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e State machine implementation in ST on the
elevator example
* Oven controller design:

— From verbal spec to state machine
* Exercise on state machine implementation

— As a ST code
— As ECC in function block
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State-based desigh example: 3-Floor Elevator

® There is no weight sensor and no stop button in the elevator

e All call buttons are constantly active

For testing purposes
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Elevator at floor 0

Elevator at floor 1

Elevator at floor 2

Doors at floor 0 are closed

Doors at floor 1 are closed

Doors at floor 2 are closed

Call button at floor 0

Call button at floor 1

Call button at floor 2

Request floor 0 from inside the cabin
Request floor 1 from inside the cabin
Request floor 2 from inside the cabin
Control the elevator to go up

Control the elevator to go down
Open the doors at floor 0

Open the doors at floor 1

Open the doors at floor 2
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Final controller

/ closed allClosed

Doors control\

closing

opening0 () opening1
open0:=True; openi:=True;

open0:=False;
openi:=False;
open2:=False;

/

open2:=True;
doorClosed1

NOT doorClosed0

o

NOT doorClosed2
>3s

nested

stopped

aliClosed AND x>y>=0 allClosed AND 0<=x<y

up:=False;

going up down:=Faise: going down

up:=True; Elevator movement control down:=True;
down:=False; up:=False;
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Implementation of state machines in ST

stopped

going up

allClosed AND x>y>=0

down:=

Integer variables for
states

o state stopped

o state going_up

o state _going_down
transitions implemented
using if-then-else

up:=
downl=False;

allClosed AND O<=x<y

Ise; .
going down

down:=True;
up:=False;

state stopped|THEN

ELSIF allcl

state move

END_IF;
ELSIF state move
up :=TRUE;

down :=FALSE;

IF doStop THEN

:= state going down;
ed AND ¥ > y AND x >= 0

state move :

END_IF;
ELSIF state move

down :=TRUE;

up:=FALSE;

= |state_going down

IF doStop THEN

state move :=

END_IF;
END_IF;

state stopped;

Aalto University
School of Electrical
Engineering

A



Implementation of state machines in ST

stopped

allClosed AND x>y>=0 allClosed AND O<=x<y

up:=False;

doStop down:=False; doStop going down

going up

up:=True;
down:=False;

down:=True;
up:=False;

- tate stopped THEN
up:=FALSE;
down:=FALSE;
IF allclosed AND x < y AND x >= 0 THEN

state move := state going down;
ELSIF allclosed AND % > y AND x >= (0 THEN
state move := state going up;
END IF;
ELSIF state move = state going up THEN
up:=TRUE;

down:=FALSE;
IF doStop THEN

state move := state stopped;
END_IF;

ELSIF state move = state going down THEN
down :=TRUE;
up:=FALSE;
IF doStop THEN

state move := state stopped;
END IF;
END_IF;
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Implementation of state machines in ST

stopped

allClosed AND x>y>=0 allClosed AND O<=x<y

up:=False;

going up down:=Faise; going down

doStop

up:=True;
down:=False;

down:=True;
up:=False;

IF state move = state stopped THEN
up:=FALSE;

down:=FALSE;

[IF allclosed AND x < y AND x >= O|THEN

state move := state going down;
ELSIF allclosed AND % > y AND x >= (0 THEN
state move := state going up;
END IF;
ELSIF state move = state going up THEN
up:=TRUE;

down:=FALSE;

IF doStop THEN
state move := state stopped;

END IF;

ELSIF state move = state going down THEN

down :=TRUE;

up:=FALSE;
IF doStop THEN —
state move := state stopped;
END TIF;
END IF;
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Example: heating oven

Verbal specification:

The oven is started with a Start button that seals in the Auto mode.
This can be stopped if the Stop button is pushed. (Remember: Stop
buttons are normally closed.)

When the Auto goes on, the horn is used to sound for the first 10
seconds to warn that the oven will start, and after that the horn stops
and the heating coils start. When the oven is turned off the fan
continues to blow for 300s, or 5 minutes, after.

e
g
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Timing Diagram

s
g &

Start I_‘

Auto
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Heat

Stop J

Fan
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Timing diagram vs. Specification

II/- that seals in the Auto mode.
Auto | & ' \_‘7 This can be stopped if the Stop button is pushed.
Horn ___J {F*ﬁ*TE——————_L________¥

(Remember: Stop buttons are normally closed.)
Heat | f

Start ﬁ \ The oven is started with a Start button

When the Auto goes on, the horn is used to sound for the
first 10 seconds to warn that the oven will start,

and after that the horn stops and the heating coils start.

_ |
f y " - T
Stop |j|\ When the oven is turned off the fan continues to blow for
/ I 300s or 5 minutes after.
Fan ___J i

=

Note:
1) What will happen if Start is pressed here?
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Let us follow the diagram ... (naive engineering)

PROGRAM OvenST

VAR

HeatTimer: TP; // Timer

CoolTimer: TOF;// Timer

RE: R TRIG;

FE: F TRIG;

T . Start ﬂ

Edge: BOOL; !
END VAR
RE (CLK:=Start); |
// rising edge of Start is detected Horn ] ,
IF RE.Q THEN > |

HeatTimer (IN:=Start, PT:=T#10S);

Horn := 1; Heat |
END IF; |
IF HeatTimer.Q THEN

Horn := 0; Stop _Jl

HeatingCoils := 1;

Fan := 1; |
END TF; Fan !
FE (CLK := Stop); //Falling edge detector qu———————qp

// falling edge of Stop is detected
IF FE.Q THEN

HeatingCoils := 0;

CoolTimer (IN:=NOT Stop, PT:=T#5M) ;
END IF;
IF NOT CoolTimer.Q THEN

Fan := 0;
END IF;
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State Machine
Start |_|

Auto

Horn

Heat

|

efinit 1

|

Stop J |
|

|

Fan
T - >
HORMN:=FALSE:
. FAMN =FALSE
Timer T1 starts on so:start @ o ZrarsE
the rising gdge of the _
state activity flag
L‘uﬁfait(,\ TRUE S5: StopFan
- y FAN:=FALSE;
AND
Transition occurs 52: Auto "
when timer expires rsaros) @ —~ ot
not
53: Heato Q S4: Stop
COIL:=TRUE not HORN:=FALSE;

i i AM:= | INL:=FALS
9 Aalto University EE%NT:T_iEQE COIL:=FALSE
T2.Start{t#5min)
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From State Machine to ST

HORN:-=FALSE:
FAN -=FALSE
S0: Start @ COIL :=FALSE
TRUE
51: Wait (:"',\ TRUE 55: StopFan
= <
. FAN-=FALSE:
AND
S2: Auto o
T1Str10s); @ AND L
HORN:=TRUE
not
53: Heat Y S4: Sto
O O
COIL:=TRUE not HORN:=FALSE:
FAN:=TRUE COIL-=FALSE

HORN:=FALSE

2.atar (62"
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From State Machine to ST

IF state = SO:Start THEN
HORN := FALSE;

FAN := FALSE;

COIL := FALSE;

state := S1:Wait;
HORMN-=FALSE: ELSIF state = S1:Wait THEN

FAMN =FALSE IF Start AND Stop THEN
so:start @) coi -FaLSE state := S2:Auto
END_IF;
ELSIF state = S2:Auto THEN
T1.Start(t#10s);
HORN := TRUE;
TRUE 55: StopFan IF T1.Q THEN
< state := S3:Heat;
FAN:=FALSE: Else not STOP THEN
state := S4:Stop;
END_IF;
ELSIF state = S3:Heat THEN
S2: Auto HORN := FALSE;
T1Str10s); @ AND FAN := TRUE;
HORM:=TRUE COIL := TRUE;
T2.Start(t#5min);
IF not STOP THEN
state := S4: Stop;

TRUE

S1: Wait

/
O~

e
O

=3
=]
=4

- END_IF;
S3: Heat Y S4: Stop ELSIF state = S4:Stop THEN
O ) HORN := FALSE;

| ot COIL := FALSE;
COIL:=TRUE — HORN:=FALSE IF Start and Stop THEN

BM)= | ‘1) =FA| S
LEHMT:T‘:J&EE[ COIL=FALSE state := S2:Auto;
T2 Start{t#5min) ELSIF not T2.Q THEN

state := S5:StopFan;
END_IF;
ELSIF state = S5:StopFan THEN
FAN := FALSE;
state := S1:Wait;
END_IF;
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From State Machine to Function block

35: StopFan

HORN:=FALSE:
FAN ‘=FALSE
so:stat @ con Srarse
TRUE
S1: Wait L\ TRUE
O-
AND
S2: Auto o
T1Str10s); @ AND
HORN:=TRUE
not

k?'n FAN-=FALSE:

=3
=]
=4

S53: Heaté

COIL:=TRUE
FAMN=TRUE
HORN:=FALSE
T2 Start{t#5min)
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EVENT
EVENT
EVENT
EVENT

BOOL
BOOL

— INIT INITO
—1{ E_Start E Horn [HO——
—3 E Stop E Fan {1
Timer1_Done E_Coil 1
Timer2_Done Timer1 )
Timer2 ‘1
] O —
HeatingOven
—11{ Start Horn H1
— 71— Stop Fan —
Coil ——1—

EVENT
EVENT
EVENT
EVENT
EVENT
EVENT

BOOL
BOOL
BOOL

Cjﬂ—f—é Timy,
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ECC

HORM:=FALSE:

) FAN :=FALSE;
S0: Start @ COIL :=FALSE;

TRUE
S1: Wait TRUE S5: StopFan
g y FANMN:=FALSE. ?-E_Fan
Start AND Stop
52 Auto Start & Stop
T1.5tar(#10s) @ Sl AND Stop —_— =
HORN:=TRUE: notte = Start & Stop Timer2_Done
59 -EfHom —
T1.Q
53: HeatO \) S4: Stop Timerl_Done NOT Stop
COIL:=TRUE: ot STOP HORN-EAMSE :
FAN-=TRUE: COIL=FALSE. NOT Stop
HORN:=FALSE: y
T2.Start(t#5min); (G3ea)—[s3[E_tom
CIE Fan]
C[Ecol
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ECC & FB Network

INIT

.-

Start & Stop

mrt & Stop

S2[E o]

Timer2_Done

Timer1_Done NOT Stop
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T#10s

Oven

o INIT INITO o
O E Start E Horn 0
O E_Stop E_Fan [
Timer1 _Done E Coil O
— 1 Timer2_Done Timer1 =
Timer2 &
1 (I —

HeatingOven
O Start Horn 1
O Stop Fan O
Coil o

Timer1

START EO
STOP

(s}
E_DELAY

DT

Timer2

START EO

C STOP

(s}
E_DELAY

DT
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Questions
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