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If the range of the encoder is +8,,., and the maximum count possible is M for count
of n pulses
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Displacement Resolution A& = aﬂ
If the data size is r bits and allowing for a sign bit
M= Ar-1

Digital resolution is the change in displacement for a unit change in bit value

Hmax
A8y = E=1
Typically g, = +180" or 360°.
26, = 180° 360
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Minimum count (all bits 0)= ¢, and maximum count (all bits 1) = €,
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« If only one pulse signal is used considering only one transition, this resolution
would be 360°/N where N is the number of windows

+ If both quadrature pulse signals are used considering both rising and falling
transitions
360°
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d=diameter of encoder disk
w=number of windows per unit diameter of disk
r=word size (bits) of the angle measurement
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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

2z/N _2zn

T/n NT
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Pulse Timing Method
« If 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

2z/N 2xf

o="" o
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
2
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
_af f _ wf o Nt
Nm  N(m+1) Nm(m+1) tNm? 21

£

+ Resolution degrades quadratically with speed. It also degrades with
increasing N. Resolution can be improved by improving the clock frequency
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* Position
— Number of windows N
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» Velocity
— Number of windows N
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Decimal Code  Rotation Range (°) c:::“g:;;;‘“gz) (g:g‘,cc:g:)
0 0000 0000
1 0001 0001
2 0010 o011
3 o011 0010
4 0100 o110
5 0101 ol
6 o110 o101
7 o111 0100
8 1000 1100
9 1001 1101
10 1010 111
1 1011 1110
P 12 1100 1010
7 13 1101 1011
Opoque = 14 1110 1001
15 1111 1000

An Intoduction to Michatranics and Components, Aciator
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« If there are n tracks, there are n pick-off elements and the disk is divided into 27
number of sectors. If n =16 360°
A =—3—=0.0055"
2

+ The data word uniquely determines the position at the time
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