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Getting Started (a quick tour)

1.1 Set up of the System

The Ets –PC System is a scientific instrument for measurement of eye movements. It consists of the PC with the ETS software installed and an acquisition unit with supply electronics, eye camera , mirror tracking system and two IR illuminators.

Set up the acquisition unit according to the set up instruction provided by ASL.

Set up the PC as any standard PC: Connect the keyboard, mouse, monitor, power supply according to the PC manufacturers instruction.

For connection of the acquisition unit with the PC there are three cables:

The control signals, running through the 50 PIN sub-D cable. This cable must be connected with the corresponding unique connector at the rear of the PC.

The scene video signal from your scene camera. This signal has to be connected via a chinch 75 Ohms video cable with the video input of the graphics card (the one with the VGA output).

The eye video signal from the acquisition electronics. This 75 Ohms chinch connector has to be connected to the remaining chinch input at the rear of the PC.

After all wiring has been done, the acquisition unit should be switched on. After booting the PC and login as default administrator (no password) the system will show up with the scene video displayed through the ATI-video player. Please refer to the online help of this program for further use. The ATI video player will be running in parallel with the ETS program to display the scene video on the computer monitor. 

To remove it temporarily use ctrl M, to remove the controls use F2, to position shift by the usual windows procedure. Remove the "lock to position" for positioning to the upper right of the screen. Due to the limitations of the ATI video player this positioning has to be done once on every start of the PC.

 

1.2 Start the ETS PC software

To start the ETS PC software double click the ETS-PC Icon on the desktop. The program will start with the main menu and a control window showing the eye video.

 

Select or create test person directory

As first step the test person directory has to be selected through the menu "file\select test person" . If you want to create a new one, use the windows means in the filer pop up. In a new create test person directory the required calibration file "default.cal" will be created as copy from "ETS_DEFAULT\default.cal".

 

1.3 Set up of eye camera

The second step is to set up the eye camera for the test persons eye. This is done in the menu "set_up". The mirrors of the acquisition unit are positioned by dragging the field of view indicator in the upper right of the window. The digitizing of the eye camera is controlled by the offset and gain sliders. Proper setting is achieved if the colors are identical with the colors of the example eye ( visible after click on the button).

Now the shape characteristics of the test persons eye has to be learned. Click on the learn shape button to perform this task. The result will be shown on a frozen image after completion ( 1 second). The allowed min and max. diameters of pupil and reflexes are shown together with the allowed region for reflexes and the region for the second reflex with respect to the first (blue square).

 

1.4 Define calibration points

The third step is the definition of the calibration points. This is done through the first item of the calibration main menu.

A calibration point can be created by double click with the left mouse button, removed by double click with the right mouse button, moved by dragging with the left button. Dragging with the right button will move the point with a two fold magnifier.

The dashboard is entered similar, it should be a dividing line between interior and exterior view.

The mirror should be indicated by a closed four point line.

To activate the calibration points they must be saved as "default.cal" in your test person directory. They can be stored for future use with some other name additionally.

 

1.5 Perform Calibration

The calibration is performed through call of the equal named menu item. The point to calibrate is selected by positioning the cursor close to the point on the lower left calibration points display. The calibration point will be automatically displayed in the scene video. A double click will measure the calibration value – it should be entered while the test person stares at the calibration point location,

The calibration success and quality will be displayed in the lower left window.

If some calibration points refuse to calibrate with good precision these inputs can be removed and omitted by double click with the right mouse button on this calibration point on the lower left window.

 

1.6 Perform Measurement

A measurement is started with this menu item. To start recording click on the corresponding button. During the measurement the data will be hold temporarily in RAM, at the end of the measurement it will be stored to the hard disk to capture.wit. Then a pop up will ask you to save the recorded data to another location. If you don’t save now, an new recording will overwrite the same capture.wit file and the measured data will be lost.

 

Theory of operation

The ETS-PC is a remote eye tracking system. Its operation is based on determination of the pupil-center and the  cornea-reflex centers of an eye image acquired by the acquisition unit. The eye camera of the acquisition unit takes an image of the eye in a distance from 0.5 to 1 m depending on the setup. The eye is illuminated by two infrared illuminators operating in the 880 nm near IR wavelength region not visible for the human eye.

There is a small illuminator positioned on the mid-left side of the field of view of the test person and a large illuminator positioned at the mid-right side (for the test person). The eye camera is located somewhere between the lower center and the lower right side of the test persons field of view.

Some typical eye images obtained are shown in fig. 2.1 – 2.3.
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Fig 2.1 Eye looking into the left IR 
Fig 2.2  Eye looking into the 
Fig. 2.3  Eye looking into the 

Illuminator, seen from the eye camera
center , slightly up

right (large) IR illuminator

The eye image shows a dark pupil as the illuminators are not collinear with the eye camera (this would result in bright pupils due to the “cat eye” effect produced by retroreflection inside of the eye), and one or two bright reflexes which are the mirror image of the illuminators mirrored by the almost spherical eye surface (cornea).

The image processor of the ETS-PC digitizes this eye image by a 10 bit video digitizer, then the precise center positions of the pupil and the reflexes is calculated in real-time for each frame (50 Hz or 60 Hz depending on video system used).

The actual point of regard is determine from the relative distance between the reflex centers and the pupil center. As fig 2.1 and 2.3 show a view into one of the illuminators results in a relative distance close to zero, a view to any other location results in a distance vector that is a direct transformation from the point of regard.

If the point of regard is within the plane through the two illuminator position in space and perpendicular on the viewing line from the eye camera to the test persons eye, the relation between this difference vector measured and the point of regard in this plane is independent from the eye position within a wide range (approx. +/- 10% of the viewing distance). Therefore the capability of remote operation allowing free head movements within the operational volume. 

The field of view covered by this measurement principle is limited by the size of the spherical part of the eye surface, the cornea. With some individual differences a range of  30° up to 45°  with respect to an illuminator can be achieved.  The ETS-PC uses two illuminators in order to increase the horizontal filed of view. Even if one reflex has moved out of the cornea region the system can continue to measure by evaluation of the remaining other reflex. To do this, however the reflex has to be identified whether it is the right or left illuminator. Otherwise the eye of fig 2.1 with the second illuminator blocked or not longer within the spherical area of the eye, could show a view into the right or the left illuminator. The ETS_PC system identifies the illuminators by their size.

For recognition and precise determination of the center coordinates of the pupil and the reflexes  the ETS-PC uses a unique shape and contour based image processing algorithm. This makes the processing very stable and insensitive against illumination variances – typically even if the small illuminator is completely covered the system will continue to recognize the pupil and the remaining illuminator.

The image processing requires to determine the shape characteristics of the pupil and the reflex depending on the test persons individual eye. This is done during the setup procedure.

As the relation between the line of sight and the measured relative distances between pupil- and reflex centers is depending from the individual eye characteristics an the precise setup a calibration for each test person is necessary.

In a car application a scene camera typically will pick up the scene the test person is looking at. As this camera is not at the same location as the test persons right eye (remember, the system does measure the right eye’s point of regard), there will be a parallax error between the two views: The scene camera will show properly, without any error the points where the test persons line of sight meets the calibration plane as defined above (typically approximated by points on the windshield and the dashboard), but if looking further the test person and the scene camera will see different objects behind this point in the calibration plane.

To compensate for this error and indicate properly the real objects a test person is looking at a parallax correction is applied for any view at / through the windshield. This correction is performed in the appropriate calibration menu, the location of the windshield is determined in the menu to define the calibration points.

As this parallax correction is dependent from the distance between the scene camera and the test persons right eye (with distance zero there would be no parallax error), this correction is depending on the eye position. The position of the eye is known due to the tracking system that keeps the eye within the eye cameras field of view.

By us of this information the ETS-PC compensates this position error to achieve a head position independent measurement result. This compensation is also adjusted in the menu for calibration of the parallax correction.

System Setup
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Note that standard PC wiring (monitor, keyboard, mouse) and power supplies  for PC and acquisition unit are not shown.

	Connection #
	Wire /Sub-Cable
	Side A
	Side B
	description

	
	
	
	
	

	X1 (IR-Left-Supply)
	4 Wire Power supply and pulse input, consult  manual acquisition unit  for details
	fixed to illuminator
	5 pin circular male
	44 VDC Supply, 1 ms strobe pulse at each video frame

	X2  (Acquisition Controls)
	
	
	
	

	
X2/a (H-Mirror-Control)
	custom cable, consult  manual acquisition unit  for details
	Sub-D 15 Pin male 
	 Sub-D 15 pin male
	power and sensing lines for mirror scanners

	
X2/b (V-Mirror-Control)
	custom cable, consult  manual acquisition unit  for details
	Sub-D 15 Pin male
	Sub-D 15 pin male
	power and sensing lines for mirror scanners

	
X2/c  (Focus - Drive)
	custom cable, consult  manual acquisition unit  for details
	5-Pin circular , male
	5-Pin circular female
	

	
X2/d (Eye Camera )
	custom cable, consult  manual eye video camera   for details
	fixed to camera head
	25 pin  Sub-D female
	supply, control and video signals to and from eye camera head

	
	
	
	
	

	X3 (IR-Right-Supply)
	4 Wire Power supply and pulse input, consult  manual acquisition unit  for details
	fixed to illuminator
	5 pin circular male
	44 VDC Supply, 1 ms strobe pulse at each video frame

	
	
	
	
	

	X4 (Scene Video)
	GND
	BNC Plug male, GND
	BNC Plug male, GND
	

	
	Signal
	BNC Plug male, Signal
	BNC Plug male, Signal
	Video Signal 

75 Ohm

	
	
	
	
	

	X5 (Eye Video)
	GND
	BNC Plug male, GND
	BNC Plug male, GND
	

	
	Signal
	BNC Plug male, Signal
	BNC Plug male, Signal
	Video Signal 

75 Ohm

	
	
	
	
	

	X6 (Scene Result Video)
	GND
	BNC Plug male, GND
	BNC Plug male, GND
	

	
	Signal
	BNC Plug male, Signal
	BNC Plug male, Signal
	Video Signal 

75 Ohm


	Connection #
	Wire /Sub-Cable
	Side A
	Side B
	Description

	
	
	
	
	

	X7 (PC Controls)
	Control voltages from PC  to Acquisition electronics
	Sub-D 50 pin male
	Sub-D 9 pin female
	

	
	GND (shield)
	pin 14
	pin 1
	

	
	DAC Out 1
	pin 15
	pin  2
	-5 - +5V mirror x-position

	
	DAC Out 4
	pin 16
	pin 7
	0-10 V , cursor  x-position

	
	DAC Out 3
	pin 32
	pin 8
	0-10 V , cursor  y-position

	
	DAC Out 2
	pin 48
	pin 6
	-5 - +5V mirror y-position

	
	GND
	pin 37
	
	

	
	+ 12 V
	pin 33
	
	for supply of scene camera (if required)

	
	
	
	
	

	X8 (Focus Control)
	Control signals for eye camera focus adjustment, 3 wires
	fixed to 10 kOhm  variable resistor
	Sub-D 9 pin female (same as of X7)
	

	
	
	
	pin 4
	

	
	
	
	pin 5
	

	
	
	
	pin 9
	slider of variable resistor

	
	
	
	
	

	X9 (Scene Result Video 2)
	GND
	BNC Plug male, GND
	BNC Plug male, 

GND
	

	
	Signal
	BNC Plug male, Signal
	BNC Plug male, Signal
	Video Signal 

75 Ohm


1.7 Components of the ETS-PC Processing unit

The ET –PC Processing unit is based on a standard PC hardware, however to provide the necessary processing power for the sophisticated real time image processing, tracking of the eye and display of the results a state of the art dual processing computer operating with NT 4.0 is used.

Hardware components:

Dual PIII Computer with 2* 650 MHz  (or higher), 128 MB RAM, 15 GB HD (or larger), CD-ROM, Keyboard, Mouse, Monitor

ATI  All-in-wonder graphics board with video input

Adapter cable for video input to the ATI All-in-wonder A/V input

An analogue output board (DAC) with four independent 12 bit DAC channels

A special frame grabber for capture of the eye video with 10 bit digitizing depth and real time image preprocessing capabilities 

A software protection key plugged on the printer port.

Optional components:

Trackball for car application

LCD Monitor

19’’ industrial housing with power supply for 11-30 VDC or  85-240 VAC

Software components  

Windows NT 4.0 operating system

The main program ETS.exe 

The program ATI-Player

The demo program console.exe including source code and MS-Visual C++ 6.0 workspace for test of the RS232 remote control capabilities of the ETS-PC

1.8 Interfaces of the ETS-PC Processing unit

The ETS-PC Processing unit has the following interfaces to connect with the ETS Acquisition unit:

1.8.1 DAC Output

The DAC output is the Sub-D 50 pin female connector at the rear of the computer. The 4 four output voltages are used to control the tracking mirrors of the eye-acquisition unit and to control the position of the cursor overlaid on the scene camera video to indicate the measured point of regard.

	Connection #
	NAME
	Connector type / Pin #
	Description

	
	
	
	

	X7 (PC Controls)
	Control voltages
	Sub-D 50 pin female
	Control voltages from PC  to Acquisition electronics

	
	GND (shield)
	pin 14
	

	
	DAC Out 1
	pin 15
	-5 - +5V mirror x-position

	
	DAC Out 4
	pin 16
	0-10 V , cursor  x-position

	
	DAC Out 3
	pin 32
	0-10 V , cursor y-position

	
	DAC Out 2
	pin 48
	-5 - +5V mirror y-position

	
	GND
	pin 37
	

	
	+ 12 V
	pin 33
	for supply of scene camera (if required)


1.8.2 Scene Video Input

The scene video input is the connector marked  A/V in  on the ATI All in Wonder graphics board. This is the board with the VGA-output at the lower end, the A/V in connector is at the upper end of the board. A special adapter cable for this input comes with the ETS-PC system. The scene video signal with inserted cursor signal connects to the yellow female chinch connector.

Specification:
75 Ohm video input for composite PAL or NTSC video signal depending on type of ETS-PC system purchased

The video signal supplied a this video input can be displayed with the program ATI-player in a freely definable window on the computer monitor.

1.8.3 Eye Video Input

The eye video input is the only chinch connector located directly on a slot cover at the rear of the computer.

Specification:
75 Ohm video input for composite PAL or NTSC video signal depending on configuration of the ETS-PC software.

Files of the ETS-PC Software

The ETS-PC software consists of three independent software parts. The ATI player for display of the scene video during setup an measurement. The main program ETS.exe and an example software console for interfacing to the ETS-PC through the COM1 serial interface.

1.9 The ATI player Software

The ATI player software is used throughout the ETS application for display of the scene video in an independent window. The ATI player is started with log-in to the ETS-PC as a shortcut is put into the startup folder with the standard installation of the ETS-PC. Alternatively the player can be started as any other windows program through the windows start / programs menu.

The standard setting of the player is “TV-Tuner” mode, display size 640 * 480 pixels, composite video input, snap to upper right screen position. These settings can be reviewed by right click on any point of the player’s video display and selecting the property menu. 

For further information on the various options of the ATI player please refer to the extensive online help of this software and the special ATI handbook.

In the ETS application the player runs as a complete stand alone program in parallel to the ETS application. There are no software links ore messages between the two programs. However the video display of the player is fully integrated into the ETS application by leaving the appropriate space for a 640*480 video window free during the ETS menu items where a check of the scene video is useful. For optimal use of the available display area of the monitor select 640 * 480 video window; thin borders; remove the control buttons by pressing F2; drag the video window with the mouse to the upper right position of the monitor.

Some of the options of special interest for the ETS application are:

The snapshot function allows to take a bitmap snapshot of a scene video at any time. This is useful for example to store the calibration point distribution of a setup ore some characteristic scene views of an experiment.  

By a left click on the scene video window and then dragging the mouse the zoom function is applied. This allows to magnify the regions of interest of a measurement for better control during a measurement. If the checkbox  keep aspect ratio is deselected also independent magnification in x and y direction can be selected.

The video desktop option allows to use the scene video as wallpaper of the desktop if the ATI player is minimized. This can be used to operate the ETS software to show the scene video as full screen with a small window with the eye video and the controls in one corner (for example lower left). Group the icons of the desktop to the lower left of the display. Move main menu of the ETS program also moved to the lower left. Minimize the ATI player with the video desktop option checked. The archived display during measurement is shown in fig. 4-1. 

The files of the ATI-player software is located in *****. The executable is ATIPLAY.exe.

Remark:  Recording of the scene video as .avi  file or output of the monitor display at the ATI All-all-in-wonder video output is unfortunately not supported with NT 4.0

1.10 THE ETS Program

The main program of the ETS-PC is the ETS.exe program. This program uses several files for configuration, storage of test person settings and loading of program parts (DLL’s ) depending on menu selection. Table 4.2-1 shows the directories and files needed for the ETS program.

	Directory
	Files
	Description
	Remarks

	C:/ETS_MAIN
	
	Main directory for the ETS program
	

	
	Ets.exe
	ETS program
	

	C:/ETS_MAIN/DOC
	
	Sub directory for ETS documentation
	

	
	Manual.htm
	Online manual called with the help function of the ETS program
	

	C:\ETS_Main\ETS_Igraph
	
	Sub directory containing various subscripts used by the ETS program. Do not alter any of these files in this directory
	

	C:\ETS_Main\Ets_op
	
	Sub directory containing library information used for DLL loading by the ETS program
	

	C:\Ets_init
	
	Sub directory containing setup and configuration information and calibration file prototypes
	

	
	contour_LUT.map

*.map
	Look up tables to control the appearance of the artificial colors of the eye video display
	Do not alter these files

	
	config.wrc 

config_plot.wrc
	Configuration files for the image processor setup
	Do not alter these files

	
	default.cal
	Prototype of a calibration file, used to generate a calibration file if a new test person directory is created
	May be altered by the save as option of the set calibration menu.

	
	ETS_config.txt
	Text file to store the last test person directory used. This directory will be set as default with the next start of the ETS program.
	Automatically maintained by the ETS program

	
	example_eye.bmp
	Bitmap of example eye available during set up menu
	

	
	NACHF_PARAM.ets
	Text file with settings to control the mirror tracking system of the acquisition unit
	Caution: Wrong values in this file may lead do complete failure of the ETS-PC system

	
	not_ok.wav
	Sound file played if calibration point measurement is low in precision
	Content of file may be altered to customize user interface 

	
	ok.wav
	Sound file played if calibration point measurement is OK
	Content of file may be altered to customize user interface

	
	PARDMCU.ets
	text file with configuration settings for the ETS program
	May be altered to customize system behavior

	
	PAROBJ.ets
	Text file with shape parameters to control the pupil and reflex recognition. This file is only used for the learn shape option of the set up menu.
	Caution: Wrong values in this file may lead do complete failure of the ETS-PC system

	
	PAROBJ_WINDOWS.ets
	Text file with tolerance parameters to control the generation of test person  specific parobj.ets files based on actually measured eye images.
	Caution: Wrong values in this file may lead do complete failure of the ETS-PC system

	
	set_up.ets
	Text file to store the zero position and the offset and gain values determined during set up
	Automatically maintained by the ETS program

	
	*.log
	Various log files storing system parameters useful in case of a problem
	Automatically maintained by the ETS program

	C:\ETS_data
	
	Default directory for generation of test person directories.
	

	C:\ETS_data\DEFAULT
	
	Example of a test person directory
	

	
	DEFAULT.CAL
	Text file with calibration information for test person
	

	
	PAROBJ.ETS
	Text file with shape parameters specific for the test person. These parameters are used by the image processor to identify the eye and the reflexes.
	Generated any time the learn shape option is selected and any time a calibration (“default.cal” )is stored

	
	01_02_01_2202.wit
	Binary measurement data file with default naming convention: date was 01.02.2001, time at end of measurement was 22:02
	Default name is proposed in the save measurement menu

	C:\WiT
	
	This directory contains various program modules loaded ad runtime by the ETS program
	


Remark:

Note that the ETS program is copy protected an will only run on the delivered ETS-PC system with protection key installed.

1.11 The console program

The console program is an example program to test the remote controlling of the ETS-PC trough the COM1 port. It is written in MS-visual C++  6.0 as console application opening a simple text window.

The complete source code including MS-C workspace is contained in C:\C_sources\console.
The executable is  C:\C_sources\console\Release\console.exe
The Structure of the ETS.exe Program
After starting the ETS.exe program and the ATI player program with proper positioning of the scene video window the system will come up with the following monitor screen:


Fig 5-1 Monitor screen of ETS-PC main menu (eye video and scene video signals connected)

The main menu shows the following submenus:
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On the status screen the name and version of the program and the active test person directory is displayed, here it is  version 2.4 and the directory c:\ETS_daten\TEST\.

1.12 The file menu
The file menu has the following options:
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1.12.1 Select / Create Test Person Directory

This menu allows to select or create a test person directory. This is the first step when starting with a new measurement with a new test person. The directory is created by use the standard windows open file dialog.

Choose the desired directory location and create an name a new directory. When selecting open the file default.cal will be generated in this directory.

1.12.2 Convert Data to ASCII

This menu item allows to generate ASCII files with the required measurement data from the internally stored measurement files. The source data file is selected by a standard windows file box. The target file has the same name and location as the source with extension .txt

 The format and content of the ASCII files is freely selectable by the following selection window:
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Also the data separator is selectable to enable easy import of the data by a data evaluation program.

By selection of the start and end frame only portions of the file my be converted which is useful for example to divide a long measurement into small section for storage on a diskette.

1.12.3 Show data files

This menu item allows to display any binary data files *.wit  used by the ETS-PC system. These files may contain the complete data set stored for a measurement or a sequence of  images as stored with the debug recording option of the measure main menu.

Example of a measurement data file display:
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The display is closed by hitting any key. The example shows frame number 64 of a measurement. The entries are: 

  p_ … , r1_ …, r2_…  are the entries for the pupil, reflex1 (left reflex) and reflex2, each with center position xm,ym  and radius rx, ry. 

dx1, dy1,dx2,dy2 are the relative distances from the pupil center to the reflex center.

Xf and yf are the derived fixation points without parallax correction,

Xf_parallax and yf_parallax are the displayed calibration points with parallax correction

Pd is the pupil diameter,

Msec is the system millisecond timer,

P_pts, r1_pts, r2_pts is  the number of contour  points used to derive the center positions

Comment is the comment number

Thresh and errnr are debug outputs internally generated

Pos_x and pos_y is the position of the tracking mirrors – together with the pupil center this gives the absolut position of the eye

Seconds is the ETS-PC system time in Microsoft format

1.12.4 Exit the program

By selection of the exit item of the file menu the program is terminated. This is equivalent with closing the main window by click on the cross in the upper right corner.

1.13 Set up of the eye camera
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This set up menu allows to adjust the system to the individual eye shape and viewing position of a test person:
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There are three adjustments necessary:

The location of the test persons right eye is done by dragging of the red rectangle in the upper right square part of the window until the pupil is around the center part of the eye video shown.

Then the offset and gain of the video digitizer must be adjusted to fully utilize the digitizing range available. This is done by moving the sliders offset and gain until the color of the pupil is red / orange and the iris is mainly green. The button EYE Example displays an example eye to demonstrate the proper setting.
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Alternatively to the manual adjustment there is also an automatic adjustment available with the button Calibrate DAC, however this does not guarantee precise adjustment for any eyes, therefore the manual adjustment is recommended.

The last step is to determine the shape of the test persons eye, the expected diameter of pupil and reflexes and their mutual distance range. This is done automatically by pressing the Learn Shape button.
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The measured shape ranges are displayed over the eye image: The red circles indicate the minimal and maximal pupil radius detected, the green circles the minimal and maximal reflex radius. The yellow square shows the are relative to the pupil center where a reflex will be detected, the blue square shows the are relative to the left reflex where the second reflex will be expected. Note that this parameters should properly describe the test persons eye. Any shapes not within this ranges will not be recognized by the image processor.

After completing the setup the window should be closed by pressing the done button.

The setting is stored in the files:  C:\ets_int\set_up.ets  and  parobj.ets located in the activated test person directory.

1.14 The calibrate menu

The calibration of the ETS-PC for the individual eye geometry of the test person is don in the calibrate main menu.
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There are three steps for the calibration in a car set up. 

1.14.1 Define calibration points

First step for the calibration is to tell the ETS-PC the number and  location of the calibration points. The system will work with any number of calibration points between  4 and 24.  Recommended are at least 5 points for a monitor application and at least 9 points for a car application.
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The calibration points are defined in the rectangular area to the lower left by double clicking with the left mouse button on to the desired location. They may be removed if required by selecting and double clicking with the right mouse button. 

The position can be altered by dragging a point with the left mouse button pressed. Due to the small size of the panel used this will only allow to position on to odd pixel values of the scene video positions. Always the point closest to the mouse will be displayed in the scene video display. If a more precise positioning of the calibration points is required a selected point can be dragged with the right mouse button pressed. This will allow to position to any location with odd and even pixel values locally.

If the checkbox mirror is selected the position of the interior mirror can be noted by marking the four corners of the mirror. Note that this has to be done going clockwise around the mirror. This is to surpress the parallax correction for the interior mirror views.
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If the checkbox dashboard is selected the boarder line between exterior view and dashboard should be marked. This is to identify the region a parallax correction needs to be applied.
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Selection of the done button will close the window and ask for storage to default.cal in the selected test person directory. If you want to use your selection this question should be answered with yes.

Calibrations of particular interest can be stored under a specific name by use of the button   Save as. A saved calibration can be recalled by the button Load File and then be activated for further calibration by saving to default.cal.
1.14.2 Perform Calibration

Here the actual calibration is performed. The test person should fixate one after another a particular calibration point and then the operator should double-click close to that calibration point on the lower left window. The calibration point will be displayed in the scene video and the test persons eye shape will be read in for approx. one second. The achieved measurement values including the variance is then displayed for each test point in the upper left window. If the variance is low enough the ok.wav sound will be played, if it is too high the not_ok.wav sound will be activated.
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A very important tool is the display of the calibration transformation as grid in the lower left window. If this grid looks very distorted something went wrong and some calibration points need to be redone. There is no special sequence to step through the calibration points required. It is also possible to redo any point as often as possible.

If there is a problem to calibrate a particular point this point may also be omitted in the calibration – this can even be done later by canceling an already measured calibration point by double click right close to that calibration point.

Also the variance values are displayed in the lower left window as boxes around the entries. If the variance scale *5 box is checked the variances are shown magnified. The selection boxes for left and right reflex enable to show only calibration grid for the selected reflex.

Make Parallax Correction

Here the parallax error present in a car application can be corrected.
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The parallax error occurs due to the different viewpoints of the scene camera and the test persons eye. Therefore for view through the windshield a parallax offset needs to be determined in order to let the system mark the proper exterior object fixated.

To perform this calibration the test person should sit at or close to their standard position (the one defined in the set up menu). Now the test person should look at an object somewhere in the central part of the field of view in a distance of about 40 m. Now the red point in the large right window is dragged to the proper position where the cursor in the scene video marks the proper object fixated by the test person. Note that the checkbox P-Correction has to be activated and the mirror and dashboard location have to be properly set (in 5.3.1) to perform this step.

The correction just determined is depending from the test persons eye position. To correct for this position dependence the slider Position Correction (Pos. Corr.) is used. Move this slider to the zero position. 

Now advise the test person to move the head about 3-5 cm to the left and right side with still keeping the object fixated. You will notice that the indicated point of regard in the scene video will move synchronously with the head movement. Now increase the Pos. Corr value by dragging the slider. You will see how the cursor movement reduces until is starts to move in the opposite direction of the head movement. This is as the setting leads to an overcompensation now. Final step is to move the slider back to the point where this reversal of movement happened – this is the setting where the full compensation of the head movement is achieved. 

Note that negative values of the correction constant can be set with the checkbox to the right of the slider.

As this setting is only set up and eye position dependent and not dependent from the individual eyes geometry, this calibration can be kept for other test persons as long as there is no mayor position change. 

The buttons Stop Tracking and Default Pos is to start and stop the tracking or to reset the mirrors of the tracking system to the default position. This is useful in case the tracking system has lost the eye and not found back by the automatic search routine.

The buttons A and B have no function in this window. On the right side the actual eye position relative to the zero position set in the set up menu is displayed..

To save the calibration defined and to close the window click on the button Save Parallax Correction. If the window is closed by the cross in the upper right corner the values will be not be stored. Storage location is the file default.cal in the active test person directory.

1.15 The measure menu
Here a measurement can be performed. There are also some functions to inspect short measurements and to monitor or record sequences for debug purposes.
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1.15.1 Run Measurement

This menu item is called to perform  a  measurement. The measurement window with the eye video control display does appear.
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The image processor and the tracking will start to operate immediately, the result of the measurement will be displayed in the scene video – however the measured data is not yet recorded. To start recording click on the button Start Recording to ‘capture’.

Then recording will be active. The time in the elapsed time display is set to zero as well as the dropped frame count on the lower right side. The ongoing recording is indicated by the text RECORDING ! shown above the eye video.

The measurement data is first recorded to ram, at the end of the measurement they will be stored to the default file capture.wit.

During the measurement the tracking can be switched on and off and it can be reset to zero position.

The buttons A and B are toggle buttons to set or reset the last digit of the comment. A will add 1 to the comment number, B adds to. Therefore if both are set the last digit of the comment will be 3, if only B is set it is 2, if none is set it is 0.

The ATI Player allows also to set the scene video as desktop background. This can be used to have a full screen scene display during measurement with the control window of the eye image on top. If the remaining icons are moved under the control window location a display like in the next screen print can be achieved.
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The measurement is terminated by click on the same button used to start. Next step then is to save the capture.wit file to freely selectable name. The file menu to do this is again activated by the large button in the upper left.
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The default name proposed is built from the date and time at time of storage.

Chart measurement

This menu item allows to display short measurement as time chart for inspection of the results. The file to display is selected by a standard windows file menu, then the full screen chart of the measurement does appear.
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Shown is the x and y coordinate of the measured point of regard, the pupil diameter and a marker indicating two reflexes found  over the frame number of the measurement.

Note that this menu item will only be useful for short measurements up to one or two minutes. The above example is a measurement of 17 seconds length.

By a  right click on the display the small menu shown in the lower left does appear. Here some property of the chart can be modified, selecting zoom allows to zoom into any part of interest by  use of the mouse.

If a magnified view is selected the location can be changed by dragging the vertical or horizontal scale of the chart.

The zoomed view of the chart above is shown below together with the property menu and with the data point display activated.
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1.15.2 Plot measurement 2D

This function allows to view a 2D plot of short measurements. Again the zoom an property options are available.
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A magnified view of a fixation is shown below:
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Visualize processing

This brings the same window as the measurement window with the difference that not the pupil and reflex centers are displayed but the contour points of the pupil used for the final circular fit are indicated.
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This is useful to see the operation of the image processor.

No recording is possible in this mode as there will be dropped frame due to the workload in drawing this information. Also tracking should eventually be switched off  to  avoid oscillations due to late tracking response caused by the high workload of the processor.

1.15.3 Debug recording

This option will record a short 9 seconds eye sequence to trace particular problems. The eye sequence will be stored  into the  C:\ETS_DATA\debug_sequence.wit. This recording is done continuously always overwriting this capture file until the window is closed. An audible bell does ring always when the file is overwritten again.

In case of a particular problem with an eye shape or a setup please perform such a recording. The recorded eye sequences together with the default.cal and the parobj.ets  files of the active test person directory will give the possibility to investigate and solve the problem.

Remote Controlling of the ETS-PC through the COM1 Port

In standard configuration the ETS-PC continuously outputs the measurement results on the com1 serial output port. The setting for com1 is :  

19200 baud, 8 bit , 1 stop bit, no parity, no handshake

The data provided are:





rx 
xf 
 yf
ry     

where rx, ry are the horizontal and vertical diameter of the pupil in an ellipse fit and xf, yf are the measured  x an y coordinates of the point of regard. The data is provided as continuous binary data stream of  10 Bytes per measured data point with the first byte marked by a  1 as highest bit (MSB) and all other bytes containing 0 as MSB. The binary format is short integer, the masked out MESB of the first 6 Bytes are transmitted in the 7 th byte, the MSB’s of byte 8 and 9 is transmitted in the 10 th byte. Please refer to the console sample program for an example to decode the binary data stream.

Vice versa there is the possibility to control the measurement through the COM 1 port. The following control signals are decoded:

	ASCII character send (not case sensitive)
	Function

	R
	Run (start) recording of measurement

	S
	Stop measurement

	B
	Break recording of measurement

	T
	Tracking of eye on

	F
	Freeze tracking  (tracking off)

	Z
	Zero (default) eye position


To test the serial control capability connect the COM1 and COM2 port of the ETS-PC with a null-modem cable

(a one to one cable with line 2 and 3 crossed) and start the program console.exe before or after start of the ets program. A text window with a serial terminal connection trough COM2 will appear.

 Now set up the ETS-PC for measurement and start a measurement. The measured fixation points will be printed as continuous data stream on the console text window.

Now make the console window the active window by clicking with the mouse on it and enter one of the ASCII characters above on the keyboard. The character will be sent through the serial interface to the COM1 interface monitored by the ets program. The ets program will react according to the functions listed above. The change in setting will be displayed on the status printouts or on the button texts respectively of the measurement window.

Problem Guide

If the name of the test person directory contains a blank, the system will not find the files parobj.ets and default.cal in that directory.

Use names without blanks to avoid this problem.

Very rarely the program freezes in the set-up menu. In this case terminate programm by right click on the program entry on the task bar and click on close (or Alt F4). Restart again. As any settings will be stored there will be no loss of data.

2 Changes with Version 2.5

· Version 2.5 now supports both, 50 Hz and 60 Hz eye-camera support. Default is 50 Hz eye camera, if ets.exe is called with the calling parameter 60Hz the programs runs in the 60 Hz eye camera setting.

· There are now six individually controllable comment buttons to enter  comment information during a measurement. They are named 1 to 6 now instead of A and B.

· The comments are now also controllable through the serial interface. Just sent the ASCII character 1 ... 6 to toggle the comment 1 ... 6

· With any save of a measurement now a report document with the same file name as the measurement file will be opened for entering some comments and experimental data for the measurement. The template used is copied from C:\ETS_DATA\default\template.doc. Rename or remove this template if you do not want to generate any report file.

· With Version 2.51 the scaling of the Y-cursor output was changed to enable full scale display with 50 Hz systems in any case. Therefore with an upgrade to 2.51 the cursor insert board Y -range needs to be readjusted.

· A sample source code data_read is included as MS-Visual C++ 6.0 project now. This sample shows how to directly read the binary measurement data stored. This sample was added due to difficulties to decode the data with the information given in Annex H only.

· With each calibration point calibrated a corresponding eye image during the look at the calibration point is stored now in the test person directory. For example cal_eye_3.bmp does contain the eye taken during the look at calibration point 3. The bitmap contains the overlays as seen on screen during calibration. The cal_eye_3.wit contains the eye image without overlay. This stored eye images may be helpfull to analyze why a problem with a particular setting or a particular test person arises.

Annex  a       The file default.cal
This file  stores the position of the calibration points and the measured pupil and reflex positions at time of calibration while looking at this calibration points. This file is generated each time a new calibration for a test person is performed. The fixation points calculated during a measurement are derived only by use of this calibration information.

Example for a default.cal file:

No of calib points : 9    mirror points : 4   dashboard points : 3

No        x        y        r       dx1     dy1  vdx1  vdy1     r1    dx2    dy2  vdx2  vdy2   r2

 1:  98  220  73    92  -746  48  255   8 9999  9999  0   0  999

 2: 360  236  87 -1161  -882  22   33   9  785 -1042 14  24   14

 3: 546  240  93  9999  9999   7    3 999   -6  -927  7   3   13

 4: 296  310  98  -711  -459   7   10   8 1237  -646 16   3   16

 5: 442  304  96 -1410  -535   7   14  10  529  -659  9   0   13

 6: 562  310 100 -2085  -480   7    8   6   73  -627  1   7   13

 7: 138  322  81   -15  -220  11    2   8 9999  9999  0   0  999

 8: 364  414 100 -1090   -14   2    4   8  793  -169  8   2   13

 9: 586  448  95  9999  9999   5    4 999 -108  -123  5   4   13

   1:   682     152

   2:   760     124

   3:   760     268

   4:   688     260

   1:    52     392

   2:   380     362

   3:   750     378

Parallax dx:     25  dy:     -1  pos_corr:      0

This file shows a 9 point calibration as used in a car application. The first 9 lines numerated with 1: to 9: are the entries for each calibration point. The meaning of the entries from left to right are: 

x,y 

coordinates of the calibration points in pixels on the scene video

r

pupil radius measured at calibration in pixels of eye video

dx1, dy1
distance vector from pupil to reflex 1 in 1/10 of pixels 

vdx1, vdy1
variance for measured distance vector at calibration in 1/50 of pixels

r1

radius of reflex 1 (left reflex as seen from the test person)

dx2, dy2
distance vector from pupil to reflex 2 in 1/10 of pixels 

vdx2, vdy2
variance for measured distance vector at calibration in 1/50 of pixels

r2

radius of reflex 2 (right reflex as seen from the test person)

The next 4 lines numerated with 1: to 4: are the coordinates of the corners of the interior rear mirror of the car in pixels of scene video.

The next 3 lines are the coordinates of the boarder line between exterior view and interior view.

Parallax dx and dy indicates the value of the parallax correction applied in pixel values of scene video.

Pos_corr is the head position dependence of the parallax correction.

Annex  b       The file parobj.ets
This file contains the shape description for the image processor to identify the pupil and the reflexes. During a standard setup and measurement there are three versions of this file involved. At setup, when the image processor is first activated for determination of the shape parameters of the new test persons eye the default version stored in C:\ETS_INIT is always used. This version contains rather large, unspecific ranges for the pupil and reflex shapes to make sure even very large or very small eyes will be found at this step.

During the determination of shape parameters a new version of the parobj.ets file is generated. This version takes the actual measured values for the test person and the ranges for each value defined in parobj_windows.ets to generate a customized version better suitable for the actual test person and setting. This customized version is stored in the active test person directory an used for the next step, the calibration procedure.

With every storage of a calibration a new version of parobj.ets is generated, overwriting the former one in the active test person directory. This version uses all eye shapes found during calibration (as recorded in the default.cal file) and the ranges defined in parobj_windows.ets to generate an optimized, customized version for this test person.

Example of the parobj.ets file :
..............................................................................

C:\ETS_data\ASS03_01\parobj.ets : 


parameter data for object recognition of pupil/reflexes


lines without a number as first character are interpreted as comments


comments show the argument type in [] brackets







( [i] = integer, [d] = decimal number)

..............................................................................

200
[i] - maximal distance of a reflex to the right/left of the pupil center

59
[i] - maximal distance of a reflex above the pupil center

134
[i] - maximal distance of a reflex below the pupil center

2
[i] - number of reflexes (1 or 2)

158
[i] - minimal distance between the two reflexes in X-direction

245
[i] - maximal distance between the two reflexes in X-direction

0
[i] - minimal distance between the two reflexes in Y-direction

28
[i] - maximal distance between the two reflexes in Y-direction

43
[i] - minimal pupil radius

160
[i] - maximal pupil radius

3
[i] - minimal radius of reflexes

32
[i] - maximal radius of reflexes

All values are in pixels of the eye video. These parameters are visualized grahically if the appropriate box is chequed in the calibration menu.

Annex  c       The file parobj_windows.ets
This file contains the margins used to generate the parobj.ets files from actual measured pupil and reflex geometries.

Printout of parobj_windows.ets

..............................................................................

C:\ETS_INIT\parobj_windows.ets : 


parameter data to determine parobj.ets needed for object recognition 


of pupil/reflexes. parobj.ets will be calculated from first measurement 


of a new test persons eye shape using this window values


lines without a number as first character are interpreted as comments


comments show the argument type in [] brackets







( [i] = integer, [d] = decimal number)

..............................................................................


this first set is used for initial  "parobj.ets" determination after setup

100
[i] - maximal distance window of a reflex to the right/left of the pupil center

40
[i] - maximal distance window of a reflex above the pupil center

80
[i] - maximal distance window of a reflex below the pupil center

30
[i] - minimal distance window between the two reflexes in X-direction

30
[i] - maximal distance window between the two reflexes in X-direction

30
[i] - minimal distance window between the two reflexes in Y-direction

30
[i] - maximal distance window between the two reflexes in Y-direction

70
[i] - minimal pupil radius window in % from measured radius

150
[i] - maximal pupil radius window in % from measured radius

60
[i] - minimal radius of reflexes window in % from measured radius

200
[i] - maximal radius of reflexes window in % from measured radius

..............................................................................

this second set is used for final "parobj.ets" determination from calibration data

50
[i] - maximal distance window of a reflex to the right/left of the pupil center

30
[i] - maximal distance window of a reflex above the pupil center

60
[i] - maximal distance window of a reflex below the pupil center

20
[i] - minimal distance window between the two reflexes in X-direction

20
[i] - maximal distance window between the two reflexes in X-direction

20
[i] - minimal distance window between the two reflexes in Y-direction

20
[i] - maximal distance window between the two reflexes in Y-direction

60
[i] - minimal pupil radius window in % from measured radius

160
[i] - maximal pupil radius window in % from measured radius

60
[i] - minimal radius of reflexes window in % from measured radius

200
[i] - maximal radius of reflexes window in % from measured radius

All values are pixel values of the eye video.

Annex  d       The file pardmcu.ets

This file contains configuration settings for the ets software

Example  pardmcu.ets file

......................................................................

'pardmcu' :

Parameter for control of calibration and result representation.

Lines without a number as first character are comments.

Comments show the type of argument in [] brackets:

(
[i] = integer, [d] = double
).



 

......................................................................

Parameter for result display (cursor) during the measurement:

5   [i] - Number of images for calculating floating mean value for cursor insert

10  [i] - Maximum mean value deviation in pixels for extreme value suppression

2   [i] - Number of frames with no data after the cursor will vanish (blinks)

Note that the floating mean calculation to smooth the result display is only applied for the cursor display. The stored numerical data are always unsmoothed data. The extreme value suppression will make the display smoother in case of single frame faults ( for example due to noise) during a measurement.

Annex  e       The file set_up.ets
This file stores the position where the eye was found during setup and the offset and gain values for proper digitizing of the eye video.

There is only one file set_up.ets which is overwritten with each new set up performed in the set up menu.

Example of  set_up.ets :

Mirror Position X : 3280  Y : 2144

offset : 75  gain : 18

Annex  f       The files NACHF_PARAM.ets
This files stores the characteristics of the tracking system used for tracking of the eye image.

Example of  NACHF_PARAM.ets :

x_prop  :   30    x_min  :   50    x_middle:  380   x_max  :  720

nachl_x :                           error_x:


  100   0    0    0   0                0   0   0   0   0

y_prop :    -25   y_min  :   20    y_middle:  270   y_max  :  470

nachl_y :                           error_y:


  100   0    0    0   0                0   0   0   0   0


Their explanation for the parameters is:

x_prop, y_prop

Gain factor between change of voltage at the mirror position control voltage and the resulting movement of the eye in pixels 

x_min, y_min,


Limits of eye image where eye position should be maintained

x_may, y_max

x_middle, y_middle

Target position where eye should be kept by the tracking

nachl_x, nachl_y
Delay behavior of the tracking, there are five entries for the next five frames after a change of the tracking control voltage. The entry is the percentage the tracking system is delayed. A  100 (%) as first entry means that one frame after a voltage change there is no effect seen in the eye image. A 0 as second entry means that two frames after a voltage change the mirror has completely ( with 0% error) settled at the new position.

error_x, error_y
This gives the threshold in % for each frame after a voltage change that is applied to calculate further corrections. This threshold is equivalent with the error with which the actual mirror position is known.

The value of  x_prop and y_prop is slightly depending on the operation distance and strongly depending on the lens used in the acquisition unit. Best way to adjust is by trial and error. If the tracking seems to be too nervous and tends to start oscillation on minor distortions the absolute values of x_prop and y_prop should be reduced, maintaining the sign. If the tracking seems too slow tray to increase the absolute values.
Annex  g       The file ETS_config.txt

This file is used to  store the test person directory used in order to use it as default at next start of the program.

Example of  ETS_config.txt :

C:\ETS_data\Albert01\

Annex  h       The measurement files  mm_dd_yy_hhmm.wit or name.wit

The measurement data is always recorded into a capture.wit file then a copy of this file to a freely definable *.wit file will be done in the menue following the termination of a measurement. The default name proposed is  mm_dd_yy_hhmm.wit using the date and time at time of storage as name. The default position is the active test person directory.

The *.wit file is a binary files storing all data generated during a measurement. It is a data structure called Et_resultVector . The declaration of the binary content is shown below for direct reading of this file with custom made evaluation software:

typedef struct {

    float p_xm;
    float p_ym;    float p_rx;    float p_ry;

    float r1_xm;    float r1_ym;   float r1_rx;    float r1_ry;

    float r2_xm;    float r2_ym;    float r2_rx;    float r2_ry;

    float dx1;    float dy1;    float dx2;    float dy2;

    short xf;    short yf;

    short xf_parallax;    short yf_parallax;

    short pd;

    short msecs;

    short p_pts;

    short r1_pts;    short r2_pts;

    short comment;

    short thresh;

    short errnr;

    short pos_x;    short pos_y;

    int seconds;

} et_results;

typedef struct {

  int size;

  int ncols;

  int type;

  et_results *data;

} Et_resultsVector;

The content of the measurement file can also be inspected by the menu item “show data files” in the file menu. 
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