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Autonomous Visual Field Test & Diagnosis System in Space and on Earth
Purpose & Visions )

In General:
Technologies supporting seamless interface between detection, diagnosis and intervention
Support of NASA’s Human Exploration and Development of Space (HEDS) program
Enabling future long-term NASA space missions (e. g.: ISS, trip to Mars)

In Particular:
Fully autonomous diagnosis expert system for visual field classification
Using non-invasive optical technology
Advanced monitoring and early detection

Comprehensive diagnosis of eye and brain diseases affecting the visual field

Vision:

3D Computer-Automated Threshold Amsler Grid Test ‘=) Creation of Database and Development of Autodiagnosis System

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002
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Post Shuttle Flight Ocular Findings

Percent
SUBJECTIVE FINDINGS 0 ‘ 4 b 8 10 12 1 15 18
o i

Perceived Decreased DVA [ T b e e
Perceived Increased DVA
Perceived Decreased NVA
Perceived Increased NVA
Eye Strain
Eye Irritation
Headache
Dry Eye
Foreign Body
Poor Air Quality

OBJECTIVE FINDINGS
Keratitis
Corncal Uicer
Subconj. Hem.
Conjunctivitis
Refraction A
Phoria A
Accommedation A f N = 302 Crewmembers

Other
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Ocular Conditions in the Operative Environment of Space Flight

IOP Data
Normotensive, Ocular Hypertensive, Glaucoma
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Pre- Early Fit Mid Fit  Lato Fit
flight 1-4 5-9 10-14 -5

2 Shuttle Flights

6 Subjects
Data points = avg ot 3 readings per eye
= averaged OD and OS combined

= mean value
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Autonomous Visual Field Test & Diagnosis System in Space and on Earth
Ocular Conditions in the Operative Environment of Space Flight

Cataract
Diabetes, Background Rex, 362.01 Q
Drusen, Retina 362.57 3
Glaucomu 365.9 2
Hypertension, Ocalar 365.04 16
Ll AVCEMA SospEeT g
Macular Degeneranon 362.55 2
Macular Hole 3625 1
Reunal Defect withour Decach, . 3613 11
Reunal Degeneration 362601036263 |3
Rennal Hemorrhage 362.81 [}
Retinopathy - Hypertensive 36211 1
Reunoschisis 361.18 0
Vitreous Fioaters 379.24 2
Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002
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Background: Campimetry :
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Background: Amsler Grid Testing
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Background: Island-of-Vision/ Hill-of-Vision

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark
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Examination via Touchscreen Technology

3D Computer-Automated
Threshold Amsler Grid Test
Touchsensitive Touchsensitive WAN
TFT-panels Monitors
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\I‘i‘;-n 3D Computer-Automated Threshold Amsler Grid Test

Devised by Fink & Sadun in 2000

Recent Publicity in Press & Audio-Visual Media:
CNN Headline News
NASA TV
KCAL
KCET “Life & Times Tonight”
TechTV
National Geographic
Rcuters
NSF Press Release
NSF News Highlights
Caltech Press Release
JPL Media Release
JPL website
USC News “USC Today”
USC “HSC Weekly”

USC “Trojan Family Magazinc”
USC *“USC Health Magazine”
Spiegel Online
Informationweck
SpaccDaily
SPACE.com
Spinoff Technologies
Acrotech News and Review
Federal Telemedicine News

GeoCities
MacNow Magazine
Science News Network
PITSCO The Cause

Caltech patents pending!
Further Information on the 3D Visual Field Test:
http://www.wfbabcom5.com/wf335.htm
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%} L Advantages of 3D Computer-Based Threshold Amsler Grid Test Y@@ &

Major Advantages:

Non-invasive
Easy & Quick (4-5 min per eye)

High Spatial Resolution & Accuracy
(typically 1 °, down to 15 ¢)

. 3D Structure of Visual Field Defects
e.g.: location, depth, shape, extent,
and slope information

No additional Payload (NASA)

Accessible through the Internet

Further Information on the 3D Visual Field Test:
http://www.wfbabcom5.com/wf335.htm

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002
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Autonomous Visual Field Test & Diagnosis System in Space and on Earth

Clinical Pilot Studies Conducted
Optic Neuritis

Comres Actomasns Amalet G Test b Pororery

Glaucoma

ARMD: “dry” vs. “wet”

Communr Ausermasad brwser Qi Yoot b Pacimamy
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Autonomous Visual Field Test & Diagnosis System in Space and on Earth
R SR Clinical Pilot Studies Conducted

Glaucoma Suspects
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Example Examination Result

Computer Automated Amsler Grid Test for Perimetry
22548600 ——
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Contrast sensitivity/[%]
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Example Analytical Analyses

[ Histogram of Horizontal Slopes ] , Histogram of Vertical Slopes
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Histogram of Horizontal & Vertical Slopes VF Area at Contrast Sensitivity 0% 685 deg
&3 - T T T — VF Area at Contrast Sensitivity 20% 44 deg?
: [ VF Area at Contrast Sensitivity 40% 131 deg?
% » VF Area at Contrast Sensitivity 60% 11 deg?
7" VF Area at Contrast Sensitivity 100% 1874 deg?
% © — Total Visual Field (VF) Area tested 2745 deg?
¥
& I Hill-of-Vision Volume lost 29.26 %
Average Value of horizontal Slopes 45+35%/deg
e e we Average Value of vertical Slopes 70£35%/deg
Average Value of all Slopes 57137%/deg
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(& Database + Analysis :

Patient examination
data retrieval

Database of shapes and
slopes of 3D structure of
visual field defects

RN . . . . . ”
8% Autonomous Visual Field Test & Diagnosis System in Space and on Earth #%
e — R ) ) nasall
&‘ e Development of Autodiagnosis-System o

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark

Identification of signature
patterns for various
ophthalmological and
neurological conditions

Caltech patents pending! IT Symposium 2002

Knowledge extraction from large database of 3D shapes and slopes that are likely
to be signature patterns for various ophthalmological and neurological conditions

\

Sophisticated Pattern Recognition
Classification Algorithms
using
Analytical Analyses
Neural Networks
Classifier Systems

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark

Caltech patents pending! IT Symposium 2002
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Examination in Space and on Earth

Autonomous (Onboard) Physician
Screening & Monitoring on a frequent and regular basis
Early Detection of various Eye/Brain Diseases

Reduced Astronaut Medical Data Transmission

Centralized Autonomous Autonomous Autonomous Autonomous
Worldwide Onboard Physician Onboard Physician Onboard Physician Onboard Physician
Remote Diagnosis on Shuttle Missions on 1SS on Trip to Mars on Trip to Jovian
(Telemedicine) Moons
Drs. Wolfgang Fink (PI), Alfrede Sadun, and Jonathan Clark Caltech patents pending! 1T Sympdsium 2002
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oA — W Purpose & Visions

In General:

Technologies supporting seamless interface between detection, diagnosis and intervention
Support of NASA’s Human Exploration and Development of Space (HEDS) program
Enabling future long-term NASA space missions (e. g.: ISS, trip to Mars)

In Particular:
Fully autonomous diagnosis expert system for visual field classification
Using non-invasive optical technology
Advanced monitoring and early detection

Comprehensive diagnosis of eye and brain diseases affecting the visual field

Vision:

3D Computer-Automated Threshold Amsler Grid Test ————J» Creation of Database and Development of Autodiagnosis System

IT Symposium 2002
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Ocular Conditions in the Operative Environment of Space Flight

Post Shuttle Flight Ocular Findings

Percent
0 2 4 6 8 10 12 14 15 18
SUBJECTIVE FINDINGS | ) ‘
Perceived Decreased DVA | - I R
Perceived Increascd DVA ’
Perecived Decreased NVA [
Perceived Increased NVA l
Eye Strain <
Eye Irritation !
Headache i
Dry Eye |
Foreign Body l
Poor Air Quatity 1
OBJECTIVE FINDINGS

Keratitis |,

Cornea! Ulcer
Subconj. Hem. r
Conjunctivitis ]
Refraction A i
Phoria A !

Accommodation A N = 302 Crewmembers
Other i

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002

Jé-utnl?o’

Autonomous Visual Field Test & Diagnosis System in Space and on Earth ./ =

i-% J asa
% ¢ i Ocular Conditions in the Operative Environment of Space Flight

|OP Data
Normotensive, Ocular Hypertensive, Glaucoma

Pre-  Early FIt Mid Fit tatefFit R« R+
fhght 1-4 5-9 10-14 35 9-17

2 Shuttle Flights

6 Subjects

Data points = avg of 3 readings per eye
= averaged OD and OS combined
= mean value
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Ocular Conditions in the Operative Environment of Space Flight

Cataract 366.9 23
Duabetes, Background Ret., 362.01 0
Drusen, Reninz 36257 3
Glaucoma 3659 2
Hypertension, Ocwalar 365.04 16
GLlLAVCEMA SVSPeT” &
Macular Degeneration 362.50 2
Macular Hole 362.54 I

o
-

Reunal Defect without Detach, | 361.3

Reunai Degeneration 3626010 362.63 |3
Reunzi Hemorthage 36281 B
Retinopathy - Fypertensive 362.11 1
Retnoschisis 361.10 [}
Vitreous Floaters 379.24 2
Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002
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% e Background: Island-of-Vision/ Hill-of-Vision &
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&P Examination via Touchscreen Technology .

3D Computer-Automated
Threshold Amsler Grid Test

Touchsensitive Touchsensitive
TFT-panels Monitors
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3D Computer-Automated Threshold Amsler Grid Test

Devised by Fink & Sadun in 2000

Recent Publicity in Press & Audio-Visual Media:
CNN Headline News
NASA TV
KCAL
KCET “Life & Times Tonight”
TechTV
National Geographic
Reuters
NSF Press Release
NSF News Highilights
Caltech Press Release
JPL Media Release
JPL website
USC News “USC Today”
USC “HSC Weekly”

USC “Trojan Family Magazinc”
USC “USC Health Magazine”
Spiegel Online
Informationweek
SpaceDaily
SPACE.com
Spinoff Technologies
Acrotech News and Review
Federal Telemedicine News
GeoCities
MacNow Magazine
Science News Network
PITSCO The Cause

Caltech patents pending!
Further Information on the 3D Visual Field Test:

http://www.wfbabcom5.com/wf335.htm
Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002

Autonomous Visual Field Test & Diagnosis System in Space and on Earth =
Advantages of 3D Computer-Based Threshold Amsler Grid Test &

Major Advantages:

Non-invasive
Easy & Quick (4-5 min per eye)

High Spatial Resolution & Accuracy
(typically 1 °, down to 15 ©)

3D Structure of Visual Field Defects
e.g.: location, depth, shape, extent,
and slope information

No additional Payload (NASA)

Accessible through the Internet

Further Information on the 3D Visual Field Test:
http://www.wfbabcomS.com/wf335.htm
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Autonomous Visual Field Test & Diagnosis System in Space and on Earth
5 e Clinical Pilot Studies Conducted

Optic Neuritis Anterior Ischemic Optic Neuropathy (AION)

‘Comauas Aukemaiad Amuie: G Tt s Prvirnry

Glaucoma ARMD: “dry” vs. “wet”

Comaner Aummare Areoe Gt oot o Peciney

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002

a Autonomous Visual Field Test & Diagnosis System in Space and on Earth
5 e Clinical Pilot Studies Conducted

Glaucoma Suspects
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Example Examination Result

Computer Atomated Amsler Grid Test for Perimetry

Contrast sensitivity/[%] [l
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ARMD
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Example Analytical Analyses
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I Histogram of Vertical Slopes
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VF Area at Contrast Sensitivity 0%

685 deg?

VF Area at Contrast Sensitivity 20%

44 deg?

VF Area at Contrast Sensitivity 40%

131 deg?

VF Area at Contrast Sensitivity 60%

11 deg?

VF Area at Contrast Sensitivity 100%

1874 deg?

Total Visual Field (VF) Area tested

2745 deg?

Hill-of-Vision Volume lost

29.26 %

Average Value of horizontal Slopes

45:35%/deg

Average Value of vertical Slopes

70135%/deg

Average Value of alf Slopes

57437%/deg

Caltech patents pending!
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\EQH‘IG’/’-FL Database + Analysis

Patient examination
data retrieval

Identification of signature
patterns for various
ophthalmological and
neurological conditions

Database of shapes and
slopes of 3D structure of
visual field defects

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Sympeosium 2002
r’/& Autonomous Visual Field Test & Diagnosis System in Space and on Earth
N Development of Autodiagnosis-System

Knowledge extraction from large database of 3D shapes and slopes that are likely
to be signature patterns for various ophthalmolegical and neurological conditions

Sophisticated Pattern Recognition
Classification Algorithms
using
Analytical Analyses
Neural Networks
Classifier Systems

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending! IT Symposium 2002



Examination in Space and on Earth

£ % bl Autonomous Visual Field Test & Diagnosis System in Space and on Earth

e

Autonomous (Onboard) Physician

Early Detection of various Eye/Brain Diseases

Reduced Astronaut Medical Data Transmission

Screening & Monitoring on a frequent and regular basis

Centralized

Autonomous Autonomous Autonomous
Worldwide Onboard Physician Onboard Physician Onboard Physician
Remote Diagnosis on Shuttle Missions on ISS on Trip to Mars
(Telemedicine)

Drs. Wolfgang Fink (PI), Alfredo Sadun, and Jonathan Clark Caltech patents pending!
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Autonomous
Onboard Physician
on Trip to Jovian
Moons
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