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1. Introduction

1.1 Brief Overview of the [Organization Name] 

The [Organization Name]is an innovative 3-wheeled autonomous 

soccer robot designed for education, experimentation, and competitive 

robotics. Equipped with a full suite of sensors, including 3 line sensors, 

8 ball sensors, and a 9-D compass, the [Organization Name] delivers 

high-performance navigation and ball-tracking capabilities. Its three 

omni-directional wheels, powered by precision 15:1 gear motors, 

enable smooth and agile movement in all directions, making it ideal for 

dynamic robotics applications like robot soccer. 

Built around the Arduino-compatible Teensy 4.1 microcontroller board, 

the [Organization Name] can be extended by adding a camera or other 

additional sensors, actuators, and communication modules. Such 

additional components can easily be connected to the UART and I2C 

serial communication ports, and to several open digital and analog in-

out pins on the [Organization Name] circuit board. The board also 

includes two programmable push buttons (labeled Pin 9 and Pin 10), 

which can be used for initiating test programs or triggering user-

defined functions during development.  

The system uses 3.3V/5V logic and offers flexible power options with a 

6–8.4V DC battery input (4–6 AA or 2S LiPo). Once assembled, the 

[Organization Name] can be programmed in C or C++, and is 

compatible with Windows, Mac, and Linux systems. 

1.2 Purpose of the Assembly Manual 

This assembly manual serves as a comprehensive guide to help users 

construct their [Organization Name] from the kit components. It 

provides step-by-step instructions, ensuring that even users with 

limited prior experience can successfully assemble the robot.
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1.3 Recommended Audience  

This assembly manual is recommended for users with a basic 

understanding of electronics and mechanics. The instructions are 

written to be beginner-friendly, but some familiarity with tools such as a 

soldering iron, wire strippers, screwdrivers, and pliers will be beneficial.  

The robot's programming in C++ and its modifiable nature makes it 

suitable for hobbyists, students, and educators interested in robotics, 

programming, and autonomous systems. Familiarity with C or C++ and 

using Arduino IDE or VS Code with PlatformIO are beneficial but not 

required for assembling the [Organization Name]. The complexity 

suggests it is appropriate for teenagers and adults. 

[Organization Name] is designed to teach real robotics: The hard and 

software feature state of the art embedded systems programming 

(ARM Cortex-M7) that can directly be applied to university and industry 

applications in robotics and microelectronics. 
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2. Safety Warnings

2.1 General Precautions 

Building robotic kits involves working with various tools and electronic 

components. Safety is paramount. Please read and adhere to all 

safety warnings and precautions before, during, and after the 

assembly process. 

● Always read this entire assembly manual carefully before you

start building your [Organization Name], to ensure you

understand all steps and safety warnings.

● All soldering work should be done in a well-lit and well-

ventilated area. A clean and organized workspace will help

prevent accidents and lost parts.

● Keep small parts and tools out of the reach of children and

pets to prevent choking hazards or accidental injury.

● Dispose of all packaging materials responsibly and according

to local regulations. Recycle whenever possible.

● If the builder is under the age of 16, adult supervision is

strongly recommended throughout the assembly process.

2.2 Specific Warnings

2.2.1 Soldering Iron Safety 

The soldering iron operates at high temperatures and can cause 

severe burns. 

The biggest source of accidents is the soldering iron not being in the 

holder. It can melt the power cable and cause a 110V short circuit, or 

ignite paper or wood and cause a fire. 

● Always wear safety goggles when soldering to protect your

eyes from splashes of molten solder, flux, or flying debris.

● While specialized heat-resistant gloves can offer some

protection, they can also compromise dexterity for fine work,
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potentially increasing the risk of touching the hot iron. If you 

choose to wear gloves, ensure they are thin enough to 

maintain dexterity but offer adequate heat resistance. 

Otherwise, exercise extreme caution and maintain focus to 

avoid direct skin contact with the hot tip. 

● Always return the soldering iron to its dedicated safety stand

immediately after each use and unplug it from power when

not actively soldering. Never lay a hot iron down on your

workbench.

● Ensure good ventilation in your workspace to avoid inhaling

soldering fumes. Use a fume extractor if available, or work

near an open window or fan.

● Unplug the soldering iron when you are finished or when

leaving your workspace, even for a short period. Allow it to

cool completely on its stand before storing.

2.2.2 Wire Clipping Hazards 

Trimming wires can cause small pieces of metal to become 

airborne. 

● Always wear safety goggles when cutting or trimming wires to

protect your eyes from flying debris.

● Trim wires carefully, directing the cut ends away from your

face and other people.

2.2.3 Battery Handling 

Improper battery handling can lead to leaks, fire, or explosion. 

● Always insert batteries with the correct polarity (+ and - ends),

as indicated by the battery holder markings, to prevent

damaging the robot.

● Avoid mixing different types of batteries (alkaline with

rechargeable, or old with new) as this can lead to uneven

discharge, overheating, or leakage.
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● Do not leave bare metal objects (tools, screws, wires, etc.) 

near the circuit board or batteries. Accidental contact can 

create short circuits that can rapidly heat components, cause 

sparks, or damage the Teensy 4.1 microcontroller and other 

parts. 

● Do not short-circuit, puncture, disassemble, modify, or expose 

batteries to excessive heat or open flames. If a battery shows 

signs of leakage, swelling, or damage, dispose of it safely 

according to local regulations. 

● The [Organization Name] can be operated with rechargeable 

or disposable AA batteries or with rechargeable LiPo 

batteries. It comes equipped with AA batteries for safety 

reasons. LiPo batteries are a serious fire hazard and require 

expertise to handle and recharge. 

2.2.4 General Tools 

● Use sharp tools (wire cutters, pliers) with extreme caution. 

Always cut away from your body. 

● Do not apply excessive force when assembling parts or using 

tools, as this can lead to damage to components or cause 

injury to yourself. 

● Some electronic components and solder may contain heavy 

metals or other chemicals that can be harmful if ingested or 

absorbed. 

○ It is highly recommended to use lead-free solder for 

the assembly. 

○ Regardless of the solder type used, always carefully 

wash your hands with soap and water after working 

with electronics and before eating or touching any 

food. 
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3. Tools and Materials Required 

3.1 List of Tools 

A successful assembly of the [Organization Name] requires a few 

essential tools. Having these readily available before you begin will 

enable a smooth and efficient building process. 

● Soldering iron is used for melting and applying solder metal. It 

is a crucial tool for making secure electrical connections and 

bonding components to the [Organization Name] PCB, such 

as the battery connector, switch, header pins, and various 

sensors. 

● Solderwire is made of a metallic alloy and used with a 

soldering iron to create electrical and mechanical 

connections. Ensure you have lead-free solder for better 

safety. We recommend solder wire made of 96.5% Sn, 0.5% 

Cu, 3% Ag. 

● Masking is useful to hold components in place during 

soldering 

● Phillips head screwdriver (medium-sized) is used for securing 

various mechanical components, including the motor casings, 

motor mounts, and the Omniwheels.  

● Wire cutters are essential for trimming excess wire leads after 

soldering. Clean, short cuts prevent accidental short circuiting 

and ensure neat wiring. 

● Wire strippers are used to strip the plastic coating from cable 

ends, so that the wires can be soldered to the motors and to 

the [Organization Name] circuit board. 

● Pliers are useful for holding hex nuts in place, manipulating 

small components, holding wires, and particularly for inserting 

the shaft pin into the motor, which requires some force and 
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precision (Alternatively, a hex nut driver can be used to 

hold/screw the M3 hex nuts). 

● Digital multimeter is useful for trouble shooting by measuring 

connections and voltages on the circuit board. A multimeter is 

not required for assembly or programming. 

 

Robomov’s all-in-one toolkit comes in a single pouch with everything 

needed to assemble, maintain, troubleshoot, and upgrade your 

[Organization Name]. 
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4. Parts Inventory 

4.1 Illustrated Parts List 

The following is an inventory of all components included in the 

[Organization Name]kit. 

Part 
No. 

Category Component 
Name 

Quant Description Image 

ZC101 Circuit 
Board 

[Organizatio
n Name] 
board (MAIN 
PCB) 

1 The primary 
printed circuit 
board that 
serves as the 
robot's main 
chassis and 
electronic 
hub, 
connecting 
all 
components 

 

ZC102 Circuit 
Board 

IR Shield 1 Infrared 
absorbing 
foam to 
shield the 
ball sensors 

 

ZC201 Electrical 
Parts 

Male T 
connector 

1 The power 
input 
connector for 
the robot, 
connecting 
the battery 
holder to the 
[Organization 
Name] Board 
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ZC202 Electrical 
Parts 

Switch 1 An on/off 
switch to 
control the 
battery 
power supply 
to the 
[Organization 
Name] 
Board. (The 
switch does 
not control 
power 
provided 
from the 
USB cable to 
the Teensy) 

 

ZC203 Electrical 
Parts 

Female 
header pins 

3 Rows of 
sockets 
soldered to 
the 
[Organization 
Name] Board 
to connect 
the Teensy, 
plus spare 
connectors 
to expand 
the robot by 
connecting 
additional 
components 

 

ZC204 Electrical 
Parts 

4 pin sockets 
(I2C / JST 
port) 

2 Male 4-pin 
connector for 
I2C 
communicati
on to 
connect the 
compass 
sensor and 
allowing 
expansion 
with 
compatible 
devices 

 

ZC205 Electrical 
Parts 

Wire 3 
pairs 

Motor wires 
to connect to 
the PCB and 
power the 
motors 
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ZC207 Electrical 
Parts 

Ball sensors 
(infrared 
pulse sensor 
TSSP4038) 

8-9 Infrared 
pulse 
sensors to 
be positioned 
around the 
[Organization 
Name] 
board's 
perimeter to 
detect the 
soccer ball 

 

ZC209 Electrical 
Parts 

Line sensor 3 Ambient light 
reflection 
sensors 
equipped 
with a red 
light to 
optimally 
distinguish 
white lines 
from the 
green field 

 

ZC401 Microcontrol
ler 

Teensy 4.1 1 An Arduino-
compatible 
microcontroll
er, the brain 
of your robot, 
responsible 
for 
processing 
data and 
controlling 
operations 

 

 

ZC501 Screws M3 
aluminum 
standoffs 

16 Hexagonal 
20mm 
spacers with 
threads, 
used to 
create 
separation 
between the 
circuit board 
and other 
components 

 

ZC502 Screws M3 bolts ~26 Metric 
machine 
screws (3mm 
diameter)  
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used for 
securing 
motors, 
mounts, 
sensors, and 
other 
structural 
components 

ZC503 Screws M3 hex nuts ~32 Hexagonal 
nuts used in 
conjunction 
with M3 bolts 
and washers 
for secure 
fastening 

 

ZC504 Screws Spring lock 
washers 

~46 Add under 
each hex hut 
to prevent 
screws from 
loosening 
due to the 
robot’s 
vibration 

 

ZC601 Compass Compass 
sensor 
(BNO055) 

1 A 9-D 
compass 
sensor with 
an I2C 
interface to 
provide 
orientation 
data for 
navigation 

 

ZC602 Compass I2C 
connector, 
angled 

1 4 pin 
connector to 
solder to the 
compass 
sensor circuit 
board 

 

ZC603 Compass I2C compass 
cable 

1 4 wired cable 
with 
polarities, be 
careful to 
plug the 
correct side 
into the 
compass 
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sensor and 
PCB, 
respectively 

ZC701 Motors & 
Drive 

15:1 Gear 
motor set 

3 Geared DC 
motors 
provide 
power for the 
robot's 
movement. 
Each set 
includes the 
motor plus 
casing and 
mounting 
parts 

 

ZC702 Motors & 
Drive 

Omniwheel 
set 

3 Unique 
wheels 
enable 
omnidirection
al 
movement, 
allowing the 
robot to 
move in any 
direction. 
Each set 
includes 
wheel parts, 
silicone 
beads, and 
securing 
hardware 

 

ZC801 Accessories AA battery 
holder 

1 A holder for 
5 AA 
batteries (not 
included), 
providing the 
primary 
power 
source for 
the robot 
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ZC802 Accessories Micro-USB 
cable 

1 Connects the 
Teensy to 
your PC for 
programming 
(also 
provides 5V 
power 
independent 
of batteries)  

ZC803 Accessories Schematic 1 Electric 
circuit 
diagram, 
useful to 
modify and 
expand your 
robot’s 
functions 
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5. Assembly Instructions 

A video tutorial is available at https://robomov.net/blogs/[Organization 

Name]-tutorial 

Note that the order of steps might be different in the video tutorial. In 

this manual, we will solder the motor and compass sensor first, in 

order to gain practice soldering before working on the [Organization 

Name] Board directly. 

 

5.1 Step-by-Step Process 

Before you begin, ensure you have all the parts listed in the "Parts 

Inventory" and the tools outlined in "Tools Required" readily available. 

 

Step 1. Assembling the motor casings and Soldering cables to the 

motor leads 

In this step, you will prepare your motors  

 

1.1 Assemble motors with motor holders and spring 

● Materials: 3 gear motor set bags, each containing a motor, 

motor holders, screws and a metal pin 
● Tools: Phillips screwdriver, pliers 
● Instructions 
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1. Put the two black motor holding parts snuggly 

around the motor. The motor can snap in two 

directions. It is recommended to set all motors in the 

same direction. 

▪ Find the small + symbol imprinted in the 

motor’s white plastic bottom plate 
▪ Turn the motor so that the lead with the + 

sign is on the right side when the flat part of 

the motor holder faces down (the + lead 

has a red wire in the picture) 
2. Screw the motor holder tight around the motor with 

two screws (Do not use excess force with the 

screwdriver, or the motor holders’ plastic might be 

damaged). 

3. Insert the spring into the hole in the motor shaft. 

▪ For each motor 

assembly, locate 

the small hole in 

the motor's output 

shaft 

▪ Using pliers, 

carefully insert the small metal pin into this 

hole 

▪ This step requires some force. Apply firm, 

steady pressure with the pliers, but be 

extremely careful not to bend or break the 

pin or the motor shaft. The pin should slide 

through the shaft, protruding roughly 

equally on both sides. 
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1.2 Solder wires to motor tabs 

● Materials: Wire (3 pairs), motors from previous step 

● Tools: Soldering iron, solder, wire stripper 

● Instructions 

1. For each of the three motors, take one pair of the 

provided wires 

2. Use the wire stripper to strip about 3/8 inch (10 mm) 

of the red and black plastic coating off each wire end 

to expose the small copper wires 

■ Use your fingers to twist the small copper 

wires on each wire end to form one string of 

wire that can be threaded through the holes 

for soldering cleanly, without any small 

wires sticking out to make bad connections 

■ While you are at it, strip 3/16 inch (5 mm) 

off the opposite end of the wires and twist 

it. This short end will be soldered into the 

circuit board later. 
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3. Carefully solder one wire to each of the two metal 

tabs on the motor. The polarity determines which 

directions the motors will move. Make sure to attach 

the red wire to the tab near the + sign. 

■ Thread the twisted 

wire end half way 

(1/8 inch or 2.5mm) 

through the small 

hole in the motor 

lead and bend it 180 

degrees back, so 

that the copper folds 

back onto the 

copper (It is better 

not to twist the 

folded back part, 

because that would 

make it very difficult to un-solder if needed). 

■ Be quick and precise with your soldering, 

avoid applying heat for too long, as this can 

melt the plastic casing of the motor 

■ Touch both the bent wire and the motor 

lead with the solder iron tip, then quickly 

add solder wire at the point of contact. If the 

soldering iron is hot enough, the solder wire 

will quickly melt and flow on to the wire and 

motor lead, making a tight electrical 

connection. 

■ Both the motor lead and the copper wire 

should be well covered with solder 

4. Repeat this process for all three motors. 
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■ In case a lot of wire is exposed at the motor 

terminals, it is a good idea to add a piece of 

electrical tape or duct tape to cover it, to 

prevent any short circuit. 

Put the assembled motors aside for later. 

 

Step 2. Soldering and connecting the compass sensor 

2.1 Solder the I2C connector to the compass sensor 

● Materials: Compass sensor (x1), 4 pin I2C connector 

● Tools: Soldering iron, solder, wire clipper 

● Instructions 

1. With the component side of the compass sensor 

circuit board facing upward, insert the 90 degree 

angled 4 pin JST socket pins into the holes labeled 

VCC, GND, SCL and SDA. Leave the last hole, 

labelled INT, open. This creates a port for I2C serial 

communication: 

■ VCC is the plus voltage line 

■ GND is the minus voltage line 

■ SCL carries the clock line of the I2C serial 

signal 

■ SDA is the data line 
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2. Turn the sensor with the mounted JST socket 

bottom up, so expose the four leads of the socket 

protruding to the bottom side of the circuit board. 

Feel free to use a piece of masking tape to hold the 

socket tightly in place 

3. Soder only one pin at first 

■ Touch both the lead wire and the copper 

surrounding the hole to very briefly heat up 

both with the soldering iron tip. Then 

quickly add the soldering wire. This way, 

the soldering wire melts and flows into the 

heated hole, connecting tightly with the 

heated lead. If any parts are cold, the 

solder will solidify and cannot flow and 

connect the parts tightly. 

■ However, you want to move quickly and not 

heat up other parts of the compass sensor 

circuit board, or melt the white plastic 

casing of the JST connector, by leaving the 

soldering iron in place for too long. 

4. Turn around the sensor and make sure everything 

sits correctly (with any masking tape removed) 

■ If it sits crooked, heat up the soldered pin 

and adjust the position 

■ It is good general practice to solder one pin 

first and check. Once multiple pins have 

been soldered, the position of the 

component cannot be adjusted anymore. 

5. Solder in the remaining 3 leads just like under step 3 

above 
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6. Use the wire clipper to clip off the small protrusions 

of the soldered leads on the bottom side of the 

sensor 

 

2.2 Connect the compass sensor 

● Materials: Compass sensor with attached JST connector from 

previous step, 4 pin compass cable 

● Tools: None (connection is plug-and-play after soldering the 

4-pin JST port) 

● Instructions 

1. Plug the sensor end of the 4-pin cable into the 

compass sensor 

■ Note that the cable has polarity, the two 

sides are different. The sensor side is red-

black-white-orange in that order (red for 

plus, orange for SDA, etc.) 

■ The other side of the cable (white-red-

orange-black) will plug into either of the 

JST connectors on the [Organization 

Name] board. 

The robot can function without the compass sensor, so 

you may put aside the sensor and wait to plug it into your 

[Organization Name] after you are familiar with the basics 

of programming and using it. 

 

Step 3. Soldering through-hole components to the main circuit board 

In this step, you will solder the foundational electronic components to 

the [Organization Name] circuit board. Precision is crucial for the 
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robot's functionality. Solder should flow into each hole to tightly 

connect components, but be careful not to give too much solder and 

risk forming solder bridges between separate connections. Excess 

solder needs to be removed as described in the trouble shooting 

chapter. 

 

Orientation of the PCB: top = front, bottom = back, left and right as are 

3.1 Remove the hex nut driver 

● Materials: [Organization Name] PCB (x1) 

● Hands, or wire cutter 

● Instructions 

The [Organization Name] circuit board is circular. 

The adage with the [Organization Name] inscription 

is meant to be removed and used as a simple hex 

nut driver to hold nuts in place when screwing on 

components. So remove it by bending back and forth 

with your hands, or with the help of a wire cutter, and 

keep it for later. 
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3.1 Solder female header pins, 4-pin JST port, and ball sensors 

● Materials: 24 pin Female header pins (x2), 4-pin JST port 

(x1), ball sensors (x8), [Organization Name] circuit board (x1) 

● Tools: Soldering iron, solder, wire cutter 

1. Position your [Organization Name] circuit board with 

the component side facing upwards (as pictured) 

2. Take the two female header pins and insert them 

into the vertical rows of holes near the center of the 

circuit board.  

■ Fix in place with masking tape. Ensure they 

stand up straight and are flush against the 

board. 

3. Solder all pins onto the circuit board from the 

underside. 

■ First solder only one pin. Examine whether 

the header pins are well positioned. Then 

solder the remaining 23 pins 

■ Repeat this for the second row of female 

header pins 

4. Use a wire clipper to cut all the leads flush on the 

underside of the [Organization Name] board. 

5. Solder the 4-pin I2C port 

■ Locate the 4-pin JST connector 

■ As this component is direction-sensitive 

(i.e. has polarity), carefully observe the 

markings on the [Organization Name] 

board. Insert the JST connector into its slot, 

ensuring its orientation exactly matches the 
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silkscreen image or outline on the circuit 

board. The slits in the JST connector 

should point towards the center of the 

[Organization Name] board. 

● The [Organization Name] board 

has two I2C ports side by side. 

These are equivalent and either 

one can be used for the JST 

connector 

● It would be unwise to solder JST 

connectors into both I2C ports, 

because additional sensors added 

in the future might come with 

different connector types 

■ Solder all four pins of the JST connector to 

the circuit board 

● Solder one pin first, then check 

proper positioning 

● Cut the leads flush with a wire 

cutter after soldering 

6. Ball sensors 

■ Take eight infrared (ball) sensors 

■ Insert each sensor into one of the eight 

equally spaced 3-lead slots located around 

the perimeter of the [Organization Name] 

main board 

● The bulging sensor side of the IR 

sensor points towards the outside 

of the robot, to detect the ball. The 
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flat side points towards the center 

of the [Organization Name] board. 

■ After inserting a sensor, bend the leads 

protruding on the on the underside of the 

PCB outwards, so that the sensor stays in 

place while you solder 

■ Solder all 3 leads of all 8 ball sensors 

■ Once soldered, use wire cutters to clip flush 

all leads protruding on the underside of the 

circuit board. 

 

3.2 Install the battery port (Male T connector) 

● Materials: Male T connector (x1), [Organization Name] circuit 

board (x1) 

● Tools: Soldering iron, solder, wire cutters 

● Instructions 

1. Locate the Male T connector 

2. Position your [Organization Name] circuit board with 

the component side facing upwards 

3. Insert the Male T connector into its designated slot 

on the circuit board 

4. Carefully turn the board over and solder the two pins 

of the connector to the pads on the underside of the 

board 

■ Because the connector has larger contacts, 

more heating time with the soldering iron is 

required. Nonetheless, too much heat will 
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cause the plastic part of the T connector to 

melt and deform 

■ Apply enough solder to flow and fill the 

holes around the connector lead from all 

sides 

5. Clip flush the leads on the underside of the circuit 

board. Considerable hand power is required to clip 

thick leads of the T connector. 

3.3 Attach the On/Off Switch 

● Materials: Switch (x1), [Organization Name] circuit board (x1) 

● Tools: Soldering iron, solder, wire cutters 

● Instructions 

1. Take the On/Off switch 

2. Insert the three pins of the switch into the 

corresponding three holes on the [Organization 

Name] circuit board. The switch does not have 

polarity, so orientation does not matter. 

3. Turn the board over and solder all three pins 

securely to the circuit board 

4. Once soldered, use wire cutters to trim any excess 

length from the switch pins protruding from the 

bottom of the board 

■ The switch lead has a thickness that is 

particularly prone to flying away at high 

speed when trimmed. Be careful to aim 

away, don’t aim at your or someone else’s 

eyes!  
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3.3 Solder the Motor Wires and attach Motors 

● Materials: Assembled motors from step 1.2 (x3), 

[Organization Name] circuit board (x1), M3 machine screws 

(x12), spring washers (x12), hex nuts (x12) 

● Tools: Soldering iron, wire, wire cutters, Phillips screw driver, 

pliers 

● Instructions: 

1. Insert the motor wires into the circuit board 

■ On the underside of the circuit board, 

identify the three pairs of holes labelled 

“motor 1”, “motor 2” and “motor 3” 

■ Take the motor wire ends, 3/16 inch 

stripped and twisted. Carefully insert the 

red wire end into the hole with the square 

pad, marked +, and the black wire into the 

round hole. 

● Be careful that the entire wire 

goes through the hole. Any spall 

pieces of wire sticking off could 

cause unwanted connections and 

short circuits 

■ Once all 6 wire ends are cleanly inserted, 

fix them in place with a piece of masking 

tape 

2. Turn around the circuit board, component side up, 

and solder in the motor wires 

■ Identify the inserted wire ends in the six 

holes just below the 24 pin female headers 

from step 3.1.2. 
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■ Solder in all six wires 

● Be careful not to touch other 

components with the solder iron 

tip, the space is quite tight 

● Because the motors can draw 

significant current, make sure the 

solder metal flows into the holes 

nicely. Once all six wires are 

soldered, turn around to make 

sure the solder is visible from the 

underside. 

 

Step 4. Assembling and Attaching the Omniwheels 

In this step, you will construct the Omniwheels and their attachment to 

the prepared motors. 

4.1 Mount motors to [Organization Name] board 

● Materials: Assembled motors with wires)(x3), M3 screws 

(x12), M3 nuts (x12), [Organization Name] circuit board (x1) 

● Tools: Phillips head screwdriver, pliers, wire cutters (for pre-

cleaning pins) 

● Instructions 

1. Prepare the [Organization Name] board 

● Inspect the underside of your [Organization Name] 

circuit board in the three rectangular motor-mounting 

areas. 

● If any soldered pins protrude and are not flush, 

carefully trim them with wire cutters. 

● Avoid damaging the green/black silkscreen coating 

during trimming and handling. 
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2. Mount each motor (repeat for all three motors) 

● Position the motor assembly on the underside of the 

board so the four holes in the black motor casing 

align with the corresponding holes in the 

[Organization Name] board. 

● Insert an M3 screw through each aligned hole from 

the motor side through the board. 

● On the top side of the board, add a spring washer to 

the screw shaft, then thread on an M3 nut. 

● Repeat until all four screws for that motor are 

installed. 

3. Tighten the hardware 

● Using the screwdriver on the screw head and pliers 

or a hex-nut driver on the nut, tighten each screw-

nut pair. 

● Tighten only until the spring washer is fully 

compressed (flat). Do not overtighten as excess 

force may stress or damage the PCB. 
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4.2 Assemble Omniwheel beads and halves 

● Materials: Omniwheel Set (x3 - includes green silicone beads, 

golden beads, metal rings, black center molds A, B, C, D, 

small bolts and nuts) 

● Tools: Pliers, small Phillips screw driver 

● Instructions (for one Omniwheel) 

1. Take 18 green silicone beads and 36 golden rivets. 

Push two golden rivets into the two holes in every 

green silicone bead. You will have 18 completed 

bead assemblies 

2. Take one of the metal rings and carefully slide 9 of 

the assembled beads into the ring 

3. Repeat this for the second metal ring, so you have 

two rings each containing 9 beads 

4. Identify the four black center molds labeled A, B, C, 

and D 

5. Carefully sandwich one of the 9-bead rings between 

a pair of center molds (A and B) 

■ Put mold A on the table, with the indent for 

the wire ring up 

■ Place the wire ring with silicon beads on 

top, carefully placing one silicon bead in 

each of the 9 openings 

■ Add mold B on top, aligning the screw 

holes with mold A, snap in place to capture 

the wire ring in the 9 positions between the 

beads 
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■ Wiggle and adjust the beads so none of the 

golden rivets is caught between the black 

mods and each silicon bead can rotate 

freely. The two molds should snap together 

perfectly without any room between them. 

6. Sandwich the second 9-bead ring between the other 

pair of center molds (C and D) 

7. Combine these two sub-assemblies to form a 

complete double-layered wheel. Make sure the knob 

and whole align so the wheel snaps together in 

symmetry 

8. Use three small bolts and three corresponding nuts 

to secure the four wheel plates together. Do not 

overtighten 

Repeat this entire assembly process for all three 

Omniwheel sets 

4.3 Attach Omniwheel to motor shaft 

● Materials: Motors with shaft pins (from Section 3, as mounted 

on [Organization Name] board), assembled Omniwheels (x3), 

10 mm aluminum standoffs (x3, part of the Omniwheel sets) 

● Tools: Pliers 

● Instructions 

1. Take one assembled Omniwheel and one motor 

assembly (with the shaft pin inserted) 

2. Carefully slide the Omniwheel onto the shaft of the 

motor. Ensure that the metal pin protruding from the 

motor's shaft slides perfectly into the designated slot 

on the inside of the Omniwheel 
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3. If you encounter difficulty, double-check that the 

black center pieces of the Omniwheel are 

assembled in the correct order (A, B, C, D) and that 

you are not trying to mount the Omniwheel onto the 

shaft backward 

4. Once the Omniwheel is correctly seated on the shaft 

and the pin is aligned, turn the ominwheel and you 

can feel resistance from the magnets turning inside 

of the motor. Secure the Ominwheel by screwing an 

aluminum standoff onto the motor shaft. Use pliers 

to tighten it. Tighten firmly but not too tight. The 

pressure can cause the motor shaft to weaken and 

break off over time. 

Repeat this process for the remaining two motors and 

Omniwheels. 

 

Step 5. Attaching Line Sensors 

In this step, you will mount the line sensors to the [Organization Name] 

board. 

● Materials: Line sensor (x3), M3 Metal female-female standoffs 

(x12), M3 bolts (x24) 

● Tools: Phillips head screwdriver 

● Instructions (for one line sensor) 

1. Locate one line sensor board. It has four holes, with 

one hole placed closer to the edge compared to the 

others 

2. Identify the three corresponding mounting points on 

the [Organization Name] board, which should match 

the shape of the line sensor 
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3. Take four M3 bolts and four M3 metal female-female 

standoffs 

4. Insert four M3 bolts through the line sensor board 

from the side with the electronic components (the 

"top" side). The side matters for correct mounting 

5. Thread four M3 standoffs onto these bolts from the 

other side of the line sensor, "sandwiching" the line 

sensor between the bolt heads and the standoffs 

6. Align the line sensor (with standoffs attached) with 

its mounting holes on the underside of the 

[Organization Name] board. The line sensor should 

be positioned such that its sensing elements will 

face downwards towards the ground when the robot 

is upright 

7. Secure the line sensor to the [Organization Name] 

board by inserting four more M3 bolts through the 

[Organization Name] board from the top and 

screwing them into the open ends of the standoffs 

8. Ensure the standoffs are straight and the line sensor 

is firmly attached and correctly oriented (facing 

down) 

9. Repeat this process for the remaining two line 

sensors. 
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Step 6. Mounting the Teensy controller board 

In this step, you will connect the Teensy microcontroller. Pay extremely 

close attention to the orientation. 

 

● Materials: Teensy 4.1 (x1), [Organization Name] circuit board 

(x1) 

● Tools: None 

● Instructions 

1. Take your Teensy microcontroller board 

2. Identify the female header pins you soldered onto 

the [Organization Name] circuit board in Section 1.3, 

where the Teensy will plug in 

3. Carefully observe the orientation of the Teensy. The 

micro-USB connector on the Teensy needs to point 

to the front side of the robot, where the T connector 

and the switch are located. The Teensy’s switch and 

SD card slot must point to the back. 

4. Carefully align the pins of the Teensy with the holes 

in the female header pins on the [Organization 

Name] board 

■ Double-check the Teensy sits in the right 

direction and the pins are aligned correctly 

5. Gently but firmly push the Teensy down, sliding all 

pins into their respective slots without bending. 
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Press the Teensy fully into place until it is seated 

securely and flush with the headers. 

Your [Organization Name] is now ready for testing to make sure it 

works. We will add the foam shield once we have confirmed everything 

works. 

Before continuing with final assembly, this is an excellent time to 

perform a careful visual inspection of your [Organization Name] PCB. 

A full inspection checklist is provided in Section 5.3 Verification Tips 

below (1. Visual inspection before applying power) 

At this stage, do not install the foam shield or the compass sensor; 

both make it harder to see the components and solder joints during the 

inspection. 

After the PCB inspection is complete, you should perform the 

preliminary power-on test described in Section 5.3 Verification Tips (2. 

Initial power-up checks, with battery connected). 

This quick test ensures your board powers up correctly before you 

proceed with the remaining assembly steps. 

 

Step 7. Mounting the Foam Shield 

Place the foam shield on the top side of the [Organization Name] 

board, and gently push it down over the components. Carefully fit the 

foam shield snuggly around the IR ball sensors and other components. 

Be careful not to bend any of the line sensors. 

The foam shield serves several purposes: 

1. It shields the ball sensors from infrared pulses coming from 

the side, thus narrowing the angle of detection of the ball 

2. It protects components from bending or breaking during 

operations 
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3. It protects soldered contacts from touching any metal pieces, 

which could cause a short circuit and damage the 

[Organization Name] or the Teensy. 

 

Step 8. Adding the Compass Sensor 

Plug the correct end of the 4 wire compass sensor cable into the JST 

connector on the [Organization Name] circuit board. The directionality 

of the cable was explained in Section 5.2.2.2.3, “Connect the compass 

sensor” 

When using the [Organization Name] with the standard software 

library, the software will check whether the compass sensor is present, 

and if it is, it will wait to hear from the compass that it is calibrated. 

Calibration requires the sensor to move around. Therefore, for 

programs that do not use orientation, it is easier to not plug in the 

compass sensor. 

 

This concludes the hardware installation of the ROBOMOV 

[Organization Name], making it ready for programming and further 

experimentation. 

 

5.3 Verification Tips 

To confirm proper assembly of our new [Organization Name] before 

proceeding with programming or advanced functionality, perform the 

following verification steps: 

Verification Tips: How to confirm proper assembly 

1. Visual inspection before applying power 

Thoroughly inspect your assembled robot, focusing on the following 

areas: 

● Solder joints 
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○ Carefully examine every soldered connection 

(battery connector, switch, female header pins, 4-pin 

JST port, ball sensors, motor wires on motors and 

on the [Organization Name] circuit board) 

○ Look for shiny, smooth, cone-shaped solder joints 

○ Ensure there are no "cold" solder joints (which 

appear dull, lumpy, or grainy) 

○ Verify there are no solder bridges (unintended 

connections between adjacent pins or pads). Use a 

magnifying glass if necessary 

● Component orientation 

○ Double-check that the Teensy microcontroller is 

inserted into its female headers with the correct 

orientation. Refer back to the instruction images if 

unsure. Incorrect orientation can lead to damage 

○ Confirm that the 4-Pin JST Port connector is 

oriented exactly as indicated by the silkscreen on the 

[Organization Name] circuit board 

○ Ensure the line sensors are mounted with their 

sensing elements facing downwards  

● Mechanical fasteners 

○ Verify all M3 screws and nuts securing the motors, 

motor mounts, and line sensors are present and 

securely tightened 

■ Spring washers should be securing every 

screw 

■ Ensure the bolts are not overtightened, 

which could stress or damage the circuit 
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Note to Readers: 

Thank you for exploring this sample of our work. In order to 

maintain confidentiality,  we've provided only a selection from 

this piece. 

Should you be interested in learning more about our services, 

please don't hesitate to reach out. 

Thank you, 

The Write Direction Team 
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