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Activity 3:  
USING JUMPS AND LOOPS

INTRODUCTION

A pick and place style of moving objects around are 
staples of industrial robots. Another reason to use 
robots in industry and automation is because of danger 
to humans. Robots can work in adverse environments 
that are dangerous to humans, especially when dealing 
with chemicals and other toxic substances.

Sometimes the best way to pick up an object is with a 
suction cup or vacuum gripper. This works especially 
well with very small objects and provides a less 
expensive alternative to a mechanical gripper.

In this activity, you will perform an anodizing operation 
(which can use harmful chemicals) with a robot arm 
using the air pump kit and a vacuum gripper.

Do not let go of the object in the tanks… Just wait for 
the 2 second dip to complete and move on.

Helpful Tips: Remember we always go to a position 
above the pick or place point first so that the Dobot 
places the object straight down, with no friction or 
interference. This will increase accuracy.

KEY VOCABULARY	

•	 TCP
•	 Loop
•	 Touch up
•	 Teach
•	 Suction
•	 Vacuum
•	 Linear movement
•	 Joint movement

EQUIPMENT & SUPPLIES	

•	 Dobot Magician
•	 Suction Cup
•	 Dobot Dipping Field Diagram
•	 DobotStudio software
•	 ¾ inch wooden cylinders	
•	 4 simulated dip tanks  

(1” PVC Caps or small plastic cups work well)
•	 End of Arm Tooling (EoAT)	

Dip Tank Set Up using 3D printed dip tanks 
and a Dobot Field Diagram. In this diagram 
four tanks are used.
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USING JUMPS AND LOOPS
Activity 3:

PROCEDURE	

Caution: NEVER wire anything to the Dobot Magician while it has power on. ALWAYS turn it off 
before making connections or damage to the Dobot could occur.

1.	 Attach the Suction Cup to the rotational servo. Then attach it to the Dobot and 
plug in the wires as shown below.	

2.	 Open DobotStudio software, connect and home the 
Dobot, and choose the Suction Cup as the  
END OF ARM TOOLING (EoAT).

Back of the Dobot:  
GP1.2-1.4 and SW1.1-1.2

Arm of the Dobot:  
GP3.1-3.4
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3.	 Now open the Teach and Playback module in 
DobotStudio and write a program to perform the 
following actions:

a.	 Go home.
b.	 Pick up the cylinder from the pallet.
c.	 Dip it in Tank 1 for 2 seconds.
d.	 Move the object and dip it in Tank 2 for 2 seconds.
e.	 Move the object and dip it in Tank 3 for 2 seconds.
f.	 Move the object and dip it in Tank 4 for 2 seconds.
g.	 Move the part back to the pallet.
h.	 Go home.

USING JUMPS AND LOOPS
Activity 3:

4.	 Turn on/off the Suction Cup when necessary.
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USING JUMPS AND LOOPS
Activity 3:

5.	 Hit the Play button to run your program and see what happens. Did it work the first time? If not, 
what did you have to change to make it work?

6.	 When recording points using the lock button, it is 
not always very accurate. When you look at all the 
Z values of all the above tank positions, they are 
probably very different.

We can make them all the same by clicking on the 
values and typing in a value that works well; this is 
called TEACHING. When fixing points like this it is 
also called TOUCHING UP points.

Go and TOUCH UP all the z values to make the 
dipping operation happen at the same heights 
above the tank, and in the tank and have your 
instructor check it.

Helpful Tips: You can even use this method to 
touch up the x and y values of the tanks to make 
sure they are in a straight line.

7.	 How many lines of code did it take to write the program using what you have learned before? How 
many points did you have to teach it?

8.	 Now we are going to use the JUMP command to make the program even easier, and much more 
accurate. Open a new program.

9.	 This time, only record the following points: Home, 
Pick, Tank 1, Tank 2, Tank 3, and Tank 4. Do not 
record the above points.



39 www.stemeducationworks.com • 866.783.6109

USING JUMPS AND LOOPS
Activity 3:

10.	Now change the MotionStyle of the Pick, Tank 1, Tank 2, Tank 
3, and Tank 4 to JUMP. Double click on the MotionStyle box 
for each point and change it from MOVJ to JUMP

Now play the program.

What does this change do to the program?

11.	If you ever want to change the height in Z that the 
JUMP actually jumps to, open the Settings, and on the 
JumpParam tab change the JumpHeight to whatever you 
need it to be to clear the tank.

Compare the first dipping program to the second one with 
JUMPS and explain how it is more efficient.

12.	Now let’s make the Dobot repeat the operation five times. It’s easy. We use a tool called LOOP to 
make something happen multiple times so that our program is shorter and more efficient.

13.	To make your program LOOP multiple times, just add 
the number of times you want it to repeat.

14.	Save your work when done.
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USING JUMPS AND LOOPS
Activity 3:

CONCLUSION

1.	 Describe a MOVL move when using the Dobot.

2.	 Describe a MOVJ move when using a Dobot.

3.	 What makes a Jump command more efficient to code than a MOVJ or MOVL?

4.	 What kind of manufacturing process is dipping? Explain your answer.

5.	 What is anodizing? Explain how it works and why we do it.

GOING BEYOND

Finished early? Try some of the actions below. When finished, show your instructor and have them 
initial on the line.

_________	 1.	 Take away the first tank and change the program to fix the operation using the 
software.

_________	 2.	 Add another tank and change the program to fix the operation using the software.

_________	 3.	 Raise the tanks using a block of wood provided by your instructor and fix the 
operation using the software. What is the most efficient way to do this?



41 www.stemeducationworks.com • 866.783.6109

INTRODUCTION

Robotic arms need to be able to communicate with an operator so that you 
can tell it when to begin or end an operation. We can do this very easily with 
an input connected to the arm. This input can be something as simple as 
digital on/off switch

In this activity, you will perform a pick and place with a Dobot arm using the air 
pump kit and a vacuum gripper or mechanical gripper. You will make the Dobot 
wait for an input on a switch before it starts, and eventually you will make the 
Dobot repeat this five times. Here is what you want your Dobot to do:

•	 Wait for the operator to hit the start switch
•	 Go home
•	 Pick up the object
•	 Place the object in another spot
•	 Return home
•	 Operator moves the part back to the start
•	 Repeat	

Helpful Tips: Remember we always go to a position above the pick or place point first so that the 
Dobot places the object straight down, with no friction or interference. This will increase accuracy!

KEY VOCABULARY	

•	 TCP
•	 Loop
•	 Pull-down resistor
•	 Normally open	
•	 Suction
•	 Vacuum
•	 Digital
•	 Normally closed

EQUIPMENT & SUPPLIES	

•	 Dobot Magician
•	 Suction Cup or Mechanical Gripper
•	 Dobot Field Diagram
•	 DobotStudio software
•	 ¾ inch wooden cylinders	
•	 Digital switch
•	 Servo extension cables	
•	 Jumper wire
•	 Electrical tape	
•	 3 prong male header pin
•	 Resistor 4.7KΩ to 15KΩ

Activity 4:  
USING DIGITAL INPUTS

Suction cup attached 
to the rotational servo.
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USING DIGITAL INPUTS
Activity 4:

PROCEDURE	

Caution: NEVER wire anything to the Dobot Magician while it has power on. ALWAYS turn it off 
before making connections or damage to the Dobot could occur.

1.	 Attach the Suction Cup or Mechanical Gripper as done in previous activities to the rotational servo 
and then attach it to the Dobot and plug in the wires as shown below.

2.	 Add the switch as an input. Turn off power to the Dobot before continuing!

3.	 Install a PULL-DOWN RESISTOR on the ground side of the servo extension cable. The pull-down 
resistor will insure a well-defined logical level in our logic circuit. This resistor will help eliminate 
possible float values and will pull the input pin to a logical low state in all conditions. The pull-down 
resistor can have any value from 4.7KΩ to 15KΩ. The larger the resistance, the slower the input 
pins response will be to voltage in milliseconds.

One way to do this is shown below. Complete this portion of the activity the way that your 
instructor taught you.

Parts List

•	 2 Servo extension cables
•	 1 male header pin (3 prong)
•	 1 Short jumper wire
•	 1 Resistor 4.7KΩ to 15KΩ
•	 1 Digital switch
•	 Electrical tape or heat shrink

a.	 Install resistor and jumper wire – The resistor needs to be 
installed on the ground side to work as a pull down resistor.

b.	 Secure the components – Wrap the resistor and jumper wire with 
electrical tap or heat shrink to ensure they will not come apart.



43 www.stemeducationworks.com • 866.783.6109

e.	 Install digital switch – Install a digital switch to the opposite end 
of the servo extension cable.

USING DIGITAL INPUTS
Activity 4:

c.	 Ensure connection – Lightly turn on the assembly to ensure the 
connection is stable.

d.	 Install male header pin – Install a 3 prong male head pin on one end 
of the servo extension cable. This end will go into the bread board.

Helpful Tips: Use the wire you made above to attach the switch to 
GP5 as shown in the diagram above. Always make sure the black 
wire on the extension cable matches the black wire on the switch.

Arm of the Dobot: 
GP5.2, GP5.3, & GP5.4
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USING DIGITAL INPUTS
Activity 4:

4.	 Open DobotStudio software, connect and home the 
Dobot. Make sure the Suction Cup is chosen.

5.	 Now open the Teach and Playback module and perform a pick and place with a wooden cylinder 
as you did in a previous activity. The only difference is that this time you will use the Suction Cup 
to pick and place the object. Be sure to use “above” positions. Save your program when finished. 
You may even be able to use a program you have already written and just touch up the points.  
Have your instructor check when completed.

6.	 Turn on/off the suction when necessary.

7.	 Add EIO5 as an input on the first line of the program. 
This will ensure that when you hit the switch (Turn it 
on) the Dobot will start the rest of the program.

Helpful Tips: You must be in Pro mode to do this!

8.	 Hit the Play button to run your program and see what happens.
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USING DIGITAL INPUTS
Activity 4:

9.	 Did it work the first time? If not, what did you have to change to make it work?

10.	Now let’s make the Dobot do this five times, as you did in the last activity.  
Have your instructor check when completed.

11.	Save your work when done.

CONCLUSION

1.	 What is the purpose of the resistor in the wire that you made at the beginning of the procedure?

2.	 What might happen if you did not use this resistor?

3.	 What does it mean that the switch is DIGITAL?

4.	 What type of operation could this be simulating?

5.	 Is the switch you used normally open, or normally closed? How do you know?

GOING BEYOND

Finished early? Try some of the actions below. When finished, show your instructor and have them 
initial on the line.

_________	 1.	 Look in the inputs and outputs manual and find another open input you might be able to 
use. Check with your instructor to be sure you chose an appropriate one, and then make 
the Dobot move the object to another predefined position when you hit that switch.

_________ 	 2.	 Can you use something else as an input to the Dobot to make it do something? Check 
with your instructor and try something else.

_________ 	 3.	 Wire a microcontroller to be an input for the Dobot.

Helpful Tips: Ask your instructor about what to use for this activity.
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ROBOTICS IN INDUSTRY – COMMUNICATION
Presentation 3:
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ROBOTICS IN INDUSTRY – COMMUNICATION
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ROBOTICS IN INDUSTRY – COMMUNICATION
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Activity 5:  
PALLETIZING AND ROLL ANGLES

INTRODUCTION	

Have you ever wondered why most consumer goods are delivered to your doorstep in rectangular 
boxes? Think about the shape of the truck with which they were delivered, or the shape of the boxcar 
or shipping container that left the factory. Most consumer goods are moved around on pallets that are 
rectangular as well.

In this activity you will learn how to palletize 
rectangular containers. Think about it… every time 
you move a rectangle from one point to another, 
there is a good chance that the edges will not line 
up. In this activity, you will learn how to calculate the 
amount you need to turn the boxes (ROLL ANGLE) 
to place them on a pallet properly. You will also learn 
how to make a Dobot perform the process called 
PALLETIZATION.

KEY VOCABULARY	

•	 Pallet
•	 Roll Angle	
•	 Palletization
•	 Pitch
•	 Yaw

EQUIPMENT & SUPPLIES	

•	 Dobot Magician	
•	 DobotStudio software
•	 Dobot Field Diagram	
•	 Input switch
•	 Four or more ¾” cubes	
•	 4.7 kΩ Resistor
•	 Pneumatic Gripper	
•	 2 Servo extension cables
•	 Jumper wire	
•	 Electrical tape
•	 Suction Cup	
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PALLETIZING AND ROLL ANGLES
Activity 5:

PROCEDURE

In this activity, you are going to make the Dobot 
complete the following task:

•	 Human places a cube at the START position.
•	 When you hit the input switch, the Dobot moves 

the block to position #5.
•	 Place another cube at START.
•	 When you hit the VEX switch, Dobot moves the 

block to position #3.

Caution: NEVER wire anything to the Dobot Magician while it has power on. ALWAYS turn it off 
before making connections or damage to the Dobot could occur.

1.	 Wire the limit switch as done in previous activities and set up the Dobot and field diagram as shown.

2.	 Using teach, record, and the options menu in the teaching and playback module of DobotStudio 
make the Dobot place the two parts on the pallet.

3.	 What is wrong with the placement of the objects? Why is this so?

4.	 The software will calculate the roll angle for you relative to the first recorded position. In the 
following steps we are going to use math to calculate how the software derived these positions. 
After a demonstration by your teacher on how to do this, go ahead and calculate.

Move the blocks from the common unload position (Position #1), to the finished pallet positions 
(Positions #2, 3, 4 & 5) as shown in the diagram below.

Manually replace the block in Position #1 for each pallet position.
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PALLETIZING AND ROLL ANGLES
Activity 5:

5.	 In the space provided below the diagrams, calculate the correct roll angle for positions 1 & 5 
relative to the X axis. Show your work even though you are using a calculator.

Note that: Tan = Opp/Adj and = Tan-1(Opp/Adj)

θ1° = tan-1 (Opp/Adj)

Calculation:

6.	 In the space provided, calculate the correct roll angle for position 4. Show your work even though 
you are using a calculator.

θ1° = tan-1 (Opp/Adj)

Calculation:

7.	 In DobotStudio, the angle can be remembered and 
held from an original position. To do this we can have 
the software calculate the roll angle by changing the 
value in the R column for all the positions after the 
first one to zero “0”.
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PALLETIZING AND ROLL ANGLES
Activity 5:

CONCLUSION

1.	 Pick another position off of the pallet, sketch the diagram in your notebook or on the field diagram 
and calculate the roll angle if the Dobot were to move a part there from position #1.  
Show your work.

2.	 If you stacked another layer on top of the layer that is already on the pallet, would the roll angles 
change? Why or why not? Justify your answer.

3.	 If you swapped to the mechanical gripper, and touched up the points, would the roll angles still be 
correct? Why or why not? Justify your answer.

4.	 What is an advantage to a vacuum or suction gripper, when palletizing, over a mechanical gripper? 
Justify your answer.

GOING BEYOND

Finished early? Try some of the actions below. When finished, show your instructor and have them 
initial on the line.

_________	 1. Change the gripper to the mechanical gripper and try to recreate this.

_________	 2. Stack another set of blocks on top of the first set.

_________	 3. Start with the pick spot off to the side of the pallet and fill a pallet with one layer.

_________	 4. Complete a second layer after completing #3.
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Activity 6:  
HANDSHAKING – DOBOT TO DOBOT

INTRODUCTION

Robotic arms need to communicate with other robots in a work cell, or factory. 
This is called handshaking and can be done between different machines, 
devices and robots. It is a very simple form of communication and is done with 
simple ones and zeros; or “ons” and “offs”.

In this activity you will learn how to make a robot handshake 
with another robot. Robot 1 will pass a part into another robot’s 
work envelope and then send a signal and go to a safe position. 
The other robot will then receive the signal, get the part, and 
place it somewhere else.

KEY VOCABULARY	

•	 Handshake
•	 Signal
•	 Pull-down resistor	
•	 Optical isolator
•	 Text
•	 Current limiting resistor

EQUIPMENT & SUPPLIES	

•	 Dobot Magician
•	 DobotStudio software
•	 Dobot Field Diagram
•	 RobotC or other VEX control software
•	 1” x ¾” cylinders or ¾” cubes	
•	 Pneumatic Gripper or Suction Cup
•	 Gripper
•	 Servo extension cables	
•	 Handshake module
•	 Dobot Input/Output Manual
•	 VEX bump switch or limit switch
•	 Breadboard/wire/4N25 Optical Isolator and 100 ohm & 4.7K ohm resistors
•	 VEX, PIC, Arduino may all be used in this activity, but wiring may vary.



58 www.stemeducationworks.com • 866.783.6109

HANDSHAKING – DOBOT TO DOBOT
Activity 6:

PROCEDURE

Open Loop System Block Diagram: Robot #1 acts as the input for Robot #2. Robot #2 does not 
communicate back to Robot #1 so there is no feedback. The Handshake Module acts as the device 
that helps make the handshake happen safely.

Caution: NEVER wire anything to the Dobot Magician while it has power on. ALWAYS turn it off 
before making connections or damage to the Dobot could occur.

1.	 Set up both Dobots with suction cups and place a Dobot Field Diagram, taped to the work surface, 
between the two Dobots.

2.	 Wire Robot #1 to Robot #2 through the handshake controller as shown below. Be sure that wires 
are not going to be pulled out by the motion of the Dobots.
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HANDSHAKING – DOBOT TO DOBOT
Activity 6:

Wire Robot #1 so that GP2 is wired to the input of the handshake module. Then wire the output of 
the handshake module to the input of Robot #2. This is labelled #3 on the arm. Please refer to the 
wiring diagram above. You can use servo extension cables to do the wiring.

Notice that on the INPUT to the handshake module you will use the RED and BLACK wires to 
trigger the Optical isolator. On the OUTPUT side you will use the YELLOW and BLACK wires to 
trigger the input on the other Dobot.

Back of the Dobot: 
GP2.1, GP2.2, &GP2.3

Arm of the Dobot: 
GP5.1, GP5.2, &GP5.3

Optical isolator
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HANDSHAKING – DOBOT TO DOBOT
Activity 6:

3.	 Toggle to Pro mode in the DobotStudio software.

When you re-open this program and you don't switch 
to Pro mode, it will not use the inputs and outputs and 
the program will ignore them!

4.	 Set up the DobotStudio program for Robot # 1 so 
that it moves the part from its position into the work 
envelope of the second Dobot. It needs to send a 
signal to EIO13 for 1 second (high), then turn the 
signal off (low).

Use EIO13 as an output on the last two lines of code. 
Turn it on in the first one and pause for 1 second, 
then off on the second step. Use copy and paste to 
do this.

Also, add a check next to IO_13 as shown, then 
TEACH the position. This will add it to your program.

5.	 Set up the DobotStudio program for Robot # 2 so 
that it waits until Robot #1 sends a signal to pick it 
up, then place it somewhere else. Use EIO5 as the 
trigger input, and set it at High for 1 second, then 
turn it off in the next step.

Consult the Dobot Input/Output manual if 
you want to use other inputs and outputs, as 
damage to your Dobot or your other equipment 
may result.

6.	 Write down any notes that you think you may need to make this work:

7.	 Once both programs are written, run the programs. If written correctly, Robot #2 will wait for the 
signal from the first Dobot. If it does not work correctly, troubleshoot until it does.

8.	 If your set up did not work correctly the first time, what did you have to do to make it work?
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HANDSHAKING – DOBOT TO DOBOT
Activity 6:

CONCLUSION

1.	 What would you have to do to make this program run five times without any human intervention? 
Explain fully below.

2.	 Write the pseudocode from your microcontroller program below.

3.	 What other inputs could you use on your Dobot to start this process? Use the Input/Output manual 
to answer this question, and do not attempt to try it without your instructor’s permission.

4.	 What other outputs could you use on your Dobot to start this process? Use the Input/ Output 
manual to answer this question, and do not attempt to try it without your instructor’s permission.

GOING BEYOND

Finished early? Try some of the actions below. When finished, show your instructor and have them 
initial on the line.

_________	 1.	 Add an input switch to the first Dobot to start the whole process.

_________	 2.	 Make the Dobots palletize three cubes as the diagram below shows.

Start with three cubes on 
the first pallet, use the 
second pallet as a buffer 
to do the hand off, and 
then have the second 
Dobot place them on 
pallet 3. Adjust the roll 
angle accordingly.



62 www.stemeducationworks.com • 866.783.6109

KEY VOCABULARY	

•	 Handshake	
•	 Optical isolator

EQUIPMENT & SUPPLIES

•	 Dobot Magician
•	 Dobot Field Diagram
•	 1” x ¾” cylinders or ¾” cubes
•	 Servo extension cables
•	 Dobot Input/Output Manual
•	 Breadboard/wire/4N25 Optical Isolator and 100 ohm & 4.7K ohm resistors
•	 VEX, PIC, Arduino may all be used in this activity, but wiring may vary.
•	 DobotStudio software
•	 RobotC or other VEX control software
•	 Pneumatic Gripper or Suction Cup
•	 Handshake module
•	 Normally open digital switch
•	 VEX parts: various for building the grinder including a baseplate, motor & controller.

Activity 7:  
HANDSHAKING – DOBOT TO MICROCONTROLLER

INTRODUCTION

Robotic arms sometimes need to communicate with 
other machines in a workcell or factory. This is called 
“Handshaking" and can be done between different 
machines, devices and robots. It is a very simple 
form of communication and is done with simple ones 
and zeros; or “ons” “offs”.

In this activity you will learn how to make a Dobot 
handshake with a simulated machine; a grinder. You 
will make the Dobot talk to the grinder to turn it on 
during an automated grinding operation. Remember, 
this is CIM, we do not want to keep the grinder 
running all the time; we need to conserve energy, 
time, and resources, so the grinder needs to stop, 
and the Dobot will then replace the part.
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PROCEDURE

Caution: NEVER wire anything to the Dobot Magician while it has power on. ALWAYS turn it off 
before making connections or damage to the Dobot could occur.

1.	 Wire the Dobot to the VEX Cortex through the handshake controller as shown below. Any other 
microcontroller, such as an Arduino, a PIC, or a Raspberry Pi may be used as well.

HANDSHAKING – DOBOT TO MICROCONTROLLER
Activity 7:

Back of the Dobot: 
GP2.1, GP2.2, &GP2.3

Optical isolator

Cortex: Digital input
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HANDSHAKING – DOBOT TO MICROCONTROLLER
Activity 7:

Connect EIO13 on the back of the Dobot to the input of the handshake controller, and then wire  
the output of the handshake controller to digital input #1 on the VEX Cortex. Use servo extensions 
to do this.

Notes:

Notice that on the INPUT to the handshake module you will use the RED and BLACK wires to 
trigger the optical isolator. On the OUTPUT side you will use the YELLOW and BLACK wires to 
trigger the input on the VEX Cortex.

If you are not using the handshake module, but some other form of optical isolator, just understand 
that the signal from the back of the Dobot is coming from the Black and RED wires from the 
extension cable. These correspond to the signal being sent from pins GP2.1 and GP2.2 on the 
back of the Dobot.

Consult the Dobot Input/Output manual if you want to use other inputs and outputs, as 
damage to your Dobot or your other equipment may result.

2.	 Wire the normally open digital switch as an input as done in previous activities.

Use a servo extension cable to attach the VEX limit switch to GP5 as shown in the diagram above. 
Always be sure the black wire on the extension cable matches the black wire on the switch. For 
more info on how to construct this please refer to the previous activity.

3.	 Attach the Air Pump/Vacuum Gripper kit or the Pneumatic Gripper to the Dobot as done in  
previous activities.

4.	 Make sure you are in Pro mode in the  
DobotStudio software.

When you re-open this program if you do not switch 
to Pro mode, it will not use the inputs and outputs!
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HANDSHAKING – DOBOT TO MICROCONTROLLER
Activity 7:

5.	 Set up the DobotStudio program so that it moves the part 
through the motions described to the right. 

6.	 Build a simple grinder to simulate a manufacturing 
process. In this case VEX parts are used to simulate 
a simple grinder. 

7.	 Write the RobotC or microcontroller code that will make the Dobot complete the following tasks:

a.	 Send the Dobot home.
b.	 Wait for the limit switch to be hit to start the program.
c.	 Continuously do the following, every time the limit switch is hit.

i.	 Go get the part from the pallet.
ii.	 Bring the part to the grinder.
iii.	 Turn on the grinder.
iv.	 Complete the grinding operation.
v.	 Return the part to the pallet.

Helpful Tips: VEX Users: Be sure to set up the input to the VEX Cortex as a Touch Sensor, not a 
Digital IN! If you use a Digital IN, “off” will be “on”, and “on” will be “off”.
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HANDSHAKING – DOBOT TO MICROCONTROLLER
Activity 7:

8.	 Write down any notes that you think you may need to make this work:

9.	 Once both programs are written, run the DobotStudio program and the RobotC or microcontroller 
program. If written correctly, the Dobot will wait for the press of the switch, and the RobotC program 
will wait for an input from the grinder. If it does not work correctly, troubleshoot until it does.

10.	If your setup did not work correctly the first time, what did you have to do to make it work?

CONCLUSION

1.	 What would you have to do to make this program run five times without any human intervention? 
Explain fully.

2.	 What is the order of operations for successfully starting this setup? Which program has to start 
first? Explain why.

3.	 Which gripper did you choose to complete this activity? Justify your choice.

4.	 What’s the pseudocode that you used for your microcontroller program? Write it here.

5.	 In RobotC, If you use a Digital IN, Off will be On, and On will be Off. Explain why this is.

GOING BEYOND

Finished early? Try some of the actions below. When finished, show your instructor and have them 
initial on the line.

_________	 1.	 Use a sensor to make this loop multiple times. Make it so the Dobot goes home after 
the first cycle and waits for a part to be placed before starting again.

_________	 2.	 Complete Going Beyond #1 above and make it palletize the product when finished.



67 www.stemeducationworks.com • 866.783.6109

INTRODUCTION	

A robotic workcell is defined as the complete 
environment around a robot. This environment may 
include tools, machines and/or other robots.	

In this activity you will use a Dobot and a microcontroller 
system to recreate a workcell. Your workcell will 
incorporate all of the devices that you have learned 
about in previous activities including:

•	 Inputs & outputs
•	 Sensors
•	 Machines
•	 Robots

Due Date: _________________	

KEY VOCABULARY	

•	 Handshaking
•	 Workcell
•	 Output
•	 Nesting	
•	 Optical Isolator
•	 Sensor
•	 Input
•	 Palletize

EQUIPMENT & SUPPLIES	

•	 Dobot Magician	
•	 DobotStudio software
•	 Microcontroller System & Components	
•	 RobotC or other VEX control software
•	 1” x ¾” cylinders or ¾” cubes	
•	 Pneumatic Gripper or Suction Cup
•	 Gripper
•	 Servo extension cables	
•	 Handshake device
•	 Dobot Input/Output Manual	
•	 Input & Output devices
•	 Breadboard/wire/4N25 Optical Isolator and 100 ohm & 4.7K ohm resistors	
•	 VEX, PIC, Arduino may all be used in this activity, but wiring may vary.

Activity 8:  
WORKCELL DESIGN

An example of an assembly operation using 
robots and VEX components
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WORKCELL DESIGN
Activity 8:

PROCEDURE

Caution: NEVER wire anything to the Dobot Magician while it has power on. ALWAYS turn it off 
before making connections or damage to the Dobot could occur.

1.	 Using the list of manufacturing processes below, find an example in a video on the internet that 
you can recreate as a simulation.

•	 Assembly (Ex. Spraying)
•	 Joining (Ex. Welding)
•	 Forming (Ex. Extrusion)
•	 Finishing (Ex. Spraying)
•	 Separating (Ex. Grinding or cutting)
•	 Conditioning (Ex. Dipping)
•	 Casting or molding (Ex. Injection Molding)

2.	 Note any parameters that are given to you by your instructor.

3.	 Pick a process that can be easily simulated with the materials given to you by your instructor.

My topic: _______________________________

4.	 In the time allotted for this project design a workcell that includes the following:

a.	 An accurate pick and place routine that uses a Dobot
b.	 At least one input that controls a process
c.	 At least one output that controls a process
d.	 A simulation of a manufacturing process
e.	 A palletize or nesting routine

5.	 Have it graded by your instructor when complete and do a demonstration to your classmates.

Warning: Consult the Dobot Input/Output manual if you want to use other inputs and 
outputs, as damage to your Dobot or your other equipment may result.
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WORKCELL DESIGN
Activity 8:

CONCLUSION

1.	 Describe the manufacturing process you chose and explain how it works. (At least 4 to 5 
sentences.)

2.	 Make a flowchart/Process flowchart of your workcell as indicated by your instructor in the  
space below.

3.	 What’s the pseudocode that you used for your microcontroller program? Write it here.

4.	 What are the inputs you used in your workcell?

5.	 What are the outputs you used in your workcell?

6.	 Explain how nesting parts is important in any manufacturing process.

GOING BEYOND

Finished early? Try some of the actions below. When finished, show your instructor and have them 
initial on the line.

_________	 1.	 Make your workcell communicate with someone else in your class. When your process 
ends, theirs begins.

_________ 	 2.	 Put your workcell together with someone else in class and make it do both processes, 
then palletize the finished product.
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ROBOTICS GLOSSARY

VOCABULARY LOCATION DEFINITION

Active sensors Presentation 3 Sensors that require an external power supply to operate.

Analog Presentation 3 A type of signal that has a range of values. A good 
example is an 8-bit light sensor with at least 256  
different values.

Axis movement Activity 1 Movement of a robot's wrist in a straight line on the  
X, Y or Z axis.

Current limiting resistor Activity 6 A resistor used in a circuit to limit the current going to a 
component such as a light emitting diode (LED).

Degrees of freedom Presentation 1 The range and flexibility of motion. Each added degree 
of freedom adds greater range of motion to the robot’s 
tooling within its work area. Also see Roll, Pitch and Yaw.

Digital Activity 5 Either on or off, no in between. Generally represented by 
a 1 or 0, or in electronics terms; 5 volts or 0 volts.

Drive system Presentation 1 The power or motors that are used to control the 
positioning of the robotic arm. Usually electric but may be 
hydraulic or pneumatic as well.

Electric drive system Presentation 1 A drive system used for high accuracy, repeatability  
and speed. Used to control motors, servos, or  
stepper motors.

End of Arm Tooling 
(EoAT)

Activity 1 The tooling added to the end of a robot’s arm that  
allows it to perform specific operations. Also known as an 
end effector.

Handshaking Activities 6 & 7 
Presentation 3

Handshaking is defined as safe communication between 
two or more, like or unlike, pieces of technology.

Home Activity 1 A position within the robot’s work envelope designated as 
a starting point for the operation.

Hydraulic drive 
systems

Presentation 1 A drive system used for larger robots that require large 
amount of power. Linear movements are produced by 
hydraulic pistons while rotary is produced by rotary vanes.

Input Presentation 3 A signal or value that is received by the robot. These 
values can be received from sources such as sensors, 
other devices, or other robots.

Joint movement Activities 1 & 2 The movement of a robotic arms end effector defined by 
the movement of its individual joints.
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ROBOTICS GLOSSARY

Linear movement Activities 1 & 2 The same as an axis movement; Movement of a robot's end 
effector in a straight line on the X, Y or Z axis.

Loop Activities  
1, 3, & 5

The ability to repeat a given set of instructions or code a 
specific number of times.

Main controller Presentation 1 The brain of the robotic system. Used to control the 
motion of and programming of the robot as well as 
control various inputs and outputs and communicate with 
other elements in a work cell.

Nesting Presentation 2 Making parts fit most efficiently on a pallet or in a  
given space.

Normally closed Activity 5 A digital switch, that when activated, turns OFF. Useful in 
handshaking when you want something to happen when 
an input signal turns off. The switch in the current state 
below will read as On or True. If the switch is pressed, it 
will read as Off or False.

Normally open Activity 5 A digital switch, that when activated, turns ON. Useful in 
handshaking when you want something to happen when 
an input signal turns on. The switch in the current state 
below will read as Off or False. If the switch is pressed, it 
will read as On or True.
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ROBOTICS GLOSSARY

Optical isolator Activities 6 & 7 An electronic device that separates two unlike voltages 
or currents in a robotic communication system. It 
accomplishes this using an infrared LED and a light 
sensor embedded in a device.

Output Presentation 3: An output produces an action. Some examples are 
motors, lights, and displays. An output can be a simple 
signal sent from a robot to another device such as a tool, 
machine or other robot.

Palletizing Activities 2 & 4 An automated process that uses a robot to load and 
unload parts, containers, or boxes onto pallets for 
storage and shipping.

Passive sensor Presentation 3 Sensors that detect inputs from the physical environment 
without external power.

Payload Presentation 1 The size and weight of the material that a robotic arm  
can safely lift.

Pick and place Presentation 2 When a robot retrieves parts from one location and 
consistently places them in a new location.

Pitch Activity 4 The degree of freedom of a robotic arms end effector 
around its Y axis.

Pneumatic drive 
system

Presentation 1 A drive system used in smaller robots. Used to control 
rotary actuators or sliding joints. Typically used for high 
speed operations and limited movements.

Pull-down resistor Activities 5 & 6 A resistor used in an electrical circuit to force a signal  
to be Low when not activated (0v). This prevents a  
signal from floating in between a 1(5v) and 0(0v) in a 
digital circuit.

Pull-up resistor Activities 5 & 6 A resistor used in an electrical circuit to force a signal 
to be High (5v) when not activated. This prevents a  
signal from floating in between a 1(5v) and 0(0v) in a 
digital circuit.

Ramping Activity 1 To accelerate or decelerate the speed with which a  
robot moves.
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ROBOTICS GLOSSARY

Record Activities 1-7 To save a position with a robot arm by actually moving 
the robot to that position and then storing the values of 
all the robot’s joints.

Relative coordinates Activity 1 A Cartesian coordinate system where each successive 
point is relative to the point before it. Also known as 
incremental.

Relative positions Activity 2 A system of recording positions where each point is 
relative in X, Y, and Z coordinates to all the other points  
in a program.

Robot accuracy Activity 1 How close a robot's actual movement is to a given 
position.

Robot repeatability Activity 1 A robot’s ability to return to a given position multiple times.

Robotic arm Presentation 1 The positionable part of the robot that is used to locate 
and position the end of arm tooling.

Roll Activity 4 The degree of freedom of a robotic arms end effector 
around its Z axis.

Roll angle Activity 4 Adjusting this angle allows a robot’s end of arm tooling to 
line up and nest parts on a pallet.

Sensor Presentation 1 Inputs that provide feedback and bring in a variety of 
data into the robot.

Suction Activities 3 & 5 The gripper or end of arm tooling that uses vacuum and a 
flexible suction cup to pick up parts easily.

Teach Activities 1-7 To save a position with a robot arm by typing in an X, Y 
and Z value and storing the position.

Teach pendant Presentation 1 A handheld device used to manually control, program, 
and troubleshoot a robotic arm without the need for a full 
control terminal.

Tool center point Activities 3 & 5 The X, Y and Z value recorded or taught in robotics that 
represents where the work is actually being done in 
space by the robot's end of arm tooling. (TCP)

Touch up Activity 3 To easily correct or round saved points in a robotics 
program by manually adjusting X, Y, and Z values in the 
control software.

Vacuum Activities 3 & 5 The creation of negative pressure that allows a robot to 
pick up an object easily.
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ROBOTICS GLOSSARY

Workcell Presentation 1 The complete environment around a robot. May include 
tools, machines and/or other robots.

Work envelope Presentation 1 Defined as the range and area each robot may work 
within.

Yaw Activity 4 The degree of freedom of a robotic arms end effector 
around its Y axis
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DOBOT FIELD DIAGRAMS
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DOBOT FIELD DIAGRAMS
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DOBOT FIELD DIAGRAMS
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