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0 Routine Name Color_Detection_and_Target
JSR

1 Routine Name TC33_Conv
JSR

2 Routine Name Removers
JSR

Control Removers

(End)
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.
********************************************************************************************************************************************************

Sort by Color Program.
W. Schaefer. 15May2020

This program runs the custom "Sort by Color Factoryio Scene.
Two options are available to stop the colored Base, Lid or Raw Material

1. Stop by Encoder
2. Stop by Part Presence Sensor

.
Hold Reset until the Emitter turns ON is detect at the color sensor.
Reset after unload pusher has advanced or reject detected at exit.

Initialize using Factory interlock (could also add a cycle start PB instead)
.

0
Unload_Advanced_Dwell.DN

/

At_Exit
<BOOL_IN_4>

/

Factoryio_Running
<BOOL_IN_19>

Reset_For_Next_Part
/

Emitter
<BOOL_OUT_3>

Reset_For_Next_Part

.
********************************************************************************************************************************************************

Sort by Color Program.
W. Schaefer. 15May2020

This program runs the custom "Sort by Color Factoryio Scene.
Two options are available to stop the colored Base, Lid or Raw Material

1. Stop by Encoder
2. Stop by Part Presence Sensor

.
Hold Reset until the Emitter turns ON is detect at the color sensor.
Reset after unload pusher has advanced or reject detected at exit.

Initialize using Factory interlock (could also add a cycle start PB instead)
.

Item detected allows the part to fully materialize before allow color detection.
Although not necessarily required for this simulation it could be considered as a transfer delay

for a part to be loaded from another conveyor or system.
.

1 /

Part_Ready
<BOOL_IN_3>

Item_Detected_Dwell.DN
/

Reset_For_Next_Part

EN
DN

Timer Item_Detected_Dwell
Preset 1500
Accum 1500

TON

Item detected allows the part to fully materialize before allow color detection.
Although not necessarily required for this simulation it could be considered as a transfer delay

for a part to be loaded from another conveyor or system.
.

Turn on the Emitter after a part is pushed off the conveyor or slides down the reject chute.
Hold emitter on until a part is detected.

This is similar to a Clear to Load Interlock.
Run input can be turned off after a part is created and will act as an End of Cycle Stop.

.

2

Conv_RUN
<BOOL_IN_1>

E_Stop
<BOOL_IN_0>

/
Run_Conveyor Reset_For_Next_Part

Emitter
<BOOL_OUT_3>

Part_Ready
<BOOL_IN_3>

Emitter
<BOOL_OUT_3>

Turn on the Emitter after a part is pushed off the conveyor or slides down the reject chute.
Hold emitter on until a part is detected.

This is similar to a Clear to Load Interlock.
Run input can be turned off after a part is created and will act as an End of Cycle Stop.

.

Typically there are time delays in many detection systems whether the time is required for
the part to stabilize or for the detection or vision system to process the information.

Some time has been added to simulate the time delay.
.

3
At_Color_Detector Detection_Complete

Color_Detection_Dwell.DN
/

Reset_For_Next_Part

EN
DN

Timer Color_Detection_Dwell
Preset 1000
Accum 1000

TON

Typically there are time delays in many detection systems whether the time is required for
the part to stabilize or for the detection or vision system to process the information.

Some time has been added to simulate the time delay.
.

Load part from color detection area to conveyor.
.

4
Color_Detection_Dwell.DN

/
Part_Loaded_to_Conveyor

Advance_Load_Pusher
<BOOL_OUT_7>

Load part from color detection area to conveyor.
.
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Typically, detection of cylinder position is set such that there may be 1-5mm of travel before the cylinder is actually
physically stopped in the advanced position. Dwells of 500ms - 1 second are common on actually machines.

.

5

Load_Pusher_Advanced
<BOOL_IN_17>

EN
DN

Timer Load_Pusher_Advanced_Dwell
Preset 500
Accum 0

TON

Typically, detection of cylinder position is set such that there may be 1-5mm of travel before the cylinder is actually
physically stopped in the advanced position. Dwells of 500ms - 1 second are common on actually machines.

.

Memory to start the next step in the process.
Resets for the next cycle.

.

6
Load_Pusher_Advanced_Dwell.DN

Part_Loaded_to_Conveyor
/

Reset_For_Next_Part

Part_Loaded_to_Conveyor

Memory to start the next step in the process.
Resets for the next cycle.

.

Run the conveyor once the part is loaded and stop when the encoder target
is reached or the appropriate part present sensor is activated.

.

7

Conv_RUN
<BOOL_IN_1>

/
Reset_For_Next_Part Run_Conveyor

E_Stop
<BOOL_IN_0> Part_Loaded_to_Conveyor

/
Target_Reached

/
Part_Present_at_Pusher Run_Conveyor

Run the conveyor once the part is loaded and stop when the encoder target
is reached or the appropriate part present sensor is activated.

.

Conveyor is set to run using an analog command.
Current program varies the speed between 0.5 and 2.7.

If the conveyor is set to run faster or slower, part detection will not work correctly.
.

8
Run_Conveyor

Source A Set_Conveyor_Speed
<Float_IN_0>

4.868299
Source B 4.5

Dest Variable_Speed
1.0818442

DIV
Source A Variable_Speed

1.0818442
Source B 0.5

Dest Conveyor_Speed
<Float_OUT_0>

1.5818442

ADD

Conveyor is set to run using an analog command.
Current program varies the speed between 0.5 and 2.7.

If the conveyor is set to run faster or slower, part detection will not work correctly.
.

9 /
Run_Conveyor

Source 0

Dest Conveyor_Speed
<Float_OUT_0>

1.5818442

MOV

Reset the conveyor counter to prepare for the next part.
.

10
Reset_For_Next_Part

RES
Conveyor_Counter

Reset the conveyor counter to prepare for the next part.
.

Currently only using the rising edge of the encoder pulses to count. Since the conveyor
only runs in one direction, the order is not important.

Fall edge counting can be added to increase the number or pulses counted per revolution, however, the
current accuracy is more than sufficient to stop the conveyor at the correct location.

.

11 ONS

Encoder_A
<BOOL_IN_15>

ONS

Encoder_B
<BOOL_IN_16>

CU
DN

Counter Conveyor_Counter
Preset 0
Accum 50

CTU

Currently only using the rising edge of the encoder pulses to count. Since the conveyor
only runs in one direction, the order is not important.

Fall edge counting can be added to increase the number or pulses counted per revolution, however, the
current accuracy is more than sufficient to stop the conveyor at the correct location.

.

By Wayne Schaefer
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12 Source Conveyor_Counter.ACC
50

Dest Encoder_Counter
<INT_OUT_0>

50

MOV

When using the encoder, a target window is set by the color detection routine for the color of the part detected.
Never relay on exact positions unless some type of close loop control and servos system is utilized. Real systems can be very

accurate, however, there will always be some variation in location that should be accounted for. New systems eventually change due to
wear over time so more adjustment or tweaks may be necessary.

.

13

Use_Encoder
<BOOL_IN_5> Color_Detected

Low Limit Target_Low
111

Test Encoder_Counter
<INT_OUT_0>

50
High Limit Target_High

115

LIM Target_Reached

When using the encoder, a target window is set by the color detection routine for the color of the part detected.
Never relay on exact positions unless some type of close loop control and servos system is utilized. Real systems can be very

accurate, however, there will always be some variation in location that should be accounted for. New systems eventually change due to
wear over time so more adjustment or tweaks may be necessary.

.

It is a good practice to add small dwells to sensors to account for errors, noise and bounce (for mechanical systems).
The dwells can be reduced once a machine is running to decrease cycle time and increase throughput.

Diffuse sensors, such as the ones used here would probably not require a time delay but having this delay available could
be used to fine tune where the conveyor stops if needed.

.

14 /

Use_Encoder
<BOOL_IN_5>

Green_Detected_Lt
<BOOL_OUT_1>

Part_Present_1
<BOOL_IN_8>

EN
DN

Timer Part_Present_1_Dwell
Preset 100
Accum 0

TON

It is a good practice to add small dwells to sensors to account for errors, noise and bounce (for mechanical systems).
The dwells can be reduced once a machine is running to decrease cycle time and increase throughput.

Diffuse sensors, such as the ones used here would probably not require a time delay but having this delay available could
be used to fine tune where the conveyor stops if needed.

.

15 /

Use_Encoder
<BOOL_IN_5>

Blue_Detected_Lt
<BOOL_OUT_0>

Part_Present_2
<BOOL_IN_11>

EN
DN

Timer Part_Present_2_Dwell
Preset 100
Accum 0

TON

16 /

Use_Encoder
<BOOL_IN_5>

Metal_Detected_Lt
<BOOL_OUT_2>

Part_Present_3
<BOOL_IN_14>

EN
DN

Timer Part_Present_3_Dwell
Preset 100
Accum 0

TON

Individual outputs could have been used here but I elected to create a general output for all parts.
.

17
Part_Present_1_Dwell.DN

Part_Present_2_Dwell.DN

Part_Present_3_Dwell.DN

Part_Present_at_Pusher

Individual outputs could have been used here but I elected to create a general output for all parts.
.

By Wayne Schaefer
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Another cylinder advance dwell to ensure the pusher is at full stroke before issuing the return command.
.

18

Pusher_1_Advanced
<BOOL_IN_7>

Pusher_2_Advanced
<BOOL_IN_10>

Pusher_3_Advanced
<BOOL_IN_13>

Unload_Advanced_Dwell.DN
/

Pusher_1_Returned
<BOOL_IN_6>

/

Pusher_2_Returned
<BOOL_IN_9>

/

Pusher_3_Returned
<BOOL_IN_12>

EN
DN

Timer Unload_Advanced_Dwell
Preset 500
Accum 0

TON

Another cylinder advance dwell to ensure the pusher is at full stroke before issuing the return command.
.

Advance the appropriate pusher to unload the parts. Hold in the advanced position until the dwell is complete.
.

19

Advance_Pusher_1
<BOOL_OUT_4>

/
Unload_Advanced_Dwell.DN

Green_Detected_Lt
<BOOL_OUT_1> Part_Present_at_Pusher

Target_Reached

Factoryio_Running
<BOOL_IN_19>

Advance_Pusher_1
<BOOL_OUT_4>

Advance the appropriate pusher to unload the parts. Hold in the advanced position until the dwell is complete.
.

20

Advance_Pusher_2
<BOOL_OUT_5>

/
Unload_Advanced_Dwell.DN

Blue_Detected_Lt
<BOOL_OUT_0> Part_Present_at_Pusher

Target_Reached

Factoryio_Running
<BOOL_IN_19>

Advance_Pusher_2
<BOOL_OUT_5>

21

Advance_Pusher_3
<BOOL_OUT_6>

/
Unload_Advanced_Dwell.DN

Metal_Detected_Lt
<BOOL_OUT_2> Part_Present_at_Pusher

Target_Reached

Factoryio_Running
<BOOL_IN_19>

Advance_Pusher_3
<BOOL_OUT_6>

(End)

By Wayne Schaefer
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Reset detection latches for the next part.
.

0
Reset_For_Next_Part

U

Green_Detected_Lt
<BOOL_OUT_1>

U

Blue_Detected_Lt
<BOOL_OUT_0>

U

Metal_Detected_Lt
<BOOL_OUT_2>

U
No_Color_Detected

Reset detection latches for the next part.
.

Clear the position target after each part.
The target could be left as the last setting, however, not resetting could create a situation in which an error occurs and the 

part is sent to the wrong bin. Not so apparent here but such failure modes can happen on real equipment.
.

1 /
Color_Detected

Reset_For_Next_Part

/

Use_Encoder
<BOOL_IN_5>

Source 0

Dest Target
<INT_OUT_1>

112

MOV

Clear the position target after each part.
The target could be left as the last setting, however, not resetting could create a situation in which an error occurs and the 

part is sent to the wrong bin. Not so apparent here but such failure modes can happen on real equipment.
.

Sometimes the straight transfer of information ( A = B ) is acceptable if the change in Tags aid in the overall understanding of
program operation. In this case, Item_Detected is changed to At_Color_Detector. 

Note that, if you do this, avoid using BOTH bits in the program as it can cause a great deal of confusion during debug or reprogramming.
.

2
Item_Detected_Dwell.DN At_Color_Detector

Sometimes the straight transfer of information ( A = B ) is acceptable if the change in Tags aid in the overall understanding of
program operation. In this case, Item_Detected is changed to At_Color_Detector. 

Note that, if you do this, avoid using BOTH bits in the program as it can cause a great deal of confusion during debug or reprogramming.
.

Green:   Could be a Raw, Lid, or Base material represented by a camera output of 4, 5 or 6 respectively.
.

3 Low Limit 4

Test Color_Detector
<INT_IN_0>

0
High Limit 6

LIM At_Color_Detector
L

Green_Detected_Lt
<BOOL_OUT_1>

Green:   Could be a Raw, Lid, or Base material represented by a camera output of 4, 5 or 6 respectively.
.

Blue:   Could be a Raw, Lid, or Base material represented by a camera output of 1, 2, or 3 respectively.
.

4 Low Limit 1

Test Color_Detector
<INT_IN_0>

0
High Limit 3

LIM At_Color_Detector
L

Blue_Detected_Lt
<BOOL_OUT_0>

Blue:   Could be a Raw, Lid, or Base material represented by a camera output of 1, 2, or 3 respectively.
.

By Wayne Schaefer
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Metal:   Could be a Raw, Lid, or Base material represented by a camera output of 7, 8 or 9 respectively.
.

5 Low Limit 7

Test Color_Detector
<INT_IN_0>

0
High Limit 9

LIM At_Color_Detector
L

Metal_Detected_Lt
<BOOL_OUT_2>

Metal:   Could be a Raw, Lid, or Base material represented by a camera output of 7, 8 or 9 respectively.
.

Other:  Not Green, Blue or Metal. 
In this case 0 would be the result, however, if detection is changed to just Raw material, for example, any other part would be rejected by this logic

which reduces the number of possible changes.
Color detection in the field can be done with dedicated sensor or vision systems. The output will be particular to the device utilized.

.

6
At_Color_Detector

/

Green_Detected_Lt
<BOOL_OUT_1>

/

Blue_Detected_Lt
<BOOL_OUT_0>

/

Metal_Detected_Lt
<BOOL_OUT_2>

L
No_Color_Detected

Other:  Not Green, Blue or Metal. 
In this case 0 would be the result, however, if detection is changed to just Raw material, for example, any other part would be rejected by this logic

which reduces the number of possible changes.
Color detection in the field can be done with dedicated sensor or vision systems. The output will be particular to the device utilized.

.

7

Green_Detected_Lt
<BOOL_OUT_1>

Blue_Detected_Lt
<BOOL_OUT_0>

Metal_Detected_Lt
<BOOL_OUT_2>

Color_Detected

8
Color_Detected

No_Color_Detected

Detection_Complete

Set the Target based on the color detected if the Encoder is used.
The display could show the theoretical target for reference but leaving the target as zero is a good visual indication that

part present mode is selected. Also, under normal circumstances, an piece of automation would not have multiple modes which is the reason
for programming mutually exclusive conditions and removing the target.

The actual encoder count has been left running for comparison purposes.
.

9

Use_Encoder
<BOOL_IN_5>

Green_Detected_Lt
<BOOL_OUT_1>

Source 30

Dest Target
<INT_OUT_1>

112

MOV

Set the Target based on the color detected if the Encoder is used.
The display could show the theoretical target for reference but leaving the target as zero is a good visual indication that

part present mode is selected. Also, under normal circumstances, an piece of automation would not have multiple modes which is the reason
for programming mutually exclusive conditions and removing the target.

The actual encoder count has been left running for comparison purposes.
.

10

Use_Encoder
<BOOL_IN_5>

Blue_Detected_Lt
<BOOL_OUT_0>

Source 71

Dest Target
<INT_OUT_1>

112

MOV

11

Use_Encoder
<BOOL_IN_5>

Metal_Detected_Lt
<BOOL_OUT_2>

Source 112

Dest Target
<INT_OUT_1>

112

MOV

By Wayne Schaefer
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When using the encoder, a target window is set by the color detection routine for the color of the part detected.
Never relay on exact positions unless some type of close loop control and servos system is utilized. Real systems can be very

accurate, however, there will always be some variation in location that should be accounted for. New systems eventually change due to
wear over time so more adjustments or tweaks may be necessary.

.

12
Color_Detected

Use_Encoder
<BOOL_IN_5>

Source A Target
<INT_OUT_1>

112
Source B 3

Dest Target_High
115

ADD
Source A Target

<INT_OUT_1>
112

Source B 1

Dest Target_Low
111

SUB

When using the encoder, a target window is set by the color detection routine for the color of the part detected.
Never relay on exact positions unless some type of close loop control and servos system is utilized. Real systems can be very

accurate, however, there will always be some variation in location that should be accounted for. New systems eventually change due to
wear over time so more adjustments or tweaks may be necessary.

.

(End)

By Wayne Schaefer
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**************************************************     Green    ********************************************************
.

Count the number of part deposited into each bin and clear the bin after a specified number of parts had been collected.
This represents either manual or automatic part clearing operation.

What could be added later is bin overfill protection that would stop the cycle if the bin is full.
.

0

Pusher_1_Advanced
<BOOL_IN_7>

CU
DN

Counter Green_Part_Count
Preset 5
Accum 2

CTU

**************************************************     Green    ********************************************************
.

Count the number of part deposited into each bin and clear the bin after a specified number of parts had been collected.
This represents either manual or automatic part clearing operation.

What could be added later is bin overfill protection that would stop the cycle if the bin is full.
.

Count increments after the pusher advanced condition is detected.
The remover is turned ON after the count limit is reached and the load pusher has advanced.

The removed turns off after the load pusher advanced dwell timer has timed out.
The short pulse ensures the remover in the simulation receives the signal to turn ON and could be accomplished with a

dedicated timer instead of piggy-backing off an existing timer.
.

1
Green_Part_Count.DN

Load_Pusher_Advanced
<BOOL_IN_17>

Green_Bin_Remover
<BOOL_OUT_10>

Count increments after the pusher advanced condition is detected.
The remover is turned ON after the count limit is reached and the load pusher has advanced.

The removed turns off after the load pusher advanced dwell timer has timed out.
The short pulse ensures the remover in the simulation receives the signal to turn ON and could be accomplished with a

dedicated timer instead of piggy-backing off an existing timer.
.

2
Green_Part_Count.DN Load_Pusher_Advanced_Dwell.DN

/

Factoryio_Running
<BOOL_IN_19>

RES
Green_Part_Count

**************************************************     Blue    ********************************************************
.

See comments above

3

Pusher_2_Advanced
<BOOL_IN_10>

CU
DN

Counter Blue_Part_Count
Preset 5
Accum 4

CTU

**************************************************     Blue    ********************************************************
.

See comments above

4
Blue_Part_Count.DN

Load_Pusher_Advanced
<BOOL_IN_17>

Blue_Bin_Remover
<BOOL_OUT_11>

5
Blue_Part_Count.DN Load_Pusher_Advanced_Dwell.DN

/

Factoryio_Running
<BOOL_IN_19>

RES
Blue_Part_Count

**************************************************     Metal    ********************************************************
.

See comments above

6

Pusher_3_Advanced
<BOOL_IN_13>

CU
DN

Counter Metal_Part_Count
Preset 5
Accum 3

CTU

**************************************************     Metal    ********************************************************
.

See comments above

7
Metal_Part_Count.DN

Load_Pusher_Advanced
<BOOL_IN_17>

Metal_Bin_Remover
<BOOL_OUT_12>

By Wayne Schaefer
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8
Metal_Part_Count.DN Load_Pusher_Advanced_Dwell.DN

/

Factoryio_Running
<BOOL_IN_19>

RES
Metal_Part_Count

**************************************************     Reject    ********************************************************
.

See comments above

9 /

At_Exit
<BOOL_IN_4>

CU
DN

Counter Reject_Part_Count
Preset 5
Accum 1

CTU

**************************************************     Reject    ********************************************************
.

See comments above

10
Reject_Part_Count.DN

Load_Pusher_Advanced
<BOOL_IN_17>

Reject_Pallet_Remover
<BOOL_OUT_13>

11
Reject_Part_Count.DN Load_Pusher_Advanced_Dwell.DN

/

Factoryio_Running
<BOOL_IN_19>

RES
Reject_Part_Count

(End)

By Wayne Schaefer




