency
diagrams
IxConnectCheck8
PMEM : 168 bytes
IMEM : 0 bytes
\ 4
IxConnectCheck8c IxConnectChecks8i
PMEM : 1400 bytes PMEM : 1344 bytes
IMEM : 8 bytes IMEM : 4 bytes
IxConnectCheck8_sub
IxConnectCheck16
PMEM : 168 bytes
IMEM : 0 bytes
\ 4 \ 4
IxConnectCheck16¢c IxConnectCheck16i
PMEM : 5232 bytes PMEM : 5200 bytes
IMEM : 8 bytes IMEM : 4 bytes

IxConnectCheck16_sub

Time performance
Number of steps for a 128*128 image with 128 PE

Function Steps
IxConnectCheck8 | 4212
IxConnectCheck16 | 39024
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6.3 IxDownBorder — Down border detection

Syntax
void IxDownBorder(sep void * src, int bytes, uint lines)

Description
This function extracts down borders of a binary image.

Pixels which do not belonging to down borders are erased.
. srcis used as source and destination image
. bytes is the number of bytes of the source image

. lines is the number of lines to process

Type of inputs
. src: 2-dimensional array -> sep void *
. bytes: scalar -> int

. lines: scalar -> uint

Type of output

e  src: 2-dimensional array -> sep void *

Examples
Orignal image Input ed Final result
Dependency
diagram IxDownBorder

PMEM : 136 bytes

IMEM : 0 bytes
IxXDownBorderc IxXDownBorderi
PMEM : 460 bytes PMEM : 472 bytes
IMEM : 264 bytes IMEM : 264 bytes

IxDownBorder_sub

Time performance
4212 steps for a 128*128 image with 128 PE
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6.4 IxLeftEnd — Left end detection

Syntax
void IxLeftEnd(sep void * src, int bytes, uint lines)

Description
This function selects left-end pixel of white areas from a binary image.

Selected pixels are set to 255 while remaining non-zero pixel are set to 128.
. srcis used as source and destination image
. bytes is the number of bytes of the source image

. lines is the number of lines to process
Type of inputs

e  src: 2-dimensional array -> sep void *
. bytes: scalar -> int

° lines: scalar -> uint
Type of output

e  src: 2-dimensional array -> sep void *
Examples

Orignal image

Final result

Input edges

Dependency
diagram IxLeftEnd
PMEM : 136 bytes
IMEM : O bytes
A 4 A 4
IxLeftEndc IxLeftEndi

PMEM : 352 bytes PMEM : 388 bytes
IMEM : 260 bytes IMEM : 260 bytes

IxLeftEnd_sub
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Time performance

2844 steps for a 128*128 image with 128 PE

6.5 IxGrowA, IxGrowB — Propagation functions

Syntax

Description

Type of inputs

Type of outputs

void IxGrowA(sep uchar * src, sep uchar * dst, sep uchar * stack, int lines int *
seedx, int * seedy, int nr_seed)

void IxGrowB(sep uchar * src, sep uchar * dst, sep uchar * stack, int lines int *
seedx, int * seedy, int nr_seed)

These functions propagate the value of seeds in an image.

. src and dst are respectively the source and destination images.
e  stackis used as workspace.

. lines is the number of lines to process (should be < 256)

. seedx and seedy are arrays containing the x and y coordinates of
nr_seeds starting points in the source image

For each of these seeds, the pixop function is called on PE number seedx,
passing the source image and seedy.

The pixop function should return a byte, indicating in which of the 8 directions
the seed should be propagated (i.e. which of its neighbors should be set to the
seed value and become a new seed), according to the following table:

NW | n nhe w|e|sw| s|se
8 |76 |5]4] 3 |2]1

Note that the correspondence between the bits and the pixels is like in pack8.

IxGrowA and IxGrowB propagates seeds to pixels in the destination image
which have value 1 only.

For other values the result from pixop function is ignored.

Only pixels which have higher label than the seed are propagated for IXGrowA,
while pixels with lower label are propagated for IxGrowB.

The returned value of the function is the number of time propagation which has
taken place.

. src: 2-dimensional array -> sep uchar *
. lines: scalar -> uint

. seedx: vertical array -> int *

. seedy: vertical array -> int *

. nr_seed: scalar -> int

e dst: 2-dimensional array -> sep uchar *

. stack: 2-dimensional array -> sep uchar *

Preliminary User's Manual U19879EE1VOMUOO 77



IMAP Image Processing Library

Examples

Original input GrowaA result GrowB result

Memory
consumption

Time performance

PMEM IMEM

GrowA | 3204 bytes | 12 bytes
GrowB | 8376 bytes | 36 bytes

Number of steps for a 128*128 image with 128 PE:

Functions | Steps
GrowA 20125
GrowB 32204

6.6 IxLabeling, IxPropLabel — Labeling function

Syntax

Description

Type of inputs

uint IxLabeling(sep uchar * src, uint lines)

int IxPropLabel(sep uchar * src, uint lines)

Perform connected component labeling from a binary image and return 8 bit
labels.

The different steps are as follows:

o0 extract down borders of each object

0 extract left ends of the previous borders
0 assign label to each left end
o}

propagate these labels to the down borders of each object using the
second function IxPropLabel

o fill up the whole object with the corresponding labels

Note that, pixels on PEO and PE255, and the one pixel thick border of every
processing area specified by using mif ... will be ignored and set to zero.

srcis used as source and destination image
lines is the number of lines to process

The returned value corresponds to the total number of labeled objects

src: 2-dimensional array -> sep uchar *

lines: scalar -> uint
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Type of output

Examples

. src: 2-dimensional array -> sep uchar *

Original input

After Binarization

Border Detection

End Detection

Label assignment

Label Propagation

Fill Up

Dependency
diagram
IxLaheling
PRIEM ;736 bytes
IMEM : O bytes
h 4 h 4 h h J ¥
IxDownBorder IxLeftEnd IxLahels IxPropLahel IxFillUp
EMERN ; 136 biytes EMEM ;. 472 biytes PLIEM d4dlrtes EMER ;. 544 bytes EMER ; 164 biytes
IMEM. . 0 bytes IMEM O bytes IMEM : 4 bytes IMER ; 264 bytes IMEM ; 0 bytes

k4

r

[xDownBorder suh

PMEM.; 460 bytes
IMER] : 264 bytes

IxLeftEnd suhb

EMER, ;. 353bytes
TMEM ; 260 bytes

Time performance

IxPropLoop

il

IMEM, .8 bytes

Number of steps for a 128*128 image with 128 PE:

Function | Steps
IxLabeling 28728
IXPropLabel | 11012
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