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Final Assembly 
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November 16, 2014 

Upon completing the assembly of the printed circuit board, you are ready to assemble the robot.  I have 

fabricated some wiring for you with Molex connectors that you will use to connect the motors, switches 

and battery to the printed circuit board.   

Find the wiring for the motors, which 

has three Molex connectors.  The 

connector containing four wires (two 

red and two black) will be used in a 

future project to add the infrared 

module to the robot.  The connectors 

with two wires are labeled (L for left 

and R for right).  Figure 1 shows the left 

PCB motor connector.  These 

connectors attach to the motor headers on the printed circuit board (you will do that later).  Notice that 

the black wire of the left PCB motor connector is grouped with a red wire from the four wire connector 

(both wires are inside a piece of heat shrink tubing and are labeled A in Figure 1).  These are the wires to 

be connected to the motor terminals of the left motor.  The wire labeled B in Figure 1 goes to the four 

wire connector.  The two grouped wires of the right PCB motor connector should be connected to the 

right motor terminals.  Before you make the connections, you must slip a piece of heat shrink tubing on 

each wire (you will need four pieces). 

  

 

Figure 2 Motor with wires connected 

 

 

Slip one piece of heat shrink tubing on to each wire.  

Then solder the wires to the motor terminals.  It is very 

important that the wires are connected to the proper 

terminals.   

With the motor oriented as seen in Figure 2, the red wire 

must be attached to the right motor terminal and the 

black wire to the left motor terminal.  If the wires are not 

connected properly, your robot will move in reverse 

instead of forward. 

Label your motors L and R for left and right.  The left 

motor is connected to the left PCB motor connector and 

right motor to right PCB motor connector. 

Figure 1 Motor wiring – left PCB motor connector 
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Figure 3 heat shrink tubing after heating 

 

After the wires are soldered 

to the motor terminals, slide 

the heat shrink tubing pieces 

so that they cover the 

soldered motor terminals.  

Then ask an adult to use a 

heat gun to shrink the tubing 

for you. 

 

Figure 4  electrical tape 
wrapped around motor 

 
To finish the wiring of the 

motors, wrap a piece of 

electrical tape over the 

motor terminals (Figure 

4).  This will provide extra 

protection against 

damage to the motor 

terminals if the wires are 

pulled excessively by 

accident. 
 

Figure 5  power switch 

 

Find the wiring with two 

red wires connected to a 

Molex connector.  Slip a 

piece of heat shrink 

tubing over each wire 

and solder the ends of 

the wires to the 

terminals of the power 

switch (Figure 5).  Then 

slide the heat shrink 

tubing over the switch 

terminals and ask an 

adult to heat the tubing 

with a heat gun. 

 

Figure 6  wire connections for DPDT switch 

 

Find the wiring with two green wires and two red wires 

connected to a Molex connector.  You will solder these 

wires to the DPDT switch.  The green wires must be 

connected to the center terminals as seen in Figure 6.  The 

red wires should be connected to the end terminals on one 

side of the switch.  Two short pieces of red wire are used to 

connect the end terminals on one side to the end terminals 

on the other side.  Notice that these short red wires cross 

over each other.  The wires must be connected exactly as in 

Figure 6.  Otherwise the robot will not work.  Additional 

instructions for wiring this switch are on the next page.  You 

must read those instructions before soldering the wires. 
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Slip an additional piece of heat shrink tubing on each short red wire. Then connect the free ends of the 

short red wires to the remaining two switch terminals, making sure that the wires cross over each other 

as in Figures 6 and 9.  Solder these wires to the switch terminals.  You have now completed all soldering 

tasks.  Slide all pieces of tubing over the switch terminals and ask an adult to heat the tubing with a heat 

gun.  

The DPDT switch functions as a selector for a light or dark line.  If you want your robot to follow a light 

line on a dark floor, the switch must be in a specific position.  If you want your robot to follow a dark line 

on a light floor, the switch must be in the opposite position.  There are three positions for this switch.  

The center position is off.  This is helpful when you want to power the printed circuit board for testing 

and adjustment purposes and don’t want any power sent to the motors. 

 

Figure 7  green wires connected to DPDT 
switch 

 

Slip a piece of heat shrink tubing over each green wire 

and then connect the green wires to the center 

terminals of the switch.  Then solder the wires to the 

terminals (Figure 7). 

 

Figure 8  red wire pairs connected to switch 

 

Slip a piece of heat shrink tubing over each end of the 

long red wires.  Then insert one of the short red wires 

into each tubing piece.  You should now have two red 

wires inside each tube, a long wire attached to the 

Molex connector and a short wire.  Connect each pair 

of long and short red wires to an end terminal as seen 

in Figure 8.  Then solder the wires to the terminals. 

 

Figure 9 soldering of DPDT complete 
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If you study the circuits carefully on the printed circuit board, you will notice that the power outputs of 

transistors Q7 and Q8 are connected to the two center pins of the 4-pin Molex header.  When the wires 

are connected to this header, the green wires are connected to the two center pins.  Therefore, the 

green wires carry the current from the transistors to the center terminals of the DPDT switch.  The DPDT 

switch is wired in such a manner that the power connections to the motors can be swapped.  When 

following a dark line the steering decisions made by the voltage comparator must be exactly the 

opposite of the case when it must follow a light line.  To make our robot versatile, we have added the 

DPDT switch so that the robot can be set to follow either a light line or dark line.  The switch does this by 

swapping the connections to the motors. 

The remaining work involves attaching the 

different parts of the robot to the robot frame.   

In your robot kit find four 1 inch long machine 

screws, four plastic spacer sleeves and four 

threaded standoffs (hex shaped – having six 

edges).  Insert the screws into the frame from 

the bottom and slide the spacers over the 

screws as seen in Figure 10.  Then slide the 

printed circuit board over the four screws.  The 

photoresistors must be at the front of the robot 

frame and positioned in the smaller rectangle 

hole of the frame.  Be careful not to bend the 

wires of the photoresistors.  Use the hex 

standoffs to tighten the board to the screws as 

seen in Figure 11. 

 

 

 

 

  

Figure 10  mounting screws and spacers attached to frame 

Figure 11 PCB attached to frame 
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Attach the power switch to the robot 

frame as seen in Figure 12 and then 

attach the power switch connector to 

the proper header on the PCB.  Attach 

the battery connector to the proper 

header on the PCB.   

 

 

 

 

 

 

 

Testing your printed circuit board 

When you are done connecting the power switch and battery 

wires to the PCB, it is time to test your circuits. You will first 

check for open and short circuits.  Use your meter with the red 

probe connected to the red battery wire and the black probe 

connected to the black battery wire (see Figure 13).   

You will be checking resistance at the battery connector.  

However, first connect a wire jumper across the D3 Schottky 

diode (ask an adult for help with the jumper).  When the 

jumper is in place, measure the resistance at the battery 

connector with the power switch in the off position.  There 

should be infinite (or very high) resistance because the switch 

is in the open (off) position.  If you get a meter reading less 

than infinite, then you probably have the power switch in the on position.  Set the switch in the opposite 

position and test again.  If you cannot obtain infinite resistance with the power switch off, you have a 

problem that must be investigated. 

Did you get infinite resistance with the power switch off?   YES    NO   (circle one) 

Now put the power switch in the on position.  Make another measurement of the resistance.  When you 

start your measurement, the resistance will be fairly low because the meter will be charging capacitor 

Figure 12 power switch and battery wires attached to robot 

Figure 13 battery connector 
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C1.  But the resistance should rise quickly to several thousand ohms.  After many seconds the resistance 

should be 10,000 ohms or more.  If your resistance is below 1,000 ohms and stays there, then you 

probably have a partial short circuit or bad component on your printed circuit board.  If the resistance is 

below 10 ohms then you have a short circuit.  In either case, ask an adult to help you find the short 

circuit or bad component. 

At the beginning of measurement the resistance was __________  ohms 

After many seconds of measurement the resistance was _________  ohms 

Many meters don’t provide enough voltage in resistance mode to pass any current through 

semiconductors.  That is why you used the jumper across the Schottky diode D3.  However, if your 

meter has a diode mode, you can use that for another test of your printed circuit board.  To prepare for 

that test, remove the wire jumper from D3.  Set your meter to the diode position and make a 

measurement at the battery connector (red probe to red wire). 

With the power switch off the diode reading is _______________ 

With the power switch on the diode reading is _________________ 

Your measurement may vary with different meters but should be approximately 1 volt with the power 

switch on.  With the power switch off, an Extech meter should display 1. (one with a period) , which 

indicates open or infinite resistance (no voltage drop).  If the meter indicates a voltage drop when the 

power switch is off, there is a problem with your switch or wiring.  If the meter does not indicate a 

voltage drop when the power switch is on, you may also have a problem.  Ask an adult to help you 

troubleshoot the problem.   

If you found no problems with your meter readings, you are 

ready to finish the assembly of the robot.  With the power 

switch off, connect the battery to the battery wires and insert 

the battery in the clip.  Find four ¾ inch machine screws in 

your kit and four nuts.  Attach the motors to the frame as 

seen in Figure 14.  Make sure the left motor is attached on 

the left side of the frame and right motor on the right side.  

Twist the nuts on to the screws and tighten the motors to the 

frame.  Connect the Molex connectors for the motors to the 

PCB headers (left to left and right to right).  

  

Figure 14 motor mounted  
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Your wiring connections should now look like those in Figure 15.  There is only one connection 

remaining to be completed. 

Attach the DPDT switch to 

the robot frame and attach 

its connector to the four pin 

Molex header on the PCB.  

Your wiring is now complete 

and should look like the 

photo in Figure 16.  You will 

notice that one two pin 

header on the PCB is not 

connected to any wires.  This 

header will be used for 

power to the add-on IR 

module in the future. 

 Set the power switch to the 

off position and the 

light/dark switch (DPDT) to 

the center (off) position.   

Now you will adjust resistor 

R2 to balance your 

photoresistors.  Set the 

power switch to the on 

position.  Place your hand 

underneath the robot and 

move it from side to side.  If 

your circuits are operating 

properly, the yellow and green LEDs should turn on and off as your hand covers different photoresistors.  

Hopefully this is what you observe, indicating your printed circuit board is operating properly. 

Place the robot on a piece of white paper or a light colored surface.  The white LEDs of the robot should 

be on and shining on the paper or surface.  If the white LEDs are dim, you can adjust R10 to make them 

brighter.  Under this condition both sets of photoresistors should be receiving about the same amount 

of light.  This is the condition needed to adjust resistor R2 to balance your photoresistors.  Use a small 

screwdriver to adjust R2.  Adjust the resistor until you see a change in the colored LEDs (either the green 

ones turn off and yellow ones turn on or the opposite).  Try to get the adjustment as close as possible to 

the point where one set of LEDs turn off while the other set turns on.  It may also be possible to find an 

adjustment point where both sets of LEDs are on.  Once your photoresistors are balanced you can 

continue with the last assembly step!  Set your power switch to the off position. 

Figure 15  motor wiring attached to PCB 

Figure 16  wiring complete 
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Your last assembly task is to mount the wheels on your 

robot.  Find the wheels and very small mounting screws 

in your kit (be careful not to drop the screws on the 

floor – you may never find them).  Push a wheel on each 

of the motor axles.  Notice that the motor axle has a 

special shape that matches the shape on the inside of 

the wheel.  The shapes must line up to allow the wheel 

to be fully inserted on to the motor axle.  Then secure 

the wheels with the small screws.  You have completed 

the assembly of the robot.  All that remains now is to 

adjust the variable resistor R10 for proper brightness of 

the white LEDs. 

You will make adjustments by trial and error as you do 

test runs with the robot.  You want the white LEDs to 

be bright enough for proper line detection, but not too 

bright. 

A complete schematic of the robot is provided on page 

10.  You may notice a symbol you have not seen 

before: This is the chassis ground symbol.  

Technically, your robot does not have a chassis ground, 

but I have used this symbol to simplify the schematic.  

In electronic devices that have a metal frame (also called a chassis), the negative side of the power 

supply is often connected to the metal frame.  Then the frame becomes a chassis ground.  Instead of 

connecting all components back to the battery, all that is needed is to connect the wire to the chassis.  

Everywhere you see a chassis ground symbol on my schematic, you can then understand that the 

connection there goes back to the negative side of the battery, even though I have not drawn the wire 

back to the battery. 

In previous lessons I have used this symbol  when wires cross over each other and are not 

supposed to be connected.  In the schematic on page 10 I have not used this symbol.  Instead I have 

used a small dot to indicate wire connections, like this:  and if wires are not connected they look like 

this:   This is a more efficient way of drawing schematics with many crossing wires. 

If you study the wiring of the light/dark DPDT switch carefully, you will see that it is wired to swap the 

motor connections.  When a dark line is on the right side of the robot, the robot must turn on the motor 

connected to the left wheel in order to center the line under the robot.  The light/dark switch must be in 

Figure 18 wheel mounted on robot 

Figure 17 wheel and mounting screw 
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the proper position so that electrical power is supplied to the left motor when a dark line is under the 

right side of the robot. 

The opposite motor connection must be made when a light line is to be followed.  If there is a light line 

under the right side of the robot, then that is the same as having a dark line under the left side of the 

robot.  If we don’t swap the connections to the motors, the robot will steer the wrong way by turning on 

the wrong motor.  By placing the light/dark switch in the light position, the motor connections are 

swapped and the robot will turn on the left motor when a light line is under the right side. 

You should determine which positions of the DPDT switch represent the light line setting and dark line 

setting.  After you have made that determination, you can use a permanent marker to label the 

positions on the robot frame.  Place a dark piece of paper under the right side of the robot and a white 

piece of paper under the left side.  Hold the robot over the pieces of paper so that the wheels are not 

touching the paper.  Put the power switch in the on position (make sure you are not touching the 

wheels as you hold the robot).  Find the DPDT switch position that causes the left wheel to spin.  Mark 

that position as the dark line position (just mark it with a D).  Mark the other side of the switch with an L 

for light line.  

A careful study of the schematic will also reveal that the polarity of the motor connections is reversed 

for the right motor.  Our robot is designed to travel only in the forward direction.  In order insure that, 

the left wheel must rotate counterclockwise while the right wheel rotates clockwise.  If the positive side 

of the power supply is connected to the positive terminal of the motor, then the wheel will turn 

counterclockwise.  You should see that indeed the positive terminal of the left motor is connected to the 

positive side of the power supply.  However, the positive terminal of the right motor is connected to the 

negative side of the power supply (chassis ground).  Therefore, the right wheel will turn clockwise.  If we 

were to reverse these motor connections, the robot would move backwards, which we don’t want! 
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