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BOLUM 4

Robot Algilayicilari



Robotun cevresi hakkinda bilgi toplamak
icin kullandigi elemanlara robot
algilayicilari denir.

Sensor :

Elektrik / mekanik / kimyasal aygitlardir
TUm sensorler enerjiyi bir tirden diger
tire degistiren elemanlardir.



Insanin Algilayicilar

Gorme: Gozler (optics, light)
Duyma: Kulaklar (acoustics, sound)

Dokunma: Deri (mechanics, heat)

Koku: Burun (vapor-phase chemistry)

Tat: Dil (liquid-phase chemistry)



Genisletilmis Olciitler

RGB spectrumun disinda gorme
Infrared kamera, gece gorusu

Actif gorme
Radar ve optik (laser) ile uzaklik olcima.
20 Hz - 20 kHz araliginda duyma

Ultrasonik mesafe olcumu

Koku ve tat ile ileri duzey kimyasal
analiz.

Radyasyon: «, B, y-Isinlari.



Elektronige Donlisum

Termistor: Sicakligi dirence donUstlrir
Fotocurrent: isik siddetini akima donusturar
Pyroelectric: termal radyasyonu gerilime
donustarar

Nem: Nemi kapasiteye donusturar

Length (LVDT: Linear variable differential
transformers) : konumu enduktansa
donustarar.

Mikrofon: ses basincini endiktansa veya
kapasiteye donusturdar.



Sensor Birlestirme ve Tamamlama

Insan: bir duyu organi<bir duyu?
- Denge: Kulaklar

- Dokunma: dil
- Sicaklik: deri

Robot:

Sensor birlestirme(fusion):

- Birden fazla sensorden okunan bilgi birlestirilerek
sonug elde edilebilir.

Sensor Tamamlama (Integration):

- Bir isi yapmak icin birden fazla kaynaktan bilgi alip
iS yapma



Sensor Fusion

Tek bir sensorden alinan bilgi her zamn
yeterli degildir.
Gercek sensorler guraltala cikis verirler
Dogruluklart kisithdir.
Guvenirlikleri dusuktur veya bozulabilirler
Gorus acisi yeterli olmayabilir.

Mikemmel sensor secildiginde fiyat cok ylksek
olabilir. Ucuz birkac cesit sensoru birlikte
kullanmak daha iyi olabilir.



Kullanim Oncesi

Temizle
Guraltd yuksek ise filtrele
Kalibre et



Sensorlerin siniflandiriimasi

Ic algl (Proprioception)
Robotun icinde yer alan degiskenleri élcer
ornek batarya gerilimi, tekerin konumu, eklem
aclisi gibi.

Dis algl (Exteroceptive)
Cevreyi algilama.

Aktif <> Pasif
Algilama yapmak icin cevreye enerji yayan,
ornek radar, sonar
Algilama yapmak icin cevreden enerji ceken

ornek kamera
Temasli & Temassiz

Gorsel < Gorsel olmayan
Gorsel temelli algilama, goruntu isleme, video

kamera



Dokunmatik (Touch) Sensorler

Kedi biyigi, tampon gibi
Mekanik olarak dokunarak
- Anahtari acg/kapa yapar.
- Elemanin direnci degisir.
- Elemanin kapasitesi degisir.
- Yayin sikisikligl artar



Ses Temelli Sensorler

SONAR: Ses ile yon bulma ve mesafe
olcumu (Sound Navigation and Ranging)

Nesneden yansiyan ses dalgasinin yansima
stresi nesnelin uzakligi hakkinda bilgi verir.

Ses dalgasinin frekansindaki degisim ise bagil
olarak olcultr (Doppler effect)

Yarasalar ve yunuslar da sonar dalgalarini

ku

RO
ku

lanirlar.
potlar mesafe 6lcmede sonar sistemleri

lanirlar.



EM Spektrum temelli
Sensorler



Elektromanyetik Spektrum
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EM Spectrum Temelli Sensorler

Radyo ve Mikrodalga

RADAR: Radio Detection and Ranging
Microwave radar: Buluttan etkilenmez

Esevreli Isik (Coherent light)

Tum fotonlar ayni fazdadir ve ayni dalga
boyuna sahiptir

LASER: Light Amplification by Stimulated
Emission of Radiation

LASER RADAR: LADAR - Dogru 6lcim icin
gerekli



EM Spectrum Temelli Sensorler

Gorunuar 1stk duyarli sensorler
GO0z, kamera, fotosel gibi.
Calisma prensibi
- CCD - charge coupled devices
- photoelectric effect

IR duyarli sensorler

Yerel yaklasim algilama

- Infrared LED (ucuz, aktif algilama yapar)

- Cozunurliglu disik — genelde nesnenin olup olmadigini
algilar, mesafe 6lcimu icin uygun degildir, kisa
mesafelerde kullanilabilir.

Cismin yaydigi 1s1 etkisini algilayarak gorinti

olusturur.

- Insani veya canli hayvanlar algilayan sensorler

- Gece gorus kameralari



Robotlarda Kullanilan
Sensorler
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Sensors Used in Robot

Resistive sensors
bend sensors, potentiometer, resistive photocells, ...

Tactile sensors
contact switch, bumpers...

Infrared sensors
Reflective, proximity, distance sensors...

Ultrasonic Distance Sensor
Inertial Sensors (measure the second derivatives of position)
Accelerometer, Gyroscopes,

Orientation Sensors
Compass, Inclinometer

Laser range Sensors
Vision, GPS, ...



Direng Sensoriler



Direncsel sensorleri

Egilme Sensori

»Direnc¢ = 10k to 35k

» Serit bikiildiigiinde, direnci artar . .. . e
Direng egilme sonsorii

Potansiyometre

»Kayma veya donme hareketi yapan sistemlerde konum

belirleme sensorii olarak kullanilabilir. Bir turdan fazla

atan sistemlerde hizli donen yada kayan sistemlerde
tercih edilmez.

Isik sensorii (Photocell)

» Is181n yoniinii ve biiyiikliigiinii ¢ok 1y1 belirleyebilir.
» Diren¢ degisimi dogrusal degildir.

»Isik degisimine yavas yanit verir.

Fotosel

Isik fazla 1se direnci kiigiik



Uygulamalar

Sensor

« Eklem acisini olgcme

/77777

«— Sensorler

. G D
* Duvar izleme veya engel o o »/

belirleme

Sensor

4
* Agirlik algilama C%




Inputs for Resistive Sensors

\oltage divider: v
R1

You have two resisters, one Vsense

is fixed and the other varies, R2

as well as acogstant voltage “ITTIT 1 A/D converter

— 2_\/ miIcro
sense
R +R,

$ V
? S Binary Digital 1/0
Threshold
5 Comparator:
__T__ If voltage at + is greater than at -,

= digital high out



Infrared Sensors

Intensity based infrared
Reflective sensors
Easy to implement
susceptible to ambient light

Modulated Infrared
Proximity sensors
Requires modulated IR signal
Insensitive to ambient light

Infrared Ranging
Distance sensors
Short range distance measurement
Impervious to ambient light, color and reflectivity of object



Intensity Based Infrared

D W,
O — C U Break-Beam sensor
h

Reflective Sensor

N

N
i,
—':\.“"T}

A
.}

Increase in ambient light
raises DC bias

| — 4
« Easy to implement (few components) time

« Works very well in controlled environments
« Sensitive to ambient light

voltage

voltage

time



IR Reflective Sensors

Reflective Sensor:
Emitter IR LED + detector photodiode/phototransistor

Phototransistor: the more light reaching the
phototransistor, the more current passes through it

A beam of light is reflected
detector Transmitter LED

Light usually in infrared spe

- Receiver Photo-Diode
_\ or Photo-Transistor

Applications:
Object detection,
Line following, Wall trackine
Optical encoder (Break-Bec

Drawbacks:
Susceptible to ambient lighung
- Provide sheath to insulate the device from outside lighting
Susceptible to reflectivity of objects

Susceptible to the distance between sensor and the
object



Modulated Infrared

Modulation and Demodulation
Flashing a light source at a particular frequency
Demodulator is tuned to the specific frequency of light
flashes. (32kHz~45kHz)
Flashes of light can be detected even if they are very
week
Less susceptible to ambient lighting and reflectivity of
objects

25 psecleycle roximity sensors
(40 kHz)

LED Off

Negative true logic:

Sv

IR
Demodulator
Output

Ov

Detect = Ov
No detect = 5v



IR Proximity Sensors

amplifier bandpass filter integrator
\ limiter demodulatoy comparator
\x . . / a
11
—H o Vet

\/ H —vr
2
Va

Proximity Sensors:

Requires a modulated IR LED, a detector module with built-in modulation

decoder

Current through the IR LED should be limited: adding a series resistor in LED

driver circuit

Detection range: varies with different objects (shiny white card vs. dull black

object)

Insensitive to ambient light
Applications:

Rough distance measurement

Obstacle avoidance

Wall following, line following



IR Distance Sensors

Basic principle of operation:
IR emitter + focusing lens + position-sensitive
detector

Fig. 1 Distance Measuring Output vs.

Distance to Reflective Object
Detector

. Light Spot Lens T Whine paper : KOAK reade: gray ehert B2,
on Target Surface == ~ L Ie: 5l y: &
// L 1 o = KODAK .2
- IS . ccted Light g ™ i
B - Direction OfR¢ oy gt i 1 !
. & Dir Position E White
. Sensitive g M ‘I'
Emitted Light Beam ! Detector & 1
Infrared Emitter !: i
. - I cay
Modulated IR light A
H 1) &0 80 100 120 140
Diztance to reflective object L {cm

Location of the spot on the detector corresponds to
the distance to the target surface, Optics to covert
horizontal distance to vertical distance




IR Distance Sensors
Sharp GP2D02 IR Ranger

Distance range: 10cm (4") ~ 80cm (30").
Moderately reliable for distance
measurement
Immune to ambient light
Impervious to color and reflectivity of object
Applications: distance measurement, wall
following, ... |




Motor Enkoder



Arttirmah Optik Enkoder

- Kalibrasyon ?

» Bagil Pozisyon -
- -Yon?
Molor M_.—Isik algilayici
LI:[] W $ > = - Coziinirlik ?
/ ¢
:‘ Kod ¢oziicii
Isik kaynagi devre

ve algilayici

State Ch A Ch B

S1 High Low

Y, High High

|
|
I
| ’ 53 Low High
T
4

— —— ——

S4 Low Low

N = — — —
(N = —_ —_—— —

<]



Arttirmali Optik Enkoder

soru 1:

Disk tizerinde 100 yarik var ise light emitter/detector
algilanabilecek en diisiik ac1 degisimi
ne olur?

Soru 2:

Motor dontis yonuinii nasil belirlerdiniz? rotation?



Arttirmali Optik Enkoder

 Bagil pozisyon =
Molor ]M -~ Isik algilayici
LQ ” s
i/ c
-‘:' Kod ¢oziici
Isik kaynagi devre

ve algilayici

A leads B




Arttirmah Optik Enkoder

G
Molor ]M ’,_Islk alglla}’l01
L? !9 s
/ "—YT' Kod ¢oziicii
Isik kaynag/ devre

ve algilayici

! :T—J— — i High
[T 83 Low
RS A L 54 Low

State Ch A Ch B
51 High Low
High

High

Low



Arttirmali Optik Enkoder

( Incremental optical Encoder )

State Ch A Ch B

S1 High Low

A J;{ﬁ 3 *ﬁk__l__-_JM__—mﬁﬁ___ i High High
: ’~ | | 4J_1-“~____—L__ S3 Low High

S4 Low Low

Enkoder vurulari ve motor yonii belirleme



Bagil Optik Enkoder

* Referans noktasinin kaybolmasinin istenmedigi durumlarda kullanilir.

» Gray kodu: Sadece bir bit degisir.
e Paralel okuma yapildigi i¢in fazla hat gerektirir

Light Light
Sensor Sou

]
i
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Blectronics

A
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'
'vv
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Y

Ikilik || Gray Kodu
000 000
001 001
010 011
011 010
100 110
101 111
110 101
111 100




Diger Odometr1 Sensorleri

* Resolver

Iki adet 90 derece araliklarla
stator sargis1 vardir. Cikis
gerilimi rotorun pozisyonuna
bagli olarak siniis veya kosiniis
egrisidir.

*Potansiyometre

= diren¢ degisimi

-----




Mesafe Olcme
(Ultrasonik, Laser)



ol

-
I,
-

Dalganin gidip donme stresi olculur
Olctimde ultrasonik, RF, veya isik dalgasi
tUreten kaynaklar kullantlir.

D=v*t

D = Gidip Donme suresi (mesafe).

v = Dalganin yayilma suresi

t = Sure
Ses = 0.3 m/msaniye
RF/i1stk = 0.3 m/ns




Ultrasonik Sensor

Calisma Sekli:
Ses ustu (50kHz) dalga paketi gonderilir, (insan
kulaginin duydugu ses: 20Hz to 20kHz)

Nesneye carpip donen ses Ustu dalga paketinin donus
suresi belirlenir.

Generate

- D — V * t Chirp Transmitter

Circuit

D = Gidip-donme mesafesi
V = Yayilma hiz1 (340 m/s)
= sure

Echo
Received Receiver
r——
Circuit




Beam Angle

Baam Ak
]

SEEO A of
Uncersnity

S (B 16 -10 B a

Sensor Specification Sensor Model, angle = 15 degrees

Dogrulugu yuksektir fakat goris acisi dardir 30
derece.

Birkac santimetre ile 30 m araliginda kullanmak
mumkundur.

Yayillma suresi dusuktir. Ses Ustu isaret 30
metre icin 200 ms gecer (30x2 metre 340 m/s )



Polaroid Ultrasonik Sensor

—Otomatik kamera fokusu igin paloroid
tarafindan gelistirilmis bir alici vericidir.

—Calisma araligi: 6 inc ile 35 feet'tir

Transducer ozellikleri:

— transmitter + receiver @ 50 Ultrasonik
KHz ; transducer

— Residual vibrations or ringing
may be interpreted as the echo
signal

— Blanking signal to block any
return signals for the first
2.38ms after transmission

http://www.acroname.com/robotics/info/articles/sonar/sonar.html



Ultrasonik Sensors

Uygulamalar:
Mesafe olcimu
Konum belirleme
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Scan moving from left to right

Tarama acgis1 15°



High-speed
I‘Il.an fIn:nF'::'.-

Environmental
ultrasonic noise

Ultrasonic
sensors on other Motors

Crosstalk
Crosstalk fruﬁ't\ =
onboard AL

ultrasonic L
Sensors




Calisma araligi 2-500 metre

. 28

N
Cozindrlak : 10 mm ]
Gorus agisi: 100 - 180 derece '

Acisal ¢cozunarlik: 0.25 degrees
Tarama suresi: 13 - 40 ms.
Toz ve sise karsi duyarsizdir.

http://www.sick.de/de/products/categories/safety/



Gyroscopes

Measure the rate of rotation independent of the
coordinate frame

Common applications:
- Heading sensors, Full Inertial Navigation systems
(INS)
Accelerometers
Measure accelerations with respect to an inertial
frame

Common applications:

- Tilt sensor in static applications, Vibration Analysis,
Full INS Systems
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Accelerometrenin ana parcalari

Kutle
Suspension mechanism
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Acisal hiz hakkinda bilgi verir.

Rotation rate

. Orientation
Angle

6 (1) :Jé (t) dt
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Space segment :5' |
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http://www.cnde.iastate.edu/staff/swormley/gps/qps.html



http://www.cnde.iastate.edu/staff/swormley/gps/gps.html

Mechanical:

E ............................................................................................ E f
: Detectors
<
"
: Actuators
: Mechanical structure :
. « NO (normally open) NC (normaily closces

L A



Electromagnetic:

Detection from the variations of the
oscillation conditions of an L — C

Sensor circuit

f
Detectors




