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Biomedical: Motion, force, blood composition, blood pressure, temperature, flow rate, urine composition,
excretion composition, ECG, breathing sound, pulse, x-ray image, ultrasonic image

Chemical: Organic compounds, inorganic compounds, concentration, heat transfer rate, temperature,
pressure, flow rate, humidity

Electrical/electronic: Voltage, current, charge, passive circuit parameters, electric field, magnetic
field, magnetic flux, electrical conductivity, permittivity, permeability, reluctance

Mechanical: Force (effort including torque), motion (including position and deflection), optical
image, other images (x-ray, acoustic, etc.), stress, strain, material properties (density, Young’s
modulus, shear modulus, hardness, Poisson’s ratio)

Thermofluid: Flow rate, heat transfer rate, infrared waves, pressure, temperature, humidity, liquid
level, density, viscosity, Reynolds number, thermal conductivity, heat transfer coefficient, Biot
number, image

Analogni senzor — prilagodenje — AD konverzija
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Motion Transducers

1. Displacement (including position, distance, proximity, size, and gauge)
2. Velocity (rate of change of displacement)

3. Acceleration (rate of change of velocity)

4. Jerk (rate of change of acceleration)

g Acceleration a E Velocity v

Inertia l/(-‘ !
.7—* * - Sensed object 5 - Sensed object

Force sensor Force sensor
(a) E-L_;_' (b)
i Displacement x
Sensed object
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Ziroskop
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Sensor selection: Match sensor (ratings) with the application (requirements/specifications): (1) Study the
application, its purpose, and what quantities (variables and parameters) need to be measured;

(2) determine what sensors are available; what quantities cannot be measured (due to inaccessibility,

lack of sensors, etc.); if cannot measure: estimate using other quantities that can be

measured, or develop a new sensor for the purpose.

Sensor selection process:

(1) What parameters or variables have to be measured in your application;

(2) nature of the information (parameters and variables) needed for the particular application
(analog, digital, modulated, demodulated, power level, bandwidth, accuracy, etc.);

(3) Specifications for the needed measurements (measurement signal type, measurement level,
range, bandwidth, accuracy, SNR, etc.);

(4) available sensors for the application and their data

sheets;

(5) signal provided by each sensor (type—analog, digital, modulated, etc.; power level,
frequency range, etc.);

(6) type of signal conditioning or conversion needed for the sensors (filtering, amplification, modulation,
demodulation, ADC, DAC, voltage—frequency conversion, frequency—voltage conversion, etc.).
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Pozicija
Prebrojavanjem impulsa — Pozicija se promenila za B*L
Greska +- jedna impuls
Inkrementalna promena pozicije — po resetu se ne zna apsolutna pozicija.
Inkrementalni enkoder.
Inicijalizacija sistema.
DEBAUNSIRANJE
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Merenje brzine v= = Merenjem T
1. Brojacem izmedu dve usponske ivice
T = NT, L
= Nlcrk v=
NTek
Dve susedne brzine koje mogu da se mere
L L
e Vigg = ———
b Ty LT+ DT
Kvantizacija nelinerna
1 L
Vi— Uiy = —————
: i+1 l(l + 1) TClk
Sto je manja brzina ta¢nije merenje — vece i
Velike brzine mala ta¢nost merenja
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2. Brojanjem impulsa u fiksnom intervalu T;

T,
Tz_f ‘[72&
Ty

Dve susedne brzine koje mogu da se mere

_i (i+ 1L
Vi=T Vip1 = ————
f Ty

Kvantizacija linerana
L
Vit1 = Vi = =
Ty
Sto je veda brzina taénije merenje — veée B
Male brzine mala taénost merenja
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Obrtni enkoder

PHOTO SENSOR

SQUARING
CIRCUIT
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Light emitters Light detectors
) AL Phase A
—w ] Phase B
Obrtni enkoder Reference
Disc
LED Light sensor
=— - = — Outer track
o — -] — Middle track
[—) . X Inner track
e
Shaft
Disc
@M
WH‘M
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Obrtni enkoder

NM — nulti marker
Pocetna pozicija — pun krug

Promena pozicije - ugao
Brzina — ugaona brzina

Prava pozicija - preraéunavanjem
Prva brzina — preracunavanjem

Da li je moguca inicijalizacijacija da bi se znala prava absolutna pozicija?

\ prof dr Lazar Saranovac Namenski rac¢unarski sistemi - 2021/22 15
15
Absolutni enkoder
-
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_:r - o Parallel
= s 0
- 1 Serial
= -
LED . Photo sensor
"Cnde wheel (4 bits )
Binarni kod - NE
0111
1111
1000
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Grejov kod - DA
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Absolutni enkoder

Fig. 15.21 Gray coded optical encoder
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Povezivanje
6] &)
NC—{12- HALL 3
NC—11- HALL_2
Twisted NC—10- HALL_1
pair cable 9 - GND
REF-| XX 8- ENC_Z-
REF+|—— - 7 - ENC_Z+
COs- 6 - ENC_B-
cos+ XXX 5 - ENC_B+
SIN- 4 - ENC_A-
SIN+ XOOH 3- ENC_A+
GND 2 - GND
VCC 1-+5V_0UT
<Ll 1 Feedbacks connector
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PIC16F87TA
WCLRVpTHV~  RBTIPGD [0
RAO/AND RBSIPGC [
RA1AN1 RBS [
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Integrisano kolo za enkoder
Reset Enable (POSRES)
Clock Tey
Divider “‘ECK Reset
Digital 16-Bit Up/Down S
QEAX IX’—» Noise Counter [—
Filter (POSXCNT) \l -
— i
pE— Comparator/ EQUAL
Digital uadrature Zero Detect
QEBx lE—» Né’ise > Decoder DIR ero bete
Filter Logic {\r
Max Count Register
(MAXXCN
Digital
INDXx %—b Noise
Filter
UPDNXx @-ﬂ
Note: Index pulse reset is possible only If QEIM<2:0> = 100 or 110
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Hardversko debaunsiranje

Non-Filtered -;—[D\

QEn
— Filter
Filtered 1 Output
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Clock
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Circuit
3
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Hall - effect
¢ Output

A

Fixed

Fixed
magnetic semiconductor
source ement
Toothed wheel
(ferromagnetic)
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Da se podsetimo — ta¢nost i preciznost

High accuracy
High precision

Low accuracy
High precision

tadnost preciznost High accuracy
Low precision X

AD

Tacn_ost - referer_1tn_| napon Low accuracy

Preciznost — broj bita Low precision
Primer: 10 bitni konvertor 1024 kvantizaciona nivoa. Prva pomisao ta¢nost je 0.1%
Neka je vrednost jednog kvantizacionog nivoa 1mV
Ako se meri napon od 1000mv moze da se pogresi 1mv i greska jeste 0.1%
Ali ako se meri napon od 1.5mV moze da se pogesi ImV i greska je 66%
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Aktuatori
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Motori

SoC
EE .

U

Jednosmerni

Naizmeni¢ni
Sinhroni
Asinhroni

Koraéni

Brushless
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Jednosmerni motor
Field supply
b
5
pole
Suw{‘ Current in
Current out
Commutztion
(a) plane
splitring
commutator
Armature
supply v,
(b
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Standard PWM Interface (IN1/IN2)
5
Power
| e P85 L o
Drive
I
Ay
VM (BDC )
Core Logic g
Contraol = DG:\:EE ourz
Inputs
u
Thermal \VT_L‘
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Upravljanje

rLU_PIEJEJ:I_ Transmitted
_| Torque | torque T
|
| |-
L ]
Reference
input Servo controller
{e-g., microcontroller
— with PWM)
Y
Tachometer (speed)
or encoder
BM
sition)
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Brushless
DT power
supply
Rotor
poles
St Power to
r % )
windings ;|sfator segments Microelectronic
drive circuit
{stator switching)
...... Timed pulses
(switching commands)
g r(
" / ;?ﬁt:: Pulse Speed
J.f sc‘n-.'ur generator setting
(Hall effect)
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Velocity
reference

Welocity
amplifier

> 1>

Upravljanje

Torque PO
amplifier amplifier

Encoder
i’_urrcnt ﬁcnﬂng
Velocity feedback
Stator .
For brushless switching [+— DnmllelLatLon le—
muotor contral elactronics ogl
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Naizmeni¢ni motori upravljanje
Induction
Polyphase —»  Three-phase
ac supply AC — inverter
s POWEr o (motor drive)
Brushes for
de supply
to rotor ¥
Stator ' H
windings Opto-isolator Sensors
—
Reference
commands 3
—¥ ADC
» Micro-
.......... controller
Rator —
windings ne
power

. ) 4

Sinhroni motor Interface
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Kora¢ni motor

Nove rkie-or ingiizcoll Bucitetion
A ﬂ [F] g
B L[| !
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Bl 1]

Katedra za elektroniku

prof dr Lazar Saranovac Namenski racunarski sistemi - 2021/22 35

Speed w
. Objects (my)

Katedra za elektroniku

prof dr Lazar Saranovac Namenski ra¢unarski sistemi - 2021/22 36

18



A

s [T

Katedra za elektroniku
prof dr Lazar Saranovac

Koraéni motor

Phase A Phase A
{ (=

T T

/A e e W/

Step 1 — Step2

Phase A Phase A

Step3
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Kora¢ni motor
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Kora¢ni motor
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Trofazni kora¢ni motor
FASE_1 STATOR
Q FASE_2
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Upravljanje

Microcontroller! .
indexer = Diriver Motor —I—P Response
Y |
{a) b 1 Feedback

Controller
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|_______| Drriver
| Power
Position supply

1 UL
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| indexer | I Translator [—» Amplifier mobor Toload
Diirection Current to
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Output Current

Koraéni motor - mikrostep

Full-scale currant

Stan Inm it
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Digital
Comma

el

¥k} Saturation

Serial
Command

Nen-Servo
o

PIC1TC42

TCLK3
CLKIN CLEOUT

PWMI

FNM2
]

TCLK12

TOCKI

TOCKI
TCLK3
TCLK12
RX, TX

16-hit timer input
18-bit timer input

B-bit imer input

serial port receive
and transmit pins
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