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Figure 8.6 4-bit binary code absolute encoder disk track pattern.
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fixed
sSensors
bit 3 (MSB)[]
bit2 [ ]
bit1 [_]
bit 0 (LSB)[ ]
0 € 360
degrees direction of positive track motion degrees
1
bit 3
0
bitz ]
I
0
1
bit1 |_
o1
bit 0 0 | -
Figure 8.5 4-bit Gray code absolute encoder disk track pattern.
Table 8.1 4-bit Gray and natural binary codes
Decimal Rotation Binary Gray
code range (deg.) code code
0 0-22.5 0000 0000
| 22,545 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 100
9 202.5-225 1001 1101
L0 225-247.5 1010 1111
11 247.5-270 1011 1110
12 270-292.5 1100 FQ10
13 292.5-315 1101 1011
14 315-337.5 1110 1001
L[5 337.5-360 1111 t000
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Fig.1 Basic elements of an incremental optical rotary encoder.
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—» |4 90°

Lo
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I
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Channel B i

— e = = e e m e - - = == = = -

1
I
|
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Channel Z

Fig. 3 Channels A and B provide bidirectional position sensing. If
channel A leads channel B, the direction is clockwise; if channel B
leads channel A, the direction is counterclockwise. Channel Z pro-
vides a zero reference for determining the number of disk rotations.
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Zaa)y 8 LAS &8 gall Ciliaia sk Sl 38 Al e shaial Jaall lase Wl
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adasi )4l Position Counters @ sell Cilalae (8 4S jal) da slaie Jodii lay die ]
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)5l ) 5 50 5 Adaiil) I 1 Akl e odle ) daadll Slusall e 3 Al Sladl ) )
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:(Analogue &Digital Signal) 4«8 1 3 L&) g (3 paliuall) dlua giall 5 LEY)

Llail elia (b Leale @l a5 @il paall 5 clusaiall Gl 0 A (e Lid o
b el 5 A 1) S s ALl ) ALyl ) 5ol giall il LAY (e Ailids
s b Lo ) el LaoU datis o) Jabai¥) manidi (S 5 e shaiall

N Al Ayl
DC Jia Constant value

.. PO E\.LAUSA
G e b Ld) Jia | daddl) 5 pia Analogue | ]
() e adad S | Variable value

<) LENY)

- - ~1 Signals
N Cald aa 0 G
AC i Constant
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Digital 48,

Binary with 1 bit

?:‘3'“ dadxia

more than 1 hit

Lo il b Sl HLEYT Jliind o Jla) ) dalad) as A0 cila bl &
ol dala cllligh il 5 o saiall
LeaDliul 3 Analogue dlal sia 3 L5 Jlu )l |1
Leadiud 5 Digital deed 5 5_Li) Jl )l 5 .2
S Al Sall gaa) J8 (e Wil s Analogue Al sia 3 L3 Jlal ) 3
. Digital Gl c_LaY) g Jalats
e Jalati Al il Sall (gas) 8 (e LDl 5 Digital 4 3 L5 Jl ) ) 4
. Analogue il siall &l LY
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. sl Digital 4eed) 5 L0/ A Analogue dalsiadl 5 LEYS Jigad
a5l N Analogue Signal Al gidl 3 LS Jasail Al il & sedall o
Basine Agie) GlyB eca 3 LA ikl lal 4 Sa Digital Signal
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»
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ATAL (At . Time
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daady 3 lal I (Analogue) Aleal sie 3 L31 e LY disad ¢l ) ()
Aelu g 45l o) jal aai Al s ADC 5L Jasad Glas g aa 2 (Digital)
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ol Ayl g Alial glall pu Gl LEY) Jisad 2ie égl.a lie Y )Ja.u Mg o)
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Signals and Signal Processing < by dallaa g <) L3Ny
Time =) e pladiul YA (&b Signals <l )LEY) Jabad gl B ¢l 5 o 2l
LAY dad JiS (s (B X saall e 408 (403 JiaS ale Wle 53115 Domain
i Y saall Gaum dlall

X ol G ded JSI Y sl G Baal 5 dad Glllia moa

Amplitude t

f(t)

g

dad A1 jo Slapdaill (e i) 8 QT (Automatic Systems) Asiall eyl o)
Glal gl Sl e e e Lale Jalall aalll paadll uld o) Suad g 3 LAY
AN e glaiall (e A sllaall el

SN ) Leca yay AIAN A gaiall (e AdliA) Colan gl o <l LY JEl o)
e 3 5e A gaial ol LaY) Il elia pum Adlal Y g055 Al 5 dasaal) el i 5ally
(o 4allai Lo g A0 adl) ) aal) (e AUl I HLEY) o 8 dilad Ol pad (e s e
Gl HLEY) Al e a o) . Aglhall dadlh Gl (e JAL) e
Uizl Jliu) o) Lagd iy Lay dalivaall il ,L3Y) s & s (Signal Processing)
A3l 5N Gl AU Cled a1 AAS o o el daub e Leie Sl slaall
Clalladl o waall @l | daghiall cilibic e Lgial o iy Loy 5) sl guall
aud oy a2 (Time Domain) (e dlase 8 Lo aud oy g &l HLEDU 4d 5 jaall
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Gl sda Gana Gl LA Alaal) o) JR5u) g kil
(Statistical Assessment and Evaluation of Signals in the Time Domain)

Amplitude 1

f(t)

>
Time

03] o) ) 5wl o)yl (S f(t) el e Lgiad i 5 L8N Ll (ol (il
eia and) L Lad s ilan V) plaall (e 2aall JSA (a5 LY

M _ 1 t d
ean—?fof(t)t

oaleall o Coal (L g saim sall gl (oaliall aa Jalaf (i g Je¥) (e (5S 8
sale) oSay @l g dlial giall LIV e Yoy dadafiall ¢l HLEY) UYA e dsiliany)
: & WS (mean) Jass giall Adalas 4elua

1 =N—
Mean== Y2071 f(n)
:23‘)1.5:\2“ (yana ala > ..MZLQ:@ yroal

Min = min,_¢ ¢ n-1 (f(n))
P LY (pana Alase 4 S|

Max = maxy-otonN-1 (f(n))
: Range sl
Range = (max — Min),—g to N—-1

Root Means Square (R.M.S) e yall Jaus sia jda
RMs= [ S8 2 ()

(Standard Deviation) ¢s_baall sl )2V jlas

o \/ZN‘l(f(n;l mean)?
(Variance) <s3uaY) jlms
2 Z O(F(n) mean)2
N

Variance = o
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;wﬁ‘@j)ﬂ\jﬁjm\ﬁ\wﬁ)d\

oLl syl JSE 22l ekl a5l Gl Cag yrall (g

LY ad Jiaw X Jsse 8 5LV s sl 138 G A o) a) JMA (e
Sl axe) 3 LE DVSAN o) oSl dad Y J}MM&Q(Amplitude)
- (Bnall dagll Jaas Al

<]
(o1sh)

»
»

mean o sidl BLEY) Aad

b afi b aelud sasa (el 52 jd e Normal Distribution  sxnhll o)l ¢
+ bl gl 138 Gailiad (e A gdiall i) (e Leal SBI (520 48 yaa 5 5 LEY)

‘,Sl_)jjl
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:( Correlation Coefficient) il Jalae

(correlation Coefficient) Ll il dalee 3okl o2 (s (pas 3,LEY) Jidad) (3 jka Bac llin
A0 e o) 3D o AKIKall o) HaSU o) gu AIAN Aadail ) paca Aad g ool jal) Als culindas )
~laaly el (a5 o JLEY) G g g5 A8Dal) 358 (bl Jaal 3 Jalae sl o

(N Xxy)— (Xx2y)

R =
JINC*D) - 0?2 [NCy?2) - T y)?]

O Cus

Laladl) sae =N

arill Aglee (e Aal A o A el ) (1) 5 (-1) O 4 05805 Ja il delas = (R)
LY S ) 4l ST 8 g g et dal il Al aladiuly

1 0 M

Qs 54y 8 480 e gy 4,k 5 4 8 ABla])
(Strong negative Relation) (No Relation) ( Strong positive Relation)
-t Jha

Laga Tyl il £ 93 Cm g Ciillall Jay) 1) Ad1a Jalaa 22 )
1
x(t) = Esin(t/Z) + cos(t)
y(t) = 2cos(t) — cos(t/2)

—-dall
n t X(t) y(t) Xy x? y?
0 0 1 1 1 1 1
1 90 0.353 -0.707 -0.25 0.125 0.5
2 180 -0.5 -2 1 0.25 4
3 270 0.353 0.707 0.25 0.125 0.5
4 360 1 3 3 1 9
5 450 -0.353 0.707 -0.25 0.125 0.5
6 540 -1.5 -2 -3 2.25 4
7 630 -0.353 -0.707 0.25 0.125 0.5
N=8 szO Zyzo nyz Zx2=5 zy2=20
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R — N YXxy— XXXy
VINCEx2) - Ex?2] [NCy?) - Cy)?]
R — 8xXx8—-0x%x0
~ J[8x5—02][8x 20 — 0]
R=+08

(O LYY G (S AL (o)A g8 A ke A ) iy o) ) Jalna A

L oA LS pllall s s
x(0),y(t)

N
o \J N /
\
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Bearing ways

Carriage

Ball screw

Coupling

Motor

Bolt nut i

Fig. 6 Ball screw-driven single-axis slide mechanism without
position feedback sensors.
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Rotary encoder
s I or resolver

3 ||:||||||||1|||||||[||||§;§

e

g iinunpnnnnn

Glass scale Linear encoder

(b)

Interfeqmeter Laser source

Fig. 7 Examples of position feedback sensors installed on a ball screw-driven slide
mechanism: (a) rotary encoder, (b) linear encoder, and (c) laser interferometer.
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