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And now for something completely different...

A glance at machine learning and neural networks

Face detection demonstration

What is Myopia, Prevalence in the World
Myopia as "Nature vs Nurture” 41
Face Detection Applied to Myopia Research

Overview of technologies involved.

Google releases
Android 8.1
developer preview
with Neural Networks
API

Android
Studio

~

TensorFIow
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http://www.umdfaces.io/ 367,888 face annotations for 8,277 subjects
MS-Celeb-1M 1 000 000 faces of celebrities
CASIA 453,453 images for over 10,575 identities
Videos Sources:
: ITYSCAPE
YouTube: Diegocavalca, 3Blue1Brown ( ) Ll t St




Myopia

"A condition 1n which the spherical

equivalent objective refractive error 1s
<—0.50 diopter (— 0.50 D) 1n either eye".

Optic Nerve

Iris
Cornea——
Crystalline Lens

EE!




Impact of Myopia

The major global causes of moderate to
severe vision impairment are:

« uncorrected refractive errors, 53%
» un-operated cataract, 25% —_,
« age-related macular degeneration 4% \.
e glaucoma, 2%

« diabetic retinopathy, 1%




The major causes of blindness are:

e un-operated cataract 35%
e uncorrected refractive error 21%
« glaucoma, 8%.

High Myopia
"A condition 1n which the spherical

equivalent objective refractive error 1s
<-5.00 D 1n either eye

(@) World Health
% Organization

Estimated US$ 148 per child per year.
Total cost in Asia US$ 328 billion.
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The Rise of Myopia First Occurred in Asia

The rapid increase in
myopia prevalence seen
over the last decades
implicates a change In
the as the
primary causal agent for
the current global
epidemic.

However, very high
prevalence, early onset,
and high levels in Asia,
and familial clustering of
myopia are consistent
with V!
significantrole.

lan Morgan, Australian National University
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Myopia Prevalence is Increasing Worldwide

The rates of myopia have doubled,
even tripled, in most of East Asia
over the last 40 years. In South

Korea, myopia rates among 20-
/‘ year-olds have leaped from 18% in
, 1955toover 96%in 2011.
UK
90% HONG KONG
80%
USA SPAIN |
50% 50% P(%IB%/ND JAPAN
° 60%
The hybrid hypothesis is SOUTH (})(OREA
that environmental changes 9%
over the last few decades in
combination with a genetic '\
susceptibility have jointly | ATIN AMERICA SOUTHERN AFRICA
contributed to the current 25 10% SIN%\I;(? is
myopia epidemic. Increased levels of myopia in
racial subgroups within racially
mixed societies such as Australia AUSTRALIA
and Singapore are consistent with 15%
genetics playingarole.

Brien Holden Vision Institute (BHVI), published in Ophthalmology in 2016. Meta Analysis, 147 studies included.



Prevalence Is Correlated with Wealth and Education

The prevalence of
myopia in a given
regiontendstorise
with income,
probably because
people with more
wealth spend
more time

The first evidence
of a myopia
epidemic came
from Asia, where
high intensity

may be
contributing to the
rapid rise.

Scientific American, “Soaring rates of near-sightedness”.
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Half of the World Population Myopic by 2050

52%
5000 /5.4%
— (3lobal 46%
- Europe 0 e

49%
4000 40% /

429
o / 4949
3000 3% = e

>

Number of Myopes [millions]

28% ' 3337
27%
22% 2584
2000 ' i%/
1000 1343

MYOPIA

0%
2000 2010 2020 2030 2040 2050
Brien Holden Vision Institute (BHVI), Holden, Fricke, Wilson, Jong, Naidoo, et al. 2015.



If we do not find a treatment,
predictions suggest that 1 in 2 of
the world’s population will be
myopic by 2050. 5 Billion people!

Meanwhile...

The average time spent

daily with mobile devices
has tripled since 201
Children eight and
spend on average 2.3h
daily with screen

media. ‘




Myopia is Caused by Excessive Axial Elongation
Grosvenor, 1994

M 24 6 M ——3n

= 23.4 mm

Figure 1. Three schematic eyes, all having an AL/CR

ratio of 3.0, all of which would be expected to be emme-
tropic.

Grosvenor: as the ratio AL/CR increases, the eye
becomes more myopic.



Myopia is Caused by Excessive Axial Elongation
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PHERICAL EQUIVALENT REFRACTIVE ERROR (D)

Figure 5. Mean AL/CR ratio as a function of mean
spherical equivalent refractive error, for right eyes of 194
subjects between the ages of 18 and 30 years.
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Myopia progresses more = K slowly in the summer months
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Semi-annual progression rate (D)
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Holden, 2016

Among environmental
factors, so-called high
pressure educational
systems, especially at very
young ages in countries such
as Singapore, Korea, Taiwan,
and China, may be a causative
lifestyle change, as may the
excessive use of near
electronic devices.
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"Protective Effects of ngh Ambient Lighting on the

0 100 150 0 50 100 150 Developmentof Form-Deprivation Myopia in Rhesus Monkeys"
- Smith 2012
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High Light Levels ,_
Against Hyperopic Di

Vitreous Chamber Depth (mm)
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Education, Time Outdoors and Age Affect Prevalence
French et al., 2013

Prevalence \
40%-j "
\ \ B T ‘-M (Ij_ow
30% < - ., $e
(0] | 1 N
i ngh Moderate Low 3
1 | , Near Work ©
0 \ .
20 / 0 | e Children who spend more time
1 outdoors are less likely to be or
0 ‘ | become myopic.
1 O /0 | « This protection appears to be due
J\ to time outdoors, rather than
Age 1 > engagement in sport.
o® R Higher . Effect sizes suggest that more
A\Q g time outdoors could reduce
*\QVDQ of) 2 Secondary myopia in children.
’\OJ bg;% Ry Primary « Dopamine release may be
A QQ)Q% _ stimulated by bright outdoor light,
A\ Education inhibiting eye growth,

e |tis not clear whether time

Myopia in Europe: Williams, 2015, 124,000 patients outdoors slows progression of

myopia.




“Nature vs Nurture” Challenge

Nature: Nurture:

Determined by the environment Determined by a person's genes

« Rapid increase in prevalence over the last decades  « Familial clustering of myopia, myopic parents a risk factor
(something changed in environment? What for myopia developmentin children.

characteristics are responsible?),  High severity (e.g. very high prevalence, early onset, and
« The retina plays the central retinal role in regulating highlevels) in EastAsia,

eye growth (animal studies show). Retina-specific < Increased levels of myopia within racial subgroups in

environmental factors contribute to myopia mixed societies like Australia and Singapore (genetics?).

development in humans, and retinal deprivation

from ptosis/cataract).

o It is likely, that changes in the light environment
(intensity, spectral content, optical distance) have an
effect, rather than non-visual factors such as air
pollution and diet.



“Nature vs Nurture” Challenge

« Covariance of many factors, (more time outside will
always be negatively correlated with less time
inside).

« Activities are generally different in the indoor and
outdoor environments.

 Important interventions (e.g. spectacle or contact

enses) are common/standard during the

orogressing phase of myopia, and alter the retinal
environment.

« Myopia development is slow (typically <1.0 D per
year), and refractive measures have coefficients of
repeatability of about this magnitude (multi-year
monitoring)

« Accurate measures of the multidimensional
properties of the visual environment (light level,
viewing distance) experienced by children are
difficult to obtain.

Jones et al., 2007
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If only there was a device with all kinds of sensors,
which everyone (kids) had on them all the time,
capable of measuring light levels,
view distance and
even refraction
In real time...



If only there was a device with all kinds of sensors,
which everyone (kids) had on them all the time,
capable of measuring light levels,
view distance and
even refraction
in real time...

- -

/






.'T./Me SCENE INVESTIGATION
40

d,

A e}




CSI:

.T.imc 2CENE INVESTIGATION
’ I N -

g, -







P . |
S d ‘ :

,
ot gk VY,
| 1

-

e

o L

...‘

JDEG/PIX

l

S FACENGLESS FAC' T
‘ \._ K= FOVCAMER DIXELS

- . i
3 "L 3 ‘ ==|'r - k
. ’ .

.k
f

lr




E éﬁfé’ﬂﬁﬂ}?ﬁﬂwmw r.r.r.l'.-".u'f-".lfnf.l':'fflr J"J'r ﬂ I | |

e




190 - 420mm
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Measured vs Real Distance

Device 1 (Xiaomi)
fix) =1.110x RP=0.99%4
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Let's Build a Simple Light PlelarApp
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Built-in light sensor has
wide field of integration

(much wider than face angle)

100%
90%
80%
70%
60"
50%
40%
30%
20%

Normalized Response (%)

10%

O ?'li:
-90 -75 -60 -45 -30 -15 0 15 30 45 60

Angle of Incident Light (degrees)




Light arriving at the face

=

- -y
Light reflected from the face.. s, -
Arriving at detector N
2 —~
(face reflectance) - ‘“ ”

' """"IIIUminance is the total
lumlnous flux incident on
a surface p@r umt area.

F—F,
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Sync with Database (distance, time, face illuminance)

1 sample every 10 seconds (3600 per child every hour)

Time [min] Time [min]
of near work at a distance [mm] of: of near work at a light level [lux] of:
. 1150-200 [ 1200-250 [ |250-300 | |350-400 [ |450-500 [ |550-600 mm . 1050 [ 150-150 [ 1150-300 | |300-600 [ 1600-1200 [ | 1200-5000 lux

30
20
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