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Credit

Major parts of this presentation were taken from last 
year's workshop done by:

Doug Rhode (Team 1250)
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Where do flow charts and 
state transition diagrams 

"fit” into the design?

A sequential step by step 
flow of actions establishes 
the flow chart.
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Development of the 
Strategy defines the 

robot functions

Adding the detailed 
actions helps create 
work tasks.
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Robot functions and 
mechanical design 
define the Program 

requirements

Developing State 
Diagrams describes 
the operating 
requirements of the 
program.
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State Diagrams and 
Program Flow charts 
define the Software

State Diagrams develop 
Program Flow Charts
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C code is developed from 
the Program Flow Charts

Program Flow Charts 
lead to Program Code

pwm05 = 127;  //stop the paul servo

pwm03 = 127; //stop the winch motor

if(1 == p2_sw_trig) //is the trigger ON ?

{  //the trigger is ON

if( !CLOSED==paul)
//Yes the paul is NOT closed

pwm05 = 0;  //run the paul servo until
the paul is closed

else if ( CLOSED == paul)
//Yes the paul is closed

pwm03 = 200; //run the winch

} //the trigger is NOT ON or the pwm's have
been changed to run the paul and the winch
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Why?
Welcome to a TEAM!
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Flow Charts
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What is a “State”
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State Machines
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Transitions
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2 Channel Encoder Example
Forward

Reverse

An encoder provides pulses for each 
revolution of its shaft.  With 
encoders tied to the robot drive 
system, it is possible to keep track of 
the robot position and orientation 
through the counting of the pulses 
from the right and left encoders.
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2 Channel Encoder 
Example

Forward

Reverse

The encoder provides a 
DESIGNED SEQUENCE of 
A and B values based on the 

direction of rotation:
Reverse

A  B

0   0

0   1

1   1

1   0

0   0

Forward

A  B

0   0

1   0

1   1

0   1

0   0
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Establish the Possible 
Encoder States

1   2   3   4   1

Clockwise

Counter-Clockwise

Since there is a DEFINED SEQUENCE
of pairs of A and B values, we can assign 
a STATE to every possible pair.

The Clockwise Sequence of STATES is:
1 2 3 4 1 

The Counter -Clockwise Sequence of 
STATES is:

1 4 3 2 1 
If we are in STATE 3 (A==1 and B==1) 
and the new value of A is 1 and of B is 0, 
which direction are we going? and what is 

the new STATE of the Encoder?

Answer: Counter-Clockwise; 2
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Encoder State Transition Diagram

1   2   3   4   1

Clockwise: ADD

Counter-Clockwise: 
SUBTRACT
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Encoder Flow Chart
State == the existing State of the 

Encoder (0 to 4).
Read the new values for A and B.
If State == 0 follow Routine_a
else
If State == 1 follow Routine_b
else
If State == 2 follow Routine_c

Continue next page
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(Continued) Remember: State == the existing 
State of the Encoder (0 to 4).

else
If State == 3 follow Routine_d
else
If State == 4 follow Routine_e
else
Report error which should never 

happen

Continue on with the program.
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State == the existing State of 
the Encoder (0 to 4).

switch (State)
{ case 0: //only happens at initialization

{ Routine_a; break; }
case 1:
{ Routine_b; break; }
case 2:
{ Routine_c; break; }

Encoder Program
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(Continued)
case 3: 
{ Routine_d; break; }
case 4:
{ Routine_e; break; }
default:
{ Error_Report; break; }

}
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Encoder Flow Chart (State == 0)

State 0 Determines the INITIAL STATE of the Encoder
Every State from INITIAL onward is from 1 to 4

1   2   3   4   1
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Encoder Routine_a (State == 0)
void Routine_a(void)
{
if(0==A && 0==B) 

State = 1;
else if(0==A && 1==B)

State = 4; 
else if (1==A && 0==B)

State = 2;
else if (1==A && 1==B)

State = 3;
}
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Encoder Flow Chart (State == 1)

1 2   3   4   1

Clockwise: ADD

Counter-Clockwise: 
SUBTRACT

A==0 and B==0 put us in State==1
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Encoder Routine_b (State == 1)
void Routine_b(void)
{

if (1==A)
{ Count + + ;

State = 2;
}
else if (1 == B)
{ Count - - ;

State = 4;
}

}

Notice that if A==0 and B==0 NO
COUNTING will be done since the encoder 
is still i n State 1 (A==0 and B==0)

A==0 and B==0 put us in State==1
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Encoder Routines _c, _d, and _e 
(State == 2, 3, and 4)

• Similar Flow Charts and 
Programs can be made for 
States 2, 3, and 4 to count ++ 
for a new A and B pair that 
gives Clockwise rotation and 
to count - - for a new A and 
B pair that gives Counter-
Clockwise rotation.

1   2   3   4   1

Clockwise

Counter-Clockwise
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Autonomous Mode

• Recall that a State Machinecan change states in 
response to an input or event called a “transition".

• A "transition" can be an input (or multiple inputs 
like the encoder) or time.

• The change in state usually means a different set 
of machine commands is given (thus the new 
state) and the maching waits for the proper 
transition to go to the next state.

• Why would Autonomous Mode be mentioned in a 
State Logic presentation?
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Autonomous Mode Sequences

• Autonomous Mode software can be done in many 
ways but boils down to at least one of the 
following:

• "Dead Reckoning" where a sequence of events is 
programmed by trial and error with many 
adjustment of time and speeds.

• Sensors and other feedback systems to enable the 
program to direct the robot to a specific 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 a robot that MUST follow a line.
• There are 3 Banner Sensors mounted:

– CENTER is ON while the robot is running 
down the center of the line

– LEFT is OFF when the robot  is running down 
the center of the line and is ON when the line 
drifts LEFT in relation to the robot center.

– RIGHT if OFF when on center and is ON when 
the line drifts RIGHT
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Sketch of Line Tracker

FAST FAST

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

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

How should the Robot react?

The RIGHT Banner 
turned ON.

SLOW the Left and SLOW 
Reverse the Right Motors for a 
Hard Right turn

SLOW

SLOW

Let's call this STATE 2 LEFT SLOW and RIGHT SLOW Rev
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Sketch of Line Tracker
What changed?

How should the Robot react?

The Center Banner 
turned OFF.

Let's make the RIGHT Motors go 
MEDium REVERSE for a SPIN.

SLOW

MED

Let's call this STATE 3 LEFT SLOW and RIGHT MED REV
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Sketch of Line Tracker
What changed?

How should the Robot react?

The Center Banner 
turned ON and the 
RIGHT Banner turned 
OFF.

Let's make the BOTH motors 
go FAST

FAST

FAST

This is STATE 1 again with BOTH FAST Forward
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States 1, 2, and 3

There are other possible transitions FROM each state.  The 
most obvious are changes in Left Banner.

SLOWSLOWFASTLeft Motor

State 1State 3State 2Next State

Center ON 
Right OFF

Center OFF 
Right ON

Center ON 
Right ON

Transition 
from State

MED RevSLOW RevFASTRight

State 3State 2State 1
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Partial State Diagram 1, 2, 3

State 1

L: FAST & R: FAST

State 2

L: SLOW 
R: SLOW 

Rev

State 3

L: SLOW 
R: MED 

Rev

Right Banner ON Center Banner ON

Center Banner OFF

See how this can become at least 5 States:
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Partial State Diagram 1, 4, 5

State 1

L: FAST & R: FAST

State 4

L: SLOW 
Rev

R: SLOW

State 5

L: MED 
Rev

R:SLOW

Left Banner ON Center Banner ON

Center Banner OFF

Using the Left Banners adds 2 more States
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Partial State Diagram 1, 2, 3, 4, 5

State 1

L: FAST & R: FAST

State 4

L: SLOW Rev

R: SLOW

State 5

L: MED Rev

R:SLOW

Left Banner ON

Center Banner ON

Center Banner OFF

State 2

L: SLOW

R: SLOW Rev

State 3

L: SLOW

R: MED Rev

Right Banner ON
Center Banner ON

Center Banner OFF

Obvious Missing Transitions
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Line Tracking State Diagram

Once ALL of the STATES are defined, and ALL of the 
TRANSITIONS between states are identified, writing the program 

is just like we did for the encoder example.
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