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How to measure pulses?
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e Pulses from numerous sensors

Numerous sensors have their output in the form of
digital pulses: number, time, period time, frequenty
cycle ... Here are some examples

. inlet outlet
With the stream flow meter. The + +
flow-ball followes the fluid and pass
the photodiode each lap.

The sensor is used as fuel gauge, th

number of pulses from the photo- Window
diode are summarized as fuel [y |

L

consumed. Flow-ball

1 ++ 1
Izl
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eg. Number

GAS = S

L J O~O
O A O
o O O

Gear meter. Fluid moves in "tooth gaps". No leaks, can
measure very small amounts of liquid (the resofutsothe
volume of a tooth gap). Used as a fuel gauge oaoligas
stations. The number of turns is a measure ofdiquiantity.
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Propeller and turbine Meter

Pulse frequency IS proportional to the flow rate.
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eg. Pulse time

Torque meter.

When a torque is transferred
with a rotating shatft, it will b
sheared so that the gear whe
rotate relative to each other.

It will be an a measurable time

difference between the pulse@ Givarelement
from the sensor elements, At

which detects teeth peaks 0 OO
passage. L

The torque can be calculated from this time diffieeswith
knowledge of the shaft torsional stiffness.
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eg. Pulse time /
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Laser Scan Micrometer. Measured object
diameter shades the laser light. A resolution of 1

m IS possible.
: P D LAt
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This is how to check

camshaft tolerances in
one turn!

/\)

Sales man's dream
Computerized |

They have succeeded
Measuring System. |

selling 6 units!
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Inductive pulse sensor
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There are some requirements on the magnetic prepert
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Control of the Iinternal
combustion engine

Inductive pulse sensor

i, S,
|1! % >\ Inductive pulse sensor
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eg. Pulse time, number

Passenger cars combustion engines: ﬁT
RPM
—ﬂ Position
S

/k r ,~t r N \ Magnet
~ Coil

~ Core

Inductive pulse senso|

Speed and angle are measured against a gearntstang
gear") with an inductive pick up. The sensor pragua pulse for
each tooth top. The speed. RPM, is calculated freepulse
duration between two peaks.

An "Index mark" denotes the anglg 0

(Alternatively, a cog can be "missing" at 0°).
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eg. Low pulse frequency
ABS brakes. When the wheel

"locks up", it releases the grip to Control
the ground. This the ABS syste VT;’E}';‘]’S”Q )
detects and then "reduces" the ¢
o Break ‘K
/ pressure
NNNNNNNNAN

An pulse sensor is integrated in the wheel bean
gives a pulse frequency proportional to the whpeks.
"Locked" wheel is signified by low pulse rate.
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Sensors are nowadays often integrated
IN pure machine products

)

Hub unit

Hub bearing unit with integrated ABS sensor. SKF.
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Inductive ABS-sensor (coill)

The toothed metal wheel is embodied in the balfibgalastic
seal! (eg. SKF) Touthed robor

on CV joinl

A.C. voltape signal to control unit

JAVAVAVAVA

>
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f Capacitive pressure sensor

()]

C C," G,

Differential capacitor for pressure difference
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Simple measurement equipme

4HC14

Six CMOS Schmitt-
trigger inverter

f

_1
fz

Two oscillators are constructed close to the defféial capacitor.
The frequencief andf, are measured. By forming the ratio
between the frequencies then everything that atelooth
frequencies equally is suppressed (= can be shibaway).
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Accurate measurement of f

Measurement of frequency can be done very
accurate. More accurate than other
measurements.

The pulse sensors emit pulses of highly variable
appearance and frequencies - there is not a
single measurement method that can cover all
the measuring case.

PIC processor has three different Timer's and a
CCP device for this. The processor clock can be
generated with eight different methods.
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High

Frequency Measurement | fequency

pti

Counter
Start Stop.

_I_I_I_m

T

REF

o

1

fCLK

e Direct freguency measurement

> f

fMEAS CLK

Quantization.
The counter onlu counts
complete pulses.

_ p£l
Trer
f=(pxl)LF.

f

the Number of positive edgesinderoneperiod of Tre IS
counted (re=1/f:14)-

High measured frequendy;-,stogether witHong measure
time Tree Minimizes the impact of the quantization error.
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Lower

Frequency Measurement | fequency

1
fMEAS > 4 fCLK

pti o
Counter T = 1 4
Start Stop REF — 1[F - f
- 4 = cLk CLK
fCLKML T T f= pilz(pil)ncm
. Prescale% I j_l;i Trer 4
o= ——
REF
fCLK

To measure lower frequencies requires that the umea®nt
time is extended by dividing down the referenceuiency
fo x With aprescaler.
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f < f

MEAS CLK

Period time measurement [fﬁ‘éé“uency}

+
nt1 -

Counter
Start Stop — fCLK
b (n+1)
_I_I_I_ Faminy
1
T =

REF fl\/li'—\T

Alternatively, when measuring low frequencies oae do
this indirectly bymeasuring the period time. The

measurement frequency is obtained by mathematicalfrt
the count.

During a period of the signalclock pulses are counted.
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Multiperiod time measurement [E'L%Terncy }

nti ? %fMEAS<fCL
JULUUUUIUL
Counter f
Start Stop
f f f = k [—-CLK
(nx1)
(g | 1] 5L
4
T, __ = —
REF fMAT

Higher frequencies can be measured wmithitiperiod
time measurement. The measured signal frequency is
then divided down by a fact&roefore measurement
(register only every 4 or every 16 of the edges).

[ * PIC processor Is prepared for all these different

measurement methods. (And many more ... )
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Clock frequency accuracy

In addition to quantization, ie counting only theale pulses,
one will always have a relative error which is dqadhe
reference frequency error.

Eg. Wrist watch requires crystal. Crystals have typerabrAf
+ 20 ppM (parts per million).f =4 MHz £ 80 Hz.

Wishes: clock may not lose more than 10 sek/mc
10s/(30[days]-24[hr]-60[min]-60[sec]) = 25 ppM.
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Clock frequency accuracy

Eg. Stopwatch to use at a 800m race.
(2 minutes total measurement time is
probably enough)

Wishes: resolution 0.01 sec.
1/(2[min]-60[sek]-100) = 1 %e.

A RC-oscillator has typical a 5% error, if untrimdne
( R 1%, but C seldom better than 5% )

PIC16F690-processor internal RC-oscillator is

factory trimmed to +1%.
Dthis is not enough.. but perhaps we can flnetune'
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PI1C-processor clock module

FIGURE 3-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
FOSC=2.0>
{Configuration Word Register)
External Oscillator SCS=0=

{OSCCON Register)

E;._ LF, XT, HS, RC, RCIO, EC
IRCF=2:0= = S
(OSCCON Register) = System Clock
HH\”J {CPU and Peripherals)
SMAz T INTOSC
Internal Oscillator 4 MHz = e
= 110
2 MHz g
_ =101
5 1MHz
HFINTOSC = =100 X
e (]
& MHz 'E 5-UU|RHZ= 011 =
i
250kHz | o
125kHz |
Lmd
LFINTOSC 31kHz | 000 _—
31 kHz -
-

Power-up Timer (PWRT)
#= Watchdog Timer (WDT)
Fail-Safe Clock Monitor (FSCM)
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PI1C-processor clock module

REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER

U-0 R/AW-1 R/W-1 R/W-0 R-1 B0 2.0 RAN-D
_ | IRCF2 | IRCF1 | IRCFO | 0sTs!1) HTS LTS SCS
bit 7 bit 0

IRCF=2:0=
{OSCCON Reqgister)

« At lab we use the default setting

1 8 MHz iﬂ”a
4 MHz — that makes it easy to e
. . —  ™101
calculate the execution time. et
z =
250 kHz Ei;
125 kHz 001
BKHZ e~
REGISTER 3-2: OSCTUNE: OSCILLATOR TUNING REGISTER ,f’f
U-0 U-0 U-0 RW-0 R/W-0 RAW-0 R/W-0 RW-0
— | — | — | TUN4 | TUN3 | TUN2 | TUN1 | TUND
bit 7 bit 0

10000(min) — 00000 (factory trim) — 01111(max)

* If you are able to “fine tune" so can the factarged frequency be
adjusted int16 small steps te £0,5%0 . Now enough for the stopwatch!
William Sandgvist william@kth.se



External crystal €

FIGURE 3-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE) Quart Electrodes
PIC® MCU blank Bonding
s e Cover—p _ area
% - Ci_C*I.ELHIN : ::;_ : b/ .
c1 I | To Intemal | ’ﬁ Mounting
Quartz = I: SR clips
I T Crysta lé R S Sleen
- '-1-' T Seal Base
Hct | Oscarcirour \\ Pins
Mote 1: A seres resistor (Rs) may be required for \ . . . .
quartz crystals with low drive level. Same klnd Of CIrCUIt aS In
2: The value of BF varies with the Oscillator mode - I
selected (typically between 2 ML to 10 ML), the Course LC OSCIllator

lab.

PIC processors can use external crystal. C1 anch@be
omitted on the breadboard, but they are necessaayRCB.
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Piezoelectric crystal i

B,

L Ak it ! )
\, N

: §

= i !

< g o
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' ++++ |+ +++
iy u J,
) F " "
(a) Crystal Mounting (b) Electrical Equivalent
Add current (charge) to a "quartz Circuit Of a Crystal

crystal" and it is compressed, then | ¢ Electric, a crystal can be compared fo
when it "springs" back it will suply a resonant circuit - with extremely hig
the current. Q value.
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Reactance

Piezoelectric crystal

Extremt hogt Q-varde! (

)

\ 4 T -

Spuriﬂus s . (a) Crystal Mountin
! urious
esponses P Spurious
responses
| responses

—/

1
v I l IFrequency

5th overtone
3rd overtone

Fundamental mode
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External clock signal

PIC processors can use the external clock frequaigoml.

If you have access to an exact frequency then e P
processor to can be as accurate. (The picture stuevsan
external clock module, oscillator and crystal talbne").

FIGURE 3-2: EXTERNAL CLOCK (EC)
MODE OPERATION

Clock from —[ H“:::-u—- OSCA/CLKIN

Ext. System L~
PICEMCU

10 -a—| OSC2/CLKOUT

Mote 1: Alternate pin functions are listed in the
Section 1.0 “Device Overview".
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Atomic clock?

Radio Controlled Watches, from
eg. Claes Ohlsson & co, are
phase locked to an atomic
standard in germany. |
So it can actually be possible tt
get extremely accurate refere
frequency to low price!

Such a clock module gives a pulse per second (eixgjisec
No 60). A so-called PPS signal.
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Low clock frequency RC

Schmitt-trigger
When the freq uency FIGURE 3-5: EXTERNAL RC Mgz/nEs

/
accuracy is not that = /
|mportant ‘ E OSC1/CLKIN E_}_.__ Ir:énleﬂngsl
— external RC-circuit. ol £

Data acquisition of one measuremernt Fosclt o+ 0SC2CLKOUT

per day does not require high clock

frequenC|eS You Can then Recommendead values: ;DkglziRlziza:]ng;ﬂa{f?ﬁ
change/increase the clock frequency of =~ _G;”TL:_’Z””F"?‘?"’U_ A
. ote . EMalte pin uncuons are listed in the
the program when the processor will Section 1.0 “Device Overview".
2:  Qutput depends upon RC or RCIO Clock
report back! mode.

* The lower the clock speed, the lower current

consumption, and less risk that the PIC proces A
emits interferences.
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PIC 16F690 Timerl

FIGURE 6-1: TIMER1 BLOCK DIAGRAM

e |nternal oscillator for

N

(" TMRIGE T TigiNv

I
\'\._J\_

watch crystals! . TmRr1ON
Set flag bit
TMR1IF an To C2 Comparator Module
Overflow i2) ) Timer! Clock
TMRI -1 Synchronized
TMR1H TMRILEN ( i clock input
s
32768 Hz ’
, _ Dsciliator )
Ly 94— W 1 .
: T I 71 = Prescaler 33"“‘3””3‘”'29[3]_
' /] Foscl4 1,2,4,8
X \ : Internal — 0 f det
' Clock x‘ ,I, 2
TICKPS=1:0=
TMR1CS
Iy
INTOSC
Without CLEKOQUT ™y 4
TIOSCEN—____~ SYNCC20UT! ".'l]__

T1GSS
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PIC 16F690 Timerl

FIGURE 6-1: TIMER1 ELOCK DIAGRAM
* Numgersor fosc/4 e ey
e Gate - Count enable i_'—TMRmN NN

Set flag bit

TMR1IF an To C2 Comparator Module

Overflow i2) ) Timer! Clock
TMRI T Synchronized
EM o=
TMRIH | TMRILT | | 7 l ’/ clock inpt
C g |
T B
Mb er Decillator S
E ________ e (1) o T1SYMNC
QOSC1MT1CKI L ) o W 1 -

: rd : ff‘f Prescaler Synch manE{a]
Gat L2 N Fosci4 1,2,4,8 et |

X {j ij : Internal ~— 0 :

osc2iG D{e——=—— Clock | L= ,Ifz
T1CKPS=1:.0=
Processor TMRICS
clock T
INTOSC
Without CLEKOUT — ™y 4
TI0SCEN _____,.'— SYNCC20UTH G]__
T1GSS
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PIC 16F690 Timerl

Timer 1 is a 16-bit timer/counter. You reach itahgh two 8-bit registers
TMR1IHandTMR1L. A flag TMR1I F will be set if the timer overflows.
Must be reset if you want to know if this happegaia.

Timerl can use its own oscillator — for a 32768 Hutal crystal, or it
could use the processor cloch. Timer 1 has thHeérescaler for
{1:1,1:2,1:4,1:8}.

REGISTER 6-1: T1CON: TIMER 1 CONTROL REGISTER

R/W-0 R/W-0 BAND RMWD - R/W-D R/W-0 R/W-0 R/W-0
TIGINVITY | TMRI1GE®@ || T1CKPS1 T1CKPS0 || T10SCEN T1SYNC TMRICS TMR10ON
bit 7 . J bit 0

0 0 prescaler 0 1 0 1

e Settings at our frequency measurment lab.
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How to read from a 16-bit
"Freerunning" Timer1?

Timer 1 is a 16-bit counter. It must be read as &mt numbers, the 8
most significant bit§ MR1H and the 8 last significant billdMR1L. This
can be a problem because the timer can "turn afdagtdeen the readings
of 8-bit numbers. The following code shows the sedg:

| ong unsigned int tinme;, char TEMPH, char TEMPL;
TEMPH = TMR1H, TEMPL = TMRILL;
If (TEMPH == TMR1H) // Tinmerl not rolled over = good val ue
{
time = TEMPH* 256;
time += TEMPL;
}
else // Timerl rolled over - no new rollover for sone tine
/[l lots of tine to read new good val ues

OK direct

{
time = TMRLH* 256;
time += TMRILL; OK now

}
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How to write to a 16-bit
"Freerunning" Timer1?

It can also be problematic to write to a 16-bittien as it
must be done as two 8-bit number.
This Is the safe way

TMRIL = 0; // clear |low byte = no rollover for sone tine
TMRLIH = 12345/ 256; // high byte of constant 12345
TMRLIL = 12345%256; // |ow byte of constant 12345

The numberl2345 fits in 16 bits. With integer divisiohand the och
modulo operato% a constant can be split into two 8-bit parts 8at
compilation time). One other way is to use hexanatconstants:

12343,= 3039, TMR1H=0x30 TMR1L=0x39
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CCP synchronized registers
ECCP-unit, Enhenced Capture/Compare/(PWM)

* One can avoid writing to and reading from Timerdiseers - there is
synchronized registera the ECCP unit for this!

FIGURE 11-2: COMPARE MODE

OPERATION BLOCK
DIAGRAM

CCPACON<3:0=
Mode Select

Set CCP1IF Interupt Flag
(PIR1)
CCP1 4

FIGURE 11-1: CAPTURE MODE
OPERATION BLOCK
DIAGRAM
Set Flag bit CCP1IF
Prescaler (PIR1 register)
—1 1,4, 16
CCP1 | ccPriH [ ccPRIL |
pin
d Capiure Iy
Eggznw;\la ) Enable A
} | ™MR1H | TMRIL |
CCPICON=3:0=-
System Clock (Fosc)

e CCPR1HandCCPR1L

A W»

B |ccPriH| copriL |
. i i
_7:]_ “ ?_'-ég'ét T Con‘pﬁa}rator |

| TMR1H| TMRIL |

TRIS
Output Enable

Special Event Trigger

Special Event Trigger will:

* Clear TMR1H and TMR'1L registers.
* NOT =et interupt flag bit TMR1IF of the PIR1 register.
* Set the GOVDOME bit to start the ADC conversion.
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ECCP Capture modes

Capture mode, every 4th rising edge
Capture mode, every 16th rising edge

Set Flag bi{COP1IF When the Capture event occurs
f Prescaler | (IR1 register) Timerl is directly copied to the
MAT =1,4,16 :
copi i Teomr] CCPRLIHandCCPRLL registers
- ) where they can be read where they
an apture : n " .
o Dotes| Enable can be read in "peace ". Bit
f } mrin | wriL | CCPLI F signals when this
S ystem Clock (Fomy happens. We must then reset this
REGISTER 11-1: CCP1CON: ENHANCED CCP1 CDNTRDPEEGISTER
RAW-0 RIW-0 RIW-0 RIW-0 RIWD RAW-D RO RAN-0
P1M1 PIMO DC1B1 pDciBo || ccpim3 | ccPimM2 | ccPimi | CCPIMO
bit 7 it
- - - - o) 1 0) 1
CCP1M<3:0>: ECCP Mode Select bits
Periodtime 0000 = Capture/Compare/PWM off (resets ECCP module)
0100 = Capture mode, every falling edge
measurement <S— 0101 = Capture mode, every rising edge

Multiperiodtime —H—H—H—ﬂ Sﬂﬁ
measurement _[|[[[T[I[1[[11¥
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Setup Timerl

Timerl, as fast as possible:

[l Setup Tl MERL

/*

X X X X X X O
X X X X X O X

*/

T1CON = 0b0.0.00.0.1.0.1 ;

. XX.
. XX.
. 00.
. XX.
. XX.
. XX.
. XX.

XX XOX XX
XRXPEpXXXX
XOXXXxXX
X X X X X X

TMR1 gate not invert

TMR1L gate not enabl e

Prescale 1:1

TMR1l-oscillator is shut off

no i nput cl ock-synchronization
Use internal clock f _osc/4
TIMERL is ON

Clear comment that
shows how th@1CON

value is developed.
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Setup ECCP

CCP1, capture time for positive edges :

/] Setup CCP1
/*
00. 00. Xxxxx -- --

XX. xX. 0101 Capture each positive edge
*/

CCP1CON = 0b00. 00. 0101 ;
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Walit for the edges

unsigned long T, f, t1, t2; 16-bit numbers

CCP1IF = 0 ; /[l reset the flag

while (CCP1IF == 0 ) ; // wait for capture

t1 = CCPR1H*256;

tl += CCPRIL;

CCP1IF = 0 ; /|l reset the flag

while (CCP1IF == 0 ) ; // wait for next capture
t2 = CCPR1H*256;

t2 += CCPRILL; t, t,
1
o o T=t -t f:?-
T=1t2 - t1; // cal cul ate peri od
f = 1000000V T,; /] cal cul ate frequency
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2 -1l

unsigned long T, f, t1, t2;
- What will happen if t1 > t2 (100-63636)?

Start

53535 =

The difference t2-t1 is takanodulo 216 so thewrees &
number of counts between t1 and t2 will
always be the correct value "around the
circle”!

(100- 63639 mod (2°) = 2000
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f=1000000U/T

unsigned long T, f, t1, t2; /* long is max 65535 */
f = 1000000V T;

» Scalefactor betweenf andT is 1000000. Timerl is clocked with 1 MHz.
o If T=1 (T=1x1) the measured frquency is 1 MHz: 65535, to big for 16 bit.
If T=10 (T=1@&1) the measured frequency is 100 kHz.65535, to big.

If T=100 (T=10Qt1) the measured frequencyl@ kHz. f < 65535, ok.
If T=1000 (T=100QGt1) the measured frequencylikHz. f < 65535, ok.
If T=10000 (T=1000@1) measured frequency160 Hz. f < 65535, ok.

If T>65535 TMR1 overflows can be anything= ?
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Freqguence measurement lab

PIC16F690 can distribute the processor cliggk /4 =1 MHz
to the pinCLKCQUT. Wit the cheap frequency divider chip
74HC4040 we will get 12 different frequencies for f

measuring purposes!

far Jur Far far  Jax
gpl o .o o 2048 1024 256 512 2 .
e D EEEy, faesadie Wyl
SSGy REanonoa GlUL
I: D.GD*D'DTD*D' ) x 38 % § 7 ‘g_ﬁ' %ﬁggﬁﬁgﬁﬁgﬁ
I_“_IIE“EIMDIE“EI T Gomour— =

v v v N v Ry B
Q% O O Q

a2 a, % a,13q,12q,/14 /151

4096 64 32 128 16
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Freqguence measurement lab

(TOP VIEW)
DL l: 1 Ik..,’l 1E-:|1¥"CE
Qe ]z 1=]] Gy
Qe []:= 14]] @,
S0 | ERRE] [
Op s 12|l @
Q- e 1]] CLR
g |7 1o]] CLK

GND []e 3|] @,

Why is the readings so
iIncredibly precise ?

Have you got hold of a|'
superPIC16F6907

[3600 ~|  Comect || Discornect | W vDD
The frecquency iz [Hez]l: 00276

The frecquency iz [Hez]l: 00276

The frecquency iz [Hez]l: 00276

The frecquency iz [Hez]l: 00276

The frecquency iz [Hez]l: 00276

The frequency is [He]: 00975 Disconnect
The frecquency iz [Hez]l: 00276 and .
The frecquency iz [Hez]l: 00276 change testpoint
The fredquency iz [He] : 039068 PReaconnect

The frequency iz [Hez]l: 03206

The frequency iz [Hez]l: 03206

The frequency iz [Hez]l: 03206

The frecquency iz [Hez]l: 00483

The frecquency iz [Hez]l: 00483

TAHC4040  ferg= 1 MHz
[PIN| freq[Hz] |Uppmitt [Hz] | Kommentar
1051212 = 244 1
2 | 10%2° = 15625
3| 10%2° =31250
4 [10%2" =7812,5
5 | 10%2% = 62500
6 | 10%2° = 125000
7 [ 10822 = 250000
g | 10%72 = 500000 .\
12 [ 10827 = 19531
13 | 10828 =39063 | 3906
14 | 108210 = 976 6 976
15 [ 1082 =4883,3 488

Something seems fishy ...
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