Digital pulse sensors

Incremental encoders, angle I
Luxury variant

* Mechanical sensing . Optical sensing
\! \!

2 Optical fork coupler

Lowest Price

1,

fa

2 spring contacts

Hole/slit disc
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Rotatary Encode,

Rotary Encoders are often used as a digital amgiscs in
the industry, but is now also used as the settialg dnd

knobs in consumer electronics (Jog up/down). z

The latter types have mechanical contacts and mass- ) )

produced at low prices (there are encoders fromutabo one “shap

20:-), so there is every reason to become familiir this  Rotation clockwise

type of sensor. A I N
DDI'D m 01.01 ° — L

n | Rotation counter clockwise

For each "snap" with AT LT L

the encoder shaft you B~ LI 1|

move one turn in the ~—

state chart. "DJD .11 Gray-code:

...00011110...
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The sensor’s four contact conditions can be platiexstate diagram.
Between the four states, there are a total of fiérdnt transitions (arrows
in the diagram). The four diagonal transitions arally "impossible" and
can only occur by interference, or if you missaéading.

» One can count up the number of "snap" (+1) eveng tyou moved from
00- 01 in the state diagram, and down (-1) at-@D.
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( Digital interpolation )

 Four-fold higher resolution is possible.
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Four pulses for ech hole
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( Reference pulse )

Incremental encoder are based on counting andnfimltp
all the changes. One then needs to know wheretaou s
from the beginning?

A third sensor Z produces a
reference pulse once every
turn.
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( Binary constants )

The compiler Cc5x allows binary constants (not
available in ANSI C). You may also arrange dots to
Indicate which bits belong together and form groups
Those dots have no meaning except to clarify tlue co

ex. old- new 03000
Ob00.00=0 ““‘““Dw

0o.01
0b00.01 =1 o |
0b01. 01 =5 This is a way to you use the binary

0b01. 00 = 4 constants to denote the state
transitions.
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Count pulses
00 {1

One stores the previous state in order to oo.oo
compare it with the current state. Each arrow
in the state diagram consists of such a state
pairold.new.

An easy way to read the sensor is to count up
the position at the arro@0.01and down the
position at the arroWw1.0Q 10.10

Even if the contact bounces "the net result" besooerect, because you always
have to go one way more than the other to chage. st

old new.O=inhA;
[ ol1d new.l=inB;
e A< e T ; if (0ld new==0b00.01)cnt++;
— 3 if (old new==0b01.00)cnt—-;
old new.Z=o0ld new.O0;

old.new. 3=Dld_new .1;
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old new.0O=inhA;
. old new.l=inB;
if (0ld new==0b00.01)cnt++;
3 if (old new==0b01.00)cnt—-;
old new.Z=old new.O;

-

char old_new;

whi | e( 1) old.new.3=o0ld new.1l;

{

/[ * read encoder new val ue */
old new.0 = A
old new. 1 = B;

/* conpare with old val ue */ Fast
| f( old_new == 0b00.01 ) cnt--;

i f( ol d_new == 0b01.00 ) cnt ++: transition
/* replace old values with new val ues */ 6 US
old new. 2 = ol d _new. O;
old new. 3 = ol d _new. 1;
Slow
/[* this part takes long tine! */
1 f(cnt '= oldcent) /* print value if changed ? */
printf("Position: %l\r\n", cnt); Pulses during printfl
ol dent = cnt; /* update oldcnt are missed! */
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Interrupt?

While the processor is printing position wghi nt f ()

It can notat the same timeread the encoder —then it can
miss pulses!

"Interrupt on change” . PIC PORTSs have the possibility to
generate interrupt at changes. If, instead, hasimterrupt
routine which read the encoder no pulses will besel.

e printf() mustnow notuse "bitbanging"” - the

Interrupts would destroy the serial communicationng.

e printf() mustuse the standalone EUSART device that
will not be disturbed by the interrupts.
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Polling and Interrupt

Suppose you are sitting in a comfortable
chair and reading a book. Suddenly You
are interrupted by the phone ringing,
You mark with a pencil where in the
book you were and then you answer.

During the call the doorbell X

will ring and you tell the
person you are spiking to in

the phone to wait while you S
go to the door.

LN\
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Interrupt

When you are finished with the matter at the desume
the call. When after a while have finished talkorgthe
phone and finished the phone call you can retuthdo

chair and continue to read the good book — at theipe
mark.

ool s

\ e,

4 N
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Polling

If there would be no interrupt mechanism one wdagdorced
to rush around between the door— anyone there? -ephon
anyone on the line? And the sofa.

This Is calledoolling.
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Interrupt mechanisms

Global andLocal Enable

Don’t you want to be disturbed, you can put on your
earplugs - You have then made it impossible to napey
disable interrupt

Remove the earplugs and you have re-enabled ipterru
enable interruptThis is calledslobal Enable.

You also have the opportunity at the local level to 31
enable/disable interrudtpcal Enable. You can for &&
example disable phone by unplugging the jack. joen
still can hear the doorbell.
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PIC-processor interrupts

|01:022?:[\ Logic net for interrupts at PIC16F690 with 23
1OCA1 J—L

ocmo~y i~ INIEITUPL SOUICes.  E is Globalt EnableTOl E, | NTE,
’. —f__f
mm@ Local Enable RBI E are local enables for timer0, int-
I0CA3 SSF”IF:E . :
oC.RAS ssPEL ) pin, and portb interrupt.
IOCA4 TXIF
g Local Enable
P . EEIEZD'— Wake-up (If in Sleep mode)
I0CB4 :l:/ ?HE%IE %:E :DL Ftermpt 0 CPU
IOC-RBS:J: L :H¥E . I
lo:’;zj '—l_< TVRIIE N ::' ;::.:E I“ Interrupt.
'DCBD:]:\ — - C1IE T
) ClE—+_/ iy —l__
Clocer 10— - F'E:E ’
C2IE p|
Local Enable ||/~ Global Enable
ADIE .
apl Peripheral  pg| E makes possible local
core | Enable enable for 11 more peripheral
comre units, RABI E for other 10.
CCP1IE

William Sandgvist william@kth.se



- Interrupt flags

"”E&E’QI:E—L'

T D

| | 0 TMRLI F TMR2I F
wO— | o __ CCPLIF CMF TXIF
o | e - RCIF EEIF TOIF
e | NTF RBI F are the

wwp S names on some of the
flags that indicates
different interrupt-

cemir -1 causes.

If there is a causandthe source is local enable (and if it
IS a peripheral — it also Is peripheral enalalaj globall
enable is true then there will be an Interrupt!
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Interrupt flags

TABLE 14-6: SUMMARY OF INTERRUPT REGISTERS

val Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 alue on all other
POR, BOR
Resets
INTCON GIE PEIE | TOIE INTE | RABIE | TOIF INTF | RABIF | oooo ooox | 0000 000x
PIET — ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 oooo | -ooo oooo
PIE2 OSFIE | C2IE ClE | EEIE — — — — 0000 ---- | 000D ----
PIR1 — aDIF | RoiF | TxF | ssPIF | ccPiF | TMR2IF | TMR1IF | -000 oooo | -000 oooo
PIR2 OSFIF | c2IF C1IF EEIF — — _ _ 0000 ——— | oooo —-—-
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Interrupt routine

At interrupt the Interrupt routine is run. It's arfixed
place in the beginning of the program memory. Must

be first.
#pragma ori gi n 4 Interrupt routine allways starts at address 4!

lnterrupt 1nt_server( void )

{

i nt_save registers Magron to save thecontents of
N - registers. Otherwisethe

* ' *
/[* interrupt routine */ interrupt routine returns

Int_restore_registers garbled results to the main
} program!

(PIC Manual. Part 14.4 Context saving during

Interrupt.)
William Sandgvist william@kth.se



Context saving

Interrupt! Context is importan{page rambank ...
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Ccbhx saves the most important content —and Warm:D'rfe could
be needed to be saved.

(PIC Manual. Part 14.4 Context saving during
Interrupt.)

William Sandgvist william@kth.se



Reset interrupt flag

Interrupt flags indicate what caused the interrupt.

In the interrupt routine, check the flags and dainieeds
to be done.

The interruptflag that is 1 must besetat the end of the
Interrupt routine - otherwise the interrupt contiaue

forever!
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——
Pt

. =‘ E__;@ﬁ*% e (1] = llmi' [

A "servants bell display", a elektromechanical afiimg devive which
occurred in the early 1900's in luxury apartmeiitisom push buttons in
the different rooms one could call on the servitadf ®r the maid. The
bell rang an the corresponding display indicatechéty the mission was
performed the servants pressed the button undediipday to reset the

indicator. -1s it perhaps from here Microchip got the idea ftineir
Interrupt mechanisn?
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RPG Interrupt program

char old new, /* global to store transitions */
i nt cnt; /* global to store RPG count */

e Interrupt routine must be first

#pragma origin 4 /* only place for interrupt routine */
I nterrupt int_server( void )

{ . .
int_save registers runs every time something

ol d_new. 0 = PORTA. 5; changes on porta
ol d new. 1 = PORTA. 4,

I f( old new == 0b00.01 )| cnt ++;

| f( old new == 0b01.00 )| cnt --; -il

ol d new. 2 ol d_new. O; :

ol d new. 3 ol d_new. 1; 10 main program
RABI F = O; /* Reset flag before leaving */
int_restore registers
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mal n( ) -program
 main() and other functions follow next

voi d mai n( voi d)

{
init(): /* init ports * Interrupt on
RABI E = 1; [* | ocal enable */ Change porta
dE = 1; /* gl obal enable */
initserial(); /* init serial unit */
new old = 0; cnt = O;
from ISR
whi | e( 1)
{ g
printf("Position: %\r\n",[cnt]);
del ay10(100); /* print RPG count every second */
J o . o
} No pulse is missed in cnt, and the value Is printed

without trash every second!
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RPGwithoutinterrupt
WI

inits rLn
| {13
forever

read porta BXAMIiNe Swiap rews cht
old_new old_newy old_new value?

[£=15)] fEanl [£=34)]

(] (]
cht++ cht-- - nesw cnt

value

Local variables in oot
main().
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RPGwith interrupt

int_sawve_reqg

Global variables
outside main().

read porta
old_neww

RABIF=0

int_restore_reqg

ISR
BXAMmine WA
old_new old_new
[E=h] fSBl
cht++ cht--
Fun
11
farewer
frint delay
cnt 1 set
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Nov. 17, 1970 5 c enceLearT 3,541,541
- POSITION INDIOATON FOR A DISPLAY STSTEM
Filed June 21, 1957 3 Sheels-Sheot 1

Computer Mouse )

- FIG. 1

A computer mouse contains two encod (T Fog
though nowadays optical. PIC16F690 h

"Interrupt on change" for the four PORT
pins and 6 PORTA pins, which is
sufficient to five encoders! - So it could e

very well be a PIC processor chip inside. 753
the mouse! '

INFIENTEIR
L. ENGEL AR
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A

Rotates

. .

A B Direction detecticn is possible
by making wes of the
diffarence in phase.

Matrix detection
(grid)

Other uses ...
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Magnetic sensor

A plate traversed by a current ' a
between two of the sides. R e
Current paths are paralleland [ [ [ | [ [ [ [ [ [
charge distribution inthe disciSft-t-t-t- 7T 7-171
homogeneous. The two LTI LT
electrodes (at the arrows) will L[| 1 [ [ 1 1 1]
be located along the same S B T e
voltage line, and therewillbe [T [ [ [ [ T 1 1 1.
no resultant potential difference zzzzzzzzZZZZZ722777

between them. —%
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Magnetic sensor

. . e
Now a magnetic field forces the ' 6
charge "out of off course". Thel pZzzzzzzzzz#77272777777
A FTTTIIH
current paths bend, and the [ LA ‘?:;
charge distribution gets uneve%. g i
N Y r’ : C)
' B ¢ 1]
The two electrodes (at the ¢
arrows) is now at different ; f )
voltage lines, and then a net | 7 L
voltage difference is produced. s e S
O - Y i W

The stronger the magnetic field, the_higher theagd at the

I
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.. Hall effect

A weak Hall voltageJ,, propornal to the magnetic field
flowt B, indicates the presence of the magnet.
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Hall switch

Current regulator, Hall element, amplifier, Schrmigger, driver.
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Hall sensors Unipolar/Bipolar

SO SR S ., - —___F.. — F
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&9 Some different

Digital Hall Effect
Sensor

m“-\

O 5=

TARGET GEAR
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Hall Switches over a magnetic tape - you'll see
something like this in the lab. . .
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