fi 4

(Hard-time constraint)

constraint)

4.1

timer)

PID

4.2

(Real-time task)

PID

(Interrupt._program)

(Sampling timer)

(Error)

(Watchdog timer)

4.1

(Main program)

2 2

(Soft-time

PID

PID

PCA

(Event
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4.2.1

(Diagonostic)

(RAM)

4.2.2

? (A/D Converter)
! PID
4.2
Sampling timer Event timer
interrupt interrupt
PID control Event timer
folitiie status Is "SET™

RETURN

INTERRUPT




START

Set nexd maich of timer :
1. watchdog timer
2. sampling imer

!
i

Gel PV
Linearize if from sensor

Convertto % of FS.

y

Get SV from "REMOTE" or "LOCAL"
i "REMOTE" , corwertto % of FS.

DV=SV-FVor PV-SV

24

Severe alarm

Output error
condifion set

;

*OS" = Manual

¥

L PROPHKPN or KPDV

AUTO

MANUAL

41 )

PID (PID control routine)



')
I

User defines MV

y

Set bumpless transfer
INT= MV-PROP

|

25

INT=INTn-1 + K; (DVn+DVn-1)
DER=K D}(DERnd)*KDz (PVn+Vn-1)

Sent output signal
output = OP_100( MV + OP_0)

y

Save variable for
next calculation

Retum interrupt )

'o41 )

MV =PROP +INT + DER
A
INT =INTn-1-MV
MV =0 —
\ 7\
'
\3
¥ ‘ iu’l
\E A ok
\d N\ %
N\ G,
N
INT =INTn-14+100 - MV
MV =100
PID ()



4

{ POWER ON

Delay for hardware
sefting

Initialized LCD
display

Check NV RAM

eror

Check result

\

Initialize system
variable

Check data in
NV RAM is
volatiled or not

AN\

"Watch dog count out”

\_/

Controfler HALT

Wait for power on again

volatile
Check result ?
non volatile

Restore last update
data

Determine watchdog
checking resuft

Acounl outis greater than 15 sec.

%:/wl?

Precalculate PID
coefficient

(KpX|Xp)

Q “RAM error”

N

Controller HALT

Wait for power on again

26



4.3

N

!

21

Initialize ime base
nitialize sampling timer
Initialize event timer
keyboard routine
\|
display routine
Calculate and preparing
the variable i user press
"mode" key
Checking A/D
Check ry
e )
AD Fail*
Set to AD
error condiion
4.2 ()
43.1 "Keyboard routine”
!
2 n - -1\

(Event timer)

! PCA



Event timer

in Event timer (On)
4.3
Display last no
keyboard data?
yes
no press or release
pressed
Store pressed
ke
key o buffer PR ey dota No pressed key
Release key

Tum on event timer
if not yet

service_one_key

Signal to
display routine

Tum off event imer

Signal to display routine
that there is data to display

Crenm )
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"Service_one_key"
4.3.2 ! "Service_one_key"
(Sub routine) !

{ ! 1

4.3.3 "Display routine"

2 (Data and Modified display)

(Bar graph display)

(response)
(Update) (Real-time)
4.5
"Display.data"
"Display_bar"
4.3.4 "Display.data"

4.6



START

05"
ey buffer data
uffer data is
1
e / \ “Disp"
p
5 OS : DISP
uffer data is \
0s"
2
NRF
" ‘““ - ' "
sel buffer to
nopress
"ENG"
Mode ?
toggle display
to BAR or
DATA
STATUS 4
TUNING
~A toggle AUTO setto
MANUAL *MANUAL"
5
NG
increment or 6
decrement
corresponding
data
\
signal to
display key
changed

( RETURN )

Vi 4.4




M:ENG ?

displaytypk BAR

DATA

\ ENG

clear keyboard
buffer

@ type?

DATA

BAR

save from buffer to
share storage

Parameter of bar

display to next row

save from buffer to
share storage

increment data display
mode counter for next
mode

initial data
display
parameter o 0

restore paramter from
share storage to
buffer

signal to display
data routine that
mode has changed

data siaplay mode
counter is "ENG" mode

initial data
display
parameterto 0
dpar=0

Ay

restore parameter
form share storage to
buffer

setlo "MANUAL"

signal to display
data routine that
mode has changed

4.4

31



DATA

display type ?

BAR

increment bar parameter
counter

increment data parameter
counter

Parameter ? TMAX;

of data display

Parameter?
of data display

Max. of T_MIN
=T_MAX.

Min. of T_MAX
=T_MIN

OP_0%
or OP_100%

4.4

32



Parameter? AH

of datadis/pplay/

Parameter? HH
data displ

MAX_LL=AL MIN_HH=AH MAX_AH=HH

MIN_AH=AL

MIN_AL=LL
MAX_AL=AH

4.4

33



START

no

display signal?

Is there
eror ?

display_error

Set to DATA
display mode

key "OS" “Disp”

function
os*
display type?
display "AUto"
or'MAnual® BAR
\
RESTORE SAVE
BAR BAR
alarm_echo

display type?

Display_bar Display_data

Reset display
signal to idle




i

Display mode name

Display parameter
name

arameter ? 0P
P e

rO‘J 100%

/

/._._!
<"<100%>' > ( g>" Display its
value

4.6



DV

4.7

4.3.5 "Display_bar"

(Bar graph)

5 10%

20%

SV, PV MV O —

DV

DV = + 6
20

36

SVJIPV MV

SV, PV MV



( stART )

Display bar
name
Variable™_ PV
is?
, PV or MV
modified to 10%

resolution and load
to cell counter

ipar

counter
i=10

>0

ipar=ipar-1

modified to 20%

resolution and load

to cell counter
ipar

i=H

37

i=H

move cursor to the front of
the comesponding bar

sending already
displaying signal

4.7
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4.3.6 "Alarm.ech.0"

PV "Alarm™

AL AH ?! (Normal alarm)
LL HH
(Severe alarm) ok 1
4.8
START
/ls

severe alaim?

Is alarm

toggle signal

Is
normal alarm?

“on" ?

yes

4.8

4.3.7 "Display_error"

4.9



(*  START )

\ 2t
¢ RETURN ")
4.9
4.3.8 ?
(Convert)
5V 1V
' 1 Successive
1V M OFFFH 0333H
' 1V A
+/- 0.02 V 4.10
4.3.9 Successive "sal2"
(Analog)
(Digital) 0 2
12 2 4 (P2.3-P2.0)

(P0.7-P0.0)

H (8]

4.11



‘A 4.10

{ START )

get 5V analog
input

convert to
dig. signal
"sal2"

yes

get 1V analog
input

convert lo
digital signal
"sal2’

031BH<dig. <0338H

report error
AD FAIL

;

E

40



{ START

retum value =0

set input channel
(port 2 bit 4 - 6)

set digital compare value to 0

enable MUX (Port 2 bit 7)
P2.7=1

Set port 2 bit 3 (P2.3) = 1

compare REF>input

clear bit

Do with nex bit (P2.2 - P0.0)

Is last bit ? NO

P0.0?

Digital value from P2, PO
(P2.32.0, P0.7+P0.0)

Successive

41
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4.3.10 RAM "Xramchk"
RAM
)
055H 0OAAH
W alking ones [9] (Addressing
problem) RAM 4.12
4.3.11 ? "Cal_sens_parameter"”
W4 2.15 2.16
2.18 )
TIMAX, TIMIN ENG 4.13
4.3.12 "linear_and_convert"
PV PV
2.14 2.17
4.14
4.3.13 PID "Calcoef"

PID 2.10 - 2.13 4.15
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save 1st memory
location & write 05AH in
this location to identity
addressing problems

bumped this location &
test next byte

save data

test by writing
055AH

error

end address

yes

test 1st location

data still no
05AH

yes

lest 1st location by
previous algorithm

s
error? ye

v
restore its data and report error

no
( RETURN )

‘A 4.12 RAM



)

find characteristic voltage of T_MAX
and T_MN from sensor table

v_max , v_min

finding gain
3276.8

(v_max-v_min)

finding zero
2 = 4096-G.v_max

finding convert ratio
100

b (T_max-T_min)

( RETURN )

4.13 Cal_sens_parameter



START

Deamplification standard voltage
¥ et
G

find the corresponding temperature

from sensor table

convert to % of FS.

P=R (T-T_MIN)

( RETURN )

‘z'ﬂ‘ﬁ 4.14 Linear_and_convert



Ts

a 0.1

100

=

kpT.

R i

2T

ol 2ay-1
D1 2ay+1
K 2y kp
D27 Hay+

4.15
4.3.14
PCA
8
A TH
0
A TH

TL

TL

TH

256 -

TL

PID

‘initfimebase"

0 (Timer 0) (
0
(8 bit Auto-reload)

TH

TL

(Count-up timer)

4.16

250

46



a7

{ START

Settimer 0 to 8 bit autoreload
TMOD =2

\‘/

Set period to 250 usec
THO=6

L

Tum on Timer 0

TRO=1
( RETURN )
ek
4.16 & PCA "Init.timebase"
4.3.15 "Init_sampling_
time"
PCA 0 4
16
CCAPOH CCAPOL CCAP4H CCAP4L
CCAPOH,CCAPOL = /
0.1 7
CCAPOH CCAPOL 01H O090H
A CCAP4H CCAP4L OFFH OFFH

4.17
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C smRr

Y,

Sa PCAnoduie Oto saitvware timer node
with period Q1 secfor saping tirver
CCAPMD=-04H

St sarpingtimer Gonvpare CARure register pair
CCAROHOCAROL =01H090H

\%

St PCAnooule 4towetchdog timer and tun dof et firg
acAPVA=0

i
Loed watchdogtimer - Corrpere GARure register par
CCAPMH.GCAAL =0FFHOAH

V.

Tum on PCA timer interrupt

EC=1 PN, \

—

\ %

Enable all interrupt
EA=1

\%

Tum on PCAtiner

4.17
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