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Abstract

Image Defocus Simulator (IDS) is an interactive research software tool developed to
simulate the image sensing/formation process in a typical CCD camera system. 1DS takes
as input the camera parameters and the scene parameters. It produces as output a digital
image of the scene as sensed by the camera. IDS consists of a number of distinct modules
each implementing one step in the computational model proposed in our previous work. The
modular design of IDS also make it portable to almost any machine with a C compiler in it.
IDS was created to give the researcher in the field of computer vision or image processing
a flexible, interactive, and user-friendly environment in which he/she can analyze and/or
synthesize images without putting too much effort in building the hardware equipments

and/or setting up a laboratory. IDS will help in the verification of computer vision theories.
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Abstract

Image Defocus Simulator (IDS) is an interactive research software tool developed
to simulate the image sensing/formation process in a typical CCD camera system. IDS
takes as input the camera parameters and the scene parameters. It produces as output
a digital image of the scene as sensed by the camera. IDS consists of a number of
distinct modules each implementing one step in the computational model proposed
in our previous work. The modular design of IDS also make it portable to almost
any machine with a C compiler in it. IDS was created to give the researcher in the
field of computer vision or image processing a flexible, interactive, and user-friendly
environment in which he/she can analyze and/or synthesize images without putting
too much effort in building the hardware equipments and/or setting up a laboratory.

IDS will help in the verification of computer vision theories.
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1 Introduction

The Image Defocus Simulator (IDS) is an interactive/batch-mode research software tool
to simulate the image formation process in a typical CCD camera system. IDS consists of a
simulation engine and three user interfaces. The simulation engine is a machine-independent
module to carry out all the computational steps involved in image sensing/formation process

while the user interfaces are used to provide menu- or command-driven I/O interfaces.

IDS was created to give the researcher in the field of computer vision or image processing
a flexible, interactive, and user-friendly environment in which he/she can analyze and/or
synthesize images without putting too much effort in building the hardware equipments
and/or setting up a laboratory. Researchers can use IDS to generate all the possible can-
didate images for a given object and a set of camera settings. After that, they can use the
synthesized images to verify the computer vision theory under investigation and/or to debug

the implementation of the theory.

Two graphics interfaces and a non-graphics interface are included in IDS. They are Sun-
view Graphics Interface (SGI), X window Graphics Interface (XGI), and Dummy TTY Inter-
face (DTT). SGI and XGI provide menu-driven interfaces for users to interactively simulate

the behavior of image defocus while DT provides line mode interactive/batch simulation.

This report is organized as follows: Section 2 gives an overview of IDS; Section 3 describes
the usage of IDS and currently supported platforms; Section 4 briefly describes the machine-
independent simulation engine; Section 5 presents the graphics environments; Section 6

presents the line mode commands/environment; and finally, Section 7 concludes this report.



2 An Overview of IDS

IDS has a simulation engine and three user interfaces: SGI, XGI, and DTI. The only
difference between SGI and XGI is that SGI runs under SunView environment while XGI
runs under X window environment. The DTI interface is designed for users to run their
simulations on a dummy terminal. It provides all the functions of IDS except the capability
of displaying images and menus. The simulation engine and DTI are written in ANSI C;

the SGI is written in SunView programming environment [7, 8]; while the XGI is written in

Xlib and MIT X11R4 Athena Widget set [2, 3, 4, 5, 9].

In graphics environment (SGI or XGI), the input command is processed by the event
handler; while in non-graphics environment (DTI), the input command is processed by the
built-in LR(1) parser [1]. The syntax of the commands is listed in Appendix A. The processed
event id or tokens are then interpreted and executed. The processed image can be inspected,

printed using halftone algorithm, and saved for further processing.

Under SGI or XGI, users are provided with eight command buttons, two choices, and
three editable text input areas at startup as shown in Figure 1 and Figure 2. All the 1/O
operations and the “Read Parameters” command take the string in the “Filename” text
area as the target filename. The command “Read Parameters” reads a file which contains
all the user-controllable parameters. These parameters are parsed through a built-in LR(1)
parser to generate tokens and detect possible syntax errors. The parsing results are then
interpreted by an interpreter to generate parameter values. These values can be modified by
the “Kdt Param” command which pops up a window as shown in Figure 3. Note that, the

values of the parameters in Figure 3 are the default values at system startup.

The “Options” command controls the system-wide options such as input/output image
format, convolution method, and how to handle the image border. The input/output image

format can be binary/ASCII integers, binary/ASCII floating numbers, or even a n-th order
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Figure 1: Startup screen of the simulation system under SGI
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Figure 2: Startup screen of the simulation system under XGI
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Figure 3: Popup Window invoked by “Edt Param” command button

polynomial (input only) specified by the order of the polynomial and the corresponding
coefficients. The convolution method can be direct, FFT, or smart mode implementation. In
direct (FFT) mode, no matter how big (small) the image/psf size is, direct (FFT) convolution
is carried out; while in smart mode, the type of convolution used depends on the number of
operations expected. This heuristic is used to speed up the computation of the convolutions.
The image border can be treated as a zero-padded, mirrored, or periodic image during
convolution. For “zero-padded” option, the image outside the field of view is simply treated
as a dark area, i.e., an area with zero values. For “periodic” option, the image is considered
as f(aM 4+ m,bN 4+ n) = f(m,n) for an M xN image where a,b € {0,+1,4+2,---}. And for
“mirrored” option, the image is first reflected along its right side border, then the resulting
image is reflected along its top border; this gives an image which is four times larger than

the original image. This four times larger image is then taken to be wrapped around at its
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Figure 4: Full operation menu

borders. Note that, the “mirrored” option gives a periodic image whose period is twice that
of the “periodic” option. After the input image and the parameters are loaded, additional

operations are available as shown in Figure 4.

The “Run”, “Step”, and “Goto” commands control the execution of the simulation.
Users can step or go to any particular step described in [6] to examine the output of a
specific module. The value of the pixels of the image can be viewed via “View Value”
command. We also provide Fourier spectrum and histogram analysis of a given image by
using the “Spectrum” and the “Histogram” commands. During these two commands, a
popup status window is displayed to keep track of the status of each spectrum or histogram
popup window such as — when the operation was called and where the source image came
from. The magnitude of the spectrum can also be inspected by simply pressing a mouse
button. Finally, the synthesized image can be saved to a file and/or sent to printer for

printing using the halftone algorithm.

The DTI runs on virtually any dummy terminal. Figure 5 is a typical run-time startup

screen. Online help is available in this mode by typing “help” after the command prompt.
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Figure 5: DTT user interface

3 Usage and System Requirements

Two command line options are provided in the current version: -linemode and -openwin.
The first option enters line mode user interface. This is useful in batch mode simulation.
Users can prepare an ASCII file which contains the line commands and then redirect that file
to IDS to generate images in background. Appendix B gives such an example. The second
option runs XGI on OpenWindow 2.0 or higher (default: MIT X11R4 with Athena Widget
set). Note that, for XGI to work properly on OpenWindow 2.0 or higher, -openwin option

must be explicitly specified.

The requirements to run the provided interfaces are listed in Table 1 where SUN 3, SUN
4, SUN SPARC, SunOS, OpenWindows, and SunView are trademarks of SUN Microsys-
tems, Inc.; UNIX is a trademark of AT&T Bell Laboratories; VAX/VMS is a trademark of
Digital Equipment Co.; X Window System is a trademark of the Massachusetts Institute of
Technology; and VM/XA is a trademark of IBM, Inc. Table 2 lists the possible usage of

IDS.



Interface

Hardware

Software

SGI SUN 3, SUN 4 or SPARC | SunOS 4.0 or higher and SunView
XGI terminal capable of X Window System or

running X window system | OpenWindows 2.0 or higher
DTI any terminal UNIX or VAX/VMS or VM/XA

Table 1: System requirements to run different user interfaces

Environment Command
SunView ids
Graphics | MIT X Window System | ids

OpenWindows

ids -openwin

Non-Graphics

ids

Batch mode

ids -linemode < filename &

Table 2: Using IDS




4 Simulation Engine

Sixteen steps are included in the simulation engine to carry out the image sensing/for-
mation process proposed in [6]. The input and output functions are listed here for reference.
Note that, the input function of the current step is the output function of the previous step

unless otherwise specified.

(Step.1) Light filtering. The input is the power of light of wavelength X incident on
the entrance pupil from the direction (0, ¢) at time ¢t denoted as f(6, ¢, A, ).

The I/O relationship is:
f1(07¢7A7t) = f(evqsv)‘vt) TLF()‘) (1)

(Step.2) Vignetting.

f2(07 ¢7 Avt) = fl(ev ¢7 Avt) ) Tv(e, ¢) (2)

(Step.3) Optical system. Using standard transformation from spherical to Cartesian
coordinates, f2(6, ¢, A, 1) and the point spread function h(0, ¢, 8", ¢',r(0, ¢),€)
can be equivalently represented as fi(x,y, A,t) and h'(x,y, 2",y ,r(z,y),€),

respectively. Hence, the output is:

fS(xlvylv)‘vt) = /_Oo /_Oo h/(x/_xvy/_yvr(xvy)vg) fé(xvyv)‘vt) dl’dy (3)

(Step.4) Field stop.

falw,y, A1) = fa(w,y, A1) - Tps(a, y) (4)
(Step.5) CCD spectral sensitivily.
fs(y, A t) = falz,y, A1) To(A) (5)
(Step.6) CCD transduction.

foley )= [ filey A1) ) (6)



(Step.7) Exposure.

frlaeyt) = [ folaay,7) Tas(r = t)dr (7
(Step.8) CCD output.
ety = [ [ fr(a.8.) Rla = 2.8~ y)dads ®)
(Step.9) CCD sensor noise.
f9(x7y7t) = ‘|‘f8($7y7t) ns(:zj,y,t) (9)
(Step.10) Sampling.
frolis g k1= foli- w5, g - ysy b - 7o) (10)
(Step.11) Sensor response.
fll[ivjvk]zs(flo[ivjvk]) (11)
(Step.12) Interpolation filter.
f12a[i+j M—I_kMN] = fll[ivjvk]
K-M-N—1
fot) = ha()x| > fzalllé(t=1-72)| (12)
I=
(Step.13) Amplification.
Sia(t) = fr2(t) x ha(t) + na(f) (13)
(Step.14) Cable noise.
fra(t) = fia(t) * he(t) + ne(t) (14)
(Step.15) Sample and hold circuit.
fialt) = —comb () - fuu(t)
fiso(t) = fizalt) * hsu(t) + nsu(t) (15)
fis(t) = T_3C0mb (t _TTZS/Q) - fis()
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(Step.16) Quantization.

Z+%)T

fulil = Q ( [ dt) (16)

5 Graphics User Environment

5.1 Startup Screen

Under SGI and XGI, the startup screen is divided into three sections as shown in
Figure 1. The control panel is located at left-hand portion of the screen and consists of
input parameters, choice buttons, and command buttons. The status window is located
next to the right of the control panel and contains output information concerning the input
object and output image status. The upper right-hand portion of the screen contains two
image display windows: input object window and output image window to display the object
and the processed images, respectively. The appearance of the XGI is user configurable.

Appendix C provides such an example.

5.2 Text Input Area

There are three text input areas located at the top of the control panel with their
associated default values. To alter the value of a text input area, the user must first place
the cursor over the current value and click the left button of the mouse, and then use the
delete key to erase the previous value and type in the desired new value. The definitions of

the text input areas are as follows:

1) Filename (Default value: current working directory name)
Specifies the name of the object/image file to be read/written or the name of the
parameter file to be read. Tilde character is recognized. Filename completion can

also be done.
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2) Width (Default value: 128)
The width of the headerless image to be read/written. The image size can also be
specified by using the choice button located to the left of the “Width” text input

area.

3) Height (Default value: 128)
The height of the headerless image to be read /written. The image size can also be
specified by using the choice button located to the left of the “Width” text input

area.

5.3 Choice Buttons

There are two choice button inputs. In SGI, the value of the choice button inputs can be
altered by placing the cursor over the desired choice button and clicking the left button of the
mouse. This will set the choice button to the next possible value. The choice button inputs
can also be altered by placing the cursor over the desired choice button and pressing the
right button of the mouse. This will give the user a pop-up menu from which he can choose
one of the possible values of the choice button. In XGI, the value of the choice button inputs
can be altered by placing the cursor over the desired choice button, pressing and holding
the left button. This will give the user a pop-up menu from which he can choose one of the

possible values for that choice button.

1) Image Size (Default value: 128x128)

Chooses the image size of 32x32, 64x64, 128x 128, 256 x256, 512x512, and 1024 x1024.

2) Default (Default value: Input object window)
Chooses the default window that the command buttons apply to. This can also be
changed by moving the cursor to the corresponding display window and clicking

the left button of the mouse.
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5.4 Command Buttons

At initialization, the available command buttons are “Quit”, “Close”, “Read object”,
“Read Parameters”, “Show All”, “Reset All”, “Options” and “Edt Param”. Additional com-
mand buttons will be available when the object file is loaded. They are “Write”, “Print”,
“Fit Win”, “View Value”, “Spectrum”, “Histogram”, “Run”, “Step”, and “Goto”. A com-
mand is selected by placing the cursor over the desired command button and clicking the

left button of the mouse. The definitions of the command buttons are as follows:

1) Quit
Exits from the IDS environment.
2) Close

All windows become transparent to the user. The IDS Control Panel is iconized.

3) Read object
Reads an image from the file given by the “Filename” text input area into the
Input object window. The “Width” and “Height” input areas specify the image

size.

4) Read Parameters
Reads user defined parameter values from the file given by the “Filename” input
area. The first four characters, serve as a magic number, in a parameter file must
be “%!CS”. Each parameter takes one line. The format for each parameter is:
“param_id= param_value”. Note that, there is NO space between param_id and
the equal sign. The available param_id and param_value are described in the
following Line Mode Commands section. Any line begins with the character % is
treated as comment and ignored. During ids startup, the default parameter file

“ids_param.ini” is read.
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5)

Show All

All display windows and status window become visible to the user.

Reset All

All windows are reset to their origin size and location.

Options

Sets the values for the spectrum display threshold, convolution border, convolution
method, and 1/O format. When this command button is pressed, a window is
popped up which contains one text input area and three choices at the current
version. The spectrum display threshold input area controls the display of the
spectrum. If the value of the spectrum at a particular frequency is greater than the
spectrum display threshold it is displayed in the popped up spectrum window as a
foreground pixel. Otherwise, it is displayed as a background pixel. The convolution
border can be mirroring (default), periodical, or zero-padded. The convolution
method can be smart (default), FFT, or direct convolution as explained in the
previous section. The 1/0 format specifies the data format when 1/O operation
is performed. The available /O formats will be described later in Line Mode

Commands section.

Edt Param

Sets the values for the parameters. When this command button is pressed, a
window is popped up which contains all the parameters and two buttons: “Select”
and “Cancel”. The possible values for each parameter will be described in Line

Mode Commands section.

Write
Writes the image in the window specified by the “Default” choice to the file given

by the “Filename” text input area. If the file already exists, an alert window will
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10)

11)

12)

13)

14)

be popped up to ask for confirmation. However, no confirmation will be asked in

DTI interface.

Print

Sends the image in the display window specified by the “Default” choice to the
printer using halftone algorithm. When this command button is pressed, a win-
dow is popped up which contains a “Printer type” choice, a “Printer name” text
input area, a “Reset” command button, and a “Cancel” command button. The
available printer types are HP LaserJet I1I or compatibles and PostScript printer.
The printer name parameter specifies the name of the printer as indicated in the
/etc/printcap file. The printer name parameter must be terminated with a RE-
TURN key to call up other input area, choice, and “Select” button to print the
images. These additionally popped items specity the resolution of the printer, the

size of the output image, and other information for printing the images.

Fit Window

The size of display window, specified by the “Default” choice, is set to the same
size of the image that is located within the display window.

View Value

View the value and location of pixels within the display window specified by the
“Default” choice. The coordinates and value of the pixel pointed by the cursor
will be displayed below the “Width” and “Height” areas. To exit, click the right
button of the mouse.

Run

Run the simulation.

Step

Run the simulation step by step.
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15) Goto










































