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/ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
: C 2
h ’ Food and Drug Administration

1380 Piccard Drive

AU 23 1990 : Rockville, MD 20850

Mr. Stan Finkelstein, M.D. RE: K902954

Permobil, Inc. OBER2 Monitor, Eye
30 Ray Avenue Movement (Ophthalmic)
Burlington, MA 01803 Class 1II

Dated: June 27, 1990
Received: July 5, 1990

Dear Dr. Finkelstein:

We have reviewed your Section 510(k) notification of intent to market the device referenced above
and we have determined the device is substantially equivalent to devices marketed in interstate
commerce prior to May 28, 1976, the enactment date of the Medical Device Amendments. You may,
therefore, market the device, subject to the general controls provisions of the Federal Food,
Drug, and Cosmetic Act (Act). The general controls provisions of the Act include requirements for
annual registration, listing of devices, good manufacturing practice, and labeling, and
prohibitions against misbranding and adulteration.

If your device is classified (see above) into either class II (Performance Standards) or class III
(Premarket Approval) it may be subject to such additional controls. Existing major regulations

- affecting your device can be found in the Code of Federal Regulations, Title 21, Parts 800 to 895.
In addition, the Food and Drug Administration (FDA) may publish further announcements concerning
your device in the Federal Register. Please note: this response to your premarket notification
submission does not affect any obligation you might have under the Radiation Control for Health
and Safety Act of 1968, or other Federal Laws or Regulations.

This letter immediately will allow you to begin marketing your device as described. An FDA
finding of substantial equivalence of your device to a pre-amendments device results in a
classification for your device and permits your device to proceed to the market, but it does not
mean that FDA approves your device. Therefore, you may not promote or in anyway represent your
device or its labeling as being approved by FDA. If you desire specific advice on the labeling
for your device please contact the Division of Compliance Operations, Regulatory Guidance Branch
(HFZ-323) at (301) 427-8040. Other general information on your responsibil nder the Act,
may be obtained from the Division of Small Mapufa rs Assistance at th free number
(800) 638-2041 or at (301) 443-6597.

grd E. Lippman, O.D., F.A.A.O
Director :
Division of Ophthalmic Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

e

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@Taahtrs:gov-er-304-296=
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To: Record

From: Paula Wilkerson, Chemical Engineer
Surgical and Diagnostic Devices
Division of Ophthalmic Devices

Re: K912954
ober2
Permobil, Inc., Permobile Meditech
30 Ray Avenue
Burlington, MA 01803

Infra-red Eye-movement System (Diagnostic)

The ober 2 is an eye movement registration system composed of
three principle parts:

l. a pair of goggles which house an infra-red emission and
detection system,

2. a controller card, and

3. software which controls the measurement and data
collection procedures and provides targets for eye
movement measurement.

The eye movement measurements are made using!ets of
transmitters and detectors mounted inside th es and
arranged in a square around each eye. Low level Infra-Red (IR)
radiation is bounced off the white of the eye as well as the
darker portions (iris and pupil) and successive measurements of
the relative location of the darker portion is monitored. An IBM
PC, XT or AT compatible computer with two disk drives is used by
a controller card to control IR emissions and to sample and
collect data. The software for the device provides data saving
and printing facilities, along with visual stimuli which can be
used to register different types of eye movements. Data
collection is performed at a rate o’ for movement o

eyes in two perpenticular axis. Th is adaptable to-
by using D.C. light sources around the experimental set upf+

The sponsor submitted the names and addresses of 11 companies
which he/she claims presently market eye view monitors similar in
principle and performance to the ober2. No applicable
information or 510k numbers could by found in FDA records by this
reviewer on any of the listed companies. The sponsor also
submitted descriptive literature on four devices, also currently
marketed, which perform simular functions. One of these
submissions has been selected by this reviewer to serve as a
conmparison.
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIS T@%L.hiﬁs:qov ‘or ﬁO‘(-%AﬁLE
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The comparitive device is the ISCAN Evil Eye, Eye Slaved Target
Acquistion System. This product resembles the ober2 in the
following critical points:

1. both devices employ non~invasive Infra-Red eye imaging
sensors used to monitor the position of the subject's
eye.

2. both systems use a computation unit that calculates the
subject's point of gaze with respect to a scene being
viewed.

3. the components of both systems are mounted on the body,
eliminating the need to immobilize the subject.

The application(s) of the Evil Eye is given in the promotional
material as:

1. Rapid Weapons Pointing

2. Surveillance Camera Guidance

3. Aircraft Cockpit Control

4. Automatic Tracking Initialization, and
5. Human Factors Evaluation.

This warlike application does appear a bit removed from a
diagnostic tool for reading difficulties, but the actual jobs
performed by the two devices are mechanically quite similar.

Technical specifications of importance in this comparison are:

ober?2 Evil Eye
Irradiance
at eye: 1.2mW/sg.cm.
wavelength 880nm.
Visual ang
Range Y +/- 15

X +/- 20

Sample rat 60Hz
recording
channels left and right eye one eye only

horiz. & vert. horiz. & vert.
frequency 50 Hz 60Hz

BEST COPY AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Additional information specific to the functioning of the

computer S Of tm

CONCLUSION / Svbstaw l)r‘) LLy

This device is found to be significantly equivalent. % j )
R QZgﬁa

BEST ¢
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUi'@TU‘a'Hﬁ-gGV or 3,Q1 796 WLAB\L_EJ}%
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Memorandum
\‘r :
From REVIEWER(S) - NAME(S)
Subject 510(k) NOTIFICATION l 'qu
To THE RECORD

4

It is My recommendation that the subject 510(k) Notification:
(A) Is substantially equivalent to wmarketed devices.

(B) Requires premarket approval. NOT substantially
equivalent to marketed devices.

(C) Requires more data.

(D) Other (e.g., exempt by regulation, not a device,
duplicate, etc.)

Additional Comments:

The submitter requests under Predicate Product Code w/Panel
21 CFR '§807.95: and class:

No Counfidentiality

Confidentiality for 90 days Additional Product Co é(s) w/Panel
(optional):

Continued Confidentiality
exceeding 90 days

REVIEW:

(BRANCH CHIEF) : (DATE)

FINAL REVIEW: p / 7¢( REL ?XN/QO

(DIVISION DIREC R) (DATE) D(

BEST.CCEY AVAILABLE g

s qav ar 301.796-8448

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUY
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PRODUCT TO WHICH COMPARED:

10.

Page - 1

"SUBSTANTIAL EQUIVALENCE" (SE) DECISION MAKING DOCUMENTATION

REVIEWER: _ P (O LK FR SON DIVISION/BRANCH:
TRADE NAME:__obher 4

_naa#mm_

COMMON NAME: £YE MDYEMEN T MONITOR

(510(k) NUMBER IF KNOWN)

IS PRODUCT A DEVICE?
DEVICE SUBJECT TO 510(k)?
SAME INDICATION STATEMENT?

DO DIFFERENCES ALTER THE EFFECT
OR RAISE NEW ISSUES OF SAFETY OR
EFFECTIVENESS? = . | :

SAME TECHNOLOGICAL CHARACTERISTICS?

COULD THE NEW CHARACTERISTICS AFFECT
SAFETY OR EFFECTIVENESS?

DESCRIPTIVE CHARACTERISTICS PRECISE
ENOUGH?

NEW TYPES OF SAFETY OR EFFECTIVENESS
QUESTIONS?

ACCEPTED SCIENTIFIC METHODS EXIST?

PERFORMANCE DATA AVAILABLE?

BY DHONE

YES H <Fé>

V|

¥/

WA
VA

VA

(i:) DATA DEMONSTRATE EQUIVALENCE? .

Z1

IF

IF

IF

IF

IF

- IF

IF
IF

IF

IF

IF

NO STOP
NO STOP

YES GO TO 5

YES STOP &

YES GO TO 7

YES GO TO 8

NO GO TO 10
YES STOP -

YES STOP &
NO STOP @

NO REQUEST DATA

NOTE: IN ADDITION TO COMPLETING PAGE TWO, "YES"™ RESPONSES TO QUESTIONS 4, 6, 8, AND
11, AND EVERY "NO" RESPONSE REQUIRES AN EXPLANATION ON PAGE THREE AND/OR FOUR

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAT

SR dov. 64 56

i hlisABLE |
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Page - 2

NARRATIVE DEVICE DESCRIPTION

1. TINTENDED USE:

2. DEVICE DESCRIPTION: Provide a statement of how the device is either similar to
and/or different from other marketed devices, plus data (if necessary) to
support the statement. The following should be considered when preparing the
summary of the statement. Is the device life-supporting or life sustaining? Is
the device implanted (short-term or long-term)? Does the device design use
software? TIs the device sterile? Is the device for single use? 1Is the device
for home use or prescription use? Does the device contain drug or biological
product as a component? Is this device a kit? Provide a summary about the

devices design, materials, physical properties and toxicology profile if
important,

SUMMARY :

Y AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAT Sggsbr ectsﬁ 301-796-6T18 @
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Page - 3

EXPLANATIONS TO "YES" AND "NO" ANSWERS TO QUESTIONS ON PAGE 1 AS NEEDED

1. EXPLAIN WHY NOT A DEVICE:

2. EXPLAIN WHY NOT SUBJECT TO 510(k):

3. HOW DOES THE NEW INDICATION DIFFER FROM THE PREDICATE DEVICE'S INDICATION:

4. EXPLAIN WHY THERE IS OR IS NOT A NEW EFFECT OR SAFETY OR EFFECTIVENESS ISSUE:_

5. DESCRIBE THE NEW TECHNOLOGICAL CHARACTERISTICS:

6. EXPLAIN HOW NEW CHARACTERISTICS COULD OR COULD NOT AFFECT SAFETY OR
EFFECTIVENESS:

' ND
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATU Igagﬁs];ocb# BOY?@G%A&ABLE q
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Page - 4

7. EXPLAIN HOW DESCRIPTIVE CHARACTERISTICS ARE NOT PRECISE ENOUCH:

8. EXPLAIN NEW TYPES OF SAFETY OR EFFECTIVENESS QUESTIONS RAISED OR WHY THE
QUESTIONS ARE NOT NEW:

9. EXPLAIN WHY EXISTING SCIENTIFIC METHODS CAN NOT BE USED:

10. EXPLAIN WHAT PERFORMANCE DATA IS NEEDED:

11. EXPLAIN HOW THE PERFORMANCE DATA DEMONSTRATES THAT THE DEVICE IS OR IS NOT
SUBSTANTIALLY EQUIVALENT:

ATTACH ADDITIONAL SUPPORTING INFORMATION

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA ru%&a}?hs’ “g”&v’%‘*r%ﬁ 7RHIABLE /D
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service

JULY 7, 1990

PERMOBIL, INC.

ATTN: STAN FINKELSTEIN, MD
30 RAY AVENUE

BURLINGTON, MA 01803

Food and Drug Administration
Center for Devices and
Radiological Health

Office of Device Evaluation
Document Mail Center (HFZ-401)
1390 Piccard Drive

Rockville, Maryland 20850

D.C. Number : K902954

Received : 07-05-90

90th Day ¢ 10-03-90

Product ¢ OBER2 MONITOR, EYE
MOVEMENT
(OPHTHALMIC )

The Premarket Notification you have submitted as required under Section 510(k) of the

Federal Food, Drug, and Cosmetic Act for the above

and assigned an unique document control

number (D.C. Number above). Please cite this

D.C. Number in any future correspondence that relates to this submission.

We will notify you when the processing of this submission has been completed or if

any additional information is required.

You are required to wait ninety (90) days

after the received date shown above or until receipt of a "substantially equivalent"

letter before placing the product into commercial distribution.
our review expeditiously and within ninety days.

Occasionally, hovever, a submitter

/i1l not receive a final decision or a request for additional information until after

ainety days has elapsed. Be aware that
submission beyond the ninety day period
substantially equivalent.

FDA is able to continue the review of a
and might conclude that the device is not

A "not substantially equivalent" device may not be in

commercial distribution without an approved premarket approval application or

reclassification of the device.
this device before FDA has made a final
a decision within ninety days, it would
the status of your submission.

All correspondence'concerning your submission MUST be sent
Correspondence sent to any address other than the one

Center at the above address.
above will not be considered as part of
application. Telefax material will not

official premarket notification application,

by an FDA official.
If you have
(800) 638-2041, or

~ sty AV ABLE
Questions? Contact FDA/CDRH/OCE/DID at CDRH-F0|STAW\:J;ﬁagﬂ"hs(gM5r‘Boﬁ%é‘Z‘M—|8

We, therefore,

recommend that you not market
decision. Thus, if you have not received
be prudent to check with FDA to determine

to the Document Mail
your official premarket notification

be accepted nor considered as part of your
unless specifically requested of you

Procedural or policy questions, please contact the Division of Small
Manufacturers Assistance at (301) 443-6597
contact me at (301) 427-1190.

or their toll-free number

Sincerely yours,

Robert I. Chissler

Premarket Notification Coordinator

Office of Device Evaluation

Center for Devices and
Radiological Health

referenced device has been received

We intend to complete
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Permobil, Inc. ﬁ %ﬁq é"{
Permobil Meditech REC Elv ED

30 Ray Avenue § Tel: (617) 229-9784
Burlington, MA 01803 h g ’B "3 Fax: (617) 229-9841

FBA/GDRN/ ODE/DMC
6/27/90

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center (HFZ-401)
5600 Fishers Lane
Rockville, MD 20857
RE: 510(k) Notification
Attention: Document Mail Clerk

In accordance with the requirements of section 510(k) of the Food, Drug,
and Cosmetic Act, this to notify you of the intention to import and distribute
the device described in the enclosed notification document.

As instructed we are providing two (2) bound copies of the Premarket
Notification Submission, including supporting information. Also included are
two (2) copies of this cover letter.

Trade or Proprietary Name: ober2

Classification Name: Monitor, Eye Movement (Oophthalmic)

Establishment Registration Number: 1221084

Information about the labeling and the substantial equivalence is given
in the bound Premarket Notification Submission.

If you have any questions, please do not hesitate to contact me at
(617) 229-9784.

Sincerely,
Pe;,é 1 Meditégch
a

(2N
Stan Finke stein, M.D.

[l

SA:pc

Enclosures

900627
pr-ober-35-3
5101006p.wp0

BEST CU v AYAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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510(k) PREMARKET NOTIFICATION
FOR
ober2

Infra-red Eye-movement System

Submitted to:

Food and Drug Administration
Center for Devices and Radiological Health
Document Mail Center (HFZ-401)
5600 Fishers Lane
Rockville, MD 20857

Prepared by:

Permobil, Inc.
Permobil Meditech
30 Ray Avenue
Burlington, MA 01803

Tel: (617) 229-9784

Fax: (617) 229-9841
1-800~736-0925

Submission Date:
Copy Number:
890627

perm-35-3
510k006g.wp0

BEST €7y AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TABLE OF CONTENTS

Section Description Page No.
TITLE PAGE
TABLE OF CONTENTS i
DEVICE NAME ® 6 9 0 0 0 0 66 P O T O E D S O G S G T U OGE S ST SO O DN 1
ESTABLISHMENT REGISTRATION NUMBER .ccccccceces 1
DEVICE CLASS ® & @ 9 0 © 00 PP PO O SO S S P " OGO OSSO ET s e OB OO 1
ACTIONS TAEN ® 5 5 2 & & & D O O P T S O OO G OO SO D OSSP e 1
PROPOSED IABELING ® & 6 © & 6 & 5 2 S S O N SO PO O S OO SN s e s e 1
5.1 Photographs ...cccececcecccccccscaccccnses 1
5.2 Labels '........C......'.........l..‘...' 1
5.3 Labeling Literature ......cceeeeecccceascs 2
(Circular/BroChure) ....ceceeceecececacoas
5.4 Advertising ® 9 B 5 5 0 5 5 O O 0 G OO O S SO S ST SO S OO O e 3
5.5 Drawings % 8 & & 5 9 0 5 O S O P O S OO B O SO OO N O E BB O SO 3
SIMILARITY TO OTHER PRODUCTS IN
COMMERCIAL DISTRIBUTION :¢eceeccecccccccccnesnss 3
6.1 Identification of Similar Products ...... 4
6.2 Identification of Materials .......coovee. 10
6.3 Identification of Design and Design 10
Considerations ....iceecececceanencnsnses
6.3.1 Features ® & ® & & & 5 0 & O OB O O O O O O s 8 e e R 10
6.3.2 Typical Specifications ........... 11
6.4 Energy expected to be Used or
Delivered by DeVice ® 6 & 5 6 0 00 " S ¢ s S e OB e 12
6.5 Description of Operational
Principles of DeviCe ...ccceeeeeenscann 12
6.6 warranty ® @ &6 ¢ & 9 0 O T O8O S 0 OO SO OO OO OO e L E B OO OOTPS 13

BEST COrY AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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1.0 DEVICE NAME
a. Trade or Proprietary Name: ober2

b. Usual or Classification Name: Monitor, Eye Movement
(Ophthalmic)

2.0 ESTABLISHMENT REGISTRATION NUMBER: 1221084

The device is manufactured in Sweden by Permobil Meditech ab
and will be imported and distributed in the United States by

Permobil, Inc.

We feel that this device belongs in Class I, and is
substantially equivalent in safety and efficacy to devices that
are already in class I.

3.0 DEVICE CLASS

4.0 PERFORMANCE STANDARDS:

There are no known performance standards for this device.

5.0 PROPOSED LABELING
5.1 PHOTOGRAPHS

See section 5.3 (circulares/brochures).

5.2 LABELS

The following label will be placed on each suitable
component such as the printed circuit board, and the adaptor box.
It also will be placed on the goggles, provided there is room for
the label on the goggles. It will permit the users to contact us
for help and information.

Permobil Meditech
30 Ray Avenue
Burlington, MA 01803

BEST COFY AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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5.3 LABELING LITERATURE (Circular/Brochure)

The literature is attached in the following un-numbered
pages.

BEST Cix™ AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

[



Records Proce%‘ﬁﬁmﬁw

ateistolt

PR i
by Dr Jan Ober (Institute of Biocyber-
netics and Biomedical Engineering, Polish Aca-
demy of Science) and Dr Per Uddén (Permobil AB,
Timrd, Sweden), with the assistance of Dr Jozel
Ober (The Technical University, Gliwice, Poland).
It is designed to allow non-invasive measurement
of most types of eye movements. Its possible
applicstions are therefore very varied. The user-
friendly operating system ensures that even the
most computer shy person will find the system
easy to operate. However, the system is also desig-
ned for sophisticated uses.

Description of the Components

The eye movement registration system has three
components: a pair of goggles, a controller card
and software which controls the measurement and
data collection procedures and provides targets for
eye movement measurement. The price level is
within the $3.000—$5.000 range.

The goggles (figure 1) house the infra-red emission
and detection components. An elastic strap, which
goes round the head to keep the goggles firmly in
position, can be adjusted for individual comfort.
The distance between the eye pieces is variable,
allowing a comfortable fit to many sizes of face.
However, the exact positioning of the eye movement
detection system is not crucial to accurate eye
movement recordings. The rubber outer whielding
fits snugly around the orbit of the eye. This both
prevents movement of the transmitters during mea-
surement and cuts down on the amount of stray
light which can enter.

The eye movement measurements for each eye are
made using four sets of transmitters and detectors
arranged in a square around each eye. These allow
precise registration (with a resolution of § minutes
of arc) of eye movements along the horizontal axes.
The vertical eye movement is less precise. This sys-
tem is suitable for use with a large range of inter-

Figure 1

@@ﬁ'&m‘g,ﬂRelea ;7Y

pupillary distances. Measurements can be made on
children of 3 years of age and adults using the
same equipment. A sysiem suitable for measuring
eye movements in babies and monkeys will be de-
signed.

This system is unique among non-invasive systems
in allowing the eye movements to be recorded when
the subject is not locking directly ahead. No altera-
tion to the geometry of the eye movement detectors
is needed. The eye movements made during normal
reading are performed with the eyes pointing
downwards. Hence, reading involves more than just
the eye muscles which perform horizontal eye
movements. If reading difficulties involve fatigue of
the eye muscles, it is important to measure reading
eye movements with the eyes in the normal reading
position so that all the eye muscles normally activ-
ated are involved. This system allows this type of
measurement to be performed easily.

- 4]

L

ST 7 -5

A

BEST COPY AVAILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Figure 2

The controller card (figure 2) fits into a long slot in
an IBM PC XT or AT compatible computer running
at from 4 to 12 MHz. At least one floppy disc drive
is required in order to run the program. Data stor-
age requires & second disc drive, and a hard disc is
recommended. The board uses the computer’s pro-
cessing facilities to control IR emission and to
sample and collect data. The data is stored in a
compact binary format. An EGA card and a high
resolution color monitor are also required in order
to operate this system. An IBM graphics compatible
printer can be used to print out data records.

The software which accompanies this package pro-
vides data saving and printing facilities, along with
8 number of visual stimuli which can be used to
register different types of eye movements. The soft-
ware allows the operator to save, load, print and
view data collected during several different types of
eye movements (figure 3). Fixation movements, sac-
cades, smooth pursuit and reading eye movements
can all be recorded using stimuli produced on
screen. It is also possible to record other types of
eye movements in responce to external stimuli by
using the on-line data collection facility.

It is possible to print data using the screen dump
facility, however, this procedure is slow. The soft-
ware, therefore includes fast routines to print data
on IBM Graphics-compatible dot matrix printers.
Routines will also be available to interface the pro-
gram with HP-compatible plotters. Data collection is
performed at a'rate of 100 Hz in Europe or 120 Hz
in the USA for movements of both eyes in two per-
pendicular axes. It is possible to arrange for the
data to be sampled more frequently (500 Hz), how-
ever this requires the use of only D.C. light sources
around the experimental set up.

For ease of use, the system is designed so that all
adjustments are performed via the software. There
are no unwieldy knobs to twiddle or buttons to
press.

The software can display the difference signal
between the two eyes. The data display mode also
allows measurement of the amplitude and duration

of portions of the eye movement record. A cursor
line is displayed on screen (figure 4), and this can
be positioned by the operator. The initial position
of the cursor is used to set the starting point of the
measurement. The position of the start of the eye
movement is displayed at this point. The cursor can
then be moved to the end point of the eye move-
ment to be measured. The duration of that eye
movement, and the position of the dot on the
screen are displayed.

The eye movement registration system is also adap-
ted to operate in conjunction with e video recorder
or camera. It is posssible to record eye movements
while the subject watches a video, and then to
superimpose the eye movements back onto the
video signal to determine the point of ettention of
the subject. This facility would be useful in cogni-
tive psychology, especially for attentional studies.

Figure 3 Menu for the eye movement registration software

Rodin Remediation Foundation
ober2 — Permobil Meditech, Sweden

F1 — Single Fixation Point (14 secs)
F2 — Saccadic Tracking (X and Y)
F3 — Continuous Tracking (X and Y)
F4 — Splitting Target (X and Y)
F5 — Online Data Collection (X and Y)
F6 — Text Reading 14 sec
F7 — Save Data
F8 — Lload Data
FS — Print all Data

ESC — Return to Operating System

Press any key to view data

WAV
§
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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Records Proce§S€d under o - T Releasagd byt RELRS 131%38!’32&'1& an error range of
Ve about +5%) for all sensitivities. Measurements of
,f as low as 5 minutes of arc can be achieved if the
— e experimental conditions are properly controlled.
o Above this sensitivity the eye movement record is
|'. likely 1o be contaminated by movements of sencing
- - circuitry due to changes in blood pressure.
)
™, At present, the eye movements have to remain with-
Eye movement record showing the cursor used for mea- in a given range (set by the gain parameters) to pre-
suring portions of the eye movement troce. The num- vent the system from saturating. In future, the
bers in the bottom left-hand corner are the duration of range will take the form of a window which will
the measured eye movement (which begins at the shift automatically to follow the eye movements.
arrow) and the position of the cursor on the screen. This will prevent the system from ssturating when
Note the almaost symetrical apertures with the used a large eye movement is made, and will increase
placement of the goggles. It is easy to make 10° up and the range of possible eye
30—40° down. With greater distance between the goggle '
pieq‘esiﬂso" lateral — "paid” by only 10° nasal — is
avatiadle. »
Time elapsed between pixels (dots) equals 10 msec. Future Refinements

The present system is capable of recording eye

Figure 4 movements under many conditions, but further
refinements are planned to make the system easier
Technical Specifications to operate and adaptable to a greater number of
The visual fields are restricted by the aperture in uses.
the goggles. Figure 5 shows the fields plotted on a At present, calibration of eye movements is perfor-
perimetric chart. The size of the available field is med manually by setting the gain of each axis sepa-
dependent on the distance between the aperature rately for each eye. Thus the gain for horizonta]
and the eye. This distance can be decreased, thus movements of the left eye is set, then the gain for
increasing the size of the field by mounting the horizontal movements of the right eye and so on for
emission and detection system on a pair of spec- vertical movements. In future, this calibration pro-
tacles rather than within the goggles. This system cedure will be performed automatically by the com-
has to be protected from direct light in order to puter. A range finder will be incorporated into the
operate correctly. This means of mounting the mea- system to allow calculation of the distance of the
suring system has the additional, important and subject from the target screen. This will allow the
unique benefit of being applicable to subjects who computer to set the eye movement gains equal to
wear prescription lenses. Hence, eye movement the target gains. If the subject is following the tar-
records can be made while the subject is wearing get accurately then the eye movements will match
histher own glasses. the target movement on the screen.

Figure 5: Perimetric chart for left and right eye showing the size of the visual field seen through the aperture in the goggles
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Plot and dot matrix print aul of the eye movements made while following a larget moving slowly from right o left, then
lop to bottom. The different rotativnal orientation of the registrations of the right und left eye movement reflects an in-
correct position of the eye goggles. They shall have the slots oriented without rotation.

Figure 6

A system for monitoring head movements is also
planned. Whenever the head moves, a vestibulo-
ocular eye movement is made to allow the eyes to
remain on target. By monitoring head movements it
should be possible to subtract compensatory eye
movements occurring in response to head move-
ments from the eye movement trace, leaving only
voluntary eye movements.

Possible Applications.

Anyonc with an interest in eye movement registra-
tion could use this system. Unlike most other sys-
tems, it is completely non-invasive, requiring only
that the subject weares a pair of light goggles in
which is mounted the infra-red monitoring compo-
nents total weight: 80g. The menu-driven control
also makes it easy to use.

Clinical ophthalmologists might find it useful in
measuring nystagmus, assessing limitations of gaze,
or in investigating the smooth pursuit (figure 6}, the
saccadic or the vergence eye movements. A unilate-
ral ptosis can also be detected via the vertical re-
gistration system. This would show up as a large
difference between the eyes in the y-axis. The sys-
tem can print records of the eye movements produ-
ced — useful in reviewing cases or in making com-
parisons between subjects. Data storage on disc
also allows further off-line analysis of eye move-
ment records.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATU

The prohibitive cost of eye movement measuring
systems up until recently has meant few clinical
departments or laboratories could afford the luxury
of investing in such a system. As a result, there is
little information available especially on pathologi-
cal eye movement control and on eye movement
contro] outside the laboratory environment.
Research is beginning into the effects of various
disease states on eye movements - both for neurolo-
gical conditions like Parkinson's disease and myas-
thenia gravis, and psychiatric disorders like schizo-
phrenia. Changes in eye movement contro! might be
found to be useful in the early diagnosis of such
diseases.

Eye movement control is also being investigated in
an educational framework (figure 7). Recent re-
search has suggested that children with poor con-
trol of their vergence eye movements have greater
difficulty than their peers when learning to read.
Other research points to differences in scanning
pallterns between normal and poor readers. Failure
to diagnose these difficulties, and to intervene edu-
cationally (if not clinically) might result in severe
reading failure — dyslexia.

Basic research into the normal properties of eye
movements and the development of eye movement
control is also in its infancy. This eye movement re-
gistration system might prove useful in furthering
our knowledge in this field. The eye movement

or 301-796-8118
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Printout of the eye movements recorded while reading. Time elapsed between pixels {dots) equals 10 msec.
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Figure 7

control system is known to be very sensitive to
pharmacological changes after drug administration.
Thus eye movement recording might be one poss-
ible way of assessing the presence of drugs, either
in the laboratory, or in the clinic. Since some
psychiatric drugs are known to adversely affect the
basal ganglia, and therefore eye movement control,
eye movement measurement could be used to assess
the correct dose of these drugs for an individual
patient.

The system has industrial applications too. It might
be possible to measure eye movement control in

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118

individuals who work with dangerous equipment
on a regular basis. This would allow assessment of
changes in attention with fatigue or as a result of
drug administration. This type of eye movement
registration might therefore help to reduce the
incidence of industrial accidents.

These are only a few of the possible applications of
this eye movement registration system. By providing
a system which is non-invasive, easy to use and
competitively priced, we hope that users will be
inspired to find many more uses for this
equipment.

BEST (7P AVAILABLE
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5.4 ADVERTISING

None prepared at present.

5.5 DRAWINGS

See section 5.3 (circulares/brochures).

6.0 SIMILARITY TO OTHER PRODUCTS IN COMMERCIAL DISTRIBUTION

The present device, the ober2, is similar in principal and
performance to a number of eye view monitors already available in
the market. It uses low level Infra-Red (IR) illumination of the
eye and measures the different IR reflection from the white of
the eye and the darker portions of the eye (iris and pupil).
Successive measurement of the location of the darker portion of
the eye permits monitoring of the motion of the eye.

According to Volume 1 of the 1987 Medical Device Register,

(Medical Device Register, Inc., Stamford CT, 1987), p. III-488,

the following companies have devices that are already in use and

that are listed under the category "Monlto;,,Eye Movement

(Oophthalmic) 86QVH": Tioon iy L S

e s LT cLnTL LB

1. Applied Sciences Labs. | CLATTIT AT EON
335 Bear Hill Road, Waltham, MA 02154

RN - R S

2. Gould Inc., Recording Systems Div.
3631 Perkins Ave., Cleveland, OH 44114

Q=N BV PO

3. Life-Tech, Inc.
P.O. Box 36221, Houston, TX 77236

4. Neuronics Inc.
830 N. State St, Chicago, I1 60610

5. Siemens Corporation, Medical Systems
186 Wood Avenue South, Iselin, NJ 08830

6. Storz Instrument Company
3365 Tree Court Industrial Blvd., St. Louis, MO 63122

7. WCO Ophthalmic Instrument Div.
4597 15th St., E. Bradenton, FL 34203

Q‘W‘}'\ i \f 1l8
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATU &cﬁﬁﬁs g6t 301 ‘%% 1‘ ABLE 9{
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In addition to the ones listed above, there are a number of
other companies that provide eye movement systems that have been
used and are offered for sale.

8. ISCAN Inc.
125 Cambridgepark Drive, Cambridge, MA 02238

9. LC Technologies, Inc.
4415 Glenn Rose Street, Fairfax, VA 22032

10. Micro Measurements, Inc.
1921 Hopkins Street, Berkeley, Ca 94707

11. SRI International
333 Ravenswood Avenue, Menlo Park, CA 94025

6.1 Identification of Similar Products

Copies of descriptive literature for eye movement monitoring
systems sold by the following companies are attached for
information purposes because they demonstrate the existence and
the offered sale of devices similar to the ober2. The principles
of operation and performance are similar to that of the ober2.

Samples of descriptive literature for these devices are
provided in the following pages.

EST COPY £V AILABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda-+ke-govor301-796-3118 %
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Applied Sciences Labs.

335 Bear Hill Road, Waltham, MA 02154

The literature is attached in the following un-numbered

pages.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA
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TV Pupiliometer

b R e R AT

Model 1392
Laboratory Eye View
Vonitor System

Model 1994
Remote Eye View
Monitor System

Model 1996 .
Computer based Eye View .
Monitor System

B A
Model 1998
Computer Based Eye Views

Monitor with Head
Tracking Mirror

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAT

[ d
Selection Guide
EYE
MODEL MOVEMENT

T I Py s . o -,

Model 106 Eye-Trac* YES

Photoelectric Limbus Tracker (Hounzontal

only)

R A e

Model 200 Eye-Trac* “ ves

Spactacie Mounted ;

Limbus Tracker .

Series 1000 NO

YES

YES

YES

YES

s POINT OF

¥ GAZEOR

t  FIXATION
NO

" Yes with

* fixed head
NO

Wl’.{‘."‘?'&% G TR T P T W L o

YES

YES

YES

YES

PUPIL DEGREE OF
DIAMETER HEAD FREEDOM
NO Chunest
NO Free head with spectacie

mount for eye movement
with respect to head;
chinrest or bite board
required for point of gaze
YES Churvest
YES Chinrest
YES Chinrest or headrest
YES Headrest [16cm? (1 ind)
of head motion allowed]
YES 'From 230 cm? (36 1n?) 10

QI (1Y

Py
b S
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OUTPUTS

& Chat tcwd
* Analog signals

® Analog

* Digital®

o TV fixation pownt display”
* @ Panel Meler

® TV display
& Analog
* Digita!

& Panegl meter

e WL &,

« TV display of crosshairs or spot
superimposed over scene being viewed

® Analog

® Digital

* Panel meter for pupil diameter

Same as above

in addition to Mode! 1992/1994: Optiona!
computer output of raw or processed daia
along with other expenmental variabies

Same as above

RESPONSE -
Or

SAmP F as

Ll at oatgns: sagesy.

Recorder 40 Hz ¢r 30 me,

Time constant. 4 ms, 26
with built-in fiter

Television samping 6C i 52
second (Internal feirs g pr.

Tetevision sampling 60 (50! .
second (running average o

two TV tields 1s oulput eacr

may be eiminated)

Same as above

Television sampiing 60 (50.
second (running average o*
four TV lields 15 oulput eac”
may be eliminateq:

Same as above

US(

BEST: o oot b BLE




. EYE MOVEMENT
t MEASUREMENT

RESOLUTION

RN 33 ki

zontal: 0.5

Vertical: 1*
Horizontal: 0.25°
(Higher resolution is
possible with rigid
head restraint)

<0.5%

<0.5%

<0.5%

<0.5%

4
’
14

|

i

! 11%in central field,
2°in peripheral

)
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NOMINAL POINT |

OF GAZE

OPTIONS

ACCURACY

NA

Vertical:

Horizontal: 1°

Tl T e T TIGI AN LY L e

® Reading analysis package

® Variable rate fixation stimutator

z I ® Digital outputs

(along major axes)

NA

corners

Same as above

1

! s
Questions? Contact FDA/CDRH/OCE/DID at CDRHrS T ATH

* Binocular measurement

¢ Computer data recording package
¢ Pupillary area measurement for

high resolution
® Remote eye camera

Recording System (DARS)

¢ EYENAL ofi-ine data analysis system

Same as above

* EYEDAT real time Eye position data
recording system . . . aiso records

external data

® EYENAL off-line data analysis system
® Integra! computer generated text or

i Same as above plus:

P Automatic remote focusing capabitity

® Extended head tracking
® Magnetic head tracking
® Simulator configuration

*Optional
1See detailed specifications

* & Video fixation point display unit

® Computer Based Data Acquisition &

FEATURES

® Economcal
® Binocular measurement
® Built in chart recorder

* Economical

* Binocular measurement; one axis for
each eye

* Eyelid used for vertical measurement

® Head mounted walk-around system

* High response speed

® Simplicity of operation

& High degree of subject comfort

® Unique pupii pattem recognition circuitry
® Paiented status indicators to the operator

® Simpie setup

* Rapid calibration

® Acceptance of wide subject population

¢ Upgradable system

¢ Automatic pattern recognition

® Head mohon compensation

¢ Patented status indicators 10 the operator

In addiion to features of Mode! 1992:

® Bright pupif system

® The optical system is remote and therefore
less obtrusive to the subject

® Greater tolerance of eyeglasses, eyelids
and other artifacts

® EYEPOS Real time software package for
calibration, control and output of computed
eye position

® Rapid computerized autornatic calibration &
finearization

® High subject-camera distance up to 200 cm
{90 inches)

® High lolerance of eyeglasses, eyelids, and
other artifacts

® Flexible system placement

* Future program updates may be easily

incorporated
® Integral powerful general purpose

minicomputer with operating system,
FORTRAN, BASIC, utilities, etc.

NOTE

1. These measurement systems are not medical devices and are sold under the

APPLICATIONS

® Reading analysis

¢ Nystagmus studies

® Vergence studies

® Color perception

® Applications in which eye movements (as
opposed to point-of-gaze) are sufficient

* Eye movement measurement studies in
which an economical, high resolution,
medium accuracy, high speed head
mounted device is suttable

® Schizophrenia research
® Binocular imbalance

e Reading studies

® Visual search

® Scanning

® Psychomotor studies

® Perception

® Human factors research
® Simulation

® Agverlising

Same as above, where increased subject
freedom is desired

Same as above, where increased head
motion, rapid calibration, and data handling
are desired

Same as abowe plus:

® Aircraft simulation

® Locomotive, automobile and other
operational simulators

® Real aircraft and other vehicles

® Highly realistic and free head requirement
applications

condition that they witl not be used as medical devices
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This simple, economical
photoelectric device means:

* No film to develop

* No electrodes to paste on
the subject

 Use on subjects with or
without glasses

in a matier of minutes you can obtain
an objective, quantitative and permanent
fecording of the key elements of binocular
visual function and performance. Aides or
paramedical technicians can run the tests for
subsequent examinalion and diagnosis.

The Eye-Trac Mode! 106 is used most widely
in reading diagnosis and evaluation of visual
perceplual development.

How well does Johnny read?

Al what reading speed — with what
comprehension?

At what grade level — how efficientiy?
Does he have dynamic binocular
coordination?

What type of remediation is needed?

All this in a three to five minute test. And the
permanent recordings provide objective data
for evaluation of remedial progress.

A number of sophisticated measurements
can be made with the Mode! 106 using
appropriate visual targets:

Saccadic fixations
Pursuit movements
Vergence

Binocular fixation ability
Near-far fixations

Color perception

The effects of surgery, corrective lenses,
medicalion, drugs. alcoho!, fatigue, etc. . ..
on these functions may also be studied.

The Mode! 106 measures horizonial eye
position for both eyes, with external outputs
provided for computernzed data acquisition
systems.

In normal operation, no regular mainienance
is required except for replenishment of
recording paper.

The Eye-Trac will resolve horizonta! eye
movements to better than one-half of a degree

The Eye-Trac 106 uses a filtered,
incandescent light source and non-contacting
photodiode receptors for tracking eye
movements, the results of which are
instantaneously recorded on a built-in,
two-channel head writing recorder.

Reading Pattern

!

! l&l”!: H
il

Letteye
Verical

Aight eye i
Honzontal g

READING PATTERNS

An illuminated easel, designed to hold
reading cards or similar test material, is

Reading Patterns
E S HAH EEER EAadi s

. 10 year oid child

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA]

supplied as part of the basic Eye-Trac. From a
reading pattern recording, one can determine
reading rate, number and duration of fixations
and regressions, and many other aspects of

Aduit — average reader

TR
wl '

oculomotor performance. A set of 64 reading
selections (grade 1 through college), along
with a complete reading analysis package
is availabie.

Adull — rapc reader

SRR
AR
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READING ANALYSIS PACKAGE

A reader's eye movement characteristics
provide objective evidence of his reading
erformance or the way he habitually employs
iS eyes in reading. Eye-movement palierns
- are a reflection of a reader's visual-functional,
perceptual, and interpretive competence. Eye
movement recording provides direct information
about the reader’s efficiency (the time and effort
expended and the visual approach employed).
It also provides indirect information about
his effectiveness (his ability to accomplish
expected comprehension goals).
Through an analysis of eye movement
recording, the reading diagnostician is
able to evaluate reading performance in
terms of reading behavior. This analysis of
€ye movements can be completed quickly,

efficiently, and thoroughly using the materials
provided in the Reading Analysis Package. A
collection of materials including charts and
gtaphs (see ordering informalion) is provided
along with reading selections for standard
testing of reading performance.

Resulting analysis provides the following data:

* Fixations

* Regressions

* Average span of recognition
* Average duration of fixations
* Rate with comprehension

SPECIFICATIONS
Power 105-125 VAC @ 60 Hz, 1 Amp (210-250 VAC, 50 Hz available)
Weight 11.4 kg (25 Ibs)
Maximum '
Dimensions 79x58x28cm (31 x23x 11 inches) L x Hx W
Headrest Fully adjustable with both gross and fine efevation adjustment, chin cup tilt adjustment,
and built-in lateral head supports.
Eye lllumination IR-filtered incandescent lamps 15 cp: GE 941F or equivalent.
Photo Sensors Silicon photocells
Electronics Solid-state. plug-in printed circuit boards
Recorder Response — 40 Hz
Paper speed — 10mm/sec :
Medium — Heat-sensitive paper 50mm (2.5 inches) wide. 100 foot roll
Output signal Typical range —*30V
Typical scale ~ 300 V/degree
Output impedance — 100 chms
Resolution ¥ degree
Prgrr:‘ge linear * 10 degrees
| Center usable = 20 degrees
Response 40 Hz band width or 40 ms time constant for recorder; 1 kHz band width or 2 ms time
constant for electrical output signal
Artifacts Blinks, head movements, ambient light variation
Specifications subject to change without notice
ORDERING INFORMATION
719-1060 Model 106 Eye-Trac (110V, 60 Hz; or
220V, 50 Hz)
719-1082 Reading Analysis Package
consisting of:

1. Test Selections: Set of 64 reading
selections, for grade level 1
through adult, prepared by
Educational Development
Laboratories. Printed on 3.5 x 5
inch cards to fit in easel. (Part No.
719-0002)

2. Examiner's Copy, Test Selections.
(Part No. 719-0009)

3. Manual, Eye Movement Analysis
With Reading Eye II. (Part No.
719-0010)

4. Eye Movement Analysis Record
Sheets (50). (Part No. 719-0007)

719-0003 Heat sensitive char recorder paper

(2 rolls peshRxdtions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA]

BT
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©® Measures Horizontal or Vertical E
@ High Sensitivity, Accuracy, Resolution—
® Analog and Digital Outputs Available— compatible with most display and recording devices and computerized data systems.
® Non-Contacting Photoelectric Technique— does not require electrodes or attachment to the eye.

ye Movements— simultaneousl!

y monitors both eyes.
minutes of arc possible — millisecond response.

APPLICATIONS

The Eye-Trac Model 200 finds application
whenever an economical or head-mounted eye
movement measurement device is required.
Uses include studies involving:

Scan patterns Perception
Drug eftects
Psycholinguistics

Fatigue

Human factors engineering

Dominance

Vigilance testing

High frequency eye movements

Advertising, consumer reaction

Anxiety

Fixation & gaze avoidance
Tracking

Smail eye movements

DESCRIPTION

The Eye-Trac, Model 200 Research Eye
Movement Monitor measures both horizontal
and vertical eye movements by employing a
non-contacting photoelectric technique. The
outputs produced are simultaneous analog
voltages (digital optional) which are direct
functions of the position and movement of
each eye.

The instrument consists of a sensing
assembly and an associated electronics
control package connected by an eight foot
flexible cable.

The monitor does not require attachments
to the eye or skin, nor does it significantly inter-
fere with the subject’s head movements or
vision. Low level, invisible, modulated. infrared
eye illumination and synchronous detection of
the reflected signal minimize both subject dis-
traction and ambient illumination artifacts.

The Model 200 measures direction of gaze
horizontally by utitizing the ditferential reflectiv-
ity of the iris and the sclera. It measures hori-
zontal position of the eyes over a range of
approximately +20°, with a resolution of better
than one quarter of a degree. The resolution
can be improved 10 a few minutes of arc with a
rigid head mounting fixture (bite board or good
head and chin rest). Vertical eye movement re-
cording is accomplished by monitoring either
upper or iower eyelid movement. In this case,
the difference in reflectivity between the lid and
sclera is employed to make the measurement.
Vertical range is +10° (up) and —20° (down),
with a resolution of approximately 1°,

Crosstalk between horizontal and vertical

measurements can normally be kept under
10% by careful alignment and set-up of photc-
sensors. Additional efectronic crosstalk reduc-
tion is provided for and is adjustable by front
panel controls. The time constant of the instru-
ment is approximately four miliseconds. Front
pane! “filter” switches allow the response time
to be increased to 26 milliseconds in order to
minimize 60 or 120 Hz interference.

A front pane! selector switch allows the
output signal from either channel 1o be pre-
sented on the monitoring meter. The analog
signals from both channels are simultaneously
available at rear panel binding posts and front
panel jacks. These signals are suitable for
direct interfacing to most recorders, oscillo-
scopes, magnetic tapes. and other common
recording /display devices. The optional digita
outputs (both channels available simultane-
ously) appear on a rear mounted connector
The analog and digital signals produced by the
Model 200 are compatible with almost al!
recording and data acquisition systems.

Ali Model 200 sensor assemblies are
supplied in the “Clip-on” configuration. and
may be used by subjects with or without correc
tive spectacles. In addition, three-way vernier
adjustment of each sensor assembly facilitates
alignment and calibration procedures

The Model 200 requires only modest set-L
and calibration. Preparation consists of placing
the spectacle assembly on the subject. adust-
ing the position of the photoelectric sensors.
and setting the front panel operating controls

SCAN PATTERN ON X-Y PLOTTER

The Model 200 can be utilized to superim-
Pose a subject's eye movement pattern directly
on the viewed material. This is accomplished
by placing a copy of the material in the bed of
anX-Y recorder and connecting the Mode! 200
horizontal and vertical output signals to the

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAFS@fda-nns.gov or,30,

BEST CuPY

respective horizontal and vertica! inputs of
the plotter. The result of this procedure is
an immediately avaitable hard copy of the
subject’s scan pattern superimposed on
the viewed scene.
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OUTLINE TRACING

A subject’s eye movements may be
recorded as he visually traces the outline of
geometric figures (after Yarbus). This record-

ing was made by the Model 200 Eye Move-
ment Monitor and an X-Y Plotter set-up as
described above.

MINIATURE EYE MOVEMENTS

The Model 200 is capable of
reliably measuring changes in horizontal eye
position as small as a few minutes of arc. Such
measurements do require effective restraint
of the subject's head to prevent movement
artifacts. The recording shown of a 1° eye
movement was made with the subject’s head

restrained in a Model 115 Head Rest. This

particular device utilizes a chin cup. A bite plate

is optional for high precision requirements.

NYSTAGMUS

scillatory eye movements of both sponta-
+1eous and induced types are readily and
accurately recorded with the Mode! 200 Eye
Movement Monitor. Nystagmus recordings

are most usetul in diagnosis of neurological
problems (tumors, lesions, etc.), vestibular
studies, motion and position effects, inner
ear malfunctions (Meniere's Syndrome, elc.),
and drug and fatigue studies

I E R i e e
m%ﬁah“! ﬂmaﬁ iR I s

M,dﬁfébﬁi

PURSUIT MOVEMENTS

A subject's ability to track a moving target
15 of significant interest to neurologists,
psychologists, ophthalmologists, and human
tactors engineers. The Model 200 provides for

a simple, straightforward and noise-free
recording of tracking performance. Pursuit
movements, like nystagmus, are most useful in
neurological, oculomotor, vestibular, drug and
fatigue studies.
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READING PATTERNS

Eye movement patterns produced by
reading activity have long been of interest to
educators and psychologists. Such patterns
are most useful for analysis and research on
reading difficutties, leaming disabitities, domi-

‘nce, comprehension, perception and other

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA

aspects of psycholinguistics. The Mode! 200

produces readmg eye movement recordings of

truly superior quahty The figure illustrates one
such recording in which the left eye is being
monitored for vertical movement and the right
for horizontal movement.

Left eye
Verticsl
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VIDEO FIXATION POINT
DISPLAY UNIT (Optional)

This device presents the subject’s eye
position in a very convenient, visual display
format. It provides a cursor in the form of
crosshairs or a spot superimposed over a
television monitor image of the scene being
viewed by the subject. The meter on the Model
200 control panel indicates the position of one
eye at a time in a form not directly related to the
scene. When the Video Fixalion Point {VFP) unil
is added, a dramatic “Point-of-Gaze" display
is also produced. This feature can be used
to determine the accuracy of the Model 200
system at various points in the scene and
greatly simplifies calibration of the device.

In addition, the VFP display allows video
recording of eye movement data as well as the
standard analog and digital recording formats.
Also provided is a linearizing circuit which may
be used to make the gains symmetrical about
the vertica! and horizontal centers. This is in
addition to the cross-talk correction on the front
panel of the control unit.

The VFP system consists of a TV camera
for viewing the scene, a 9 inch TV monitor and
a modilied Model 200 Contro! Unit,

4
1

~
J

DATA ACQUISITION
AND RECORDING
SYSTEM (DARS)

The Data Acquisition and Recording
System (DARS) is a hardware/software
configuration designed to operate with any of
the Applied Science Laboratories (ASL) Eye
Movement Monitoring (EVM) devices. Some
of the sophisticated and powerful recording
capability which is part of the sophisticated
computer based Models 1996/1998 Eye View
Monitors is made available,

This system is equally applicable to many
other data recording situations which require
a rapid real-time controllable recording of
experimental data onto a mass storage device
under computer contro! with the capability of
later off-line processing.

The DARS configuration, shown in the
figure, is built around a Computer Automation
LSI/2 computer. The standard version can
support an operating system and assemblers.
A version with an additional 8K of memory
(totaling 24K) will supporn FORTRAN for much
more convenient analysis programming.

A software package is loaded into the
computer and performs the foliowing functions:

1) The program cycles once per
sampling interval. For the TV based

'Eye View Monitors, this sampling
interval is 1/60th (1/50th) of a second,
ie 1TV fieid.

2) In each sampling interval, the DARS
software inputs the latest sampie of a)
vertical eye position, b) horizontal eye
position, ¢) pupil diameter (where
applicable) These are normally the
digital outputs on the Eye View
Monitor System as originally
provided.

3) DARS also inputs external
experimental data from 1 or more 16
bit General Purpose Intelligent Cable
(GPIC) channels available to the user
for entering any digital data, eg.
slde number, etc.

4) Up to 10 event markers, entered by
actuating the terminal keyboard. are
also recorded.

5) A real-time clock is recorded along
with the data.

Oft-line, the DARS package contains
utilities which allow the user to access the dz
and to generate analysis programs in either
Assembly language or FORTRAN.

The amount of data recorded on any one
disk can extend to approximately 20 minutes
Future versions of DARS will allow continuing
alternate disks for an unlimited length of time

With a command to the keyboard, the
user may:

a) open a fioppy disk file

b) record real-time data

€) suspend recording — the record ar
suspend sequence may be repeate
over as many segments as desired

d) close a disk file

e) reopen a disk file for additional
recording whenever desired

f) print out on the terminal any selecte.
portions of the recorded data

Data analysis programs may be custom
provided by ASL or they may be written by the
user. The standard DARS allows the user 1o
write Assembly language analysis programs
As seen in the figure, FORTRAN capability
requires an additional 8K of memory.

MEASUREMENT
DEVICE
(Such 09 eny

Eye-Trac o
Eye View Menitor}

OIGITAL
OUTPUTS

oans
INTERFACE
—

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAT
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TYPICAL SPECIFICATIONS

HORIZONTAL VERTICAL (EYELID) REMARKS
Range (From Center) *20° +10° (up)
—20° (down)
Precision (See page 30) 0.25° 1° A few minutes of arc possible with rigid_
head restraint
Accuracy (See page 30) T ) ' 2 o
Response Time
Unfiltered — 4 milliseconds
Fitered -— 26 milliseconds
Output Signals (Both channels simultaneously available) Both outputs updated once
Analog 300 mv/degree nominal each milisecond; busy-bit signal
Digital {(Optionat) 8 bit binary — TTL Compatible during updating

Instrument Drift

10 mvthr,

Calibration Controls

Electronic position, gain, linearity. and crosstalk controls are provided

Crosstalk is adjustable to less than 10%

Power Requirements 105-125V AC, 50-60 Hz 230-250V AC
' (210-250V AC, 50 Hz availabie) 50 Hz optional
Weight 3.6kg. (81bs.)
Dimensions 308x254x11.4cm
(12 x 10 x 4.5 inches) WxLxH
Accessories & Options Digital outputs;
Head restraint system (bite board and chin rests);
Video Fixation Point Display unit;
Data Acquisition & Recording System (DARS)
Specifications subject to change without notice
ORDERING INFORMATION
PART NO. DESCRIPTION
719-2001 Eye-Trac MODEL 200-1
Research model, 120 Volts, 60 Hz. Measures horizontal and/or vertical eye movements, simultaneously
monitors both eyes. Analog Outputs only.
719-2002 Eye-Trac MODEL 200-2
Same as above with Analog and Digital Outputs.
719-3000 OPTIONAL VIDEQ FIXATION POINT DISPLAY UNIT
Consisting of:
(1) Modification to Model 200 with linearized output in each major axis
(2) TV camera for viewing the scene
(3) 9 Inch TV monitor
719-11580 TABLE MOUNT HEAD RESTRAINT MODEL 115
719-1130 BITE BOARD ACCESSORY FOR MODEL 115
719-2000 Eye-Trac MODEL 200 SPECTRA-SENSORS ™
Must be calibrated with control unit for best results.
719-DARS DARS

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIST

Computer Based Data Acquisition and Recording System for use with Mode! 200.
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« Simplicity of Operation

e Adaptable for Lab Animals

High Degree of Subject Comfort
Pupil Delimeters and Other Indica-
tors to the Operator

Unique Pupil Recognition Circuitry

[ ]

APPLICATIONS

Measurement of changes in pupil diameter has become &
extremely poweriful tool for studying human response to various
conditions and stimuli. Il has been widely used in clinical re-
search, psychological experiments, drug studies, ophthalmoi-
0Qy. physiology, and neuro-sciences.

Pupil diameter is an indicatcr of at least three stimul: retinz
light intensity, accommodation and psychological state. it has
been used in studies relating to all three. but it offers a unique
psychological indicator which is completely uneffected by con-
scious or subjective considerations. It is more reliable and prac
tical than traditional techniques such as measurement of gal-
vanic skin response or heart rate. Specific applications have
been in drug treatment of hyperactive children, measurement o
drug efficacy, various aspects of learning, determination of vig!-
lance, and work load studies under stress and fatigue.

DESCRIPTION

The TV PUPILLOMETER is a reliable, simple-1o-use instry- -
ment for accurate, real-time measurement and dispiay of the
absolute diameter of the pupil. The pupil is continuously moni-
tored, and pupil diameter is shown directly on a panel meter and
also provided in digital and analog forms. Measurement is inde-
pendent of eye movement and other variations over a large feld
of view,

The TV PUPILLOMETER utilizes a closed circull, low light
level, silicon matrix tube television System 1o observe the eye and
a special Pupil Recognition Circuil to autornatically acquire the
pupil from the iris, the eyelids and other noise with minimum
operator adjustment. A TV monitor displays the image of the eye
with superimposed Pupil Delimiters to clearly indicate the accu-
racy of the measurement. The automatic circuitry will maintain
proper measurement for a large range of settings and
conditions.

A bibliography of Pupillometry Research is available
from ASL.

SYSTEM OUTPUTS

On all modeis, pupil diameter is presented as a drect read-
out on the analog panel meter with a scale of 0 to 10 mm. The
mode! 1071 and 1081 chart recorder versions also record pupil
diameter on single and dual pen stripchar recorders. The chan
recorder models can be adjusted by the operator to display
either the fuli Oto 10 mm range or an expanded sub-interval of the
measurement range. An external pupit diameter output signal.
scaled at tV/mm diameter, and a digital output signal are fur-
nished on all models.

xRy 'z:"d"*i'—mﬂ:}.‘;v-_""c' s
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OPERATION

The subject places his head in achin rest or in a dentist type
headresl. and has an ungbstructed view ol the scene being
presented.

The operalor obtains a piclure of the subject’s eye After
setling the TV monitor for a clear image. the operator adjusts the
wide-range Discriminator control until acrescent appears at the
left edge of the pupit and Delimiters appearn the mondor on tog
of and below the pupil. As long as the Delimiters are properly

WITHOUT NOISE WITH NOISE positioned, in spite of other noise and artifacts, the measuremen:
Is correct. Pupil diameter in milhme%e%sgg %,zigyed on a panel
PUPIL RECOGNITION CIR - ATY S@fdachas ayalogradd ig28r8hhals.
10 Pnesm@maﬁ%pﬂ@ﬁg %ﬁﬁﬁ@%’é@gﬁ@mmt CORH-FORTATIS@Ad I 6
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BINOCULAR TV PUPILLOMETER

The Binocular TV Pupillometer is composed of two me-
chanically, electronically and optically integrated pupillometers
which are capable of functioning together or independently. The
Binocular System can be used to simultaneously monitor pupit
diameter of both eyes. Binocular studies are panticularly useful in
detecting drug or neurological effects that show an imbalance in
pupillary response of the two eyes. When the Pupiliometer sys-
tem is coupled with a Binocular Photostimulator, this type of
imbalance may be "quantified.”

MONOCULAR AND BINOCULAR
PHOTOSTIMULATOR AND CONTROLLER

The Series 1100 Photostimulator and Controller, is a power-
ful laboratory and research device for experiments involving the
placement of controlled and programmed pulses of stimulus
light into one or both eyes of a subject. The beams of light are
controllable in exposure frequency, pulse width, focus, beam
diameter and intensity.

One or both eyes may be stimulated, and the controls for the
two channels may be synchronized in any desired phase and
temporal relationship in order to test binocular responses.

There is an integrated aiming capability for placement of the
beam into the pupil of the subject. Focusing produces a parallel
beam or allows beam focus on some other plane in or out of the
eye, e.g. a Maxwellian view.

Ageneral purpose filter holder is provided for the insertion of
any desired filter. This holder may be conveniently swung out of
the way. A neutral density wedge may also be used for continu-
ous intensity control.

m{:;lf':n A virtual point source tungsten concentrated arc lamp is
s i used with appropriate optics to provide the collimated beam of
light.
The Controller provides a very convenient way of program-
4 ming the shutter exposure times for one or two channels. The

pulse width and the period may be controlled for each channel .

and the phase relationship between the two systems can also be

1 1 1 1 1 1 1 determined. This provides virtually any pulse profile that may be
o (X 20 30 40 30 6.0 . . . . .

1(Sec) desired. Continuous cyclic operation or single pulse actuation is

possible. The two channels may be locked phase or randomly

3

STIMULUS ON

related.
The Photostimutator is suitable for studies of pupil diameter

response to light stimuli under various subject conditions such
as during drug administration.

e issec—] For pupillometry, the Photostimulator is integrated with the
Series 1000 TV Pupiliometer.

t(Sec) Consult ASL for further specifications.
Pupil Diameter Variations Resulting From
Photostimulator Pulsations %

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAT JS%fda.hhs.Eqv or.
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SPECIFICATIONS — Series 1000 TV Pupillometer

it Dismeter
Aliowsbie Eye Pup Measurement Sampling Rate
Movement Mn;:'v';v:nnl Resolution Precision Noise Linsarity mpling
Horzonial 30*. 40° or 2010 10 mm or wgher 1TV Scan ine 500 Batier than 0 5 mm 001 vonor 0.01 mm Analog and Dugital Meter 60 (50) per second
tugher with reduced {normai pupil dameler (600) ful! scaie o %% wilth mode! pupi Outputs Betlerthan 0 2 mm Output 15 averaged
accuracy Eyetds may 29mmio 65 mm) Better than 0 01 mm o 2% overy two heids 1e
hmit this range with Smaller pupil ameter or 1% each 1730th (1725th) of
some subjecis 15 al50 Moasurable & second Nonawraged
Verlcal pupsd dameter Oulput 15 &S0 avaiable
18 measured (horzontal
diameter measurement
15 8i80 possible)
Dianalog Pual oisital P Timing Outputs TV Camera Slumination Oerator Setting
Externat anaiog sipnal 9 bits TTL compatibie Fosrtive strobe and Output impedance: invisible nesr infrared Discnminator crescent
oulput: 0-10 voits DC. TeprSenting pupsl busy signal are output | 75 ohms. fltered incandescent APPOATE ON MOnMor, af
Scabing: 1.0 Vormm of diameter in sicaight every 160t (1/50ih) of | Sikicon matrix vidicon lamp dlumination «ige of pupil, along
PUDi digmeter. binary asecond ko tube with 2.1 inseriace. Centerec! at 8500 with deirmiers above
Fmquency msponse Logical*1" > 2.5vos | ranslerning cata. Data Angstromg. and below as
ing fie: fat from | Logical*0" < 0.5 voks. | i Conelant cur delermined by a Pupit
0108 Hz2; may be strobe puise and Recognition Crrcut. The
Switched out. Output changing during busy Proper position of the
impedance: 75 ohms signal. Sirobe puise Oelrmuiers incicates io
5 1-2 microssconds; the operaior that no
busy puise 50508 adustments have o be
mil Output made and that the
drivesupto 4 TTL measurement 1s being
loags periormed cormectly

Mechanical: Controt Unit Weighl 66 kg (30 los )
Omensions 43x19x43cm (177 §x 17 nches) (WHO)

Power Source: 105125 votts AC. 60 Hz (24 total) Specifications subject to change without notice
220 vois AC. 50 Hz available

ORDERING INFORMATION

1050 TV Pupillometer System (110V, 60 Hz or
220V, 50 Hz)

10508 Binocular TV Pupillometer

1000R Remote Pupil Camera Option

1071G TV Pupillometer with single channel thermal
writing chart recorder

1071P TV Pupillometer with single pen
potentiometric chart recorder

1081G TV Pupillometer with dual channel thermal
writing chart recorder

10818P Binocular TV Pupillometer with dual pen
potentiometric chart recorder

1081BG Binocular TV Pupillometer with dual channel

thermal writing chart recorder
1000Area Pupillary area measurement option

1000-EM Single channe! event marker

1000-EM2 Dual channel event marker

1100-1 Monocular Photostimulator and Controller

1100-2 Binocular Photostimulator and Controller

1000-DARS  Computer-based Data Acquisition and
Recording System (DARS)

1000-RM Rack mount adapters for control unit

1000-ATV Auxiliary, external, 9 inch monitor for viewing
the subject's eye




® Accurate point-of-gaze measurement
independent of small head motions

® Modular and upgradable system

® Visual, video, analog, and digital outputs

® Rapid subject setup and calibration

® Pupil diameter measurement

TV Based

Eye View Monitors

The Mode! 1992 and 1994 Eye View Monitors are television
based systems which accurately measure eye point-of-gaze
and pupil diameter independently of small head motions. The
instrument does not contact the subject, nor does it obscure the
subject’s field of view.

Eye position, pupil diameter, and various other status
indicators are provided in analog. digital, and visual forms.
Point-of-gaze is displayed visually as a cursor superimposed on
avideo image of the scene being viewed by the subject, and
this presentation can be recorded on video tape. Pupil diameter
is displayed by a meter on the control unit front panel. Analog
signals representing point-of-gaze coordinates and ‘pupit
diameter may be conveniently recorded on strip chart
recorders, X-Y recorders, FM tape recorders, or storage
oscilloscopes. Digital output containing the same information
may be read by an external computer, a digital tape recorder, or
any other digital device.

SYSTEM
CONFIGURATION

As shown by the adjacent schematic, a television camera
views one eye of the subject which is illuminated by a near
infrared invisible illuminator. The resulting picture of the eye is
displayed on a 5" TV monitor, A second camera views the scene
presented to the subject.

The system uses a sensitive silicon matrix tube television
camera, which functions at very low ilfumination, to view the eye.
The illuminator does not annoy or distract the subject. In the
Remote System (Model 1994), the illumination is coaxial with the
Camera and produces an image of a backlighted bright rather
than dark pupil.

Screen. vwieo Monor or
: Othet presentston

. Vioeo Tape
Recoroer
r% (Optiona)
TV Camars viawang scere
Crossnars or Spor
TV Comers Dea coserved by suomc: Market '::anmg
nowng eve @ ove posaon
TV Mondor
Showng scene
Corrol 8 C
- O
TV Monuor
‘ ilwm
Pupd Hor Vert
Eye Poston
Anglog and Digaat Form
To Recoroers or Computers

PRINCIPLE OF
OPERATION

The Eye View Monitor processes video information from the
pupil camera to identify and determine the centers of the pupil
and the corneal reflection (refiection of the illuminator from the
surface of the cornea). Assuming that the Subjectseyeis a
relatively iong distance from both the illuminator and the visual

‘mulus, the separation between the pupil and the corneal

lection (CR) varies with €ye rotation (change in point-of-
gaze), but does not vary with eye trans'ation (head motion). A
change in pupil-CR Separation is proportional to the change in
point-of-gaze to the first order.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIST;

By measuring the vertical and horizontal distance between
the centers of these features and correcting for some second
order effects, the Eye View Monitor calculates look-point
independently of head motion. Note that if only pupil position
were measured, there would be no way to distinguish between a
0.1 mm head translation and an approximately 1 degree change
in line-of-gaze. Measurement of only CR position would result in
a similar ambiguity.

The point-of-gaze information is presented to the operator
as a cursor superimposed on a nine inch television monitor
image of the scene being viewed by th j
-Ahs-gov-or:

BEST ... AVAILABLE
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SPECIAL RECOGNITION
CIRCUITRY

Special Recognition Circuitry (software) detects the pupil
and the corneal reflection from the video signal. The horizonta!
scan lines which intersect them are selected to the exclusion ol

scan lines which intersect the eyelids, eyelashes, or other noise.

The Recognition Circuitry allows operation for a broad range of

subjects and under varying conditions with minimum operate-
agjustments. It supenmposes Delimiters and other indicators .
the eye TV image o clearly show the operator that the system
functioning properly.

ACCEPTABLE ACCEPTABLE UNACCEPTABLE
Operator indicators superimposed on TV imageofeye as a
function of threshold setting showing status of measurement.
Measurement is good when pupil is properly delimited.
OUTPUTS

The output is available in digital, analog, and visual forms
for recording on stripchart recorders, X-Y recorders, storage
oscilloscopes, digital tape or directly into a digital computer.
This data can be processed at the time of the experiment or
recorded for later analysis by computer.

The point-of-gaze cursor, superimposed on a video image
of the scene, may be displayed either as a set of crosshairs or

as a spot. The cursor is available to the operator for calibrating
the instrument, monitoring an experiment, and if videotaped, f
reviewing or studying data.

A scan pattern may be obtained by superimposing an X-Y
recording of the point-of-gaze coordinates over a picture of the
scene being viewed.
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FIXED HEAD
MEASUREMENT

Additional precision and accuracy (see page 30) can
be obtained by using the Series 1900 Eye View Monitors in
the fixed head mode. If head motion freedom is not required.
and a suitable restraining device such as a bite plate is used.
performance improves dramatically. Noise is reduced, and
precision and accuracy increase substantially.
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RECOTas Processettuder+OtA-Reaues

Model 1992 Basic

Eye View Monitor

The subject steadies his head with a chinrest and views the
scene presented him, A special low light ievel television camera
with silicon matrix pickup tube views one eye as it is illuminated
by an invisible, near-infrared ifluminator Special circuitry
extracts the centers of the pupil and corneal reflection. then
computes and displays eye position.

SPECIFICATIONS

See performance specifications on pages 28 and 29.

OPTIONS

1900-DARS
1900-Z
1900-ATV

1800-RM
*900-DCU
J0-VTR
.-32-CAS
1984-CAS

Computer Based Data Acquisition and
Recording System (DARS).

18-90mm focal length zoom lens for scene
camera.

Auxiliary external @ inch TV monitor for viewing
the eye.

Rack mounting.

Digital output calibration and display unit.
Video tape recorder.

Travel cases for 1992,

Trave! cases for 1994,

® 1994 only (Wide | L amera).
Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fagggt&ééwgeﬁ%z%iﬁm‘g{%onnor)

Model 1994

Remote Eye View Monitor System

The subject sits with his head in a headrest or chinrest. The
optical system is removed two feet from the subject’s head and
is out of his field of view. He is physically and psychologically
less encumbered, and is less aware of the fact that his eye
motion is being monitored. This allows the subject to taik, makes
for a more natural experimental situation, and resuits in more
useful data.

A coaxial illuminator is used to obtain a bright, as opposed
to dark pupil. This allows use with a greater subject population,
and will generally work with most eyeglasses, and some contact
lenses. The system allows somewhat more head mation and
provides greater tolerance of eyelids and other artifacts than the
Model 1992.

ORDERING INFORMATION

DESCRIPTION

Model 1992 Eye View Monitor System
Model 1994 Remote Eye View Monitor System
Both of the above models include:
® Silicon matrix tube TV camera for viewing
the eye.
® Control and Computation Unit with TV
monitor for eye image.
® TV Camera for viewing scene being
presented.
® 39 inch monitor showing scene with
crosshairs indicating point of fixation.
® Adjustable camera base.
® Outputs — Digita! and Analog
(a) Vertical Eye Position
(b) Horizontal Eye Position

BEST COPY AVAILABLE

(c) Pupil Diameter (in millimeters).
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MODELS 1996 AND 1998 COMPUTER
BASED EYE VIEW MONITOR SYSTEMS
WITH PUPIL DIAMETER
MEASUREMENT

The computer based systems offer a number of
features that make them superior to the hardware
systems in increased flexibility, optimum
performance, and more efficient use!. .. including:

W '::'f":

Ji & —=

NEW DIMENSIONS IN EYE MOVEMENT MONITORING

The Models 1996 and 1998 computer based Eye View
Monitor Systems (EVM) provide a virtually complete eye
movement laboratory with powerful capabilities ranging
from point-of-gaze measurement to data analysis.

These advanced systems unobtrusively measure a
subject’s point-of-gaze and pupil diameter. The mode!
1998 also employs a servo controlled mirror to track the
eye during head motions. Since the optics can be flexibly
positioned and may be up to ninety inches from the eye,
subjects are allowed a great deal of physical and
psychological freedom with minimum awareness of the
testing apparatus. Indicators enable the EVM operator
to know the precise status of the measurement at all
times, and the actual point-of-gaze is clearly indicated
by a visible cursor superimposed over a TV image
of the scene.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATYS@ fdatrirs-gev-ex

* Automatic & remote focu:

* Acceptance of eyeglasse

* Up to one cubic foot of drooping eyelids, or othe!
allowable head motion artifacts

* Video stimulus display for text * Data recording and

« Automatic calibration and
linearization

and graphics processing software
* High degree of * Simulator configuration
unobtrusiveness + Helmet mounted version

= Can control or monitor other
laboratory equipment

The extensive data processing capability of the
computer based systems makes them far more flexible
and powerful than their non-computer based (hardware)
counterparts. Calibration is automatic and generally
requires less than thirty seconds per subject. Complex
eye geometries, nonlinearities, eyelid truncation of the
pupil, interference from eyelashes, and other artifacts can
now be handied. All eye colorations, most eyeglasses,
and some contact lenses are acceptable.

A computer based EVM may be installed in an
aircraft simulator as well as in other special locations. For
applications requiring completely free subject motion, a
helmet mounted version of the EVM can be supplied on
a custom basis.

The EVMS integral computer and floppy disk system
may be used to record and analyze eye position data
using specially developed software packages. In addition,
video, analog, and digital outputs can be recorded on
various external media or input to a host computer
system. The EVM computer also can be used to present
stimulus material on a video monitor, and when the EVM
is not in use the computer may be used to perform other
laboratory monitoring and control fungqorés.

o) 301-796-811

v

| BEST COPY AVAILABLE |
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Mode! 1996

A TV camera with a telephoto lens (pupil camera)
is directed at one of the subject's eyes. The eye is
illuminated by a collimated, near infrared light source
that is beamed coaxially with the pupil camera. A second
TV camera (locating camera) provides a wide angle view
of the head to simplify locating the eye. The illuminator
(usually barely visible to the subject as a dim red light)
retro-reflects from the retina producing an image of a
backlighted bright rather than dark pupil. The pupil

camera, locating camera, and light source are all
enclosed in a single housing referred to as the
“optical head”

A third TV camera (scene camera) provides a view
of the scene being presented to the subject. The EVM
superimposes a cursor on this scene to indicate the
subject’s point-of-gaze.

All of the TV monitors as well as the computer and EVM
control unit are housed in a single 19 inch rack referred to
as the “control rack” The basic EVM configuration thus
includes three physically separate units: the optical head,
the control rack, and the scene camera.

Note that the subject can move his head laterally
or vertically only until his eye moves beyond the pupil
camera field of view (about one inch square). A high
back chair usually provides sufficient head restraint for
a cooperative subject.

Model 1998

The basic model 1998 configuration is the same as
that for the model 1996 except that the optical head
also contains a servo controlled head tracking mirror.
The mirror automatically tracks the eye during lateral
or vertical head motions of as much as one foot, thus
allowing the subject much greater freedom. (See
page 19 for a detailed description of head tracking.)

‘rinciple of Operation

The Eye View Monitor processes video information
from the pupil camera to identify and determine the
centers of the pupil and the corneal reflection (reflection of
the illuminator from the surface of the cornea). Assuming
that the subject's eye is a relatively long distance from
both the illuminator and the visuai stimulus, the
separation between the pupil and the corneal reflection
(CR) varies with eye rotation (change in point-of-gaze),
but does not vary with eye translation (head motion).
A change in pupil-CR separation is proportional to the
change in point-of-gaze to the first order.

By measuring the vertical and horizontal distance
between the centers of these features and correcting

for some second order effects, the Eye View Monitor
calculates look-point independently of head motion. Note
that if only pupil position were measured, there would be
no way to distinguish between a 0.1 mm head translation
and an approximately 1 degree change in line-of-gaze.
Measurement of only CR position would result in a
similar ambiguity.

The point-of-gaze information is presented to the
operator as a cursor superimposed on a nine inch
television monitor image of the scene being viewed
by the subject.

Operator Indicators

ASL has given major consideration to designing a
research tool which is easy to operate. An awareness of
human factors affecting both the subject and the system
operator has led to an abundance of high information
content indicators that allow the operator to continuously
monitor the status of the measurement.

The system places markers on the pupil monitor
image of the eye to indicate features detected by the EVM
rircuitry. Crosshairs indicate the centers of those features

ntified by the computer as the pupil and corneal
- «ection. A scene monitor cursor indicates computed
point-of-gaze on the stimulus scene.

The operator knows at a glance whether the system s
performing properly, the quality of the measurement, and

HT PUPIL AND
the precise natute of 40y RPRIBMact FDAICDRHIOCE/DID at CORYPPSII PEFLES BRI BE0NIOON B6-HINES AND

2 ¥y N T $ 5

PUPIL MONITOR IMAGE SHOWING A BRIG
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BEST COPY AVAILABLE
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CALIBRATION

Automatic calibration on the computer based EVM
system allows quick, easy, and precise calibration of even
difficult subjects. The subject is required merely to fixate
nine points, one at a time. At each fixation the operator
presses a button on the terminal or computer console.
After the completion of this step, which takes only
seconds, the computer automatically determines the
calibration coefficients and the experiment can begin.

Selective recalibration of any missed points (useful
with children and uncooperative subjects) is possible,
precluding the need for repeating a full calibration.

415

BUILT IN STIMULUS GENERATION CAPABILITY
The integral computer can be used to store several

“pages” of text or graphics which can be called up and

displayed on a video screen at the push of a button. If

desired the EVM ma
or television system
See lower left photo

y be synchronized with other displays
s for complete laboratory integration.
graph on page 20.

OUTPUT

The EVM system provides a number of convenient
output formats as shown in the table. Included are video,
analog, and digital output for eye position and pupil
diameter, as well as various other status indications. The
video scene monitor output, which may be recorded on
video tape, includes a cursor to indicate point-of-gaze.
The analog outputs are easily recorded on strip chart
recorders, X-Y recorders or storage oscilloscopes, and
the digital outputs may be fed to other computers.

The EVM computer also may be used to record data
on an integral floppy disk system for later ofi-line data
processing (see EYEDAT and EYENAL software
descriptions on page 23 and 24).

EVM OUTPUT | RECORDING DEVICE | ouTPuT REMARKS
VISUAL Meter reading Uselul for operator setup.
Cross hair position | calibration. & observation
VIDEO Video tape recorder Video tape
Photographic camera Prints
ANALOG Strip chart recorder Chart record May be correlated
with stimuli
X-Y recorder Chart rezord May be overlaid over
picture ol scene
FM recorder Chart record May be nput to a digita!
computer with A'D
Converter
Storage Oscilioscope May be photographed
DIGITAL Computer Computer analysis | May be controlied by

Digital magnetic
tape or disk

integral computer with
EYEDAT Program

EYE VIEW MONITOR OUTPUT INTERFACE GUIDE

PROGRAM DUMP AND RELOAD

At any time the contents of memory, containing a
particular program version, target setup, and subject
calibration coefficients, may be written to disk for
permanent storage. This disk may be conveniently
autoloaded at a later time, and will provide valid
calibration for that same subject if other variables have
not changed.

HEAD TRACKING

AUTOMATIC AND REMOTE FOCUS OPTION (AF)

The AF option, available with either the Mode! 1996
or 1998 EVM, provides automatic and manual remote
focusing to correct for Z axis (fore-aft) subject head
motion. Focus information is extracted from the pupil
camera video signal and is used to automatically drive
a servo motor controlled lens toward best focus. Manual
adjustments can be made with a joystick on the EVM
control unit. The lens can focus over a range of
approximately one foot with some variation depending
on the nominal subject to camera distance for which
the lens was selected.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIST.

|

- hhs. GOV OT 36+-736-844
BEST Y AVAILABLE |
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TRACKING MIRROR (Standard Mode! 1998)
The Eye View Monitor is designed to recognize
the video image of a “bright” pupil as seen through a
‘ephoto lens. (See figure at right.) In order for the Eye
W Monitor (EVM) to calculate eye point-of-gaze, the
pupil must be within the telephoto field of view. The EVM
Model 1998 attempts to keep the pupil image centered in
the telephoto field by sending appropriate commands to
a tracking mirror which directs the image to the camera.
For example, if the image is left of center, the computer
detects this and commands the mirror to move so as to
recenter the image. If the subject moves his head so
quickly that the mirror cannot keep up, the image is lost

from the camera field of view, and the computer searches

for it by turning the mirror in the direction the pupil was
moving when last detected. If this search fails, the
operator must intervene to reacquire the pupil with the
manual joystick. The mirror can track lateral and vertical
head motions up to about + 6 inches with some variation
depending on mirror to subject distance.

A

CoMPUTIR

TELEPHOTO
L {

STANDARD MIRROR TRACKING SYSTEM

EXTENDED HEAD TRACKING OPTION (EHT)

The EHT option greatly expands the capabilities of the
Model 1998 Eye View Monitor by providing an additional
tracking loop that can handle more rapid head motion.

As shown in the figure at lower left, the extended
system uses not only a telephoto image of the pupil, but
also a wide angle image that includes a much broader
field of view. (A separate hardware control unit contains
~rcuitry for the wide angle pupil recognition.) As long

‘he pupil remains in the small telephoto field, the
—~Mputer attempts to center the telephoto image just
as before. If the image is lost from the telephoto field

[l

CONPYTER

TRACHING
L

WL ANGLE
1LLD OF vigw

TELEPHOTO
PIELD OF vitw

EHT SYSTEM WHEN EYE IS WITHIN TELEPHOTO FIELD

(due to a motion too rapid for the mirror to follow), the
computer uses information from the wide angle view to
automatically reacquire the pupil (as shown in the figure
at lower right). Note that the pupil must still be in the
telephoto field in order for the EVM to calculate eye point-
of-gaze.

With the extended head tracking option (EHT) the
subject can move much more rapidly or suddenly without
causing the machine to lose track of the eye. Operator
intervention is therefore needed less frequently.

TRACKING
wanon

00 ANCLE ——e ]
FIELD OF viEw »

TELEANOTO — s ]
F1LD OF ViEw v

EHT SYSTEM WHEN EYE HAS ESCAPED FROM TELEPHOTO FIELD

MAGNETIC HEAD TRACKING OPTION {MHT)

The MHT option, which is available on Model 1998
AF systems, is an external head position sensing device
that makes the EVM virtually operator independent once
~ ~ubject has been calibrated, and so long as his head

ains in a nominal 0.03 m3 (1 #13) volume of space. A

«—all (2em2 0.13 in3), lightweight, magnetic sensor is
attached to a headband worn by the subject. A slightly
larger magnetic source is fixed to the laboratory or
. simulator cockpit so that it is about 20 inches from the

Sensorwhen the e ets 1934 8 GePIARIETRG1/OCE/DID at CDRH-FOIST

allowable cubic foot of space.

The MHT system control unit, which fits in the 19
inch control rack along with other EVM components,
computes the orientation and position of the magnetic
sensor (and hence the eye) with respect to the fixed
source in six degrees of freedom. The information is used
to drive the servo mirror and focus motor to automatically
reacquire the subject's eye whenever it is lost from the
pupil camera field of view.
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OPTICAL CONFIGURATIONS

BASIC OPTICAL CONFIGURATION

In the basic Model 1996 and 1998 optical configurations
the optical head is located approximately in front of the
subject and below eye level at a distance ranging from 12
to 90 inches from the subject’s eye. The scene or stimulus
material is just above the optical head and a scene
Camera may be directed at the same scene from behind
the subject. If the system is a model 1998, the optical
head may be oriented in gither the “shelf” or “post”
configuration shown by the photo (lower left and lower
right). The most common variations of this basic optical
configuration are described on the next page; many
others are possible (consult the factory).

EVM MODEL 1998 EHT WITH THE OPTICAL HEAD IN EVM MODEL 1998 SHOWING THE OPTICAL HEAD IN

AHORIZONTAL, OR “SHELF CONFIGURATION. THE A VERTICAL, OR "POST" CONFIGURATION. A SCENE
SUBJECT IS LOOKING AT A VIDEO TEXT DISPLAY CAMERA IS AIMED AT THE TARGET BEING VIEWED B
SE%EAZAET%D BY THE EVM COMPUTER AS DISCUSSED THE SUBJECT

BEST.CLEY, AUphABLE | (/]

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOI
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SIMULATOR CONFIGURATION (SC)

The Model 1998 EVM may be configured for installation
in aircraft simulator cockpits (or similar environments) by

g a tracking mirror specially designed to fit in place of

_-tandard, three inch panel instrument. The EVM optical
head, containing the infrared light source, telephoto eye
camera, and wide angle locating camera, views the pilot's
eye through the tracking mirror. A scene camera captures
the field of view to be monitored, and the EVM system
superimposes crosshairs (or a spot) over the pilot's look
point within this field. Typical locations for the optical head
and scene camera are shown by the diagram at left, but
other arrangements are possible as well (consult factory),

TRACKING MSYAUMENT

-Ill{l /’l.l

PyPIL LOCATING SCENE
MONTTOR HOKITOR MONITOR

SIMULATOR CONFIGURATION SCHEMATIC

The Federal Aviation Administration's GAT-28 simulator,

shown in the photo, is equipped with an ASL Eye View
Monitor System and is currently being used as part of the
FAA's effort to study human factor aspects of aviation.
Pilot scanning behavior during a simulated flight is being
monitored by the EVM system using the tracking mirror
(indicated by arrow) in the instrument panel. The optical
head (containing the eye camera) is aimed over the pilot's
shoulder as shown in the schematic diagram, and is not
visible in the photograph.

VIDEQ DISPLAY TERMINAL CONFIGURATION (VC)

All 1996 or 1998 EVMs can be configured to monitor
point-of-gaze as a subject works at a video display
terminal (VDT). The schematic diagram shows such a
setup using a Model 1998 EVM. The pupil camera is
directed at the eye through both the tracking mirror
contained in the optical head, and a stationary relay
mirror that is fixed to the VDT. The relay mirror is
actually the only non standard EVM component. The
EVM scene monitor may display either a video signal
taken directly fromthe VDT orfrom a scene camera
that is directed at the work station.

VOT CONFIGURATION SCHEMATIC

HELMET MOUNTED OPTICS (HMO)

Some applications require the subject to have almost
unlimited head motion freedom (e.g. the subject must
walk about), or require line of gaze measurement over
a very wide field of view. On a custom basis, an EVM
system can be provided with helmet mounted optics.

An illuminator, solid state sensor, relay lens, and visor

Tounted on a lightweight helmet. The visor is coated
__ 2transparent in the visible spectrum but reflective to
the near infrared, and reflects the eye image through the
relay lens to the camera. A small scene camera and/or
magnetic head position sensor can also be mounted on

+ the helmet. (Consult factory for details.)F FOISTAT fda,Nhs.gov or 3U1=798-8448——
tions? Contact FDA/CDRH/OCE/DID at CDRH- gé@ Tt AN ’
Question % e MVAELABLE
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COMPUTER SYSTEM DESCRIPTION

The Computer Automation Model LSI 2/20 used direct memory access (DMA) 1/0 board with tour inpu
in the EVM was selected for its high operating speed and output channels. Two of the four channels are use
and powerful input/output (I/0) capabilities needed to by the EVM, but additional channels may be added.
handle the rigorous real time computation and interface The Computer Automation LS| 2/20 will support IBt
requirements. This 16 bit minicomputer is also a flexible compatible floppy disks, hard disks, and magnetic tap
general purpose system suitable for recording and systems. Eye position data may be recorded on one o
processing data generated by the EVM as well as for these devices for later off-line analysis. The system
other laboratory functions. can also generate subject displays and can easily

The computer may be configured in a number of communicate with other laboratory computers.

possible arrangements with a wide choice of peripheral
devices. It supports up to 32K words of CORE memory
or RAM. The CPU has a built-in current loop and RS232
interface port, and the EVM system includes at least one

CAPABILITY AS A GENERAL PURPOSE
LABORATORY COMPUTER

When the Eye View Monitor is not in use, the O
capabilities of the LSI 2/20 make it ideal for monitoring «
controlling other laboratory equipment. The computer ¢
be interfaced to parallel, RS232, or analog devices, by
simply connecting the appropriate Computer Automatic
firmware cable to any port on the computer distributed
/O board.

EYE VIEW MONITOR SOFTWARE
GENERAL DESCRIPTION

Six software packages are available with the Eye
View Monitor:

1) EYEPOS (standard) is the program which
operates the computer-based Eye View Monitor
and provides various utilities.

2) ADisk Operating System (standard) supports
software generation, file handling, and other
executive functions.

3) EYEDAT (optional) allows the user to record eye
position, pupil diameter and other data on the
integral floppy disk in real time. A set of library
subroutines enables the user to write his own
assembly language or Fortran program to acces
the recorded data.

4) EYENAL (optional) is a set of “off-line" analysis
programs which display and process data that h:
been recorded with EYEDAT. EYENAL program:
perform some common analysis tasks and can t
employed by many users in liey of writing their
own assembly language or Fortran analysis
programs.

5) FORTRAN Compiler

6) BASIC Interpreter

e
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'EPOS
-~ The EYEPQOS software operates the model 1996 and
1998 computer based Eye View Monitor, It examines

Preprocessed video data to eliminate artifacts, identify the

pupil and corneal reflection, and calculate point-of-gaze.
This program handles subject calibration, and in the case
of the model 1998 drives the servo controlled tracking
mirror.

EYEPOS provides various test and service utilities.
The most useful of these is a dump program which can
store the EYEPOS program at any point in time saving
all target, calibration and compensation data.

EYEPOS is very easily bootstrapped using the built-in
computer autoload ROM. Any dumped version may also
be autoloaded in this way.
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OPERATING SYSTEM
The file-based floppy disk operating system includes
the following utilities:
Assemblers (standard and MACRO)
Editors
File handling utilities
Debugging utility
Miscellaneous service programs

oA

EYEDAT
EYEDAT is the data recording software for the

computer-based Eye View Monitor, and resides in
memory along with the EYEPOS program. With a single
key stroke on the keyboard terminal the user can:

* Open a new data file on a floppy disk

* Reopen an old data file

* Begin recording eye position data on the disk

* Record up to ten different event marks

* Suspend recording data

* Close the data file

* Enter a routine to list out the data just recorded

The following measurements are sampled and

recorded 60 times per second and constitute a field
of data:

* Vertical eye point of gaze coordinate (VPOS)

* Horizontal eye point of gaze coordinate (HPOS)

* Pupil diameter

. ?ixteen bits of external user-generated data (XDAT)

* Time

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIST ATBE@E{é-@@Wr@W}!\%ﬂBBLE

In addition, one of ten se
9) may be recorded at any i

stroke. Losses due to blinks or other artifacts are indicated

parate event marks (0 through
nstant of time with a single key

on the recordings by zero pupil diameter values.

EYEDAT packs data on each
designed format to allow maxi
minutes of data can be record
disk, and, by using multiple di

disk in a specially

mum storage. Up to 20

ed on a single 8 inch floppy
sks, an unlimited amount

can be recorded without interruption.

A set of library subroutines is provided to facilitate data
access by user written computer programs. Using these
subroutines, users can write off-line assembly language
or Fortran analysis programs that access data previously
recorded by EYEDAT.

23
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EYENAL

EYENAL is a set of offline
analyze data that has been
programs run on the same com
part of the Eye View Monitor sy
refers to the fact that these programs are not used while
the Eye View Monitor is in operation, but rather are used

to process pre-recorded data.
These programs, which run under the Computer

Automation operating system, provide directories of data

disks, tables and time plots of eye position and pupil

programs which display and
recorded with EYEDAT. The
puter that is an integral
stem. The term “off-line”

diameter data, fixation point determination from raw eye
position data, and separation of fixation points into user

specified areas-of-interest for dwell time or fixation
sequence analysis. Programs may also be custom written
for a user’s particular needs.

The following table contains a brief description of each
individual program currently in the EYENAL package.

Consult Applied Science Laboratorie

and detailed descriptions.

s for a complete list

PURPOSE

APPLICATION

EYENAL DUMP
(EN:DMP)

mnmumumm-m
hexadecimel form.

mmmmhuwm-‘mm
&MMNTM,MMMW
System users. & is nonetheisss availabie,

EYENAL MAP
(EN:MAP)

Mmmhmmmlmd
heir contents.

EVENAL TABLE
(EN:TBL)

wmmwm“m-‘ww.

nepect or scan data.

» Eyo losses that

fonerated daial. and any svent marks.

. T?-mumsdodnyduiumwm

Sxample, the USSY can siect 10 list one sampis &t every 160
000nd interval, or 8t every 2/60 second interv, ete.

. Emmwnmumnmmm

offset valus.

. Abuml-mhnh&dbmmm

associsted with sampled data.

Quring ng (due
10 biinks or other arbilacts) e indicated.

. Mn’u‘omnd-annmun%d

v table.

EYENAL PLOT
(EN:PLT)

Uss a printer 10 piot eye position . pupil di
wxDATqmwmuu)mm.m
m.nhwbmmmmumm
umdhwm.(wmm
mmm.mmwmnmm
Gther axis representing time.

mmmuwuummm.

. mummnmm-wmm.:w

combination of data Nens on the same piot. For grampile,
ENPLT may be used 1o obiain & piot showing just
mmwmm.nmwumu
m-mmwmmm.mm
horizontal eye position and one verbcal sy
DOsition or it can be used 10 piot four curves {all four data
“oms) on the same lime plot, sic.

* The sampie frequency is seleciabie. The user can slect 1o

mwwmmimmml,m
2/80 second intervei, etc.

+ Eye mecognition i0sses (due 10 binks or other artitacts) are
indicated.

detected and

+ Each dependent variable can be assigned a scale tacior

and ofisel value.

. Ammmumnmmms

associsted with sampled data

Nhhd-awmwmmmmin_donm
Sime piot.

~ All selectad oplions are printed st the beginaing of the piot

EVENAL
(EN:FIX)

mmmmwmmm
{perioda of fovi on stationary targets ae
Mmm.)mmmmw
mmuﬂmnﬂmmhml
and the length of sech fxation.

mmwmmuammnm
wmumntmumnmm«

mmm‘mnnmlmdmmu
@MllmWhnmw.Fm-m

. from o
mm-dbmm“mnm)w
vory small swoluntary 8ye movements of severa! types which

occw during fixation. Other types of oculer behavior such as |

Smooth pursuil and nystagmus, are not frequently
SNCOUNISNT during presentation of static scenes

Them is Y MO Praciss. un y r
Of & fixation, but theve are known parameters of ocular
Physiology which alow easonable critena to be used.
Speci . there is 0 the mink
Hmdnmnnwlomlswnuh(m
m.mﬁwmmnm)wuuwm
the .

! o Yy oye
mmmqmmmnmrw
boundaries). e ey
Amlm.byEN:le,bb'chmleym
position overa i period of 100
meec during which the eye does not move mory than one
m.mwm.mdwomtmv
FOMain within & 0ne Gege racass or 8l least 100 ms. Biinks
i The detailed

EYENAL
AREAS-OFINTEREST
(EN:AON
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CHOOSING ACOM
(Ordering Information)

A wide range of configurations and options is available
computer-based Eye View Monitors so that users may
-.-lect a system that is cost effective and is tailored to their
specific application. The various options have been
divided into five categories and are listed below. Allowable
and recommended combinations are illustrated on pages
26 and 27.

I. HEAD TRACKING OPTIONS

+ Model 1996 Standard .. . no head tracking

« Model 1998 Standard . . . automatic mirror tracking;
see page 19

* AF ... Automatic and remote focus; available with
either Mode! 1996 or 1998; see page 18

* EHT... Extended Head Tracking; available with
Model 1998; see page 19

* MHT ... Magnetic Head Tracking; available with
Model 1998; must also have AF system; see
page 19

Il. OPTICAL CONFIGURATIONS

» Standard. . . Basic Model 1996 or 1998
configurations; see page 20

+ SC... Simulator Configuration; available with Model
1988; see page 21

« VC... video display terminal configuration; available
with either Model 1996 or 1998; see page 21

+ HMO ... Heimet Mounted Optics; see page 21;
consult factory

PUTER-BASED EYE VIEW MONITOR

lil. COMPUTER HARDWARE CONFIGURATION... all
options are available with either Model 1996
or 1998

+ Standard . .. dual floppy disk drive; hard copy
terminal; 16K words memory with Mode! 1996; 24K
words memory with Model 1998

» Add on memory. .. (RAMor CORE) up to a system
total of 32K words

* Magnetic tape system for increased data storage

» Paper tape system in lieu of floppy disk subsystem

= Video display terminal in lieu of hard copy terminal

» High Speed Printer

IV. SOFTWARE... all software is available with

either Model 1996 or 1998

- Standard... EYEPOS program; floppy disk
operating system; see page 23

« EYEDAT... EVM data recording package; requires
dual floppy disk system: see page 23

« EYENAL... EVM offiine data analysis package;
must also have EYEDAT: see page 24

« FORTRAN compiler... requires dual floppy disk
system, keyboard terminal, and at least 24K
words memory

« BASIC interpreter. . . requires keyboard terminal
and dual floppy disk system

V. MISCELLANEOUS OPTIONS
+ Builtin stimulus generation . . . includes character
generator, 18 inch video monitor with adjustable
height stand, and necessary software (see
description on page 18 and photo on page 20).

EVM HEAD TRACKING AND OPTICAL CONFIGURATION GUIDE

MODEL 1996

AF

BASIC OR VIDEO
DISPLAY TERMINAL
CONFIGURATION

S — e e — o] co——— 1
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HEAD TRACKING

MODEL 1998

BASIC,SIMULATOR,

AF MHT
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ALLOWABLE OPTION COMBINATIONS MAY BE CHOSEN BY MOVING ALONG
ANY ARROW/LINE AND STOPPING AT ANY OF THE VEW&W, or.301-796-8118
L ~J

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIS
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EYE VIEW MONITOR MODELS 1996 and 1998

Recommended Computer Hardware and Software Configurations

Paper Tape Configuration PT-1

COMPUTER AUTOMATION SOFTWARE
1996/1998 LSI 2/20; DMA EYEPOS (for eye
EYE VIEW MONITOR 16 Kv CORE (1996) position measurement
24 Kw CORE (1998) and output)
HIGH SPEED For occasional
PAPER TAPE reload of EYEPOS
READER program or update

Paper Ta:pe/'l‘eletype Configuration PT-2

199671998 COMPUTER AUTOMATION SOFTWARE
LSI 2/20; pMA EYEPOS (for eye
EYE VIEW MONITOR 16 Kw CORE (1996) position measurement
24 Kw CORE (1998) and output)
ASR 33 For occasional
TELETYPE TERMINAL reload of EYEPOS
program or. update

Floppy Disk Configuration FD-1

SOFTWARE
1996/1998 C°gl1n'§§23“"g::n°" 1. EYEPOS (For eye
EYE VIEW MONITOR 1 ’ position measurement
6 Kv RAM (1996) and output)
24 Kw RAM (1998) 2. DISK OPERATING
SYSTEM

DUAL FLOPPY
DISK SYSTEM

7B Hod 26 6r S0W ASHLAABLE

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOIST]
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EYEDAT Configuration FD-2

cop SOFTWARE
199671998 "{SE’I‘ lzulrggmnon 1. EYEPOS
EYE VIEW MONITOR _ 2 Ko RAM - 2. EYEDAT
DMA 3. DISK OPERATING
DUAL FLOPPY CONTROLLER SYSTEM
1
GENERAL PURPOSE
INTELLIGENT
CABLE DUAL FLOPPY
DISK SYSTEM
HARD COPY
User experiment real time -7} KEYBOARD TERMINAL
data input to EYEDAT for :

recording during actual
experiment

EYEDAT/EYENAL with VDT and Printer Configuration FD-3

1996/1998 ;N . COMPUTER AUTOMATION SOFTWARE
EYE VIEW MONITOR ¢ ? LSI 2/20 1. EYEPOS
24 Kw RAM 2. EYEDAT
DMA 3. DISK OPERATING
DUAL FLOPPY CONTROLLER SYSTEM
4. EYENAL

a9 qp

~y

GENERAL PURPOSE
INTELLIGENT . DUAL FLOPPY
CABLE DISK SYSTEM

HIGH SPEED
- PRINTER

VIDEO DISPLAY
TERMINAL

User experiment real
time data input to
EYEDAT for recording
during actual experiment

L2

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUSBESThsGR P Yo ANAIL'ABLE
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PRECISION AND ACCURACY

The precision and accuracy of the eye position
measurement is affected by many variables such as eye
to camera distance, subject variation, head position
change within the allowable space, section of the scene
being fixated, pupil diameter, eyelid position, tear film,
or other physiological variables. Values listed in the
specification table (previous page) are considered
representative of common EVM usage.

Precision, or repeatability, can be thought of as
the amount of instrument noise in the eye position
measurement when the eye is perfectly stationary.
However, there is always some involuntary eye movement:
S0, as an operational definition, EVM precision is at least
twice the standard deviation of measured eye position
values when a cooperative, head restrained subject
fixates a central point for about one second.

Accuracy may be considered the largest expected
difference, or error, between true eye position and mean
computed eye position when the eye is stationary.

PROBANILITY
DEMSITY OF
WMEASURED
EYE POSITION

(o ZSTANDARD DEVIATION}

f L!'—Oj-—lc—-i VISUAL

AMNGLE

e
TRUE EYVE PRECISION

POSITION

—

Acc:ucv
(MAXIMUM EXPECTED DIFFERENCE
BETWEEN TRUE EYE POSITION AND
MEAN MEASURED POSITION )
SINGLE AXIS REPRESENTATION OF PRECISION AND ACCURACY
DURING A FIXATION

USER APPLICATIONS

Model 106 Eye-Trac

® Evaluation of reading and perceptual skills

® Determination of visual efficiency

® Study of binocular smooth tracking and saccadic fixation

¢ Measurement of nystagmus, vergence and other
oculomotor functions

Model 200 Eye-Trac

¢ Cognitive and learning behavior studies

Neurological effect of certain drugs on the vestibular system
® Non-verbal communication research

® Fatigue and stress studies

Human factors engineering

High frequency eye position measurement

Series 1000 TV Pupillometer

® Pharmaceutical research

® Mental work load experiments

® Schizophrenia research

¢ Binocular studies of neurological imbalance
® Pupillary latency measurements

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATIi s

Series 1900 Eye View Monitor

® Visual search and scanning studies

® Human factors research for various displays, terminals, and
control panels

® Analysis of advertising material

® Research concerning the entertainment and educational
quality of children's television

® |nfant development studies

® Pilot training

® Fatigue and workioad analysis

® Pilot or driver simulator experiments

Eye View Monitor with Helmet Mounted Optics

® Control "area-of-interest" type visual scene displays

® Automobile (or other vehicle) driving studies

® Human factors research for industrial control rooms and
other environments where subjects must walk about or scan
wide areas
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A4
Marketing and Sales Manager

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOI TBTE%fdﬁhk@]s;;gov %?pfi}f,ﬁﬁ 18E

Applied Science
Laboratories

GULF + WESTERN RESEARCH AND DEVELOPMENT GROUP
335 Bear Hill Road

Waltham, Massachusetts 02154

(617) 890-5100

L 1S A r



Records Processed under FOIA Request # 2015-8762; Released by CDRH on 12-8-2015

ISCAN Inc.
125 Cambridgepark Drive, Cambridge, MA 02238
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ISCAN®EVIL EYE™

EYE SLAVED TARGET ACQUISITION
SYSTEM

The ISCAN EVIL EYE™ Eye Slaved Target Acquisi-
tion System is an advanced man/machine interface

that allows an operator to rapidly, accurately and'

naturally designate areas of interest or targets
within the field of view. Just by looking at the target
of interest, the operator may designate or control
various machine functions. The EVIL EYE™ is the
first eye movement based control system which
works reliably in “real world” environments and
with virtually any human operator. Applications of
the EVIL EYE™ include:

*® Rapid Weapons Pointing

® Surveillance Camera Guidance
* Aircraft Cockpit Control

* Automatic Tracking Initialization
* Human Factors Evaluation

General Information

The human eye is an ideal input device for ad-
vanced man/machine interface applications due to
the inherent ability of the human occulomotor
system to rapidly and precisely shift the vector of
attention in response to visual stimuli.

The ISCAN EVIL EYE™ system employs a non-
invasive, video based eye tracking technique to
monitor the position of the subject’s eye with re-
spect to an imaging sensor. The lightweight eye
imaging sensor and associated optics may be com-
pletely mounted beneath a flight helmet visor or
embedded into a fixed sighting system. The system
operates at a sample rate of 60 Hz and the sub-
ject’s visual point of regard may be determined with
an accuracy of better than 1 degree over a +15
to 20 degree visual angle range.

Data corresponding to the subject’s point of regard
may be used to control various system functions
or designate targets of interest on a helmet-mounted

Output of RK-426
Pupil/Corneal
Reflection Tracking
System.

Air-to-Ground
Target Acquired
using RK-520
Autocalibrator.

or external display. The EVIL EYE™ automatically
compensates for slippage between the subject’s
head and the eye imaging assembly, allowing for
normal head movements while in operation. Eye-
glasses or contact lenses do not affect system
performance.

SYSTEM COMPONENTS

The components of the EVIL EYE™ are the Eye
Imaging System, the RK-426 Pupil/Corneal Re-
flection Tracking System and an Autocalibration
System.

ISCAN Eye Imaging System

The Eye Imaging System consists of the lightweight
imaging and illumination components required to
cbtain high quality eye images. These components
may be helmet mounted or embedded into a fixed
sighting station. The system includes a miniature
two dimensional image sensor with optics, a solid
state infrared illuminator, a dichroic mirror and
mechanical assembly. The dichroic mirror is trans-
parent to the operator. ISCAN can custom mount
an eye imaging assembly to a variety of flight,
communication and combat helmets.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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ISCAN RK-426 Pupil/Corneal Reflection
Tracking System

he RK-426 is a real time, digital image processor
“that simultaneously tracks the center of a subject’s
pupil and a reflection off of the subject’s cornea
from the infrared illuminator. By tracking both the
pupil and corneal reflection, data corresponding
to eye movements can be separated from data
generated by movements of the subject’s head with-
in the camera's field of view. The RK-426 is a dark
pupil tracking system that operates in high illumin-
ation environments with virtually any subject using
simple optical components. The RK-426 offers
ISCAN's unsurpassed eye tracking performance
and minimal operator adjustments because it is
able to automatically discriminate the pupil and
corneal reflection from shadows or highlights
which are invariably present in eye images. Com-
putation of the pupil and corneal reflection center
Positions is not affected by changes in pupil size
or if the corneal reflection moves to the edges of
the pupil area. '

——s L

ISCAN Autocalibration System

The standard RK-520 Autocalibration System is a
computational unit that accurately calculates the
subject’s point of gaze with respect to a scene being
viewed using the raw eye position data generated
by the RK-426. Point of gaze data may be output
as a cursor on the operator's display as well as in
parallel digital format for computer interface. The
RK-520 features a flexible five point calibration
procedure which is simple to operate and can be
completed in a few seconds. After the calibration
procedure, the RK-520 automatically translates the
raw eye data from the RK-426 to point of regard
coordinates.

The system also includes a manual joystick and on-
screen numerical data display for delimiting fixed
scene elements within the field of view, such as
control panel buttons or switches, which can then
be selected by sight. ISCAN can custom design
appropriate calibration hardware and software for
particular system requirements.

IMAGING
SENSOR

. H/OCE/DID at CDRH-F( ISBAE'.fgsf@fda__;h’Qs)_gov OrS64~7296 g
Questions? Contact FDA/C-DR 1 {‘f 3 !,;‘ > ELABLE ?/
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TECHNICAL SPECIFICATIONS
EYE IMAGING SYSTEM EYE TRACKING ELECTRONICS
Monocular Imaging Assembly: RK-426 Pupil/Corneal Reflection Tracker:
Weight: 4 ounces Power: 115/230 VAC, 60/50 Hz, 20W
Construction: 1/16th Anodized Aluminum Eye Video Input: EIA Standard RS-170
or PAL
Imaging Sensor Head: Eye Video Output: Same as above.
Size: 172.5mm Dx52.9mm L Data Outputs (Digital TTL):
Spatial Resolution: S511H x 256V pixels Pupil Horizontal Position (9 Bits)
Temporal Resolution: 60 Hz Pupil Vertical Position (8 Bits)
Corneal Refl. Horizontal Position (9 Bits)
Dichroic Mirror: Corneal Refl. Vertical Position (8 Bits)
Size: 2"x2" Square w/rounded edge
Transmission: 70%, 400-700nm RK-520 Autocalibration System:
Reflection: 750-1200nm Power: 115/230 VAC, 60/50 Hz, 15W
Scene Video Input: EIA Standard RS-170
INluminator: or PAL
Solid State Infrared LED Scene Video Qutput: Same as above.
(No cooling required) Data Outputs (Digital TTL):
Size: 1.25"x0.5" D Cylinder Point of Regard Horizontal Position (9 Bits)
Wavelength: 880nm Point of Regard Vertical Position (8 Bits)
Irradiance at Eye: 1.2mW/sqg.cm., typical Data Strobe
For turther information about ISCAN Eye Move-
ment Monitoring Systems, ISCAN Automatic Video
Tracking Systems or the ISCAN Optimouse™
Remote Cursor Control System, please contact:
125 Cambridgepark Drive
PO. Box 2076
Cambridge, MA 02238
- ISCAN® is a registered trademark of ISCAN Incorporated. USA
EVIL EYE™ is a trademark of ISCAN, Incorporated.
Copyright © 1989, ISCAN, Incorporated. Telephfne17-868-6353 Fax: 617-868-9231
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THE EYEGAZE SYSTEM™

FOR THE PHYSICALLY DISABLED
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THE PURPOSE OF THE EYEGAZE SYSTEM™

The purpose of the Eyegaze System is to enable severely disabled people to do many things with their eyes that
they would otherwise do with their hands. Simply by looking at control keys displayed on a computer monitor
screen, the user can perform a broad variety of functions including speech synthesis, environmental control
(controlling lights, appliances, televisions, etc.), playing games, typing, operating a telephone, and running most
DOS-compatible software.

The Eyegaze System enhances the quality of life of a disabled person, his family and his community by broadening
his communication, entertainment, learning and productive capacities. Additionally, the Eyegaze System has been
demonstrated to be an invaluable diagnostic tool in the administration of intelligence and psychological testing of
individuals who are both physically impaired and nonverbal.

PRINCIPLE OF OPERATION

The Eyegaze System, including its monitors, camera, computer, and control devices, is designed for table-top
mounting. To operate the system, the user sits in front of the Eyegaze Control Monitor. A video camera located
below the Control Monitor observes one of the user’s eyes. Nothing is attached to the user’s head or body. A
low-power infrared light emitting diode (LED) mounted in the center of the camera lens illuminates the eye and
provides a bright image of the pupil and a bright spot reflecting off the cornea. The image of the eye is displayed
on a second monitor called the Eye Monitor.

Eyegaze
Control
Monitor Screen Monitor
N .. Monitor Tray e
RN / Eye Image with Bright Pupil
LED — T _ Montor A and Corneal Reflection
Camera Lans Video Camera

Camera Bracket

Camera Configuration (without HeadTracker)

Based on the images of the eye’s pupil and the corneal reflection, sophisticated image-processing software
continually computes where on the Control Monitor screen the user is looking. Typically the system predicts the
gaze point with an accuracy of better than a quarter of an inch, enabling the user to activate keys as small as 5/8ths
of an inch square. As aform of feedback to the user, the Eyegaze System can display a cursor on the screen at the
user’s predicted gaze point.

The user operates the Eyegaze System by looking at rectangular keys or buttons that are displayed on the Eyegaze
Control Monitor. For example, looking at the “on" key for a light turns it on. To "press” a key visually, the user
looks at the key for a specificd time called the "gaze duration™. If the user keeps his eye focused within the key for
the full gaze duration, the key flashes to give him feedback that he has pressed it. The computer then takes the
action associated with the key.

The user or the carcgiver can adjust the gaze duration time required to press a key. Typical gaze duration values
range between 2/3rds and 1/4 of a second. As the user improves his ability to run the Eyegaze System, he may
increase his operating speed by reducing the gaze duration.

[
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REQUIREMENTS FOR USE

To use the Eyegaze System most easily and effectively, a person should have good control of at least one eye. He
should be able to move his gaze freely over the full range of the computer monitor screcn. To sclect and activate
the various keys, he should be able to fix his focus at any desired position on the screen for a period of about 2/3rds

of a second.

In most cases, eyetracking works with glasses and contact lenses. The lens boundary in bifocal glasses, however,
often splits the camera’s image of the eye and invalidates the image measurements. Soft contact lenses that cover
all or most of the cornea generally work well with the Eyegaze System. Small hard contacts can cause problems if

the lenses move around considerably on the cornea.

Generally, the Eyegaze System must be operated in a room lit with fluorescent lights. Too much infrared light from
the sun or incandescent lamps can interfere with the light from the LED on the camera and corrupt the camera’s

clear image of the eye.

CALIBRATION PROCEDURE

To calculate a person’s gaze point accurately, the Eyegaze
System must first learn some of the physiological proper-
ties of the eye including the radius of curvature of the
cornea and the angular offset between the eye’s optic and
focal axes. The system learns these parameters by per-
forming a calibration procedure. The user fixes his gaze
on a sequence of dots that the computer displays at
specific locations on the screen. After looking at the
individual dots, the Calibration program graphically dis-
plays the user’s overall calibration accuracy, with small
circles representing the original calibration points and
crosses showing the corresponding gaze point predic-
tions. The calibration procedure usually takes about 15
seconds, and the results can be saved for future sessions.

MAIN MENU

Upon completing the calibration procedure, the Eyegaze
System displays its Main Menu. The Main Menu is the
navigational center of the Eyegaze System. It presents a
list of the various Eyegaze programs and gives the user a
way to access the functions he wants. The user calls up
the program of his choice by visually pressing the key next
to the desired program name. When the user is finished
with a program, pressing the "exit” or "quit" key for that
program restores the Main Menu.

The following paragraphs summarize the operation of
several of the different Eyegaze programs.

2 Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTAT

Calibretion accuracy: ©.00 inches

Calibration Performance Results

MAIN MENU

Lights & Appliances

Phrases

Read Text

Telephone

I TV 7 VCR Control

I Typewriter

:] Games

i DOS Mode

Re-Calibrate

Eyegaze System Main Menu
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LIGHTS AND APPLIANCES

The Lights and Appliances program allows a person to
control household lights and appliances anywhere within
the house. The program displays a set of switches for the
various devices that can be controlled by the computer.
The user looks at the "on” or "off" key of the desired switch
to control a device.

The Eyegaze System uses the X-10 Powerhouse’ Home
Controller to make the electrical connection between the
computer and the appliance switches. The X-10 Power-
house sends signals over the existing house wiring to
control small modules that plug in between the electric
outlets and the appliance plugs. (The lights and applian-
ces may also be controlled manually by non-disabled
people by physically pushing switches on the control
panel of the X-10 device.)

PHRASES

Lights and Appliances

Chime Music Fan

ore

off

EXIT

Lights and Appliances Control Screen

With the use of a speech synthesizer, the Phrases program allows a nonverbal person to verbalize regularly-used
phrases with a single glance of the eye. It eliminates the need for the user to type in the whole phrase each time
he wishes to speak it. The Phrases Menu allows the user to select different categories of phrases. The individual
Phrases screens use a simple large-key format for people with limited eye control. The "pause” button on the screen
allows the user to deactivate Phrases keys temporarily so he can look at the screen without verbalizing phrases.
Hitting the "pause” button again re-activates the Phrases keys. LC Technologies provides a library of eight sets of
phrases as a starting point for the user. As discussed later, the phrases are easily edited to meet individual needs.

Phrase Selection Menu
Parsonal Needs j Conversation
Nuabars ::l oo ||
Answers :' Drinks
Food :] 1 Hart
Exit
Phrases Menu

* X-10 Powerhouse is a trademark of X-10 (USA) Inc

Questions? Contact FDA/CDRH/OCE/DID at CDRH-F
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TELEPHONE

The Telephone program allows a person to place and
receive telephone calls. The phone system consists of a Telephone
speakerphone, an automatic dialer, and a telephone con-
trol screen for eyegaze control. Nonverbal people use the
specch synthesizer to speak into the speakerphone.

bie! (-Erase | Annce.

The number to be dialed is selected by visually pushing
the appropriate digits on the keypad display. Alternative-
ly, the user may press the "Book" key which displays a list
of up to 15 stored numbers, and a single eye stroke then
selects the full phone number. When the user presses the
"dial" button, F:h:: Eyegaze System dials thz pumber, Clear Book
When the phone is answered, nonverbal users introduce Exit
themselves by activating the "announce” button which
verbalizes a stored message. To continue the conversa- Telephone Program
tion, the nonverbal user exits the Telephone program and

uses the Phrases and/or Typewriter programs to speak.

When the conversation is over, he re-enters the

Telephone program and activates the "hang-up” button.

- Dial Answr

HangUp| Pause

* |NA|DE|-
O3|me|tE|{NE
# |osjo|wE

Incoming phone calls are answered by entering the
Telephone program and pressing the "answer” button.
The "announce” key may be activated to introduce the
nonverbal user.

READ TEXT

The Read Text program enables the user to access any text that is in a computer-readable format. Upon entering
the Read Text program, the computer presents a menu of the texts available on the computer disk. At this point,
the user may select a text, page forward through the list of available texts, or exit back to the Main Menu. If the
user selects a text, the Eyegaze System displays the first page of the text for the user to read. Once the text is
displayed and the user has read what he wants, he may page forward through the text, page back, or return to the
text selection menu.

Select File z:- Conputer Systen: Lot Sour Dyes B0 the Typing (And
W Vissbied Con Operate Nov Compotar Systen Vith Thair Syse fron “ln U Nainotroan,” Nov.~Buec. 1908
by Kenoy Cloveland
iyt
. Warilyn Hogpatl, Preslient of the Oklahons Chapter of the
1L/778: Byse Comirol Computer Keyhourde National Srimal Cod Injury fwmociation, hed an sppertanity in

fugust {0 type har mane with dar oyee welng & mov visiow
cowtrolisd computer at the MSCIA Conforemoe i Dowwer. #
uadriplagic, xhe nass & sip and pulf mwitch to run her
Bymgame Comprtar Systen User’s Manmal (Braft} vhoeichalr, Wt finds it 100 show for tuplng. “I Jurt lowe
el & e this thing! 1w got to have one of these. Uning this
commier, | omid returs 1o my ol job dolng dats entry.”
Dusigved for wee by pecple uith covere dicadilities, the
Gymgeze Compater Syrtan hes been davslopad by LC tacimologies
WITM: Seming is Melieving. .. to bring a Wroad variety of functions together under cowtrol
of a peroon’s syes. The Sustem's capabilition include iyping.
word procerying, speech (vls woice syntlwsizer), cowtrollimg

Wohel Hitenl 14 -
Tiles Listed: 5 0 8 Next Peage Exix Page Down Page Up Menu

Read Text Selection Menu Text Reading Screen

BEST (v
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TYPEWRITER

The Typewriter program allows a person to type simply
by looking at the keys on a keyboard display. As the user
types, the typed characters appear on the screen above
the keyboard. Four different keyboards are available.
The Alpha keyboard is a simplified, large-key layout for
use by children or people with limited gaze fixation ac-
curacy. The key dimensions are 1" by 1 1/4". The Qwerty,
Alphabetic computer, and Frequency computer key- quorty|[treq  |Jebode |leloha
boards all have 5/8" square keys. The Qwerty keyboard
is a standard typewriter layout. The two computer key-

Kayboard

. a0
boards contain all the keys on a full computer keyboard Gaza Duration  Print  Spesk  Type Exit
and are designed to cnable the user to operate the
Eyegaze System as a standard computer. (See the discus- DOWN || uP
sion of the Eyegaze DOS Mode.)
The Keyboard Control Menu
The Keyboard Control Menu allows the user to select the
keyboard he prefers, change the gaze duration (to in-
crease or decrease typing speed), print what he has typed,
verbalize it via the speech synthesizer, return to the
typewriter keyboard, or return to the Main Menu.
A B [+ D E F G
H 1 J K L ] N
1 23] 4|56} 7|e]9] 0] - = |FN
<] P Q R s T v TAB| q [ wl e | r | ¢ | yl ul olp|t ) \
SLfa|alafr]laglbh]i]|l k] : * ENT
v W X Y z . 4
HF[ 2 | x| ce| v! bl n] o] . . 7/ [SHF
Out Space <-Erase LlaLT SPACE <-BACK
The Alpha Keyboard Qwerty Keyboard
kSC FliF2 |F3 Fa|Fs|Fe|F7]|F8]|F9 |Fi0|Fi1|r12|FN #SC FI{FRIFI|{FA|FSFG IF? |F8|F9 |FI0|Fi1L |Fi12|FN
) 2| 3| 4 5}L6]17{8)]8) 0P FRL IPSE * 1 212 4|1 8|6} 7| 8| 9] 0P ERL IPSE
CTLALT| a | b| c | d]| ¢ ] 2 f-Back |nL] /]| » ] - CTLALT q | w ] x| 3] ul| p k-BAck [N | /] o] -
TAB(SL | g | B ] 4 3l xi ENT MHom| up {PgVU MABISL | u| e[ hje|lr| ENT  Hom| up |Pgu
SHIFT m | n | SPACE o} p{SHIFT i 4 ri SHIFT f | s |SPACE n | g | SHIFT b4 ri
N7l qlris t ul vir ) d| dn {PgD N|7]ec|ldleo]la]: mil } [End]dn [PgD
ENT ENT
wl n ulz . - - lusert |Del H M . z = v b . - - Insert |Del
Alphabetic Computer Keyboard Frequency of use Computer Keyboard
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TV/VCR CONTROL

The TV/VCR Control program provides a disabled per-
son control of any remote controlled television and video TV Channel VCR
cassette recorder. The TV and VCR control functions
are displayed on the Eyegaze Control Monitor, and the
user activates the controls by looking at the desired keys.
A universal infrared remote controller connected to the
computer takes commands from the Eyegaze System and cnup [chon | 8 20 22 | sewop | Piay
transmits them to the TV and VCR.

Mute | Power 4 L] ? Power [TV/VCR

Vol up | Val dn 26 3 45 Rawind |Fest F
VOL UP |VOL DN Pauss Next Page || Pause Exit
TV /VCR Control Menu
GAMES
There are several cye-operated games that a person can
play on the Eyegaze System. In the Paddle game, a ball Paddle
bounces around the screen and the user maneuvers the o

paddle with his eyes to bounce the ball back up in the air
so it doesn’t hit the ground. The user moves the paddle
side to side with his horizontal eye motion. The Paddle
game puts a disabled person into a dynamic action en-
vironment, gives him good eye motor control exercise, .
and provides practice in controlling things with his eyes.

Other games include Klondike Solitaire and a slot —
machine from Ted Gruber Software.

Loak ot casmre far cowtro! fenctioms

Paddle Ball Game
s ]
v o | B
e Coiva in:
LA .“
Vogas You vin:
asiee s
] *e e
Wt Bet §
Caln {aiwm
b 11 Total:
Nend i
3 4 § [ 3 ? Nlis:
Pouse it
Staek Buch Mo Pouss Dwlfle
it
Proa o Total -28 ot ¥

Klondike Solitaire Game Microbucks II Slot Machine Game
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EYEGAZE DOS MODE

In the Eyegaze DOS Mode, the user has access to the Personal Computer’s Disk Operating System, and he runs
the Eycgaze System as a standard computer. He can run off-the-shelf DOS software programs that use keyboard
input, such as word processors, data base systems, computer programming tools, CAD software, spread sheets,
graphics programs and entertainment packages.

In the Eyegaze DOS Mode, the Eyegaze Computer keyboard screen appears on the Control Monitor, replacing
the manual keyboard. Displays generated by the DOS software programs appear on a third monitor called the
Applications Monitor. As the user types in DOS commands and runs programs, the characters he types appear
at the top of the keyboard screen. The computer responses to his inputs occur on the Applications Monitor.

CAREGIVER AIDS

The Eyegaze System has several features to aid caregivers in teaching disabled people to learn to use the Eycgare
System. The Eyegaze Teaching program, which the caregiver brings up manually outside the framework of the
Main Menu, presents a simplified calibration procedure with fewer calibration points and lower requirements for
the user to keep his gaze fixed on the calibration points. After the user calibrates, the caregiver selects among five
different very-large-key screens to help the user practice various aspects of his gaze control and gain experience
pressing keys visually. The Teaching program responds to the user’s visual key presses by flashing the keys and
verbalizing responses.

Within the Main Menu framework, the carcgivcr can activate many of the system selections by physically pressing
keys on the manual keyboard that correspond to visual keys on the screen. Thus, for example, the caregiver can
move to programs of his choice or help the user out of difficult situations, without the user having to do it with his
cyes.

CUSTOMIZING THE EYEGAZE SYSTEM

Many of the Eyegaze programs have user selectable parameters, data and information. The gaze duration, phrases,
appliance names, and paddle width, for example, can all be easily changed. The user or the caregiver may edit the
Eyegaze text or change the Eyegaze data values by running a program called CONFIG. The disabled user can
access the CONFIG program through the Eyegaze DOS Mode.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTA TLB@@%H@Q&:@&( 3@3’*57,&@;&1;\@ LE ]
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HEADTRACKER™

Designed to compensate for poor head control or
spasticity, the HeadTracker is a device that allows the
Eyegaze camera to follow the user’s eye as he moves
his head throughout a large volume of space. The
HeadTracker system uses a rotating mirror to track
vertical and lateral head motion and an automatic
focus to keep a clear camera image of the eye as the
user moves his head back and forth. The Head-
Tracker can compensate for head motions over a
range of 18 inches side to side, 10 inches up and down,
and 10 inches forward and back.

The HeadTracker is enclosed in a 7-inch high cabinet
which replaces the monitor support arm. No attach-
ments to the head are required.

HeadTracker (top view)
ﬁadTraeker ........................... : ) ]
Enclosure - ;

B Emu.
Monitor

7 Mimor > Lans Motor

! Rotation LS
NG Mirror /

Head Posttion :
Ervelope /

Computer /

System

Viewport

HeadTracker
Enclosure

Eyegaze System with HeadTracker
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EYEGAZE SYSTEM FOR THE DISABLED
COMPONENTS & PRICES

BASIC SYSTEM:

Eyegaze Software/Hardware (without computer system) $16,600

Main Menu Program

Phrases Program (speech available as an option)
Eyegaze Keyboard Emulator Program

Games Programs

Read Text Program

Teaching Program

Monitor Support Arm with Camera Bracket

High-Speed Infrared Sensitive Camera and 7Smm TV lens

Infrared LED, Power Source and Filter
Video Frame Grabber Board

Eye-image Video Monitor (Monochrome)
Power Surgc Protector

Telephone Modem for Transfer of Software Updates

All Necessary Cables and Connectors
Installation, Training & 1 Year Warranty

Computer System (80286 based computer w/ math co-processor) 3,000

Applications Monitor (VGA Color Screen)
Manual Keyboard (as alternate input device)
1.2 Megabyte Floppy Disk Drive

40 Megabyte Hard Disk Drive

Disk Operating System Software

BASIC SYSTEM:

STANDARD OPTIONS:
Telephone Program, Speaker Phonc

350

TV/VCR Control Program, Programmable Infrared Remote Controller 350

Lights and Appliances Control Program
X-10 Powcrhouse™ Appliance Controller
Eight Lamp and Appliance Modules |
Panasonic Dot Matrix Printer
Prosc 4000 Speech Synthesizer
Serial Interface Board (required for full option set)
Total Standard Options:

STANDARD SYSTEM:

ADDITIONAL OPTIONS:

350

250

1,750

495
3,545

Computer Upgrade (80386 based computer w/ math co-processor, 1,000

required for DOS capability or HeadTracker™ )
DOS Keyboard Emulation Capability

Keyboard Emulation Monitor
HeadTracker Assembly (delivery Spring 1990)

1,500

14,000

Head Motion Tracking Assembly with Automatic Focus

Total Additional Options:

FULL SYSTEM:

16,500

Virginia residents add 4.5% sales tax. "I'he above prices do not include shipping or travel expenses.
Bank financing, short-term leasing, or lease-purchase options are also available.

‘The prices and specifications are subject 10 change without notice.

Novent

19,600

23,145

39,645

er 1Y8Y

LCTECHNOLOGIES, Inc. 4415 Glenn Rose Street, Fairfax, VA 22032 * Phone 1-800-733-5284 * (703) 425-7509 * FAX: (703) 3234782
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Micro Measurements, Inc.
1921 Hopkins Street, Berkeley, Ca 94707

The literature is attached in the following un-numbered

pages.
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MICROMEASUREMENTS CATALOG OF PRODUCTS AND SERVICES

PRODUCTS

SERVICES

MARCH 1982

SYSTEM 7000 EYE MONITOR WITH COMPUTER
SYSTEM 1000 EYE MONITOR
LABORATORY COMPUTER SYSTEMS

DATA ACQUISITION AND ANALYSIS SOFTHARE

P

SYSTEM ENGINEERING
TURNKEY INSTALLATION

ON SITE TRAINING

SPECIAL PURPOSE SOFTWARE

CONSULTING

| TABLE OF CONTENTS
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SECTION

EYE MONITOR SYSTEM DESCRIPTION

SYSTEM PERFORMANCE

SYSTEM CONFIGURATION

DATA ACQUISITION AND ANALYSIS SOFTWARE
THE AREA MEASUREMENT TECHNIQUE

EYE MONITOR SYSTEM OPTIONS

EXAMPLES OF DATA

COMPUTER SYSTEMS

APPENDIX

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOI1STAT JS@E h.hs.eo 1) 3 1-7\?/6-81 18
i ILABLE

71



Records Processed mrcirom@i's Grgwen¥ MGOEL GoddcionsculOn ORI IS veTEMS-2015

TV MONITOR

TV CAMERA
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FORTRAN

PUPILLOMETER
EYE TRACKER
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CONTROL
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MMI EYE MONITOR SYSTEMS

PERFORMANCE

The MMI Eye Monitor Systems measure horizontal and vertical eye
position and pupil size in realtime. These systems employ the
area measurement method to find pupil size and to track the
center of the pupil. Therefore, the signal to noise and
resolution advantages which apply to pupil size measurement
(see page 7) obtain for eye position as well. Every eye
position and pupil measurement method is subject to errors of
various types. The computer allows most of these errors to be
corrected in realtime (see page 6). The system tolerates
blinks, eyeglasses and contacts, ptosis, and irregular pupils,
and some head movement. Use of an IR camera means that cross
talk between horizontal and vertical eye movement is minimized,
as is the influence of ambient fluorescent light.

SIMPLICITY

A computer should make an instrument system easier to use, not
harder. The computer controls the experiment as specified by
the user. It automatically generates calibration patterns and
experimental stimuli, controls recording equipment, and
provides a tracking window which assures a high quality image.
Relieved of these tasks, the user may concentrate on the
experiment rather than the apparatus.

FLEXIBILITY

The inherent flexibility of software, <coupled with a proven
computer system, means that the MMI Eye Monitor System will
grow and adapt as your needs evolve. The system is built around
an S-100 based 280 microcomputer, operating under CP/M*, This
configuration is recommended by Thompson and Webster in their
new book Microprocessor Based Medical Instrumentation Systems
The S-100 is the only computer bus with an IEEE standard
configuration, ensuring compatibility among manufacturers. It
is easily expandable, and many I/0 and specialized hardware
devices are avallable. A wealth of software, including
fortran, basic, word processing, and scientific computation
software are presently available. Thompson and Webster summed
up the importance of CP/M: "CP/M is to software compatibility
what the S-100 bus is to hardware compatibility".

* Registered Trademark of Digital Research Corporation

Prentice Hall, 1981,
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PERFORMANCE-SYSTEM 1000 and SYSTEM 7000 EYE MONITORS

PUPILLOMETERY
Resolution: 12 bits
Precision: .001mm diameter (Typical)
Signal to Noise Ratio: 60 dB
Range:. 0-10mm diameter
Linearity: Within 1/2%
Sampling Rate: 60 Hz

Errors due to Eye Position: Corrected (See Page 6)

Allowed Eye Movement: 40 degrees horizontal
30 degrees vertical

Controls: Mode (Manual-Auto)
' Pupil Threshold
Circular window

size and position
AutoCalibration

EYE POSITION MONITOR

Eye Position Output: 8 bits horizontal,
(Analog or Digital) 8 bits vertical
Resolution: 1/2 LSB (Typically 2.1°)
Range: Depends on Lens

(Typically 220°)

Interchannel Isolation: 30 dB
Sampling Rate: 60 Hz
Errors Due to Small Corrected (See page 6)

Head Movements:

Controls: Same as Pupillometer

Specifications subject to change without notice.
Performance parameters depend upon lens and camera placement

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOlSTATLB@S’é’.h@@t;W‘g’r @@WA@{QABLE @D
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CONFIGURATION-SYSTEM 7000 EYE MONITOR

The System 7000 Eye Monitor System comprises a computer
system, a video system, and a headrest/camera mount. These
components are fully described in the data sheets in the
appendix. The System 7000 may be used as a general purpose
computer, e.g. for data collection, data analysis,
simulation, and graphiecs.

SUMMARY OF SYSTEM PARAMETERS
Computer System:

CPU: 280 6 MHz with 24 bit address capability
allows access to 16 MBytes of memory.
Compliant w/IEEE 696/5-100 Specification.

Memory: 64K Static RAM~compatible with 10 MHz CPU
8K EPROM (Up to 32K optional)
(00K Dual Floppy Disk Drives-with DMA,
10M Byte Winchester Hard Disk (optional)

I1/0: 2 independent, programmable, serial I/0
ports, with RS-232 drivers, Hardware UARTs.

A/D: 32 s/e, 16 d/e channels of 12 bit A/D,

D/A: 4 channels of 12 bit D/A,

Chassis: 20 card slots, fully terminated motherboard
with Faraday shielding. HD power supply.

Terminal: Televideo 912C (ADM-3A Optional)
Video System:

Camera: . RCA TC1005/0U01
1" Infrared sensitive Ultracon tube
Resolution: 700 TVL 1lines.
Bandwidth: 10MHz
Lens: 150 mm 1:3.3

Monitor: RCA TC1009-9" B/W (Desk top or rack mount)

IR Source:7800-14000 Angstroms, Filtered to eliminate
visible light.

SYSTEM 1000
The System 1000 3is identical to the 7000, except that

dedicated hardware computation unit is substituted for
computer, Thus the system 1000 cannot function as a gene

a
the
ral

purpose computer.

Questions? Contact FDA/CDRH/OCE/DID at CIZfRH-FOISLAﬁgél;a.[f;"sh!;si};c;;‘/fvoffé%ié\?gﬁ/é’gkE

The System 1000 may be upgraded to a ~1000.
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MMI-81: DATA ACQUISITION AND ANALYSIS SOFTWARE PACKAGE

The MMI-81 data acquisition and analysis package comprises
five major programs. More capabilities are being developed
and will be announced as they become available.

EM-The Eye Monitor program collects and stores eye position,
pupil size, and up to 16 additional channels of 12-bit data
at a 60 Hz sampling rate. It automatically adjusts the
circular windows, and outputs analog or digital signals
representing eye position (horizontal and vertical) and
pupil size (area or diameter). It provides for automatic
calibration of eye movement and pupillometer measurements
and collects narrative data in a header.

The Eye Monitor program performs realtime error correction
of eye position and pupil area measurements. Errors in pupil
size due to changes in gaze angle are corrected according to
an empirical relation developed by Haines (Amer.J.Opth. 68
(4),1969). Errors in pupil size due to nonlinearities in the
detector are corrected by a simple lookup table. Errors in
eye position due to small (less than about 2 em) head
movements are corrected by comparing the movement of the
first Purkinje image with that of the center of the pupil.
The difference représents an improved measure of true eye
movment. The Eye Monitor program recognizes blinks by noting
that the apparent pupil area has fallen below the
physiological range. It implements a search algorithm which
recovers eye position in less than 30 msec.

AD/DA-The analog to digital/digital to analog <conversion
program i3 a general purpose data <collection/data output
routine, similar to the EM program. This program allows the
user to collect or read out data at up to 20 KHz (total all
channels), preprogram stimuli, provide for rest periods, and
control other experimental apparatus.

ANALYSIS-The data analysis package includes the following:
AVG-average a series of records.
DERIV-Take the time derivitive of a record.
SMOOTH-smooth a record to remove artifacts, e.g. blinks,.
FILT~-Linear or nonlinear filter.
FFT-Fast Fourier Transform.

STIM-The stimulus program allows the user to create a file
of arbitrary stimulus values. This file is interpreted by
the EM program or by the AD/DA program, which then output
analog signals to control the stimulus. When used with the
AD program, it is updated at a rate specified by the user
for data collection.

CONVERT-This program converts binary data, as generated by
the EM or AD programs, to ASCII format. This is useful for
transferring data between different computer systems.

T AGTEY T ey
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SRI International

333 Ravenswood Avenue, Menlo Park, CA 94025

The literature is attached in the following un-numbered

pages.

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOI
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BINOCULAR VISUAL PROCESSES
AND INSTRUMENTATION

Development of the DPI Eyetracker

' Final Report
August 1982

By: Hewitt D. Crane, Director
Visual Sciences Program
Bioengineering Research Center

Prepared for:

U.S. Public Health Service
National Eye Institute

9000 Rockville Pike
Bethesda, Maryland 20205

Grant EY 01031

SRI Project 3336

SR! International
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I INTRODUCTION

This report summarizes the development of the dual-Purkinje-image
(DPI) eyetracker, and assoclated equipment, over the eight-year course
of NEI Grant EY 01031 (from March 1974 to April 1982). The development
can be traced through several generations, with instruments having been
made for various laboratories at each stage of development. With the
termination of this grant, we have reached the fifth and, at least for
the moment, final design of the instrument.

The basic instrument is now much smaller in size and much easier to
use than earlier models and, most importantly, is much more accurate.
This continuous process of improvement would not have been possible
without the steady support of this grant and of an earlier National
Institutes of Health (NIH) grant from the National Institute of Neuro-
logical Diseases and Blindness in the late 1960s (see Section II).

Other elements of Support came from the many institutions that purchased
instruments, and from two periods of National Aeronautics and Space
Administration (NASA) support-—~from 1965 to 1971 and again from 1978 to
1982.

The eyetracker is now being used in a number of different vision
research laboratories. As of this writing, one of its first clinical
~ applications is awalting initial clinical testing at the Eye Research
Institute (ERI) of the Retina Foundation, Boston, in the form of a sta-
bilized laser photocoagulator. Some other current applications are sum-
marized in Section IV.

| BEST L.t AVAILABLE
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6.2 Identification of Materials
The materials used in the ober2 include the following:

1. A printed circuit controller board for use in an IBM
compatible microcomputer. It interfaces the measuring system
with the IBM (or compatible) microcomputer. The board is powered
by +/- 15 Volts dc.

2. A goggles adapter card which connects the eye movement
goggles with the controller board. It has a DB-25 connector
which connects to the main board, and two male connectors which
connect to the cables from the goggles. It also has a 4mm socket
for use with a wrist band which is used to cut down static
charge.

3. A synchronizing unit which controls the sampling rate. This
has a DB-15 male connector which connects to the controller
board.

4. A low voltage dc supply which powers the synchronizing unit.

5. The eye movement measuring goggles with flat ribbon cables
which connects to the goggles adaptor card.

6. A wrist band with cable to cut down potentially interfering
static signal. A one megohm limiting resistor in the cable)
which connects to the 4mm socket in the goggles adaptor card is
used to limit the static current level.

7. A 5.25" floppy diskette containing the ober2 software, and
start up instruction file. This software operates under DOS 3.3
or later versions.

8. A manual containing installation and operating instructions.

6.3 Identification of Design and Design Considerations
6.3.1 Features
The ober2 infra-red eye movement monitoring system can be
used with any IBM personal computer PC/XT/AT or other compatible

system. The system requires DOS version 3.3 or later, plus an
EGA graphics card, and a high resolution EGA monitor.

10
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The ober2 eye movement measurement and recording system is
designed to have the following features:

o measure eye movements in the horizontal direction for
both eyes. Vertical movement can also be measured, but
with less precision because of the effect of eyelashes.

o obtain the eye movement data at rates from 50 samples
per second to 1,000 samples per second.

o] store the measurement data on floppy diskettes for
future review and analysis

o store descriptive data about subject and experimental
conditions, along with the measurement data

o present and control the target scenes on the
microcomputer monitor

o print out data on IBM graphics compatible printers or
plot data on Hewlett Packard compatible plotters

6.3.2 Typical Specifications
Sampling rate .....cc0000000000....maximum 500 Hz

Recording channels .....¢cccc.......1eft and right eye
horizontal and vertical

Sensitivity .....iiiiciieiiteennes< 5 min. of arc

Linearity .c.eveeececccececasseassss< 10% across the
recording range

Recording range ...eesceeecseecsse...30 deg. horizontal
20 deg. vertical

Zero adjustment ...................automatically set by
initial fixation

[

Uy T A
IR emission .'...I.l"’......"l...0.76 mW/sqcm \ \1[

"

Voltage .o.....c..u-o-.llll...n"o.ls V dc maximum

Data format on diskette ...........binary, 2 bytes/channel
header byte, LX,RX, LY,RY

11
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6.4 Energy expected to be Used or Delivered by Device

The eyes are illuminated by low level infra red (IR) light
emitting diodes, and the diodes are operated with low duty cycles
to further reduce the average energy.

The goggles are made of insulating rubber so that there is
no electrical contact with the user. A plastic shield is placed
over the goggle electronics to further increase the electrical
isolation.

The IR energy for each eye is 0.76 mW/sqg cm and is much less
than the 10 mW/sqg cm that is specified by the American Conference
of Governmental Industrial Hygienists in their document "TLVs,
Threshold Limit Values and Biological Exposure Indices for
1985-86", with a publication identification number of
ISBN: 0-936712-61-9. This document has a section covering
"Biological Exposure Indices", and their information for infrared
radiation is given on p. 97. The relevant information is quoted
here for convenience.

"Infrared radiation: To avoid possible delayed effects upon
the lens of the eye (cataractogenesis), the infrared
radiation (wavelength=770 nm) should be limited to

10 mW/sq cm."

6.5 Description of Operational Principles of Device

Infra-red reflection can be used to measures eye movements
because of the different reflective properties of the variocus
parts of the eye. The white of the eye will reflect back more of
the IR light than the colored portion (iris and pupil) of the
eye. By using this difference, a calculation of the position of
the eye in relation to each of the IR detectors can be made.

Less IR light will be reflected back to the sensors which are
nearer the colored part of he eye. An array of four such
detectors can be arranged around the eye in order to measure both
horizontal and vertical positions and movements.

The system measures the difference in position that results
from movement of the eye. The absolute position is determined by
using the data recorded when the eye looks at a number of
horizontal and vertical calibration targets. This gives the
absolute zero position as well as the scale factors.

The ober2 does not monitor the position of the eyes
continuously, but uses short pulses of IR light at frequencies of
50Hz and above to measure the eye position intermittently.

12
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6.6 Warranty

The unit comes with a full one year limited warranty on
parts and labor. A copy of the warranty is included on the

following page.
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pel’mob" of America, Inc.

30 Ray Avenue Burlington, Massachusetts 01803
Phone: (B0Q) 736-0925 « FAX: (617) 229-984)

LIMITED WARRANTY
ONE FULL YEAR PARTS AND LABOR

Permobil of America, Inc. (PAI) agrees that the Permobil will be free of defects in material
and workmanship for a period of one (1) year under normal use and service; and PAT's
obligation as set forth herein is limited solely to repair or replacement, at PAI's option, ata
PAI service center designated by PAI, of any part or parts thereof which (i) our

examination shall disclose to our satisfaction to have been defective, and (ii) which shall,
within one (1) year from date of original installation or eighteen (18) months from the date
of shipment from factory to the Purchaser, whichever date may first occur, be returned to
PAI at its designated service center with transportation charges to PAI, and from PAI to
Purchaser, prepaid.

THIS AGREEMENT TO REPAIR OR REPLACE DEFECTIVE PARTS IS MADE
EXPRESSLY IN LIEU OF AND IS HEREBY IN DISCLAIMER OF ALL OTHER
EXPRESS WARRANTIES, AND IS IN LIEU OF AND IN DISCLAIMER AND
EXCLUSION OF ANY IMPLIED WARRANTIES OR MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, AS WELL AS ALL OTHER IMPLIED
WARRANTIES, IN LAW OR EQUITY, AND OF ALL OTHER OBLIGATIONS OR

. LIABILITIES ON OUR PART, AND IN NO EVENT WILL PAI BE LIABLE FOR
SPECIFIC, INDIRECT OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
DELIVERY, USE OR PERFORMANCE OF PRODUCTS SOLD HEREUNDER.
THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE DESCRIPTION
HEREOF. PAI neither assumes nor authorizes any person to assume on behalf of PAI any
liability or obligation in connection with the sale of Permobil, except the repair or
replacement of the defective parts as set forth above. PAT's liability does not include any
labor charges for replacement of parts, adjustments, repairs, or any other work done by
parties other than PAI, and PAT's liability does not include any consequential or resulting
damage to person, property, equipment, goods, merchandise, profits, goodwill or
reputation arising out of any defect in or failure of the Permobil. PAI's obligation to repair
or replace shall not apply to any Permobil which shall have been repaired or altered in any
way by parties other than PAI, or such other repair facilities as are designated by PAI, or
which has been subject to negligence or to misuse. ON PARTS NOT OF PAI'S
MANUFACTURE, PA] EXTENDS ONLY THE SAME WARRANTIES AS GIVEN TO
PAIL PATS AGREEMENT HEREUNDER RUNS ONLY TO THE IMMEDIATE
PURCHASER AND DOES NOT EXTEND, EXPRESSLY OR BY IMPLICATION, TO
ANY OTHER PERSON. Nothing in the above warranty provisions, however, shall
impose any liability or obligation of any type, nature or description upon PAI if PAI has
not received payment in full for the Permobil.

BES| COPY AVAILABLE
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END
890627
perm-35-3
510k006g.wp0
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