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Abstract

Automated test rig for electronic products

August Kollberg, Leonardo Alvarez Urrutia

Testing to ensure the function of PCB:s is a key process that is
mandatory for factory constructed boards. Given a large number of
test object shows that manual processing is inefficient. By 
automating the process companies will have the possibility to do
this process more efficient, but how can the process be automated
for a flexible flow and different PCB designs?

This report describes the work done when designing a prototype 
unit that is part of an automated PCB-test line. The prototype has 
the task to sort PCB-cards, approved or non-approved, after the 
test has been completed.

The system consist of an elevated slider with a trolley whose
position is controlled by a stepper motor and timing belt. On the
trolley a construction with a linear actuator and robot gripper is
placed. The trolley moves to a position were the PCB is picked up,
the signal from a terminal informs the system whether the test is 
ok or not. The card is then placed in a rack. The status of the 
rack is controlled by a distance measurement, which gives the 
distance to nearest empty slot. Two Arduinos are used as 
controllers.

The system was tested in two parts, first each component and 
program by itself and later the assemble. The result was a 
prototype that worked but had room for improvement with some parts 
in need of replacement. Future work would include error signal 
management, stabilizing the construction and increasing the 
flexibility.
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Examinator: Johan Abrahamsson
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Förord

Innan ni tar er tiden att läsa igenom denna rapport vill vi passa p̊a att tacka
alla som varit med och gett oss uppmärksamhet under v̊art arbete. Trots
omständigheterna med Covid-19 har vi f̊att den vägledning och svar p̊a dem
fr̊agor vi haft. Vi tackar Daniel, H̊akan och Terje p̊a Syntronic AB i Gävle
för ni trott p̊a oss och givit oss möjligheten att göra arbetet. Vi vill även
tacka övriga kollegor p̊a Syntronic för ni tog emot oss och gav oss de verktyg
vi behövde för genomförandet av arbetet. Vi vill tacka v̊ar ämnesgranskare
Kjell Staffas som erbjudit laborationsplats och funnits som vägledare under
rapportskrivningen.

Detta arbete har p̊ag̊att under en väldigt speciell tid i samhället, vi hop-
pas ni och era nära mår bra och ni tar hand om varandra.

Leonardo & August
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Vocabulary

I2C - Inter-integrated circuit, a 2-wire communication protocol

PCB - Printed circuit board

BON - Bed of nails, test fixture for electronic products

ICT - In circuit testing, PCB test that checks shorts, opens and other electric
parameters

PWM - Pulse width modulation, method for reducing active power consumption
of an electrical input.

DC - Direct current

AC - Alternating current

TOF - Time of flight, method that uses time difference to determine distance

V - Volt, SI unit for electric potential

A - Ampere, SI unit for electric current

Ω - Ohm, SI unit for electric resistance

FSR - Force sensing resistance, resistance that change its value when force is
applied on it.

SDA - Serial data line, data line used by I2C

SCL - Serial clock line, clock line used by I2C
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Populärvetenskaplig sammanfattning

Elektronik är n̊agot som bara ska fungera enligt m̊anga. Fungerar det inte
skapar det ilska och i vissa fall kan ej fungerande elektronik leda till olyckor.
Därför är det viktigt att säkerhetställa att all form av elektronik fungerar
som det ska genom att utföra test p̊a dem.
Kretskort är n̊agot som nästan all form av elektronik är uppbyggt kring.
Syntronic AB är ett konsultföretag som bland annat jobbar med test av
elektriska produkter och därmed även testar kretskort.

I dagsläget är test av kretskort p̊a Syntronic manuella. Testfixturen som
används är en BON-fixtur som bygger p̊a att n̊alar placeras ner p̊a olika
noder p̊a kretskorten och skickar signaler. Dessa signaler testar olika funk-
tioner hos kretskortet och att den utg̊aende signalen ser ut som den ska.
Genom automatisering av dessa test ser man till att personal undviker att
bli bundna till en teststation och kan utföra andra arbetsuppgifter under
tiden.

Testprocessen best̊ar av följande steg:

• Placering av kretskort i fixtur

• Stänga/öppna lock för BON-fixtur

• Plocka upp och sortera godkända och icke godkända kort

Denna rapport beskriver arbetet som genomförts av tv̊a studenter vid Upp-
sala universitet vid framtagning av en prototyp som sorterar godkända och
icke godkända kretskort. Prototypen bestod av en plockarm som kunde röra
sig horisontellt via en slider som agerade som åkdon och vertikalt med en
linjär stegmotor. Åkdonet var upphöjt en bit över marken. Systemet styrdes
av tv̊a Arduinos; En som styrde den horisontella rörelsen och en som styrde
den vertikala rörelse och plockarmen.

Kretskorten hämtades upp i ena änden av slidern och lämnas i ett av tv̊a
ställ; ett för godkänt test och ett för icke-godkänt test. Avlämningsposition
i respektive ställ f̊as via en distansmätning som utförs av en lasersensor.

Prototypen uppfyllde sin funktion men lämnade rum för utveckling. Slut-
satsen av arbetet var att idén var bra men mer professionella komponenter
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och en stadigare konstruktion krävs för att prototypen ska kunna användas
i industrin
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1 Introduction

This report discusses an investigation that looks into the possibilities to au-
tomate a test line to increase work efficiency. The investigation is done for
Syntronic AB in Gävle Sweden. The test line is used to test electronic prod-
ucts, firstly printed circuit boards (PCBs), and handles varying flow. This
work treats the automation of the sorting of approved and non-approved
products.

Automation is an interesting subject that more and more companies look
in to. When reading about electronics, the subject is up-to-date. With dig-
itization of the society follows a higher demand of electronic products and
higher demands that the electronical products work as expected.

For this reason, this project is interesting and not just for the company
affected but for society. An automated test line is often very complex and
often seen for static flow or bigger volumes.

1.1 Background

Syntronic AB has a test structure that is manual and the line has room for
development. Many of those working at Syntronic in Gävle are engineers
which means that they have more duties than testing PCB.

An automated test rig offers an opportunity for companies to expand, in-
crease the flow and reduce the amount of monotonously work which may
lead to a more attractive work environment.

The technical development in our society is increasing and many parts of
the society is going digitized in the future. Nowadays we found electronics
everywhere. Therefore, the demand for testing new electronics increases.

1.2 Purpose and problem

The purpose of this project is to investigate the possibilities to automate a
part of the test rig. An automated test rig will reduce the monotonously
work and the goal is to increase the efficiency of the flow.
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Can a test line with various flow be automatized in a way that increases
the efficiency while it eliminates the monotonously work?

1.3 Responsibilities defined

This project is a collaboration between two electrical engineer students. Since
it is a collaboration, parts of the work are done by one single part. These
parts are:

• August: 2.5, 3.2.4, 3.2.7, 3.2.8, 3.2.11, 3.3.1, 3.3.6, 3.3.7, 5.5.1

• Leonardo: 2.3, 2.4, 3.2.3, 3.2.9, 3.2.10, 3.3.2, 3.3.3, 3.3.4, 3.3.5, 5.5.2
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2 Theory

This chapter explains components and concepts that the project is based
upon.

2.1 Test line

The test line that is used for testing PCB cards and make sure that they
fulfil the demands looks as following:

• PCB card is placed in test fixture.

• The test fixture is pressed down ensuring test-nails hit the test object.

• When the test is done, the card is placed in a container for approved/non-
approved components

2.1.1 The test fixture

The PCB test is a in-circuit testing (ICT), which is done by applying voltage
to different nodes of a PCB with probes to verify function of the card. This
can be done in different ways, in Syntronic the testing is done with a bed of
nails (BON)[1, pp. 62-76]

A BON is a standard ICT fixture and consists of several probes that are
spring loaded. The design and placement of the probe depends on the PCB
that will be tested. The BON is pressed against the PCB to ensure that all
of the probes have contact.

Depending on the complexity of the test-object the time of the test varies.
The tests at Syntronic takes 1-5 minutes depending on the complexity of the
test-object according to Daniel Carlsson, employee at Syntronic. It rarely
takes under one minute.

3



Figure 1: A BON fixture[2]

2.1.2 Sorting

When a PCB has been tested in the BON, the operator directly gets the
result of the test. The card is then manually placed in the right sorting pile,
approved or non-approved.
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2.2 Actuators

In electronics, the DC motor is widely used as actuators, from big robotic
structures down to small fans. It uses direct current and converts it into
mechanical energy. There are several types of DC motors, each good for
different kind of applications.

2.2.1 Pulse width modulation

Pulse width modulation (PWM) is a type of control method for running
DC-motors. A PWM-signal contain pulses which width can be modulated.
The pulse has two states, high or low. The pulse has a period and a duty
cycle. The duty-cycle is how long time of the signal period the pulse is high.
A PWM-signal can simulate a lower voltage than what the voltage of the
source is[3, pp. 449]. For example if a voltage source is 10V and the PWM
has a duty cycle of 50% the effect of the signal will be the same as with a
voltage source of 5V.

2.2.2 H-bridge

To be able to regulate a DC motor a driver must be used. This driver must
be able to regulate speed and direction of the motor. The H-bridge is often
used for controlling motors. It consists of 4 transistors in a H formation with
an DC-motor in between. Figure 2 shows how this works.

Figure 2: H-bridge
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The H-bridge can either be bipolar or unipolar. A bipolar H-bridge means
that the upper two transistors in figure 2 has one kind of polarity and the
lower two has the opposite polarity. Looking at figure 2, the bipolar H-bridge
would have upper transistors of P-type and lower ones would be N-type. The
current flow through the motor is controlled by signals on the transistor base.
Either M1 and M4 are conducting with M2 and M3 chocked or vice versa[4,
pp. 82-83].

VCC is always constant and to regulate the speed of the motor a PWM-
signal is often used on the gates/base of the transistor.

2.2.3 Brushed DC motor

These motors consist of a stator, a rotor with current-flowing conductors and
commutators which changes the direction of the current in the rotor winding.
The rotation of the motor is required by interplay between the magnetic field
created by the stator and the force on the conductors. It can be seen as two
stationary magnetic fields which interact and creates a torque on the rotor.
[4, p. 5-7]

2.2.4 Stepper motor

The stepper motor does not rotate continuously but instead takes steps to
complete a full rotation. These motors have a rotor built of several cogged
magnets and concentrated windings on the stator creating several phase
shifted coil pair, or electromagnetic pairs [5, pp. 6]. The cogs of the ro-
tor are attracted to the active electromagnetic pairs( pair ni), whilst slight
offset from the next pair (pair ni+1)
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Figure 3: Stepper Motor [6]

Shifting the phase of the electromagnetic field, by turning on the active
pair and turning of the next pair (ni+1) the magnetic cogs will attract to the
next pair and a rotation is made, is called a step. A full rotation consists of
an integer number of steps and in this way the motor can be turned whilst
the position is controlled, thereby no sensors are needed giving a open loop.

2.2.5 Servo motor

There are different types of servos, both AC and DC-driven. Some servos
provide direct feedback and others do not. The system designed in this
project includes a type of servo called hobbyist servo.

A hobbyist servo motor uses a DC-motor, controlled by a PWM-signal. The
PWM signal does not, for servo motors, control the rotation speed but in-
stead controls the position of the motor which depends on the duty cycle. A
hobbyist servo motor often ranges from 0 to 180 degrees and every degree
corresponds to its own pulse width[7, Ch.5].

2.3 Distance measurement

Distance measuring is an important application when working with automa-
tion. There is various methods of measuring distance, from manually mea-
suring with rule to digital ways. In automation, it’s important to monitor
various parameters. For monitoring distance, time of flight(ToF)-sensors are
widely used.
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Figure 4: Graphical view of a ToF sensor

2.3.1 Laser sensor

Laser sensors are a type of ToF-sensors, that with laser pulses calculates
distance by measuring time difference between outgoing signal and in going
reflection of the signal. Laser pulses are sent towards an object, the laser
reflects of the object to a receiver[8]. The distance between the sensor and
the object can then be calculated by equation(1).

Dist =
vlight ∗ time

2
(1)

2.4 Load cell

A load cell is a transducer commonly used in digital weight measuring. They
convert force to voltage with help of a Wheatstone bridge, a resistor net-
work. Applied force changes the electrical signal output. The load cell can
be combined with an amplifier and micro controller in projects to measure
weights. [9]

(a) Load cell (b) Wheatstone bridge
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2.5 Force sensing resistance

The Force sensing resistance(FSR) sometimes called piezoresistive sensor is
a resistive sensor. The change of resistance is due to the piezoelectrical
material it is made of. These kinds of material generate an electrical charge
when undergoing stress. One type of stress is when force is applied to the
material [10]. When these charges are generated the resistance in the sensor
will decrease. The sensor has to be placed in series with a known resistor,
with a resistance value much smaller than the max resistance of the FSR.
This so you can measure the voltage over the known resistor and see how the
voltage variates. In figure (5) is this expressed in a circuit. The voltage can
easily be calculated using equation (2).

Figure 5: The schematic of a FSR sensor in a circuit

Vout = V1
R1

R1 + RFSR

(2)

The FSR is not very accurate and should not be used in a system where
accuracy is important. It should not be used in an application with slow
changes or static processes.

2.6 Multiplexer

A multiplexer (MUX) is a type of data selector. It is a combinational logic
circuit with more than one input but only one output. The MUX switches
between different inputs by changing values on the selector inputs, named S0

and S1 in figure(6).

The MUX’s different addresses indicate which of the input ports that should
be represented in the output. The addresses have ’n’ bit which represents
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the binary numbers. In figure(6) the MUX is an 22 ratio MUX which means
it has four inputs.[11]

Figure 6: A graphical model of the MUX

2.7 Arduino

Arduino is an open-source electronics platform based on hardware and soft-
ware often used in small project. The Arduino hardware is based on a micro
controller that can read and write signals. The micro controller varies de-
pending on which type of Arduino board that is used.

Arduino manufacture different sort of micro controller boards. In this project,
an Arduino Uno and Mega is used. The Arduino Uno uses an ATmega328P
micro controller while the Mega is based on ATmega2560 chip. The boards
have 14 respective 54 digital ports which can be programmed to be used as
either an input or an output. The output from these ports are 5V. 6 re-
spective 15 of these ports can be used as PWM outputs. Both boards have
analog inputs, 6 for the Uno and 16 for the Mega, which are used for reading
analog signals and writing digital signals.
The Arduino boards uses a 16MHz crystal oscillator. [12]

2.7.1 The Arduino software

The Arduino software is called Arduino IDE and has its own language which
is based on C/C++ language. Many libraries used in the C++ language can
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be used in the Arduino software

Arduino is open source and many libraries can be found in different com-
munities. These libraries are often developed to be combined with different
types of hardware. The libraries simplifies hardware close programming.

2.7.2 I2C

The Arduino hardware offers connection over I2C, a 2-wire communication
protocol that allows bidirectional communication between master and multi-
ple slaves. For the Arduino, it can be used when communicating with other
Arduino devices, sensors and so on. The 2-wire line is possible as every slave
has a specific address, the signal from the master consist of a ping and an
address. [13]

The two wires used in a I2C communication are called clock(SCL) and
data(SDL). The procedure for when data is sent will begin with the master
device sending an attention signal, a start signal, to all slaves. The master
then sends the 7-bit address of the device it would like to contact. Along
with the address bits the master is also sending a read or write signal bit to
the slave device. Each slave device in the system compare the received ad-
dress with it’s own. If they match, the device acknowledges this by returning
a signal to the master. The master receives this signal and starts the data
transmission. The transmission consists of 8 bytes of data, with every byte
consisting out of 8 bits. All the bytes transferred are followed by an acknowl-
edge signal bit. When the transmission is done the master issues a stop signal.

Some devices have a fixed I2C address given by the manufacturer, when
this is the case a multiplexer can be used. In some cases, the predetermined
address of an I2C device can be changed through coding.

The data on the SDA line are valid when the SCL is high. When the SCL is
low the change of data is allowed[14, pp.10-11]. This can be seen in figure(7).
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(a) (b)

Figure 7: (a)SDA and SCL. (b) The serial communication.[14, P.10-11]
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3 Method

This chapter describes the application of the theory and choice of compo-
nents. Section 3.3 describes the programming done through the project.

3.1 Setup

The system is built around a linear slider. The linear slider has a trolley
that moves horizontal with help of a stepper motor and a timing belt. A
linear actuator is mounted on the trolley, this actuator controls the vertical
motion of the system. On the actuator, a gripper is attached. The system
also includes two PCB racks, one for the approved PCB-cards and one for
the non-approved. A sketch of the system can be seen in appendix C figure
19.

The system receives a signal, from a terminal, that implies that the BON
test is completed. After this signal, the system will get another signal that
indicates if the test is approved or non-approved. These signals are triggered
by buttons on the terminal seen in figure 8. The terminal is controlled by
the Arduino Mega.

Figure 8: The terminal

Depending whether the PCB-card is approved or not approved it is placed
in one of two rackets. A laser sensor in the racket where the card will be
placed will measure the distance to the nearest placed PCB. From this mea-
surement, the system will know the nearest empty slot and how many steps
the trolley needs to slide. An extra check to see if every place in the rack is
filled until the closest placed PCB-card is done with a weight measurement
given by a load cell. If the weight measurement agrees with the distance
measurement, the system will proceed. If not an error signal is sent to an
operator. The operator will then have to place the PCB in the right slot and
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restart the system. When the check is done the trolley will move to pick up

Figure 9: The system in whole

position. The Arduino Mega will control a stepper to step until in pick up
position. I2C will be used to communicate with sensors and the Arduino
Uno, which will run as slaves through the process.

The Arduino Uno will be in receive mode until it receives a signal from
the Arduino Mega. The Arduino Uno will then control the vertical actua-
tor to given position depending on the received signal. A gripper with two

Figure 10: The Trolley

hobbyist servo motors are attached to the linear actuator. One servo motor

14



will adjust the gripper between two positions. The positions are 0◦ and 90◦.
The other servo is fixed to a gear. The gear will move a slider that adjust
the width of the gripper. On the gripper, a FSR is attached which works as
an indicator for when a PCB-card is gripped. The linear actuator will then
move to a new position.

When the pick-up procedure is done the Arduino Mega will receive a sig-
nal from the Arduino Uno. Depending on the result of the test and the
values from the sensors the trolley will move to the first empty slot in the
rack.

When the trolley is in the right horizontal position the Arduino Uno will
receive a signal and drop the PCB in right slot. After the PCB is dropped
the trolley will return to start position and the procedure will restart. In
appendix C figure 20 and figure 21, process scheme for both Arduinos can
be seen.

3.1.1 Components in the setup

In figure(11) the system is illustraded. Components and their functions:

1. Camera slider used for horizontal movement. A timing belt attached
to a motor moves the trolley along the slider

2. The trolley.

3. Rack where the approved PCB-cards are placed

4. Rack where the non-approved PCB-cards are placed.

5. The terminal, signals the outcome of the BON-test.

6. Pillar where the distance measurements sensors are placed.

7. Pick up place for the PCB-cards.
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Figure 11: The main components of the system

3.2 Hardware

This chapter presents the hardware used in the project.

3.2.1 Base

The model was built on top of a base made of a MDF-board 1200x350mm.
Two wooden studs, 500mm in height, were placed on both short sides of the
board used to elevate the slider from the base. The elevation ensured that the
slider with gripper and linear actuator were able to move freely over the racks.

The racks were placed centered under the slider along the long side of the
base. They were placed on an MDF-board of 350x45mm each. With one of
these MDF-boards placed on top of a load cell and the other was elevated to
ensure that both boards were at the same height.

3.2.2 Slider

The slider used in this project was a Ratrig camera slider, used for sliding
cameras when needing a smooth horizontal movement. On the slider, there is
a trolley attached which can move horizontal on the slider. The ready-to-use
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slider was chosen to minimize time spent on mechanic work and for its low
friction.

3.2.3 Stepper motor

For the horizontal movement a stepper motor, more specific the Nema 17
17h2A4417, was used, which is a two-phased stepper motor. The motor is
rated for 1.7 A and takes 200 steps per rotation with a step angle of 1.8◦. It
provides an accuracy of ±5%. The motor has four wires, two for each coil
were the wires corresponding to each coil can be identified by measuring the
resistance over the wires. Each phase has, according to the retailer[15], a
resistance of 1.25Ω. Measuring resistance between each wire gave:

• Red: A+

• Blue: A−

• Black: B+

• Green: B−

Where A and B corresponds each coil.

3.2.4 Vertical movement components

The components of the vertical movement are displayed in figure(12).

1. Arduino Uno. The micro controller that controls the vertical movement

2. The Velleman L298N motor driver.

3. Luxorparts Micro ServoSG90. Named servo one in this project. The
Servo controlling the position of the gripper.

4. Seeed mini-series ES08A servo. Named servo two in this project. The
servo controlling the width of the gripper.

5. The L7805CV voltage regulator

6. The RS-pro 42DBL10C2U-L linear actuator
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Figure 12: The different parts in vertical axis

3.2.5 Linear actuator

The vertical movement were accomplished by using an electrical linear ac-
tuator, for this project the 42DBL10C2U-L by RS-pro. This actuator is a
4-phase unipolar actuator with a lead screw that moves up and down with
the rotation of the actuator. It is rated for 12V/10W and has a load limi-
tation of 100N. The 42DBL10C2U-L is as mentioned a unipolar and has 6
cables in to its coils. The datasheet[16] gave:

• Red/Green: 12V

• Brown: A+

• Black: A−

• Yellow: B+

• Orange: B−

Just as the stepper motor, this actuator is easily controlled with an Arduino
and a motor driver.
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3.2.6 Motor driver

The motor driver used in this project for both the vertical and horizontal
movement was the L298N board. The L298N is an IC circuit build on the H-
bridge principle mentioned under theory 2.2.2. It offers possibility to drive
two DC-motors which means that it also works for controlling a Stepper-
motor. The L298N can be found as ready-to-use board, in this project Velle-
man board, which reduce the time spent on soldering a whole circuit to follow
the IC.

It is rated for 5-35V and maximum 2A. [17]

3.2.7 Servo motor

The two servo motors in the gripper are hobbyist servo motors. More specific
one Seeed mini-series ES08A and one Luxorparts Micro ServoSG90. The
servos are rated for voltages between 4.8-6.0V. The rotation of both are
counter clockwise with the position pulse width between 1.5-1.9ms for the
Seed mini and 1-2ms for the ServoSG90.
The advantage of using these servos are their size and holding torque. The
Seed mini weights 8.5 gram with a holding torque of 1.5/1.8kg·cm [18] and
the ServoSG90 has a weight of 11g and a holding torque of 1.8/2.4kg·cm [19].

• Red: Power

• Brown: GND

• Yellow/Orange: Signal

These servo motor are easily programmed with the Arduino servo library.

3.2.8 The gripper

The gripper used is a three-part, 3D printed, assemble designed in Solid-
Works. First part was the base on which the Seeed mini ES08A servo motor
was placed. On this motor the second part, a gear, was attached. The gear
controlled a slider, the third part, that could slide and adjust the width of
the gripper. The assemble was attached to an arm that was fixed to servo
one. In figure(13a, b, c) the three main parts of the gripper are shown. The
arm that connected the gripper with the rest of the system were placed on

19



(a) Base (b) Gear (c) Slider

the base. In figure (13) the 3D model is assembled without the servo. The
gripper grips the card on the sides of the card. With the card sliding in the
small slot seen in the slider.

Figure 13: The assemble of the gripper
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3.2.9 Distance measurement

Having control on the number of PCB cards placed in each rack is one of
the more important factors in this project. These measurements have to
be precise and stable and therefore the VL53L0X by Adafruit is used. The
VL53L0X is a ToF distance sensor, described in theory 2.3.1. It communi-
cates over I2C. Two of these sensor were used, one for each rack, and they

Figure 14: VL53L0X, ToF-sensor, in place

were placed on a small pillar seen in figure(14) one for each rack. The sen-
sors used the same I2C address which meant that a MUX had to be used to
ensure that communication worked as wanted. The signals went through the
MUX to the Arduino Mega, where the signal was converted to a distance.

3.2.10 Weight measurement

To ensure that the measured distance to nearest card gave the correct num-
ber of empty slots, some sort of control method had to be applied. The choice
landed on weight measuring. For this task, the TAL220 was combined with a
ready-to-use load cell amplifier board with a HX711 IC. Both were supplied
with 5V from the Arduino.

As mentioned in theory part 2.4, the load cell works as a Wheatstone bridge
were applied force changes the output voltage of the load cell. The four
wires of the load cells were connected to the amplifier and the Arduino was
connected to the amplifiers four inputs: VCC, GND, DAT, CLK.
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3.2.11 Force sensing resistor

To check if the PCB is gripped a FSR was attached to the griper. The sen-
sor is a FSR02CE and is 600.30mm long and has a width of 15.20mm, the
length can be adjusted by cutting the sensor. It can detect weight between
20g and 5kg and has 10MΩ resistance when force less than 20g is applied.[20]

In this system, the FSR02CE is placed in series with a 10kΩ resistor. This
means that the voltage over the 10KΩ resistor is almost zero when no force
is applied according to equation(2). When 5kg is applied the resistance is
really low and the voltage over the 10KΩ resistor will almost reach the value
of supplied voltage. The setup can be seen in figure(5)

3.2.12 Multiplexer

The communication protocol I2C used for communication between Arduino
Mega, Arduino Uno and the ToF sensors requires that every component have
a unique address. The ToF sensors are of same type and have a fixed I2C
address, therefore an I2C multiplexer were used to assign each component a
unique channel.

The MUX that were used was a TCA9548A I2C multiplexer breakout board
by Adafruit. A board that offers connection with up to eight IC devices, dis-
regarding if their addresses are identical or if they have different addresses.
The I2C address of this board can be set from 0X70 to 0X77 by three analog
inputs were different combinations on the inputs give different addresses, by
default 0X70.
The MUX was connected as following:

• VCC - 5V

• GND - Ground

• SDA - Arduino Mega SDA

• SCL - Arduino Mega SCL

• SDA6 - Sensor 1 SDA

• SCL6 - Sensor 1 SCL

• SDA2 - Sensor 2 SDA

• SCL2 - Sensor 2 SCL

• SDA1 - Arduino UNO SDA

• SCL1 - Arduino UNO SCL
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3.3 Code

All code was written in the Arduino IDE using the Arduino programming
language. The code for the project is based on several smaller codes, one for
each part of the project; Horizontal movement, vertical movement, servo mo-
tors, distance measurement, weight measurement, communication between
Arduinos over I2C and status of each rack. Since the Arduino board uses a
single core processor, the code follows a sequence and can only do one process
at the time.

3.3.1 Communication between Arduinos

The communication between the two Arduinos was over I2C. This was at-
tained with the ’Wire’ library. When using the ’Wire’ library a master-slave
configuration is required. In this case the Arduino Mega was the master.
The Arduino Uno was in slave mode together with the ToF sensors. Since a
I2C multiplex is used, only one address is needed, it was set to 0X70.

In the ’Wire’ library the master either writes or read data with two different
methods. The slave is controlled by the master and can´t write or read by
its own command. It has to request its master to either write or read value
from the master. The ’Wire’ library has methods that can receive events and
request event. To use these methods, it is necessary to have another method
in the argument.

If the slave wants to receive an event from the master the method in the
argument has to have the read command in it. This so the slave can read
the data that is sent from the master. If the slave requests an event from the
master the argument method needs to have the write command in it. The
methods used by the slave can be seen in appendix B figure (b)2.

3.3.2 Multiplexer

The code for the multiplexer is written using the ’TCA9548A’-library and
chooses from which channel the I2C data should be read. The code is very
short and easy and is as mentioned only used to ensure that the correct data
is received by the Arduino Mega when reading it I2C line.
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3.3.3 Distance measurement

The code for the ToF-sensors is written with help of the ’Adafruit VL53L0X.h’-
library which includes methods for converting voltages to distance. Measure-
ments of distance are made once per ’loop’ of the process, more specific when
the PCB-test is done and the terminal signals the Arduino Mega whether the
test is OK or NOT OK.

The code is written as a state machine having three different states: one
for idle, one for reading sensor1(OK test) and one for reading sensor2(NOT
OK). Both states take ten measurements of the sensor readings, for more
accurate values, and calculates the mean of these readings. The calculated
mean value is then compared to an array, containing fixed values correspond-
ing distances to each slot of the rack, and returns the index of the nearest
empty slot. The code can be found in appendix A figure (a)5 and (b)6.

3.3.4 Weight measurement

For the weight measurement, the code is written with a library for the load
cell amplifier:’HX711.h’.

The code first initiates the load cell, after that a calibration is required.
For this a calibration factor is used to reach the best possible values from the
measurements. The calibration factor was generated by a calibration code
downloaded online. Last, an offset and start weight was set. These parame-
ters were defined in the setup.

The weight was measured once the test was approved and a distance to the
nearest empty slot was measured by the ToF-sensor. The measured weight is
then divided by the card weight to see if the number of cards in place agreed
with the distance measurements. If it does, the position is saved and sent to
the method for horizontal movement.

3.3.5 Horizontal movement

For the horizontal movement, the code is written using the ’Stepper’-library,
which includes a method for stepping the motor with one or several steps at
the time. The code has a step counter which changes for every step taken,
were step zero is the ’start’.
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The code also includes an array of fixed values of steps, each correspond-
ing to a position and slot of the rack. The index of the nearest empty slot
was used to determine how many steps should be taken in the array called
’horisPos’ seen in figure((a)1) in appendix A. The values in this array rep-
resents steps needed to be taken to reach each position. The motor then
starts to step. When the correct number of steps are taken, a signal is sent
to Arduino Uno. The code can be found in appendix A figure (b) 4.

3.3.6 Vertical movement

Just as the code for the horizontal movement, this code uses the ’Stepper’-
library. This motion is controlled by the Arduino Uno. The stepper motor
has a method where 5 positions are pre-determined. The argument in this
method is a stepper and an integer which indicates the final position. A step
counter variable is also initiated in the begin of the code. The 5 different
position are:

0. The calibration point and where step calculation starts (0 steps). This
point is -450 steps from the top of the linear actuator.

1. Middle station (-500 steps).

2. Pick up position (-2100 steps).

3. Position of the gripper after gripping the PCB (-1000 steps).

4. Position of the gripper after dropping the PCB in the racket (-1500
steps).

The amount of steps the motor shall take is the difference between the re-
quired position and the step count variable. After moving to a position, the
step count variable will be changed to the step value corresponding to the
position.

The stepper will move to the given position when the Arduino Uno receives
a signal from the Arduino Mega. The signal received is a byte indicating how
far in the process the system has come. The code can be found in appendix
B figure (a) 7.
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3.3.7 Gripper

The gripper consists of one Seeed-mini series ES08A servos and one Lux-
orparts Micro ServoSG90. These are easily controlled with the help of the
servo library. In figure (12) the gripper is shown from above. Servo one is
controlling the rotation of the gripper. The start angle of this gripper was
zero degrees. When a signal is received from the Arduino Mega indicating
that slider is in position this servo will turn to 90 degrees, so the gripper can
grab the PCB.

A signal is sent to the Arduino Mega once the gripper has rotated 90 degrees,
which will make the stepper motor controlling the horizontal movement to
step. When the gripper is in right horizontal position a signal will be received
from the Arduino Mega and the gripping process starts. Servo two will step
one degree at the time and read the value from the FSR. The Arduino will
then calculate the mean value of 10 readings. The mean value will then be
added in to an array with five spots.

A method in the code will then return the minimum and maximum value
of the array. If the minimum value of the array is greater than 400 and the
difference between maximum and minimum value is less than 10 the method
will return true which indicates that the PCB is gripped. If this method re-
turns false the loop will restart with servo 2 taking another one degree step.

When the PCB is gripped and the vertical position is right Servo one will
go back to a zero-degree angle one step at the time. Decreasing the risk of
dropping the PCB due to rotation of the gripper.

When the trolley is in the dropping position the Arduino Uno will receive a
signal from the Arduino Mega. When this signal is received Servo two will
go back to zero degrees and the PCB will be dropped into the right slot of
the right rack. The code can be found in appendix B figures: (b)2, (b)4 and
(a)5.

3.4 Test

The automation is supposed to improve speed and efficiency of the line,
therefore process-time for the automated process was recorded. For the au-
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tomated test, time was recorded from the second that the signal ”test done”
registers until the PCB-card were placed in the right place on the rack. This
was done 12 times and mean value of the iteration time were calculated

The test was performed in three different speeds on the horizontal move-
ment and three different speeds for the vertical movement. This to see how
the iteration time and accuracy of the system would be affected by these
factors. To measure the accuracy the following parameters were observed.

• Number of misplaced PCB:s

• Number of dropped PCB:s

• Number of correctly placed PCB:s
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4 Results

The finished system was able to pick up a PCB-card at a pick up-place and
drop it in a rack for approved or non-approved cards given a signal from
the terminal. The construction of the system made it impossible to fill both
racks. The communication between Arduinos worked without problem. Both
the vertical and horizontal movement worked as planned and we found no
need to have an extra feedback for the movement.

At the end, no weight measurements were made which meant that the status
of the racks were controlled by the distance to nearest empty spot, given by
the distance measurement. The function of the gripper worked as wanted,
even though the pressure measurements weren’t used as planned. The dis-
tance measurement worked almost perfect, one slot were skipped due to
measurement issues.

28



4.1 Test results

Tables below present the result of the test mentioned in section 3.4.

(a) Outcome of test (b) Process-time

Figure 15: Test result for constant vertical RPM and varying horizontal RPM

(a) Outcome of test (b) Process-time

Figure 16: Test result for constant horizontal RPM and varying vertical RPM
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5 Discussion

The goal of the project was to develop an idea on how to automate the sorting
procedure in Syntronics PCB-testing and to build a prototype. Automated
process would lead to a more time-effective process where the need of constant
presence of an operator is not needed.

5.1 Test results

The tests were performed to see how the process would be affected by chang-
ing the speed of the movements. Both the accuracy and the process-time
differed by changing the speed, were the last mentioned was expected before
performing the tests.

The time difference was most affected by the vertical movement. The biggest
impact on the accuracy of the system was seen when the horizontal speed
was decreased and the vibrations of the stepper motor increased. The in-
creased vibrations lead to a noisier system and also shook the whole base.
The vibration of the base affected the placement of the racks and the PCB-
placement in pick-up position which meant that the cards were gripped in
different ways for each iteration.

In the test with 200/250 RPM two PCB-cards were dropped, this was due
to human error. The error made concerned the ”pick-up” slot, which hadn’t
been attached correctly to the rest of the structure, this lead to cards not
being picked up at all and was registered as a ’drop’

5.2 Time efficiency

The system as whole had a process-time that were slower than the manual,
with one big flaw. Which could be identified during the test.

The use of an electrical linear actuator led to a slow but precise vertical
movement which was acknowledged early in the project. The actuator used,
42DBL10C2U-L, was a component that was found on site and first and fore-
most was used to represent the idea. A substitute would be to use a faster
actuator that handle less force since the process doesn’t require too much
force. On the other hand, a faster actuator demands a higher input power
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which also means that the motor driver would have to be replaced. A more
powerful driver would be a necessary substitute for future use.

On the other hand, the BON-test takes longer time than the sorting-process,
which means that a slow sorting-process would not affect the whole test-line.
The tests at Syntronic takes 1-5 minutes and the process for the system takes
50±10 seconds depending on the motor speed. Due to this the time efficiency
of a full automated test-line may not be affected much by the sorting-process.
When regarding a full automation of the test-line, the prototype discussed
in this report may be useful.

5.3 Reliability

There were some flaws which led to varying results, where most of the flaws
easily could be corrected when considering a long-term solution. The ma-
terial in the base of prototype was one of the parameters that affected the
reliability most. Since the pillars, on which the slider was elevated, weren’t
hundred percent stable the placement of the gripper could vary. A construc-
tion made of aluminum would offer more stability.

Another factor that was affected by the choice of material was the weight
measurement. The load cell was attached to MDF-boards as seen in figure
(a) under section 2.4, the placement affected the readings negatively. Placing
a card on one side of the rack gave different reading than if a card were placed
in the middle of the rack. Applying force also lead to small deformations on
the MDF-board which the load cell interpreted as an extra load. Therefore,
these measurements were ignored. For future use, the setup of the weight
measurement should be changed. Alternatively, the status of each rack slot
could be controlled using pressure sensors.

The use of stepper motors led to a very precise movement on both verti-
cal and horizontal axises which was key to reach each position. On the
horizontal axis, the Nema 17 was an excellent choice offering both speed and
precise movement, the joining of the timing belt can be improved.
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5.4 Flexibility

The system had several components that were 3D printed, which could be
switched out depending on the size of the PCB-card that is tested, one ex-
ample of this is the gripper that were used. A gripper is easy to design and
can be 3D printed on site. The racks that were used can also be adjusted in
width, if the test object is wider the rack is adjusted to fit. One problem is
the construction of the base, each rack is placed on an elevated MDF board
which is fixed in size so a wider rack would need a larger MDF board.
Both actuators used in the project can handle more force so the movement
would not be affected with a larger card.

For full flexibility, more advanced programming is needed. Since the dis-
tance to each slot, and steps required to reach this slot, were fixed in arrays
the values of these arrays would need to be changed in case that another rack
with more distance between slots would be used. One option is having differ-
ent arrays for each rack. Another option would be to look at the possibilities
to ’learn’ the Arduino the distance between each slot by differentiating the
distance at ’start’ and the distance when the first card is placed, however
this option would need more advanced programming.

5.5 Gripper

The gripper used in the project, described in method 3.2.8, was a gripper
inspired by solutions found on diverse websites. One problem was that the
gripper was limited in width for this PCB or others with similar size. The
PCB sizes can vary which means that this gripper doesn’t offer full flexibility.
If Syntronic would like to proceed with this idea the gripper has to be a more
flexible. It could be 3D printed, or an industrial made gripper. Construction
of the gripper is not the most important thing, the most important aspect
is its flexibility and robustness. The group members had different thoughts
about the gripper, each thought discussed below.

5.5.1 August thoughts

To makes this process economical- and time sustainable you either have to
have a flexible gripper or an easy modified gripper. To buy a new gripper
or to 3D print a new gripper for every different kind of PCB would not be

32



considered sustainable in aspect of economy or time.

To have personnel working on making a gripper would be both expensive
and waste of time. If this is the case, the test could equally be manual and
you would save money and time. One solutions could be to have three kinds
of 3D-printed grippers for different sizes; small, medium and large.

Another kind of gripper that could be used is a gripper that has four gripping
points and is bigger. It can expand and grip a wider range of PCB-cards.
Another solution would be to grip from above with some kind of vacuum
gripper. A problem that can occur while using this sort of gripper is that it
may damage the soldering on the board. One way of making it work is to
program the gripper to have pressure points where there’s no components.

5.5.2 Leonardos thoughts

The gripper is designed in such way that it easily could be modified. Most
PCB cards can be gripped from the sides just as the cards tested in this
project, the limitation of flexibility lands on the range of width. The gripper
is an assemble of three parts, where the slider is the only part affecting the
grippers width. One could use the same base and gear but change the slider
to match the width of the test-object. One parameter that may affect the
change of the slider is the holding torque of the servo motor, for bigger PCB
cards this parameter should be regarded.

Even if the gripper is flexible, some parameters in the code would need to be
changed.

5.5.3 Modified program

The first program that was coded and described in section 3.3.7 was not so
reliably. Sometimes the pressure on the FSR was high enough to return true
even if the PCB was not gripped good enough. This was due to the card
not being positioned in the small slot seen in figure(13c). This lead to the
PCB-card being dropped from the gripper when it was lifted from pick up.

The program for the gripper was therefore modified so that the gripper would
rotate one degree at the time up to 180 degrees. The FSR then made its mea-
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surement and if it felt a pressure it would return true. If the pressure was
zero it would return false.
The data of implying if a card was gripped or not was not processed but in
future this would send a fault signal if FSR code returned false. The gripper
was more reliable after these adjustments.

5.6 Programming and micro processor

The Arduino boards used in this project had both pros and cons, they had
limitations but also simplified some parts. Looking at this project as a sim-
plified prototype, the Arduino boards are sufficient. They are simple to
program, help can be found online and more sensors or shields can be added.
For example, a scanner could be added if one would like to scan a QR-code
on the PCB for each test.

Since the Arduino boards use a single core processor, they are unable to
perform more than one task at the time. This lead to a system that were
slower and were unable to keep track if an error occurred while a process was
running. So, if a rack were picked of position after distance readings were
done, the system would still believe that the rack was in place and would
run as normal. This would cause big problems if the system were to use in
industry, this is something that would have to be addressed in future work.

The code is a cluster of several smaller codes which most are written using
libraries found online. These libraries often priorities simplicity over speed
and the result is a slower code, but for a prototype the code is sufficient and
it is simple enough for anyone to use and modify. The code may be slower
with these libraries but the system itself is critical in seconds not microsec-
ond or milliseconds. Therefore, the libraries won’t affect the process-time of
the system much.

5.7 Manual vs Automated

This project is a part of a bigger project in automating a whole process and
for this reason it is hard to compare manual work to the automated work.
Putting a PCB-card in a rack is process that does not take long time nor
demands a single personnel to perform, the process can be done while having
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other tasks. But when looking at the whole test-line being automated, the
sorting process is a must to include to ensure a full automation.

5.8 I2C

The communication protocol used in this project, I2C, was shown to be
a good choice. It had good response time and was reliable. Some minor
issues were encountered. While communicating between the Mega (Arduino)
and Uno, the servo motors started to twitch. This was because of the clock
signal of the I2C signal interfering with the pulse signal controlling the servos,
this was solved by adapting the code and changing the signal pins from the
Arduino. The issue was based on that the chosen PWM outputs to the servo
motors had clock pulses that were influenced by the I2C communication.
To avoid this the PWM pins were changed to digital 9 and 10 and used a
library that disabled all ’behind the scene’-interruptions made by the I2C
communication.

5.9 Setbacks

As in all projects, setbacks occurred that prolonged the time spent on the
project. These setbacks were not only negative, they were also a good lesson.

5.9.1 Motor driver

The motor driver used in the project was based on the L298N driver, rated
for 8-35V and 2A which were supposed to be enough for both actuators used,
still problems occurred twice with the driver. The first time might have been
a simple mistake were attention was lost and the current peak was too high
for the driver to handle, it burnt. The second setback is still a bit of a
mystery, the driver had worked perfectly for a long time and at the end of a
work day it stopped working. Small investigation was made and no concrete
answer were found, it might have gotten overheated.

5.9.2 Weight measurements

To ensure that the right number of cards was placed on the rack an additional
measurement, beyond distance measurement, were planned. The weight mea-
surement were supposed to be a double check of the rack to ensure that all
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the slots up until the nearest empty slot were filled. When testing the load
cell by itself it worked just as wanted, the load cell ’learned’ the weight of
the card by registering change of weight, saving it as a variable ’previous
weight’ which later was compared to a new weight. Card weight was then
used to calculate how many cards were placed on the rack by dividing the
total weight with the weight of the card.

When combining this code with the code of the distance measurement each
iteration became very slow and that the code had to be re-written. The
new re-written code was built on a predefined card weight and calculated the
number of cards in rack by dividing total weight with the predefined card
weight, it was still slow but worked. At the end, the measurements were ig-
nored, this because of bad construction giving unreliable values and because
it slowed down the system to much.

5.9.3 3D-printing errors

Due to lack of experience of 3D printing some errors occurred. The first
error occurred because of how the part were printed. They were placed in
a way which made it very hard for the 3D printer to print and the model
were incorrect. After some failed prints, placements were corrected so that
the printer could work as planned.

Another setback when using the 3D-printer was that error margins were
not include when designing the parts in SolidWorks. For example, the slider
in the gripper which had to be able to slide in to a slot of the base. First
print resulted in a slider unable to fit in the slot due to some small error
margins. Learnt from this was to have a margin of at least 0.5mm.

5.9.4 Servos not working as they should

The program for the vertical movement worked good when the Arduino Uno
was not communicating with the Arduino Mega via I2C. It moved vertically
without problems and the gripper worked as it should. When the I2C com-
munication was initialized the servos on the gripper started to twitch. Every
time the Uno was receiving data from the Mega both servo one and servo
two made small twitches which displaced. When looking at an oscilloscope a
small interference of the duty cycle of the control pulse to the servo making
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it unstable was seen. The issue was due to some disturbance.

After some troubleshooting, this was solved by changing the ports of the
servos. The library that helped controlling the servos was also changed.
This to a library where the I2C clock and the control pulse of the servos
were not influenced by each other.

5.9.5 Burnt multiplex-circuit

One setback that didn’t create a huge issue but that was a bit annoying oc-
curred at the end of the project. Some modifications had been done on the
vertical axis and a screw was lost. After looking a while without finding it,
a new screw was used.

When later powering up the system, the I2C communication didn’t work.
The rack was removed to access the circuit and the lost screw had fallen un-
der the elevated multiplex-circuit and shorted the whole circuit, which meant
our multiplexer was burned. Fortunate enough the I2C address of the ToF
sensors could be changed by rewriting the code
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6 Future work

The work described in this report is just sub project of a bigger project. To
finish the whole test-line more processes would need to be automated, plac-
ing and picking PCB-cards from/to the BON-fixture as well as a process for
how the pressure from the nails should be applied. A scanner should also
be implemented in some stage of the process, offering bigger control over the
flow.

All this has to be integrated to the test software itself so it could com-
municate the result of the test. The controlling hardware used would have
to be compatible with the software that is used in the test.

A graphical interface for this is also needed so an operator can supervise
the test. This could be some sort of remote control with display so the engi-
neer responsible for test can work with other tasks and still be able to watch
the test.

6.1 Construction

As a whole, the construction should be made more robust. This project is
only seen as a prototype and therefore many improvements can be done on the
’base’ construction. For example, the choice of material should be regarded,
aluminum profiles would make it more stable and enable the possibility to
use ’sliders’ for holding sensors and racks in place. The wire management
should also be looked at, using a cable chain on top of the slider is recom-
mended.

The joint of the timing belt needs to be addressed since the reinforced part
makes the band stiffer at just that place. The stiffness might affect the step
counter of the horizontal stepper motor making the placement vary. For a
more long-term solution, the timing belt should be changed or joint in a
better way.

6.2 Sensor measurements

The use of a single sensor measurement for this type of process is not enough,
given more time the group would look at using pressure sensors to control
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how many slots of the rack has been filled alternatively rethink the weight
measurements. Implementing optical sensors for control of the rack is a
recommendation given by the thesis reader that should be considered in
future work.

6.3 Motor driver

Since the quality of the motor driver was shown to be unreliable, looking
at a more robust stepper driver would be recommended. For example, a
DM556[21] alternatively controlling the enable pins of the L298N to ensure
that it doesn’t overheat.

6.4 Bluetooth communication between Arduinos

To minimize the amount of wires, making the construction look cleaner,
one should consider to use Bluetooth communication between the Arduinos.
Using Bluetooth was an idea in the early stages of the project. Easy-to-use
Bluetooth component compatible with Arduinos could be implemented in
this project. The I2C channel between the Arduinos would be removed and
data would be sent over Bluetooth instead.

6.5 Robot Gripper

To ensure that the solution is flexible the user should be able to switch
between several grippers making it possible to grip different kind of PCB-
cards. The construction as built right now is developed for a specific kind
of card were the gripper is attached to an arm via a servo joint. The force
placed on this joint could, with increased card weight, become too high and
therefore several points of the gripper should connect to the vertical platform,
in this way the possibility to change gripper would be more flexible.

6.6 Error signals

Even in the safest of system errors may occur. Error signals should be im-
plemented so that the errors could be handled if they should occur. Some
error that may occur in this system are:
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• PCB not gripped

• Slot not filled

• Dropped PCB

• Rack not in place

Each of these errors should also lead to the system going into ’standby’-
mode. This would then be signaled to an operator via the graphical interface.
The operator would then need to fix the error and reset the system manually.
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7 Conclusion

Since automating the whole test-line is a big project, including the work
presented in this report, it is hard to make the conclusion if it would be
profitable to fully automate the test-line for Syntronic. To fully automate
the whole process would lead to less monotone work and furthermore making
it able for personnel to work with other tasks, but economical it’s hard to
determine whether or not it is profitable.

If the test-line at Syntronic would be automated, the idea and work presented
in this report could be used but modifications would have to be implemented.
First and foremost, the base structure would have to be more stable and of-
fer more flexibility in rack size’s and placement of distance sensors. Some
components would have to be switched out to more robust components of
higher quality.

Giving more stability to the base would result in a more stable gripper,
but the gripper and/or the structure moving on the vertical axis would also
need to be modified, making it smaller and more flexible. The process-time
was long but in a fully automated test-line it would not matter since the
PCB-test itself has a longer process time.

The project showed that this process never could be done faster by an easy
automation than by a human. If Syntronic would be interested in investing
in a more expensive robot arm, it would be possible to decrease the process
time.
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9 Appendix

A Arduino Mega code

(a) 1 (b) 2

(a) 3 (b) 4
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(a) 5 (b) 6

(a) 7 (b) 8
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(a) 9 (b) 10

Figure 17: 11
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B Arduino Uno code

(a) 1 (b) 2

(a) 3 (b) 4
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(a) 5 (b) 6

(a) 7 (b) 8
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(a) 9 (b) 10

Figure 18: 11
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C Figures of system

Figure 19: Sketch of the system
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Figure 20: Mega process-scheme

Figure 21: Uno process-scheme
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