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If the range of the encoder is £6,,. and the maximum count possible is M for count
of n pulses

n

0=— max
M

n=1 - Resolution
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Displacement Resolution A8 = _H];m;

If the data size is r bits and allowing for a sign bit
M=2""

Digital resolution is the change in displacement for a unit change in bit value
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+ [f only one pulse signal is used considering only one transition, this resolution
would be 360°/N where N is the number of windows

« |f both quadrature pulse signals are used considering both rising and falling
transitions
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= Pulse counting method —pulse count over a sampling period is measured,
not good for low speeds

= Pulse timing method —time for one encoder cycle is measured, suitable for
low speeds
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Pulse Counting Method

+ |f the counting during sampling period T is n, average time for one pulse is T/n.
If there are N windows on the disk, the angle for one pulse is27/ N

20/ N 2man
IT'/n N1

=
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Pulse Timing Method

« |f the clock frequency is fand if m pulses (cycles) are counted during encoder
period (between two windows), time between two windows is m/f

+ Since angle between two windows is 27/ N

27IN_2xf
m/ f  Nm

) =

+ A single incremental encoder can serve as both position sensor and a speed
sensor
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« Since both pulse-counting and pulse-timing methods are based on counting,
the velocity resolution corresponds to a change in the count by one

Pulse Counting Method
27
NT

« Resolution can be improved with number of windows and the sampling period
but under transient conditions accuracy decreases if the T is increased

Ao =

Pulse Timing Method

2 4 2.:' 2- J.M ;
2z7f 2nf Tf g, s 7 No

Ao, = = ; =
Nm N(m+1) Nm(m+1) Nm~ 24

« Resolution degrades quadratically with speed. It also degrades with
increasing N. Resolution can be improved by improving the clock frequency
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: ; & Natural binary Gray code
Decimal Code Rotation Range (7) code (B,B,B,B,) (G,6.,G,Gy)
0 0225 0000 0000
1 22.5-45 0001 0001
2 45-67.5 0010 0011
3 67.5-90 0011 0010
4 90-112.5 0100 0110
5 112.5-135 0101 0111
5 135-157.5 0110 0101
7 157.5-180 0111 0100
8 180-202.5 1000 1100
9 202 5225 1001 1101
10 225-247.5 1010 1111
11 24 7.5-270 1011 1110
12 270-292.5 1100 1010
13 292.5-315 1101 1011
14 3153375 1110 1001
15 337.5-360 1111 1000
T g
BEnary COdE An Introduction to Mechatronics and Components, Aliciator
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: s = Natural binary Gray code
Decimal Code Rotation Range (%) code (B;B,B,B,) (G4G,G,Gy)
0 0225 0000 0000
1 22545 0001 0001
2 45-67.5 0010 0011
3 67.5-90 0011 0010
4 90-112.5 0100 0110
5 112.5-135 0101 0111
6 135-157.5 0110 0101
7 157.5-180 0111 0100
8 180-202.5 1000 1100
9 202.5-225 1001 1101
10 225-247.5 1010 1111
11 24 7.5-270 1011 1110
12 270-292.5 1100 1010
13 202.5-315 1101 1011
14 315-337.5 1110 1001
15 337.5-360 1111 1000
By = G3
By = B3 @ G
By = B> ® Gy

An Introduction to Mechatronics and Components, Aliciator
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Transparent — |

Opaque —

7 2

Binary Code Gray Code
+ |f there are n tracks, there are n pick-off elements and the disk is divided into 27
number of sectors. If n = 16 360°
AG=- P 0.0055°
2

+ The data word uniquely determines the position at the time

www.ubc.com



(Encoder) yo 5!

(5‘4’ L;L:o)o}ii‘

Dgd (oo ool CNC sl

LED

Code Plate
(Moving)

1

Phase Plate
1 (Stationary)

ﬁ @ Photodetector

Quadrature Signals

www.ubc.com



(Encoder) yo 5!

(5‘4’ L;L:o)o}ii‘

3539 5l Joere (513505 4 by o Mo 5 1 j06S5l (l jo gl oo eolatwl CNC slpiile

Syl
fixed fixed
3EN50rS SENs0rs
: bit 3 (MSB) [
bt 3 (MSB) O bit 2 @
bi_T 20 bit 1 O
_ bit 1 O bit 0 (LSB)
bit 0 (LSB) 01 = .
g® 350° 0 \ .-— : 360
direction of positive track motion 1 v
bit 3 |
bit 3 | 0
1
- S I
bt 2
0 L 1
bit 1
bj;ll_l'—l_l—l_ To—1 L L1 L1
0 1
bit 0 5 4 L1 L 1 L1 L 0

www.ubc.com



