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Abstract

Video - capillaroscopyis a noninvasive imaging techniqueif the in vivo study of
microcirculation. Several doctors and physicians suggest the adoptionded -
capillaroscopyto detect typical vascular and visceral involvementdagtal ulcers,
pulmonary arterial hypertension and pulmonary interstitial diseas/nluckily the
routine clinical application ofvideo - capillaroscopyis limited by the poor
reproducibility of the measurement, since the detection of the parameters of
interest is mainly based on the subjective image interpretation of the doctor.

Thisproject aims at developing a new toslitable to automatically recognize and
guantify capillaroscopic alterations. On the one hand, the work available in the field
of photoplethysmography can be exploited to detect volumes and / or variations of
volume inblood vessels. On the other hand, the well known theory of biomedical
image processing can be employed to quantitatively detect capillaroscopic
alterations.

The activities assigned this thesisare:

A Designing an infrared (IR) illuminator to exploit tbetical properties of
blood at various wavelengths.

A Designing the mechanical setup suitable to standardize the probe placement
and pressure exerted on the skin.

A Identifying the proper IR videcamera

A Designing and/or identifying an optical system suitablg@rovide the proper
magnification and capture range

A Integrating all the selected parts into a single setup/instrument.
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resolution)
AtAESt {ATS o661 E 20Y odnp >Y E odnp >Y
AhLGAOFE { AT SY HkoOE
A Effective Sensor Diagonal: 11.1 mm
A Frame Rate: 35 fps
A Lens Mount: @nount
A Image Data Interface: USB 3.0, nominal max. 5Gbit/s (superspeed)
H, h > >h * ¢m h=- ¢~ o G h>E o TSy A Y 8
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Relative Response
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Fnumber: 2.8

Focal Length: 50.2mm

Image Circle: 43.2mm

Magnification: 1:20 to 1, optimized for-0.10
Transmission: 40G00nm

Interface: V3&8Mount
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B A h
[12]

2.4 LED (Light Emitting Diode)
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T G T
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Driver N A D T ULEDE® " AN > h h AT > Y, Y4 Y h

h-—h* ¥ S¥ A'LED" .>  hi “hsg®S$ahh  h -

mr h 1 A A1 n . [ | B ILEDR h l/\ h !_ O : K { K : hL_ED_ . I/\ . oo

2.4.1 LED Driver

N AhLED Driver >~~~ 8 ~° A D Th T s>t Rt > B A h
h‘ R ’i/‘\" h=e 7 o> AT B - T s ht QO "‘<"" . '>p fh <
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A s w AT : ~ B S, B 7t ¢! ~ ¢ h * B <h >~

- - - - - N

INTERNAL LED DRIVER P
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EXTERNAL
LED DRIVER

n' ¢ 15+bED Driven v.. _ &8 =~ " ¢ 7
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2.4.21.T1932 LED Driver

m'h _"‘I ‘C“"’,I _"‘ “J¢B¢">W/\VL‘ED'B"ﬁ>h
Driver© _ h * 878" >h ¥ §T¥9328° AQh ‘B WAHh 1T h>>t¢
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h‘_W. ¢ h Lt > B A _h ' _h ‘hw,rl] M"n‘l(])
VoltsS ! "" ‘ﬁ's"‘ B A h < B ) ¥ . oot ot B A S | E
'h'h<<'<hz >’ h >S>Y Ah g v ¢ B“_B"C" h/\_"_h
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TS ECT  SwA MHZ) | BW BB " dMIH S B SOC ¢
Iow-profile' . CAaAn_ ChY STETOATTAT ! < v T oy
, T ' ! h ¢ h > Sw o fY ! ¢ h h > ¢ & " (0))
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n" ¢ 16~ Block Diagram LT1932
, Thtoh 8 7 _ h "pblodkdiagram) __ TT932W [ Bh Ch g™ L w ¢ &
<|5‘_" I °1 _ AT T Y LA h/\h,w"’/\_h' ~h ~ h
SW Pin1): 8. _ ", B> Ah " > < < Wtfansistor Q1¥ A ' B
" h¢INPN" |
GND (Pin2) ms ° '
LED(Pin 3)Y & gL une tY A transistorQz ¢
: AL wes ht B h LEDA ¢ ht vy KA
Rset (Pin 4) BA_ " _h ' YT Y oh “pin e 3 h << b
e, ¢ h* sy B S _LED/\ W/\_h" _" B :
SHDNPin5)Y R ¢ ~ “4swe>h * ° >Y poh nhAnA' T RTHCT B W
B, h " >"ys ht _h thjr_1&(|_'|1_9_3§28'/\5’hr‘""’n'qyy’p_h'
s A.  h A ' R ' s AN HTIGIZh'T sAE' IR @y ph !
Vin (Ping){ h ~ ' &' T
TOP VIEW
swir—"  3Evm
BND 2 15 SHON
LED A s
n' ¢ 17~Top View_ ~
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l" B~ ' >SB AT ¢ ht ' >sh A ¢ i " >h ¥ ' " h >h

Rset ' v - v ¢ h _n AW s ' h Ch“’”y‘lf_EDS_" .
rs<s __A_h > h " MIRLEDs™ 0™ h 4 @ T Hh T ' .
T<Et Y v, h A T hghmv hAL T RSaMavelngth. A . >

"6 Bed= 20MA | ¥ T T T _ 7T T >ihtohyt Ywoges T
h"mAd_n'_B ‘h’h_""’/\_h‘ , h " A" S AN - " ¢ <
h - vo>mer ¢ BED_ " i seh T

Electro-Optical Characteristics
Item Symbol Condition Min. Typ. Max. Unit
Forward Voltage Ue l¢ = 20 mA - 1.3 1.5 1
Forward Voltage * Ug l¢ = 100 mA - 1.4 1
Reverse Voltage Ug lg = 100 pA 5 - - '}
Radiation Power Pa l¢ = 20 mA 5 7 - mW
Radiation Power * Pa l¢ = 100 mA - 30 - mW
Radiation Intensity le l¢ = 20 mA 20 30 - mW/sr
Radiation Intensity * I l¢ = 100 mA - 120 - mWisr
Peak Wavelength Ae l¢ = 20 mA 900 910 915 nm
Half Width AN lg = 20 mA - 65 - nm
Viewing Angle [ lr = 20 mA - 25 - deg.
Switching Time t;, l¢ = 20 mA - 400 - ns
* measured after 30s current flow
n'¢ ' AP’ mMySh  yh LEDR9IOMM _ ' ¢ - A
Optical and Electrical Characteristics
Tame = 25°C, unless otherwise specified
Test
Parameter e Symbol Min Typ Max Lnit
Forward voltage Iz = 20 mA Ve 1.8 22 v
Reverse voltage lg= 10 pA Vg 5 V'l
Radiant power le = 20 mA, i, 55 8 mw
Radiant power* == 50 mA i, 18 i
Luminous intensity le = 20 mA I, 550 T80 med
Luminous intensity le = 50 miA, I, 1500 med
Peak wavelength I = 20 mA Ay 660 670 680 nm
Spectral bandwidth at 50% | |z =20 mA Ahos 25 nm
Viewing angle I = 20 mA, o 20 deg.
Switching time Ig = 20 mA t 1 15 ns
"meéasured after 308 curment flow
n' ¢ Ap’ mithth  uh WEDE7TOMM S - A
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h " A >7 T AmMES " ¥hTA < hRsét |

Table 4. Rger Resistor Values

ILep (mA) Rser VALUE
40 a62¢
30 7500
20 1.13k
15 1.50k
10 2.26k
5 4.53k
rl‘vf/1<|5 ~ h ' x5 <‘_"’_”'>hl /\’_‘ _ h * "I/\jp__lg{w\_s‘ _ B ,_>"h Ao h e
20mA°' ~ *h./\ fw =~ ¢+ ¢ B _W'/\v+'qu3v >
hheh h=> = _ A8 _h: Y ¢ ¢<.>h ¢h- v
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=1 4.7uf A
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DIMMING e SHIDN LED —TI p— EEF
CONTROL *
4 P
Rser
1.50k
C1: TAIYO YUDEN JMK212BJ475 (408) 573-4150 ';' ——
C2: TAIYO YUDEN EMK212BJ105 (408) 573-4150
D1: ZETEX ZHCS400 (B31) 543-7100
L1: PANASONIC ELJEARRS (714) 373-7334
n" <" AfRAHm" ¢ _ " ¢ LTwapo i White LEDS _ h
'1'>B’5“'YJ¢B¢LEDDW@I[’U\"'<W1"CB -7 YA B - B "
h - h* nwotog ot ¥ N N " s h ¥ ¢ h ' onlige Y Y A
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