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Where do flow charts and state transition diagrams
“f1t” 1into the design?

Design Example
Team Win a Regional
Objective
v
Robot must hang
Strategy from bar
v
Robot Winch Lifts Robot
Function
\ In manual (joystick) mode, Joystick 2
Software

trigger should engage winch paul and then
energize winch motor

Requirement

Y
State a N\
Trlansmon J2 Trig=1 Engage
Diagrams Paul
v Paul Engaged
Flow Chart <22 Tig=0 Y
Energize
Winch
v \_ )
C Code
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J2_Trig=17?

Move Paul Servo

PWM 05=0
Turn Winch On
PWM 03 = 200
o< i<
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Why?
Welcome to a TEAM!

e Communication

— Important if there is more than one programmer

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

— Superior Strategy thru Software
e Flexibility

— Makes it easier to modify program.

— Saves time explaining what the software does.....

— Documentation

——

CODAZF
A 7 —
3 el
" i
AWy
SRR

Team Ford First

FIRST"




Flow Chart Example

Monitor

Read
Clock

N

Y

-«

Eat
Lunch

Sleep...

End
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Flow Charts

e Are a graphical representation of an
Instruction sequence

e Can be high level or pseudo-code

 Many different “right” ways to do them.
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What 1s a “State”

The state of a system 1s 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 r " N
~ (On, Oh) Description
— (On, Transition, Off) L Actions )

— (Position of switch lever)
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State Machines

Finite number of states

Start somewhere (5)

Iy

Can change states 1n 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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. Condition
Transitions Action

/ \
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
Action Examples:

— Disable Bot

— Execute Joystick User Routines
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2 Channel Encoder Example

»  Wheel Angle

__________________________
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Encoder State Transition Diagram

State #1
A=0 __ A0 .
Co?u_11t-- . B=0 Count--
B=0 . A=1
Count++ Count++
State #4 State #2
A=1
B=0

B=1 .
Count++

State #3
A=1
B=1

B=0 .
Count--
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Read A, B

—] e e e e e

Encoder Flow Chart

State #1

Count

A=1
Count++

State #2

Count++

State #3
. _B=0 .

A=1 Count--
B=1
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Encoder Flow Chart (State 0)

State = 3 State =2 State = 1
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Encoder Flow Chart (State 1)

Count ++

Count --

State =2

State =4
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State #1

A=0 A=0 .

$ c°unt__

Count--

B=0 .
Count++

Count++

State #2
A=1
B=0

State #4

State #3
A=1
B=1

B=0 .
Count--
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Another Encoder Algorithm

This 1s another way to process a 2 channel
incremental encoder.

In some cases this 1s more efficient, but 1s
not as easy to explain.

It either channel has changed since last time
— If (old B xor new A) then count up

— Else count down

Flow chart on next page
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Read A, B Another Encoder Algorithm
(Flow Chart)

First Time Through?
Not Initialized?

Count-- Count++
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State Transition Diagram Example
Competition Box Function

Mode = Joystick
Reset Autonomous Mode

#1
Bot Disabled
Joystick Inputs = 127
Disable Outputs

Enable Switch = on
&
Mode = Joystick

Enable Switch = on
&
Mode = Autonomous

Enable Switch = off

Enable Switch = off

Mode = Autonomous

\
#2
Joystick Mode #3
Read Joystick Autonomous
Y Mode = Joystick Enable Autonomous = True

Enable Outputs L

Team Ford First




Nested State Transition Diagrams

/® Lower Bot \

Disengage
Paul

l Paul Out

-

Lift Bot \

J2 TOQ =0

Energize

K&Vinch CWJ j

J2 Top =1 J2 Trig =1
: / [Engagej
) Paul
Winch
Stop lm
_/‘ ‘\ Energize
42 Trg =0 Winch CCW

.

/
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State Transition Diagram of Line Tracking Bot

Hard Left
State #6
Left = VSLOW_REV
Right = SLOW_FWD

Hard Right
State #5
Left = SLOW_FWD

Right = VSLOW_REV

c_line=on && |_line=on Fast Forward c_line=on && r_line=on

State #1
Left = FAST_FWD

Right = FAST_FWD c_line=on && r_line=off

c_line=on && |_line=off

c_line=off && r_line=off,
(c_line=on || r line=on) && | line=on
¢ line = ON ¢ line=off
line=on || |I_line=on r_line=on
c_line=off && |I_line=on
c_line=off && 1 line=0

c_line=off && r_line=on

4 Y
Slow Left = = Slow Forward = = Slow Right
State #4 State #2 State #3
Left = VWSLOW_REV Left = SLOW_FWD Left = SLOW_FWD
Right =SLOW_FWD c_line=off && |_line=off Right = SLOW_FWD c_line=off 8& r_line=off Right = VVSLOW_REV
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