Vlaknova optika
fiber optics

* prenos obrazu zvazkom elementarnych
svetlovodov

* prenos analdgovych
signalov (narocné)

* prenos digitalnych
signalov

» optovlaknové senzory
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Optické
systémy

Snimace

Detektory: fototranzistor % /

« citlivejsie, ale i zotrva¢nejsie ako fotodiody. !
« v obvodoch samostatne, alebo
s diédami, pripadne Darlington.

Hodnotu PCmax treba dodrzat’,
kriticka pri "polootvorenom"
tranzistore.

Spektralne skor v IR oblasti
(800 + 1000 nm).

Veo oblast

}

e
= GND = GND == | =

vakuova suciastka

svetlo po dopade na katédu vyrazi
niekolko elektrénov (¢ervené body),

tie su pritahované anddou, elektrénnko
tecie prud

1 fotén
2 elektron
3 sekundarny elektron

Detektory: fotodiéda

T —

rychle, malo citlivé i

Voot
| : y ‘ ‘_;\I
2 - odporovy reZim v priepustnom smere (rastie E — klesa IR)

3 - hradlovy rezim (U0 je vyst. napétie naprazdno, Ik je vyst.
prud nakrétko)
Z - pracovny bod necitlivy na svetlo

[Figure 1-8] Current vs. voliage characteristics and load lines
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Detektory: fotoodpor, fotorezistor

—— 1+

najcitlivejsie, ale aj najzotrvacnejsie
spektralne skor do viditelnej oblasti
(500 + 600 nm).

Urs a Irs st napétie a prud fotoodporu

priamka - obvod, v sériije R s

fotoodporom, napajanie sustavy U,
Ik = UnNR

c¢asovo a teplotne zavislé.

odpor sa meni v rozsahu
cca 100 + 10 M (uplna tma)

V - A charakteristika

IR

Yt T

INVANNATY

svetlo

LA P max

zakazana oblast

A tma

Detektory: integrované

¢ | OpticalTestsignal 16833-13

600ps 60048

t=60ms

Output Signal, (see fig. 4) s

1R Signal

Band Demo-
II

Control circuit

Fig. 3 - Output Function




Detector
Detector

I IR R

IRIigh(\ / i \ / \\ Y /‘ \\
\ IR light IR light |R+$mhiem IR light IR = ambient
\ / + reflected
Black = no reflection (0) Sources of
= reflection (1) -
failures
Output .
Oand 1 Ambient light Sensor detector measures not only the reflected IR light, but also the amount of the
0-100% : ambient light
« Shadows 9
* Sun, lamps
’ « Shi 1

* Sources of IR Shields! Threshold Threshold Threshold

Threshold « Dust, dirt Sensors and detectors: ) Black | White Black | White Black | White
. Distance! a)red LED b)Infrared LED  c) Infra detector « Calibrate!

Speed : d) combination emitter + sensor e) larger version | | | |
. o +———1 + —+ —+ + + + — +
f) miniature SMD version of E+S 0 10 20 20 40 50 80 70 20 a0 100 %
13 14
Sensor Action

Adds more reliability
010 (line) go.forward

011 (right) turn.right
001 (right) sharp.right
100 (left) sharp.left

Different width of line

Proportional control

110 (left turn.left
111 (left) 292 controller output is proportional to the error, which is the

000 299 difference between the desired and actual positions.

101 ???

Different shapes enable to determine
sharp turns in advance.

Specialne optické snimace lavinova fotodioda s
avalanche photodiode & 6/

 Lavinova fotodidéda

PIN fotodioda

PSD prvky

CCD prvky .

CMOS prvky §Z

16V (A%

(tma)

E; > 0 T3

(svetlo)
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PIN fotodidéda &® &
avalanche photodiode _
&Gy
& v
Loy

vyst,

| — intrinzicka cast
— prijima fotony, izolacia
* vysoké U — rychlost 102 - 10" s

PSD prvky

position sensitive device

zberné

elektrody
i / 1 1; I y/ N
/ @ h ’
3

Lx)—
3 I

svetelny lu¢ 4
B

spolo¢na elektroda
(polariza¢né predpitie) . . .
vyhodnotenie 4 pradov voci
L 1,—1, 1,-1, zbernej elektrode
=_*

2 I1,+1,

L,
2 I,+1, x a y su vzdialenosti od stredu

6. Optické snimace
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« informacia o POLOHE, nie o intenzite

« celkovy prud (cez spolo¢nu el.) I; = 1pAl
« rozliSenie 12pm, chyba +0,9%

« obvykle laser, modulovany — lepSie SNR

6. Optické snimace

CCD a CMOS

6.1. CCD prvky
charge coupled device

@ | transparentna; Y
. elektroda V!

| G 0+
{ ¥ totsii izolant [Si0
- izolant(Si0 5
j -Sn ‘eeee
| p— \potensidlova joma 21 P
! ] ! !
- substrat
substrat LO LO
a.) Obr. 42. b)

Uchovavame tzv. mensinoveé naboje, teda v P polovodici elektrony. Tieto mozu vznikat :
= tepelnou generaciou - parazity jav (sum)
= injekciou svetlom - vlastny snimaci efekt
* injekciou z blizkeho PN prechodu - odovzdanie vystupného signalu



6.1. CCD prvky
zakladnd CCD bunka

Metal Oxide Semiconductor (MOS) Capacitor

Incoming
Photons +V

Charge-Coupled Device

Invented at Bell Labs in 1970
2009 Nobel Prize in Physics
Widely used in TV, medical,
astronomy cameras

Array of light sensitive MOS
capacitors (pixels)

Incoming light generates electrons

Polﬁsaitllcon
e

Silicon

Dioxide

n-Channel “

Potential which are captured in a potential
el well
Figure 2 ¢ Electrodes, or gates, move the
charge

Photogenerated
Ellggctrons

p-Type Silicon

From http://learn.t com/articles/quant iciency.html
Image from http://www.microscopyu.com/articles/digitalimaging/ccdintro.html

6.1. CCD prvky

Mnozstvo nosicov zavisi od intenzity osvetlenia E a od casu t:

expozicia (osvit) e : (e byva oznacené tiez H)

6-2)

Pozndmka: Doba existencie ndboja v PTJ je asi 100 ms + 10 s. (vyrovnanie tepelnou
generdciou). DIhé éasy - problém, uz cca 5 + 10 s vyZadujii chladenie prvkov, napr.
polovodicové, resp.softwérové potlacenie. (ndsledné zosnimanie bez obrazu a odéitanie)

6.1. CCD prvky
riadkovy CCD senzor

o=
ENEN - mA[

video
1.takt 2.takt signdl
-
0 i trovei
_ Ciemnej
Obr. 45. (g

Video signal:
+ poloha bodu - ¢as od zaciatku prenosu
« osvetlenie bodu - amplitida.

Pocet pixelov - 128 (termovizia), po 6 - 10 tis.(profi scannery... )
Rozmery:0d 6 x 6 um do 17 x 8 pm.

6.1. CCD prvky
prenos naboja

a.) b.)
Obr. 43.

pohyb niboja

Vyssi potencial vytvori hlbsiu PTJ, nosice do nej prepadavaji.
Tvarované elektrody - tvarovana PTT

Elektrody A a B - vystupny register

6.1. CCD prvky
riadkovy CCD senzor

Riadkovy CCD senzor
1. Svetelny tok ®_— naboj pod G,. G,, atd’.

2. Po dobe expozicie presun naboja pod A.B
3. Fazovo posunuté impulzy na A, B - vysivanie nabojov

hodinové
o) F impulzy
v

P SE - spolo¢na elektréda (-)
G - akumulacné elektrédy. predstavuju pixely a

,L SE A_B - nepriesvitné elektrédy registra

6.1. CCD prvky
riadkovy CCD senzor

Princip elektronickej uzdvierky
Doba snimania (pre 1728 pixelov ) — hodinové impulzy :
10kHz — doba snimania = 86 ms (1/12 [s])
10 MHz — doba snimania = 86 us (1/12000 [s])
Optimalne cca 10 ms (1/100 [s]). comu zodpoveda 86 kHz.
Vyhody: netreba mechanicku uzavierku - cena

Nevyhody: pomalé vysuvanie - akumulujii svetlo aj pocas vysiivania (ndchylnejsie na smearing, blooming)
rychle vysuvanie - nekvalitné (rychle) od¢itanie ndboja

T/2 spésobi posun o jedno miesto, resp. T vysimnie polovicu pixelov (pdrne - nepdrne)

E=101x dava 0.2 V na vystupe.
Citlivost’ na svetlo: ASA (DIN) a je 100 + 3200 ASA (21 + 36 DIN).

Pozndmka: Hornd hranica je 1z 6000 - 12000 ASA, diskutabilna je kvalita (malé snimace)

RozliSenie trovni $edej § - 32 bitov —» 256 - 4,295. 10° urovni. (Stand. 24 bit)



6.1. CCD prvky
riadkovy CCD senzor

Pouzitie riadkovych CCD :
« nepohyblivé obrazy (scannery...) - snimanie po riadkoch
+ snimanie polohy (ako PSD)
+ iné, napr. zaostrovacie systémy - vyhodnotenie kontrastu (krizovy senzor, hrany)

Ako zobrazovacie systémy potrebuju vysokokvalitni optiku s vysokym rozlisenim pre malé
ohniskové vzdialenosti (3 - 8§ mm)

6.1. CCD prvky
maticowy CCD senzor: Full frame

Aso
snimacia
Bso oblast
Ars _
Bio L —> A: < yldeo v_}’lsmp
vystupny register jeden riadok

Obr. 46.

Cinnost :
* obraz sa premietne na snimaciu ¢ast' — pod elektrodami naboj
+ hodinové impulzyna A_, A_ (1 faza). a B, , B, (2 faza) — jeden riadok do vystupného
registra.
* hodinové impulzy na A, , B, — obsah registra po pixeloch do vystupu.
- Castejsie pre vacsi format (24 x 36 mm) - pridany "boény register”
- pri vysuvani by nemal reagovat na svetlo - zakrytie (mechanic. uzavierka)
- lacnejsi

6.1. CCD prvky
vyc€itanie obsahu...

Photons

Analog-Digital
Converter (ADC)

Voltage — 10011101

x QE Amplifier

Photoelectrons -

8 28 =256

10 210=1024
12 212 = 4096
14 214 =16384
16 216 = 65536

6.1. CCD prvky
Front or Back Illuminated

and CCDs ; ) )
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-Type e L -
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’_ ,'. ~f //;._.;:g;nmmg * This blocks some light, reducing
S QE
Incoming et -+ Back-illuminated CCDs:
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Bhmingied,  CHRMENMS g * More fragile and costly, but higher
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Image from http://www.microscopyu.com/articles/digitalimaging/ccdintro.html

Bucket brigade analogy for read out

Rain accumulates in
buckets

Rows of buckets shifted
to readout row

Readout row shifted
bucket-by-bucket to
measuring device

Unless rain stops, last
bucket to be read out
will have much more
water than the first

Serial Register
Shift to Cutput

Figure 5

Bucket Brigade CCD Analogy  feaciated
Container

6.1. CCD prvky
maticovy CCD senzor: frame transfer

- pridand pamat’ (rovnaka)
- pridany zvisly register k stipcom v sn. ¢asti ( Al elektrédy. kryty pred svetlom)
- ubytok plochy (citlivost) — nad pixelom mikrososovka (HAD)

Registre

- (kryta pred svetlom)

—> video vystup
jeden riadok

Obr. 47.

vystupny register



6.1. CCD prvky
snimanie farby

RGB systém
tri zékladné farby:
R (Red - ¢ervend), G (Green - zelena),B (Blue — modra)

Poznéamka: Jedna sa o aditivne miesanie farieb - svetiel.
Moznosti:
@ postupne tri expozicie cez tri filtre

@ tri identické obrazy - tri senzory

@ jeden "trojity" maticovy senzor + tzv. mozaikovy filter.
® systém FOVEON

6.1. CCD prvky
snimanie farby — tri CCD prvky

ZItd vrstva
(filter)
R

G

zelend vrstva
(filter)

RGB prizma Obr. 48

kvalitné zobrazenie
+ narocné na presné nastavenie

6.1. CCD prvky
snimanie farby — dynamicky rozsah

Zvicsenie dynamického rozsahu.

nizka
citlivost

vysoka
citlivost

Obr. 50

6.1. CCD prvky

snimanie farby — trojité snimanie

6.1. CCD prvky

Monodrom-Matrix

P

snimanie farby — mozaikovy filter

Milions of
light sensors

Incoming Visible
light

Visble Light passes
through IR-Blocking
Filter

Color Filters control
the color light
reaching a sensor

Color blind sensors
convert light
reaching each

sensor into electricity

CMOS Detectors

Anatomy of the Active Pixel Sensor Photodiode

Amplifier
Transistor

Complementary Metal Oxide
Semiconductor

¢ Transistors in each pixel convert
charge to voltage

More can be done within a pixel
meaning frame read out can be
faster

Fabricated much like
microprocessors and RAM so are
cheaper to make

Used in webcams, phone cameras
since they use less power

Image from http://www.olympusmicro.com/primer/digitalimaging/cmosimagesensors.html




Active Pixel Image Sensor

* 3-4 transistors per pixel.
* Fast, higher SNR, but
* Larger pixel, lower fill factor.

* Lower voltage and lower
power.

CMOS Detectors

Anatomy of the Active Pixel Sensor Photodiode

| Laser(ligh
| Silicon Photonics Engine
Electri
Data

Amplifier
Transistor

Modulator
(E-t0-O bit conversion)

Image from http://www.olympusmicro.com/primer/digitalimaging/cmosimage

6.1. CCD

Unit: Million
40.0

vs. CMOS

Detector
(O-to-E bit conversion)

It source)

Electrical
ical Data Out
In

Fiber coupler
(chip-to-fber interface)

sensors.html

35.0 338 KR

30.0

250
250 g1

20.0

14.8

150

10.3
100

50

0.0 - — o - - !
2007 2008 2009 2010 2011 2012

“CCD
=CMOS

2013

What is a Pixel?

* The smallest discrete component of an image
or picture on a CRT screen is known as a pixel.

Each pixel is a sample of an original image,
where more samples typically provide more-
accurate representations of the original.

What is Fill Factor?

= Fill factor refers to the percentage of a photo
site that is sensitive to light.

+ If circuits cover 25% of each photo site, the
sensor is said to have a fill factor of 75%.
The higher the fill factor, the more sensitive
the sensor.

6.1. CCD vs. CMOS

* Create high-quality, low- .
noise images.

* Greater sensitivity and
fidelity

* 100 times more power

* Require specialized

noise

lower

More susceptible to
* Light sensitivity is

* Consume little power

assembly lines * Easy to Manufacture

* Older and more .

Cheaper
developed technology

Picture quality, sensitivity and cost vs. Cost and battery

life.

6.1. Kamery v automobiloch
case study
Audi A5 Sportback

Driver assistance systems - overview of sensors
o316

Front camera:

« adaptive cruise control (ACC)  » Collision avaidance assistant
Stop&Ga incl. Traffic jam assist + High beam assist

« Audi active lane assist « Matrix LED headlights

« Audi pr it Predic iency assistant
+ Audi pre-sense city +Turn assist

« Camera-based traffic
sign recognition

Ultrasonic sensors at front:

+ adaptive cruise control (ACCH
Stop&Ga incl. Traffic jam assist

- Parking system plus

* Park assistent

Front radar sensors:
+ adaptive cruise control (ACC)

" ;
Stop&Go Incl. Traffic jam assist 360° camaras:

« Audi active lane assist + Parking system plus
Aud preseme font. 360 camerss
“Callision ameidance assistan —— + Parking assist wi

+ Distance display 360° cameras

+Predictive efficiency assistant Ardle
Hgtast + Auh active lane assist

- Parking assist

azo

Ultrasonic sensors
atrear:

+ Parking system rear
« Parking system plus.
-+ Parking assist

Rear radar sensors:

- adaptive cruise cantrol (ACC)
+ Audi active lane assist

« Audi pre-sense rear

« Audi side assist

« Exit warning

+ Predictive efficiency assistant
+ Rear cross traffic assist



6.1. Kamery v automobiloch
case study

6.1. Kamery v automobiloch
case study

6.1. Kamery v automobiloch
case study _

Phase #1: Detect =—pp
traffic sign

Phase #2: Recognize
traffic sign (50km/h)

Riadkovy CCD snimaé¢
TAOS TSL 1401 CL

(TOP VIEW)
]

S}t s[INC
CLK ]2 7|] GND
AO [J3 &[] GND
4 5

Voo NC

NC - No internal connection

6.1. Kamery v automobiloch
case study

Vehicle Colllslon Warnlng

Pedestrlan Collislon Warning [} ngh-EEﬂ‘ m Assistance .

Traffic Slgn Recognition
S — >

: . 72 Red Signal Lamp
General Obstacle - . [ Recognition
Colllslon Warning J i .

. Traffic Road Sign
Recognition

Riadkovy CCD snimaé¢
TAOS TSL 1401 CL

1 x 128 pixels
0-5V output for each pixel
1 pixel /1 clock pulse

Clock out scan n-1

Clock out sean n
Integrale scann Infegrate Sean n+1
8l il

.
OLK ﬂmﬂmuumwﬂmwmm 1_FU11[L1HMLFUUM JHHMLTUUHFJLH_FL
143678910 1345678810



Riadkovy CCD snimaé
TAOS TSL 1401 CL

i 200v/ B 200v/ 2.00v/ 22702 5000/ Stop £ W
-

AX = 4.530000000ms
Mode ]

] 1/AX = 220.75Hz ] AY(1) = 975.00mV

Source X Y X1 O X2
1 v 10.0000us 4.54000ms

Normal




