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Design Where do flow charts and
state transition dagrams

"fit” into the design?

Robot
Function
Software

Requirement

A sequential step by step
flow of actions establi shes

State the flow chart.
Transition
Diagrams
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Design
Robot functions and Win'a Regional
ma:hanl Ca des gn Robot must hang
H f b:
define the Program == G
ra]lj ranmts Winch Lifts Robot
In manual (joystick) mode, Joystick 2
Requirement trigger should engage winch paul and then
energize winch motor
State
. Tranatl
Developing State | ==
Diagrams describes
the operating = Bal e
requirements of the :Ecvgrg|ﬁej
incl
program.
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FIRST*
Credit
State Transition Diagrams
&
Flow Charts
Doug Rhode
November 13, 2004
Major parts of this presentation were taken from last
yea'sworkshop dore by:
Doug Rhode (Tean 1250)
November 2005 State Logic Programming 2
Team Ford First )
FIRST"
Design
Development of the e e
Strategy definesthe ot
robot functions Wineh Lt Robo
Software In manual (joystick) mode, Joystick 2
trigger should engage winch paul and then
energize winch motor
State
Transition
Degams Adding the detail ed
actions helps create
work tasks.
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State Diagrams and
Program Flow charts
define the Software

Move Paul Servo
PWM_05 = 0

92 Tha=0

Tum Winch On
PWM_03 = 200

State Diagrams develop
Program Flow Charts
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C codeis developed from o

pwmO05 = 127, //stop the paul servo
the Program Flow Charts pwmO3 = 127; //stop the winch motor
if(1 == p2_sw_trig) /listhetrigger ON ?

\J/uw:\‘/v\,N— { Ilthetrigger is ON
T if( !CLOSED==paul)

<E/§g‘\ﬂ\w—-{ o Fasor /1Y esthe paul is NOT closed
o pwmO5 = O; //run the paul servo until
R the paul is closed
elseif ( CLOSED == paul)
/1Y esthe paul is closed
pwmO3 = 200; //run the winch

Program Flow Charts } Ithe trigger isNOT ON or the pwm's have
lead to Program Code been changed to run the paul and the winch
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Why?
Welcometoa TEAM!

FIRST®

* Communication
— Important if there is more than one programmer

— Everyone understands how the bot functions (points
during competition)

— Superior Strategy thru Software
« Flexibility
— Makes it easier to modify program.
— Saves time explaining what the software does. ....

— Documentation
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Flow Charts

« Are a graphical representation of an
instruction sequence

« Can be high level or pseudo-code
* Many different “right” ways to do them.
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What is a “State”

¢ The state of a system is the smallest set of variables such
that the knowledge of these variables together with the
knowledge of the inputs completely determines the
behavior of the system in the future.

¢+ The states and the description of the transitions are a model
of reality.

« The “right” choice for states really depends upon the use of

the model.
« Example - Light Switch 4
= (On. G Description
— (On, Transition, Off) Actions

— (Position of switch lever)
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State Machines

 Finite number of states

¢ Start somewhere

* Can change states in response to an input or
event. These are called “transitions”.

* Finite state machines can be described by
state transition diagrams.

» Examples (light switch, traffic lights,
elevator, computer, ....)
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Transitions —Condtion
/\

* Describe how the states of the system change in
response to inputs (and time).
* Conditions are evaluated every controller period.
* Condition Examples:
— Enable Switch == on
— Mode Switch == Joystick
e Action Examples:
— Disable Bot
— Execute Joystick User Routines
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2 Channel Encoder Example

Forward

il

e

An encoder provides pulses for each
revolution d its daft. With
encoders tied to the roba drive
system, it is posshbleto keep track of
the roba position and orientation
through the courting d the pulses
from theright and left encoder§
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Wheel Angle

November 2005
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2 Channd Encoder The encoder provides a
DESIGNED SEQUENCE of

Exampl e A and B values based onthe
Forward ) diredion d rotation:
Forward Reverse
A hnEl e
A B A B

o r P O O
o O +» P+ O
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Establish the Possble Answer: Counter-Clockwise: 2

Encoder States Sincethereisa DEFINED SEQUENCE
of pairsof A and B values, we @n assgn

Clockwise -

» aSTATE to every possble pair.
D@RA@@Q [ The Clockwise Sequence of STATES is
A ‘ | F 12341

The Counter -Clockwise Sequence of
STATESis
14321
If wearein STATE 3 (A==1and B==1)
and the new value of A is1and of BisO,
which dredion are we going? and what is

- Courter-Clockwise the new STATE of the Encoder?
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Encoder State Transition Diagram

Clockwise: ADD

Al R HRERE SOE

State #1

DRRAT

State #3
A=1

Gount-

Courter-Clockwise: Bl

SUBTRACT
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Encoder Flow Chart

Read A, B State == the &isting State of the
Encoder (0to 4).

Read the new values for A and B.
If State == 0 follow Routine_a
ese

If State == 1 follow Routine_b
ese

If State == 2 follow Routine ¢

) Continue next page
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(Conti nued) Remember: State == the existing
‘ State of the Encoder (0 to 4).
ese

If State == 3 follow Routine_d
ese

If State == 4 follow Routine_e
ese

Report error which shoud never

Report happen
Error :
I ]’ Continue on with the program.
<
Y
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Encoder Program
State == the existing State of
. the Encoder (0 to 4).

switch (State)

{ case0: /oy heppensat initialization
{ Routine_ga; break; }
case 1.

{ Routine_b; bre&; }
case 2.
“ { Routine c; break; }
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(C(inti nued)

case 3:
{ Routine_d; bre; }
case 4
{ Routine_g; break; }
defaullt:
{ Error_Report; bre&k; }
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Encoder\FI ow Chart (State == 0)

Olelelele)
PR

State = 3 ‘ State = 2 ‘ State = 4 ‘ State = 1 ‘

State 0 Determinesthe INITIAL STATE of the Encodé2
Every State from INITIAL onward isfrom 1 to 4
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Encoder Routine_a (State == 0)

void Routine_a(void)

{
if(0==A && 0==B)

State=1;
dseif(0==A && 1==B)
State = 4,
dseif (1==A && 0==B)
State =3 ‘ State = 2 ‘ State = 4 ‘ ‘ State = 1 ‘ State=2;
| \ \ [ dseif (1==A && 1==B)
4 State = 3;
}
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Encoder Flow Chart (State == 1)

Clockwise: ADD

Count ++ State = 2

Count -- State = 4

Y
Courter-Clockwise:
SUBTRACT
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Encoder Routine b (State ==1)
void Routine_b(void)

{ o A==0 and B==0 put usin State==1

State Logic Programming

if (1==A)
{ Court++;
State=2;
}
dseif (1==B)
{ Court--;
See=4,  \oticethat if A==0 and B==0 NO S
} COUNTING will be dore sincethe encoder
} is ill i n State 1 (A==0 and B==0)
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Encoder Routines ¢, d, and e
Clockwis;e(State == 2’ 3’ and 4)

» « Similar Flow Charts and
0Ree@ Programs can be made for
States 2, 3, and 4to court ++
for anew A and B pair that
gives Clockwise rotation and
tocourt - - foranew A and
B pair that gives Courter-

A

Courter-Clockwise Clockwise rotation.
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Autonomous Mode

Why would Autonomous Mode be mentioned in a
State L ogic presentation?

* Recdl that a State Machine can change states in
response to an inpu or event cdled a “transition”.

» A "transition" can bean input (or multipleinpus
like the encoder) or time.

» Thechangein state usually means a diff erent set
of machine commandsis given (thus the new
state) and the maching waits for the proper
transition to go to the next state.
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Autonomous M ode Sequences

» Autonomous Mode software can be donein many
ways but boil s down to at least one of the
following:

+ "Dead Reckoning" where a sequence of eventsis
programmed by trial and error with many
adjustment of time and speeds.

* Sensors and other feedbadk systems to enable the
program to direct the robot to a spedfic sequence.
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Line Tracking State Diagram

This was an eye test — go to the next page
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Line Tracking

* Consider arobat that MUST follow aline.
* There ae 3 Banner Sensors mourted:

— CENTER is ON while therobot isrunring
down the center of theline

— LEFT is OFF when therobot isrunning down
the center of thelineandis ON when theline
drifts LEFT in relation to the robot center.

— RIGHT if OFF when on center and is ON when
theline drifts RIGHT
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Sketch of Line Tracker

Mr. Roba is moving very
FAST because the Center
Banner is ON and both ather
Banners are OFF

FAST FAST

Let's call this STATE 1 both sides FAST Forward
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Sketch of Line Tracker

Sketch of Line Tracker

What changed? What changed?

The RIGHT Banner The Center Banner ‘

turned ON. [ turned OFF. SLow

SLOW .
How shoud the Roba react? — [} How shoud the Robat react? MED

SLOW the Left and SLOW Let's make the RIGHT Motors go
Reverse the Right Motors for a MEDium REVERSE for a SPIN.
Hard Right turn

Let'scall thisSTATE 2 LEFT SLOW and RIGHT SLOW Rev |

November 2005

Let's call thisSTATE 3 LEFT SLOW and RIGHT MED REV

November 2005
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Sketch of Line Tracker States 1, 2, and 3

What changed?

> S State 1 State 2 State 3
The Center Banner Left Motor FAST SLOW SLOW
turned ON and the ' -
RIGHT Banner turned Right FAST SLOW Rev | MED Rev
OFF. Transition | Center ON | Center OFF| Center ON
Let's make the BOTH motors Next State State 2 State 3 State 1
GOFAST There are other posgble transitions FROM each state. The

Thisis STATE 1 again with BOTH FAST Forward | most obvious are changes in Left Banner.
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Partial State Diagram 1, 2, 3

Right Banner ON

Partial State Diagram 1, 4,5

State 1 Center Banner ON State 4 Center B OFE State’5
. . < L: SLow enter Banner .| L:MED
L: FAST & R: FAST e > Rer
Seehow this can bemme at least 5 States: R: SLOW R:SLOW
State 2 Center Banner OFF State 3 Using the Left Banners adds 2 more States
L: SLOW >»| L:SLOW State 1
R: SLOW R: MED ae <
Rev Rev Left Banner ON | L: FAST & RiFAST | Center Banner ON
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Obvious Missng Transitions | Line Tracking State Diagram
Sated  [€ 7T TTTTTTmoommom State 5
Center Banner OFF
L: SLOW Rev »| L:MED Rev
RSLOW [~ R:SLOW
Left Banner ON A
State 1

Center Banner ON
L: FAST & R: FAST

Center Banner ON
Right Banner ON T €

State 2 State 3 )
L sow Center Banner OFF S L sow OnceALL of the STATES are defined, and ALL of the
) e ) TRANSITIONS between states are identified, writi ng the program
e R: MED Rev isjust like we did for the encoder example.
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