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Abstract
The subject of this thesis is the design of
a sensor platform for measuring patients’
posturometric data. The thesis focuses
on the selection of the appropriate
sensoric equipment for the platform,
the communication protocol for sending
the measured data and a designed of
printed circuit boards that integrate
the mentioned parts – sensor data
measurements, processing, and sending.

The thesis uses strain gauges to
measure load at the assembly points.
The measured data are then sent to
the central control unit via CAN bus,
which calculates the patient’s position on
the platform.

The main result is a functional
sensor platform that measures the load.
The measured data are then sent to
the central control unit.

Keywords: sensor platform,
posturometry, center of pressure, CAN
bus, strain gauge

Supervisor: doc. Ing. Tomáš Haniš,
Ph.D.
Katedra řídicí techniky,
Resslova 9
Praha

Abstrakt
Práce se zabývá návrhem senzorické
platformy pro měření posturometrických
dat pacienta. Práce se zaměřuje na
výběr vhodného senzorického vybavení
platformy, komunikačního protokolu pro
posílání změřených dat a na návrh desek
plošných spojů, které integrují zmíněné
části – změřená data ze senzorů, jejich
zpracování a odeslání.

Práce používá pro měření
posturometrických dat tenzometry,
kterými měření zatížení v místech
montáže. Změřená data jsou následně
pomocí sběrnice CAN odesílána do
centrální řídicí jednotky, který provádí
výpočet pro určení pozice pacienta na
platformě.

Hlavním výstupem práce je funkční
senzorická platforma, která měří zatížení.
Změřená data jsou poté odesílá do
centrální řídicí jednotky.

Klíčová slova: senzorická platforma,
posturometrie, bod zatížení, sběrnice
CAN, tenzometr

Překlad názvu: Senzorické vybavení
pro posturometrickou platformu
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Chapter 1

Introduction

1.1 Motivation

In life, people encounter a variety of injuries, from minor bruises to fractures
and diseases, that can directly impact their mobility. For example, in the case
of a broken your leg, attending rehabilitation after treatment becomes essential.
Neglecting to do so many results in movement difficulties as the body will
reduce strain on the injured leg until the broken leg fully recovers.

Presently, there are issues arising among individuals who took up jogging
during the COVID-19 pandemic. The primary reason behind these problems
is the improper use of techniques, leading to potential health complications.
Improper technique can result in overloading one leg, which increases the risk
of adverse effects.

To detect and solve those problems, we could identify the position of the center
of pressure (CoP) during movement, which shows us if the person strains one
leg more than the other. For that, we can use sensor treadmills that detect
the CoP.

1.2 Posturometry

Posturometry, also known as posturography, is used to measure a patient’s
posture based on measuring his center of pressure on the posturometric
platform [1].

5



1. Introduction .....................................
1.2.1 Center of mass, center of gravity and center of pressure

The center of mass is a point where the body’s mass is concentrated. The center
of gravity is the projection of the joint center of gravity of the body into the
plane of the support base. The center of pressure is the vector of force that
a person creates. For our project, we will measure only the CoP. The main
reason is that the center of pressure gives us enough information about
the postural stability of the person that we need [2].

1.2.2 Static posturography

Static posturography measures the change in the patient’s CoP while standing
in one place, which is on the sensor platform. The measured data are then
plotted on the graph called statokinesiogram, which shows a change in the
CoP [3]. Fig 1.1 shows a measurement of the CoP. Control is human without
diseases, and the patient has hemiplegia [4].

Figure 1.1: Statokinesiogram [4]
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........................ 1.3. Current offer of posturometric treadmills

1.2.3 Dynamic posturography

This method of posturography uses a mechanical horizontal platform with
motors. When the patient is standing on the platform, we measure his CoP.
During the test, the platform tilts, and the computer measures patients’
reactions. The platform can be combined with a display that simulates visual
inclinations as shown in Fig. 1.2. This type of posturography can be used to
detect dizziness and disturbance of equilibrium [3], [5].

Figure 1.2: Dynamic posturography platform [6]

1.3 Current offer of posturometric treadmills

The market offers many types of posturometric platforms, including those
mentioned earlier for static or dynamic posturometry. Another option is
posturometric treadmills.

1.3.1 Classic rehabilitation treadmills

Classic rehabilitation treadmills allow setting belt speed. The treadmill then
measures the time of exercise, the patient’s pulse, traveled distance, burned
calories, and more. Rehabilitation treadmill often includes extra features, like
slow start and reverse belt. Those treadmills do not have a sensor platform.

7



1. Introduction .....................................
For example, the treadmill from PhysioMill in Fig 1.3 disposes of all features

mentioned above and comes with handles for the patient to hold, which helps
them with walking.

Figure 1.3: PhysioMill treadmill [7]

1.3.2 Rehabilitation treadmills with a CoP measurement

These treadmills often come with standard treadmill features mentioned
in section 1.3.1 and a sensor platform under the belt to measure the CoP.

As an example, Axelo Gait & Balance has all mentioned features and
has as well wireless control of a treadmill and wireless tablet to record
patients’ data and show their progress. The patient and doctor can see the
changes in the patient’s CoP and other important data such as the number
of steps, stride length, average speed, and more.

Figure 1.4: Gait & balance treadmill [8]
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........................ 1.3. Current offer of posturometric treadmills

Figure 1.5: Gait & balance user interface [8]

1.3.3 Underwater rehabilitation treadmills

Underwater treadmills come in two types - free-standing or integrated into
the pool. For example, an underwater treadmill from Hydro Physio is
free-standing, which you can see in Fig 1.6.

Figure 1.6: Hydro Physio treadmill [9]

Ewac Medical has an integrated Pooltrack underwater treadmill, which
must be directly built into a pool. The downside is the cost of build and
the space it will take up in the pool. You can see the treadmill in Fig 1.7.

The solution to this problem is Ewac medical Drop-in underwater treadmill,
which can be used as a normal or as an underwater treadmill. The downside
is the absence of a sensor platform for measuring the posturographic data.

9



1. Introduction .....................................

Figure 1.7: Ewac medical integrated treadmill [10]

Figure 1.8: Ewac medical Drop-in treadmill [11]

1.4 Our treadmill

Treadmill will be equipped with a sensor platform and evaluation equipment
like a tablet (central control unit, CCU). The sensor platform must be able to
measure the load on the platform and send the data to the evaluation
equipment, which will be a CCU. The CCU must be able to read data
transmitted by the sensor platform, evaluate the CoP, and show the change
of CoP in the display. It must be able to measure the number of steps and
the step width. We must create a database with statistics of the exercise
of each patient and display statistics data like change in CoP over exercises.

In comparison to commercially available treadmills, our treadmill will
be able to measure the static posturography data and CoP of a walking
person. This means we can use one treadmill to perform two different exercise
types. Our treadmill will be water resistant in the future, and it will be a
drop-in treadmill. We also aim to make the treadmill more accessible than
manufactured treadmills due to their high price.

10



..................................... 1.5. Thesis goal

1.5 Thesis goal

The objective of this thesis is to develop a sensor platform capable of measuring
the CoP of patients while they walk or run on a treadmill equipped with
the sensor platform.

My objective is to locate appropriate sensors capable of accurately measuring
the center of pressure (CoP). Then, I will choose the necessary electronic
components to create a printed circuit board (PCB) that will collect data
from these sensors. To ensure the seamless transmission of measured data
to the evaluation equipment, which is the CCU in this case, I will develop a
suitable algorithm for processing the sensor data. Furthermore, I will research
and implement a communication protocol that will facilitate the efficient
transfer of the measured data from the PCB to the CCU.

11
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Chapter 2

Architecture

This is a project of three people, Adam Šťastný, David Laušman, and
Josef Vágner. In this chapter, we will establish a goal for each. Then we
will discuss a selection of sensors for the sensor platform and communication
between the board and CCU.

Figure 2.1: System architecture

As you can see in Fig. 2.1, we did the basic system architecture. For measuring
CoP we have to do a sensor platform for the treadmill. After measuring
CoP the data must be sent to the device that will visualize the data. After
that, the measured data must be stored in the database, and for each patient,
it must be possible to create statistical data of exercises.

For my part of the project, I will focus on the sensor platform and electronics.
I will find the best sensor for our treadmill, create a measuring PCB and
connect my PCB electrically to the CCU.

David Laušman will be responsible for the CCU and statistical analysis.
He needs to make a PCB that will electrically connect my PCB to the CCU.
Then he needs to create a database and calculate the statistics data of each
patient.

Josef Vágner will handle the algorithm for measuring CoP. He will utilize
data from the sensor board to compute the CoP and gather essential exercise
data such as exercise duration, step count, and step dimensions (width or
length). Additionally, he will develop a real-time display application for CoP.

13



2. Architecture .....................................
2.1 Sensors for posturometric platforms

We require to be able to measure the patients’ CoP on the platform. For this
purpose we can choose strain gauges, a projected capacity panel, or a resistive
panel.

2.1.1 Strain gauge

A strain gauge is used for measuring a change of mechanical strain (mechanical
deformation) of material often via electrical resistance. The strain gauge
uses a resistive foil on the gauge backing. The strain gauge is glued on
a measured object. When the measured object deforms, the resistive foil
deforms with it, which means it changes its resistance (resistive foil is bending
or stretching)[12].

For measuring the deformation, the strain gauge is connected to a voltage
supply, and when the resistance change occurs, the voltage drop across
the strain gauge changes. The voltage can be measured, for example, with
ADC. The strain gauge is shown in Fig 2.2 [12].

Figure 2.2: Strain gauge [13]

2.1.2 Resistive panel

The resistive panel uses two separated resistive plates with readout strips (see
Fig. 2.3). Plates are made from resistive material and are separated by a gas
gap and spacers. When we place something on the measuring platform, like
a finger, two resistive plates touch, which creates electrical contact in an exact
position read by the readout strips [14].

14



...........................2.1. Sensors for posturometric platforms

For measuring the position of the touch, there are resistive touch controllers
which can be directly connected to the platform. Those drivers can output
data with a position of touch through the bus like SPI or I2C, for example,
AR1021IS IC, which has mentioned features [15].

The advantage of a resistive platform is a reading of the position of the touch
with electrically non-conductive materials like boots in the case of the treadmill
in the exact position. This disadvantage is the lack of measuring force applied
in the touch position and low durability due to the overtime deformation
of resistive layers [16].

Figure 2.3: Resistive platform [14]

2.1.3 Projected capacitive panel

Projected capacitive panels use thin layers of conducting material. When
an electrically conductive material such as a finger touches the platform,
it draws a small electrical charge to the point of the touch, see Fig. 2.4 [17].

For measuring the position, there are controllers like resistive platforms.
For example, already mentioned driver AR1021 can also be used for capacitive
platforms [15].

The advantages of a capacitive platform are high touch sensitivity and
accuracy. The disadvantage is the necessity of using an electrically conductive
object to read the position and the lack of measuring force of the touch [16].

15



2. Architecture .....................................

Figure 2.4: Capacitive platform [18]

2.1.4 Sensor for treadmill

For my sensor board, I choose a strain gauge. The main advantage is
measuring the force applied on the sensor (resistive and capacitive platform
measure only position), durability, and price.

Over time, the resistive display experiences damage due to the load applied
to it, while capacitive platforms require a specific electrically conductive
material. In addition, these platforms would require unique dimensions,
necessitating the creation of a new platform for each treadmill. However,
with strain gauges, we can easily modify their position within the program.

For example, strain gauges are also used in Nintendo Wii Balance Board,
which can be used as a simple static posturography platform at home. It has
four strain gauges in the corners and a load capacity of 150 kg. For measuring
posturography on this Nintendo board, many software were developed as
HomeBalance or StereoBalance [2].

Figure 2.5: Nintendo Wii Balance Board [19]
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.............. 2.2. Communication between sensor platform and central control unit

2.2 Communication between sensor platform and
central control unit

We require communication which will be capable of communicating from CCU
to all six strain gauges, which is roughly 10 meters of wire. The treadmill
has a brushed DC electric motor which can cause significant interference so
the communication must be immune to it. At least the communication must
be capable of sending six messages at minimal frequency of 500 Hz where
communication speed of 500 kbps will be enough.

Our requirements for communication:

. High-speed communication with a minimum speed of 500 kbps

. Length of bus approximately 10 meters

. Be immune or resistant to interference from the internal motor

2.2.1 UART

Universal asynchronous receiver/transmitter (UART) is a serial, full-duplex
asynchronous protocol. UART is using ground signal and two data channels,
TX (transmit) and RX (receive) [20].

The disadvantages are a maximum frame length of 8 bits (without parity),
hard to use with more than two devices (unreliability), and desynchronization
of baud rate between devices if the clocks of communication devices are not
accurate enough [20].

2.2.2 RS-232 and RS-485

RS-232 is also known as EIA/TIA-232 standard. RS-232 uses symmetrical
voltage levels. Binary 0 is represented with voltage levels +5VDC to +15VDC,
and binary 1 is represented with a voltage levels -5VDC to -15VDC [21], [22].

RS-485 is also known as EIA/TIA-485. RS-485 uses differential signals for
communication. The main advantage is increased resistance to interference
due to differential signals. Physical layers must be terminated with 120 ohms
resistors at the start and the end of the line [23], [24].
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2. Architecture .....................................
2.2.3 I2C

I2C uses two wires called SDA (Serial Data Line) and SCL (Serial Clock Line)
for communication. I2C uses master/slave communication. The master is
sending a clock signal to all slaves. When the master communicates with
the slave, the master sends to the SDA slave address, then sends the data
[25], [26].

2.2.4 SPI

SPI uses four wires called MOSI (Master Out Slave In), MISO (Master In
Slave Out), SCLK (Clock Signal), SS (Slave Select). Based on the number
of slaves, the number of wires can be higher - every slave must have a separate
SS wire. SPI uses master/slave communication, where the master chooses
slaves by logic 0 on the SS wire to selected slave [27], [28].

2.2.5 IsoSPI

IsoSPI (isolated SPI) uses standard SPI communication but adds a differential
pair to send the signal instead of SPI’s non-differential. The main advantage
of isoSPI is an increased distance between devices and better resistance to
interference [29].

2.2.6 CAN

CAN (Controller Area Network) uses a pair of wires called CAN high and
CAN low. Communication is using differential signals. CAN message is
created from ID, control, data, and CRC. Because CAN is not master/slave
communication, every device broadcasts its message to the bus with ID,
which identifies what is inside the data. Control is used to define how long
the message is in bytes [30], [31].

The main advantage of CAN is its high resistance to interference because
of the usage of a differential signal.
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2.2.7 Communication for treadmill

For our treadmill, I will select the communication that most closely matches
the requirements from section 2.2. For this purpose, I created a table
comparing the communication protocols mentioned above. The distance
is based on speed so I wrote down the distance for the required minimum
speed of 500 kbps.

Communication Speed Num of devices Interference resistance Distance
UART 5 Mbps 2 Low 15 m
RS-232 1 Mbps 2 Low 15 m
RS-485 10 Mbps 32 High 1200 m

I2C 5 Mbps 127 Low 10 m
SPI 10 Mbps 127 Low 10 m

isoSPI 1 Mbps 127 High 10 m
CAN 1 Mbps 127 High 100 m

Table 2.1: Communication comparison [21], [24], [26], [29], [32], [33]

For our treadmill, I choose the CAN bus. While RS-485, SPI, and isoSPI
are also viable options, I have disregarded RS-485 due to its two-wire
communication. Utilizing UART for communication between more than
two devices lacks a synchronization signal, making it unreliable. Similarly,
SPI would require an additional wire for each device, which could lead
to a significant increase in wiring complexity when dealing with multiple
devices. Lastly, I have not chosen isoSPI as there is limited information
available regarding its applications and usage in projects and hardware
layout.
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Chapter 3

Hardware design

The sensor platform will contain strain gauges and PCBs with a microprocessor
unit to communicate via the CAN bus with the CCU.
I need to determine the number of strain gauges, choose the ideal strain gauge
and create an electrical schematic with PCB that will measure voltage from
the strain gauge and it will send it via CAN bus to the CCU.

3.1 Load sensors – strain gauges

The number of strain gauges is based on the required accuracy and the available
mounting positions on the treadmill. The basic platform must use at least four
strain gauges in every corner to measure the CoP of the patient. For my sensor
board, I have the opportunity to use six strain gauges because the treadmill
has six locations where I can mount them, as you can see in Fig. 3.1
or Appendix A. I have decided to use those mounting places and usage
of the six strain gauges to get higher accuracy.

I require that a preson weighting 100 kg can run on the belt. I also need
to include impacts when the person is running, which means a strain gauge
load of 150 kg must be sufficient. The maximal dimensions of the strain gauge
are defined by the dimensions of the platform, where the height is limited
to 10 mm and the width is limited to 25 mm. For ease of use, I require full
bridge configuration and temperature compensation.
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3. Hardware design ...................................
Required parameters for strain gauges:

. Force range of strain gauge from 0N to 1500 N (approximately 150 kg).Maximal height 10 mm. Full bridge configuration.Temperature compensation

Figure 3.1: Position of strain gauges on the treadmill
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..............................3.1. Load sensors – strain gauges

3.1.1 VPG 380

Strain gauge made by Vishay, Model 380 (Fig. 3.2). The strain gauge is
manufactured in seven different types, where PB-250 kg is the most suitable
for my use. It has dimensions of 107.3 mm by 70 mm, 10 mm in height.
It has a full bridge construction and optional AMP#103957-4 connector.
The temperature is compensated for a range from -10◦C to +40◦C [34]

Figure 3.2: VPG 380 [34]

3.1.2 FX29

Strain gauge made by TE connectivity, model FX29 (Fig. 3.3). The strain
gauge is manufactured in multiple versions. The strain gauge can have a load
range from 50 N to 1000 N. Dimensions are 19.10 mm by 19.4 mm and
5.45 mm in height. It sells as a standard strain gauge, amplified output, and
strain gauge with integrated I2C communication. Output has a 440146-4
connector. It has compensated temperature range from 0◦C to 50◦C [35].

Figure 3.3: FX29 [35]

3.1.3 FC23

Strain gauge made by TE connectivity, model FC23 (Fig. 3.4). The strain
gauge can have a load range from 250 N to 5000 N. Dimensions are 31.75 mm
and 10.2 mm in height. The strain gauge comes as a standard strain gauge
or with amplified output. The output does not have a connector. The strain
gauge has a full bridge construction. It has a mounting screw hole M3 [36].
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Figure 3.4: FC23 [36]

3.1.4 Strain gauge for the sensor platform

I selected the FX29 strain gauge because it has all the required features,
which are measuring force, height, full bridge construction, and temperature
compensation.

From the offer, I choose FX29X-040B-0200-L. It has a maximal force of
1000 N, which is roughly 100 kg and can be overloaded by 2.5 times, which
means it will handle the force of 2500 N which is roughly 250 kg. That means
in ideal circumstances on the treadmill could stand a human with a weight
over 200 kg. It comes as a standard strain gauge without output amplification
(the transfer ratio between input and output voltage is 20 mV/V). The cable
length is 40 mm with 440146-4 connector. Because I choose the variant
without integrated I2C I will create a output voltage measurement with ADC.
Dimensions of the gauge are in Fig 3.5 [35].

Figure 3.5: FX29 dimensions [35]
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3.2 Analog to digital converter

Analog-to-digital converter (ADC) is used for measuring analog data and
converting it to digital data that will read, for example, a microprocessor.
In my case, I will use ADC to convert the analog voltage value of the strain
gauge output to the digital signal for the microprocessor.
ADC must have those parameters:. 3.3 V.Minimal sampling speed 1 kS/s. 24-bit.Minimal 1 channel with differential input

I selected the 3.3 V version because I want to use a 3.3 V microprocessor so
I will have the same supply voltage for the whole PCB. We require to measure
the sensor platform data and visualize them at a speed of 100 Hz, which
means I need to sample data from the strain gauge at a minimal sampling
speed of 100 S/s. I choose 1 kS/s because I want to measure some values
from the strain gauge and average them out before sending them to the CCU.

3.2.1 Choosing ADC converter

AD converters I was considering are listed in the Tab. 3.1.

Marking Voltage [V] Speed [kS/s] Built-in reference Noise [nV]
MCP3561-E/ST 1.8–3.6 153.6 No 90
ADS1259IPW 2.5–5.0 14 Yes 700
ADS1254EG4 1.8–3.6 20 No 50
ADS131M04 2.7–3.6 32 Yes 5350

AD7766BRUZ 1.7–3.6 128 Yes 20000
PCM4201PW 1.8–5.0 108 Yes 50

ADS1254E 0–6.0 20 No 70

Table 3.1: ADC comparison [37]–[42]

I choose ADS131M04. It has a higher sampling speed than ADS1259IPW,
ADS1254EG4, and ADS1254E, it has an internal voltage reference of 1.2 V,
and it has a programmable gain amplifier of input voltage (external differential
amplifier not required). It has a higher noise ratio than MCP3561-E/ST, but
in my application, the noise ratio of ADS131M04 is acceptable. It has SPI
communication, which is better than I2C for my application because it is less
likely to get interference from the motor, which was mentioned in section 2.2.
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3.3 Measurement unit for strain gauge

For the measurement unit, I can choose from different control devices like
a single-board computer or a microprocessor unit. Single-board computers,
for example, Raspberry Pi is not suitable for my application because they
must run an operating system. This causes a slow system loop which would
also slow down my measurements. Microprocessors do not have an operating
system the only thing that runs on them is the program, which increases
the computional power. For my application, I will use MCU.
There are many MCU manufacturers, from which I have chosen STM because
I have obtained previous experience. For example, other manufacturers are
Athmel and Microchip.

My determination to choose STM is simple testing on the breadboard with
the development board called Nucleo. They have many types of processors,
from low-power 8-bit to high-end 32-bit. The disadvantage is availability on
the market associated due to the chip shortage.

3.3.1 STM microprocessor

STM has two main series of processors - STM8 and STM32. For my
application, I will use the 32-bit variant, which offers more computation
power than an 8-bit variant.
STM32 has a several series of their microprocessor. They are produced in
the following series [43]:

. High performance - STM32F, STM32H.Mainstream - STM32G, STM32F. Ultra-low power - STM32L, STM32U.Wireless - STM32W

For my application, I will consider only STM32F variants with STM32G
variants. Because I will use SPI to communicate with ADC and CAN
to communicate with the CCU, I require STM, which will have those
communication protocols. In the table below, I will mention only STMs
with those communication capabilities.
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........................... 3.3. Measurement unit for strain gauge

Marking Clock freq [MHz] Flash [kB] RAM [kB]
STM32F2 120 128–1000 up to 128
STM32F4 180 128–1536 up to 320
STM32F7 216 256–2000 256–512
STM32H5 250 128–2048 32–640
STM32H7 240 up to 2 MB 564kB–1,4MB
STM32F1 72 16–1000 4–96
STM32F3 72 16–512 16–80

Table 3.2: STM32 comparison [44]–[50]

From table 3.2, I selected STM32F4, which has enough flash memory and
RAM and has a 180 MHz clock CPU. I choose this STM also because I
have STM32F446RET6 in my Nucleo-F446 board. I will program and test
the board on STM32F446RET6, but I will choose other variants of STM
that I can use instead of F446. The main reasons are availability, price, and
performance. A weaker STM should do the job, as I don’t plan to do any
special calculations.

Other STMs must have the same footprint as STM32F446 to have the
same PCB design.

Every version of STM32F4 has a compatible footprint with F446. From
the datasheets, I read that STM32H573xx, STM32H562xx, STM32H563xx,
STM32H503xx, STM32H7B3x, STM32H7A3x, STM32H7B0x have compatible
footprints. STM32F1, STM32F3, and STM32H7 have slightly different
footprints, which means PCB redesign, but then it should work as F446.
I bought those STM32 for testing:

. STM32F446RET6 - 180 MHz, 512 kB, RAM 128 kB [45]

. STM32F446RCT7 - 180 MHz, 256 kB, RAM 128 kB [45]

. STM32F412RET6 - 100 MHz, 512 kB, RAM 256 kB [45]

. STM32F401RDT6 - 84 MHz, 384 kB, RAM 96 kB [45]

. STM32F334R8T6 - 72 MHz, 64 kB, RAM 12 kB [50]

. STM302RCT6TR - 72 MHz, 256 kB, RAM 40 kB [50]

. STM32F105RBT6 - 72 MHz, 128 kB, RAM 256 kB [49]

. STM32F103RCT7TR - 72 MHz, 256 kB, RAM 48 kB [49]

27



3. Hardware design ...................................
3.4 Linear voltage regulators

Linear voltage regulators (LDO) are used for regulating the high voltage
at the input to the lower voltage at the output. In my case, I will use LDO
to get 3.3 V for powering my PCB because the PCB will have 5 V supply
from CCU and the architecture of PCB (CPU) is 3.3 V. This voltage will
power the MCU, ADC, and CAN transceiver. ADC has two supply voltages
called analog and digital supply. It is recommended to use two separate LDOs
for each supply. I will use the same LDO for MCU, CAN, and ADC digital
supply and extra LDO for ADC analog supply.

For powering MCU, I need approximately 100 mA, and for ADC, I need
approximately 10 mA, so 150 mA LDO should be enough.

I choose ADP122AUJZ-3.3, which has 3.3 V and 300 mA at the output.
I choose 300 mA because there could be current spikes from MCU and CAN
transceiver. This LDO has a 5.5 V input and a low quiescent current [51].

For the analog power of ADC, I choose the same IC – ADP122AUJZ-3.3.

3.5 Reference voltage supply

Those supplies are used to create accurate output voltage with minimum
voltage drift. I use this supply for the strain gauge because I want as accurate
results as possible.

I choose LM4132EMF-3.3, which has a 5.5 V input voltage, an output
voltage of 3.3 V, and an inaccuracy of 0.5 %. The output current is 20 mA.
Output voltage drift is 25 ppm/mA [52].

3.6 CAN transceiver

STM has built-in CAN, but the output signal is not differential, which means
I need to add IC that will create a differential signal from the STM CAN
signal. CAN transceiver must be compatible with the CAN voltage that I will
communicate with the CCU. We agreed on bus voltage 3.3 V because RPi
and STM can accept 3.3 V input. I choose SN65HVD as my CAN transceiver,
which matches my requirements [53].
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3.7 Connectors, active and passive parts

As connectors, I will use the same connectors for the whole PCB. I used
the same connectors that are used at the strain gauge, which are 440146-4
connectors manufactured by TE connectivity. For debugging, I am using
an IDC-10 pin two-series connector.

When programming the STM32, I utilized connectors from Tag-Connect.
These connectors offer a significant advantage in terms of saving space
on the PCB. Unlike traditional connectors that require physical placement
on the PCB, Tag-Connect connectors only require the creation of pads
on the PCB where the Tag connector will be used for programming purposes.
From their offer, I choose the connector TC2050-IDC-NL-050-STDC14, which
can be directly plugged into the ST-Link V3, which is a programmer for STM
processors. You can see the 6-pin variant of the Tag connector in Fig. 3.6
[54].

Figure 3.6: 6-pin Tag connector [55]

As active parts, I choose oscillators for STM. I use ECS-80-10-30B-CKM-TR
which is an 8 MHz crystal and ECS-.327-9-1210-TR which is a 32.768 kHz
crystal [56], [57]. The 8 MHz crystal is mandatory to create a stable MCU
clock signal. The 32.768 kHz crystal is used to generate a clock signal for
an internal timer.

Then I choose the ESD diode for CAN communication which is used to
suppress the transient voltage of the CAN bus. The diode I use is
ESDCAN01-2 [58].

As passive parts, I must choose resistors and capacitors. Resistors are
SMD 0805 with a 100 mW power rating. As capacitors, I used two types of
dielectric based on the wanted accuracy of capacity. Capacitors for oscillators
have C0G dielectric, and other capacitors have X7R dielectric. All capacitors
are rated for 25 VDC.
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Chapter 4

Measurement electronic design

In this chapter, I will set out the requirements for a schema and printed
circuit board. I will then create the schema, test it with the development
board and create a printed circuit board.

4.1 Schema

Before creating a PCB for the sensor board, I must make a schema. For this
purpose, I choose the software Altium Designer, version 23.3.1 (Build 30),
a student license in which I will create a schema and PCB as well. The schema
will contain all the electrical parts mentioned in previous chapters. The schemas
will be divided into sections based on the purpose of each section.

At each supply voltage input, I added one or two more capacitors that
manufacturers recommended. The reason is better filtration of input voltage.

I will start with the AD converter, MCU and CAN, then add voltage
sources and connectors.

4.1.1 Schema for MCU STM32F446RE

When creating the schema for STM32F446RE, I first chose pins that are
connecting together MCU, ADC, CAN, and UART. Then I added pins for
programming STM32, where I use SWD programming protocol. The main
advantage lies in the capability of real-time debugging for STM32, which
could be more beneficial compared to other possible choice, JTAG. After
that, I added two push buttons for resetting MCU and booting MCU. I won’t
use that method for uploading the program, but I should be able to upload
the program in case I have no STLink. Lastly, I added capacitors with
a capacity of 100 nF between every VDD and VSS, VDDA, and VSSA,

31



4. Measurement electronic design .............................
which the manufacturer recomended. At VDDA and VSSA, I also included
a capacitor with a capacity of 4.7 µF, and at VCAP I added a capacitor with
a capacity of 2.2 µF. The manufacturer recommends those values.

Figure 4.1: Schema for MCU STM32F446RET6
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4.1.2 Schema for ADC

ADS131M04IPWT is connected to MCU via CLKIN, MOSI, MISO, SCK,
DRDY, CS, and SYNC/RESET pins. For the power supply, I used AVDD,
AGND and DVDD, DGND, which require 3.3 V input. Both inputs are
isolated and share only the same ground signal. For filtration of the input
signal, I used a capacitor with a 1 µF capacity defined by the manufacturer.
The manufacturer also requires a 220 nF capacitor at pin CAP (external
reference capacitor).

In order to read the voltage from the strain gauge, I used channel 0 labeled
as AIN0P (positive input) and AIN0N (negative input). As the manufacturer
requires, I added two 1 kΩ resistors and a 10 nF capacitor at those pins.

Figure 4.2: Schema for ADC ADS131M04IPWT
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4.1.3 Schema for CAN to CAN differential

From MCU CAN, I create a differential CAN signal with SN65HVD230.
Output from STM32 is connected to the D and R pins of the SN65HVD230.
The supply voltage has three capacitors with capacities of 10 nF, 100 nF,
and 1 µF. The main reason for those capacitors are spikes that are generated
when communicating through CAN.

CAN must be terminated at the end of the bus with 120 Ω resistors to
eliminate crosstalks. For that, I added two 60 Ω resistors and two 0 Ω resistors
at the output. In the PCB at the end of a bus, I soldered two 0 Ω to make
the termination, otherwise, those resistors won’t be soldered. Resistors are
connected with 4.7 nF capacitors to the ESDCAN diode to protect the PCB
from electrostatic discharge. 100 pF capacitors at CANH and CANL are used
to remove spikes from the bus.

Figure 4.3: Schema for CAN to CAN differential
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4.1.4 Voltage supplies

I created three voltage supplies. The first voltage supply is the digital supply
which is used for powering ADC, MCU, and CAN. The second voltage supply
is the analog supply which is used for powering ADC, and the third voltage
source is the referential voltage supply for the strain gauge.

Figure 4.4: Schema for voltage supplies
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4.2 Connectors

I use two connectors to connect the PCB to the CCU via CAN and one
connector to connect the strain gauge. I also use an IDC-10 pin connector to
allow connecting and debugging without STLink. For programming, I created
an SMD layout for the Tag-Connector. I also create an SMD layout for
the Tag-Connector for debugging.

Figure 4.5: Schema for connectors
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4.3 Testing on NUCLEO F446 development board

Before creating and manufacturing PCB, I will test my schema with the
breadboard and Nucleo development board to find out if everything I designed
will work. Firstly I created a program for ADC and tested its response while
measuring voltage from the laboratory power supply. After that, I added
a voltage reference and strain gauge to test whether the ADC will respond
correctly once I load the strain gauge. Lastly, I tested the communication
between Nucleo and the CCU via CAN. All tests passed, and I started making
the PCB.

Figure 4.6: Breadboard with Nucleo, testing of ADC and strain gauge

4.4 PCB requirements

The PCB must be able to withstand interference, especially from the motor.
It must be able to communicate with SPI, CAN bus, and UART without
any errors. PCB’s maximal dimensions must be 110 mm x 25 mm, which is
limited by the platform’s design. The maximal height is limited to the height
of the strain gauge, which is 5.35 mm.

The initial step is to choose a manufacturer who will produce my PCBs
because it will determine the production options I might follow. From
manufacturer, I will choose the PCB material, the number of layers, trace
width, and trace distance, and the parts placement on the PCB.
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4.4.1 PCB material and number of layers

As a PCB manufacturer, I choose JLCPCB because I have a good personal
experience with them, and their production speed is 7 to 14 days (from
sending files to receive the package).

As a material for my PCB, I can choose only FR-4 (Flame retardant
with glass fiber fabric) material from JLCPCB because the don’t offer any
other type. The advantages of this material are low price and high dielectric
strength [59].

For the number of layers, I am choosing from 2-layer, 4-layer, and 6-layer
PCB. 2-layer PCBs are dedicated to the design of slow-speed applications.
4-layer PCBs are dedicated to designs with low supply impedance, and
6-layer PBCs are dedicated to designs with high supply impedance. The main
advantage of 4-layer and 6-layer PCBs is better EMC, which is electromagnetic
compatibility (the device is compatible with the electromagnetic environment
where it will be functioning, and it does not produce high electromagnetic
interference) [60]. In a 4-layer PCB, the layers are folded like signal 1, ground,
supply, and signal 2, and in 6-layer PCB layers are folded like signal 1, ground,
signal 2, signal 3, supply, and signal 4. For my application, I will use a 4-layer
PCB, which is better for EMC, and two signal layers should be enough
because I won’t have so many traces [61].

Other parameters I can choose while manufacturing PCB are outer and
inner copper weight and layer stack up. Copper weight means how high is
the copper layer on PCB. I choose basic values of 1 oz (approx 35 um) as
the outer layer and 0.5 oz (approx 15 um) as the inner layer. The weight
of copper doesn’t affect PCB’s electrical parameters too much, it only matters
if I want to run a high current through PCB, where more copper means I can
run a higher current on the same track width [62]. As a material, I choose
FR-4 with a height of 1.065 mm and the dielectric between the inner and
the outer layers with a height of 0.21 mm.

As the last parameter, I can choose the color of the solder mask, which is
the cover layer for the PCB that prevents oxidation of the PCB and allows
easier soldering. For the first test, I choose a blue solder mask, and for
the final PCB, I choose a black solder mask. PCB color is only the design
thing and doesn’t affect PCB’s function.
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4.4.2 Trace width and trace distance, design rules

The initial step is to set the trace width and distance between them. I will
use the same trace width and distance for all traces except communication
and supply. Standards like IPC-2221 and IPC-2152 define those parameters.
For my PCB design, I choose IPC-2221. I used a calculator from [63] for trace
width. I choose current up to 0.25 A and maximal temperature rise 10◦C with
ambient temperature 40◦C. The required trace width is 0.12 mm for internal
traces and 0.05 mm for external traces. For easier possible repairing of traces,
I choose higher width of 0.254 mm. The main advantage of wider PCB traces
is lower resistance. The minimal distance between traces is 0.05 mm based
on the IPC-2221 table from [64].

Vias, which are holes that are used to connect traces through PCB, must
be designed to withstand current flowing through them. For vias, I used drills
with a diameter of 0.6 mm. Those vias can withstand 2.4 A, which I calculated
with [65]. As plating thickness, I used 18 um, which is the thickness that
chosen manufacturer created.

Other design rules are defined by the manufacturer. As the important
rules, I will mention the drill hole size 0.15 mm - 6.3 mm, minimum annular
ring 0.13 mm, minimum hole-to-hole clearance 0.5 mm, minimum pad-to-pad
clearance of 0.127 mm, minimum via-to-pad clearance of 0.254 mm, a minimum
spacing between traces 0.09 mm (for 4-6 layers), solder bridge 0.254 mm,
trace to outline distance 0.2 mm.

4.4.3 Communication design requirements

While creating high-speed communication, I will do specific traces to reduce
the risk of miscommunication which is based on the speed of the communication.
For SPI, I will use a speed of 1 Mb/s or higher, and for CAN, I will use
a speed of 500 kb/s or higher.

Especially for SPI, it is recommended to keep SPI traces as short as possible
with the same length as all SPI traces. If SPI traces won’t have the same
length, there could be a risk of crosstalks because the signal propagates equally
fast, reaching the receiver faster on a shorter trace than on a longer trace [66].
Then I need to create traces with 50 Ω impedance, which is used to deliver
maximal power over the communication lines [66]. I will use an automatic
trace width calculator built into the Altium Designer for impedance matching.
The high-speed lines shouldn’t have sharp right-angle corners because they
cause more reflection from traces [67].

For CAN and UART, I will use the same rules as for SPI. It is not necessary,
but it eliminates the risk of miscommunication.
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4.4.4 PCB waterproofness

I plan to make waterproof electronics. Therefore, I must ensure that water
will not destroy my PCB. I would pour my PCBs into resin or other material
to ensure waterproofness. Communication with PCBs would be fine because
I will first connect all connectors and test PCBs before pouring. When pouring,
PCB connectors would be connected, which means I cannot disconnect them
after this process, but the PCBs will be waterproof. One main disadvantage is
that I would need to change all PCBs if PCB were destroyed. For that, I will
use cables with enough reserve, and when PCB would be destroyed, I would
only cut off the destroyed PCB and crimp new connectors to the cable.

4.4.5 Components positions

When placing components, I choose input and output connectors on one end
(right) and the strain gauge connector on the other (left). The reason is
that I need my PCB as narrow as possible. Then I place ADC on the left
side as close to the strain gauge as possible to reduce voltage drop over the
PCB. I placed MCU in the middle of the PCB because it is close to ADC
and the input and output connectors. On the left side, I placed voltage
regulators; on the right side, I placed the CAN transceiver because it is
close to the input and output connectors. Lastly, I placed connectors for
programming on the right side, where there was a free space.

You can see the model of the PCB in Appendix B.
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4.5 PCB assembling and testing

After sending an order to JLCPCB and receiving the PCBs and components,
I will solder those components of the PCB and test if the PCB works
as I wanted.

Figure 4.7: First (blue) and second (black) version of PCBs

4.5.1 PCB assembly and stencil

I dispensed the solder paste on the PCB with a stencil, which is a template
for an ideal solder paste application. After that, I placed all components
on the solder paste and heated the PCB with the solder paste on a heated
plate, which melted the paste and solders all components.

Figure 4.8: First and second version of PCBs, assembled
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4.5.2 PCB testing

Firstly, I tested whether all voltages were as required. Then I tested
the uploading program via SWD with STLink v3. I created a program
similar to Nucleo, uploaded it to the MCU, and tested if ADC responded
correctly to voltage from the laboratory power supply and loaded strain
gauge.

All tests passed, but only two problems appeared on version one. The first
problem was resetting of MCU without pressing the reset button, which
was caused by a capacitor that was too far from the MCU pin. The second
problem was shutting down the voltage regulator for MCU, CAN, and other
components due to overcurrent. Both issues are fixed in the second version,
where the capacitor is as close to the pin as possible, and the voltage regulator
is changed to a 1 A regulator from a 500 mA regulator. I later found out that
I did not make a good solder on the first version, and under the components
was a low resistance path through not melted solder paste which caused a high
current on the regulator. Now, single PCB current consumption is maximal
at about 100 mA.
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Chapter 5

Algorithms

In the development of my PCB, I have the task of creating three separate
algorithms that will later be interconnected. Firstly, I will design an algorithm
for communication between a computer and STM using UART. Then I will
design an algorithm for setting up and reading data from ADC. Lastly, I will
create an algorithm for sending and receiving data over the CAN bus.

5.1 The programming environment and language

As a programming language for STM, I can choose programming in C, C++,
microPython, and more. I chose to program in C because I need a fast reading
from ADC and sending via CAN to the CCU, where microPython would be
too slow.

5.2 Algorithms

First, I will create a UART algorithm and test communication between PCB
and the computer. Then I will create an ADC algorithm and test the output
of ADC while loading the strain gauge. Lastly, I will create a CAN bus
algorithm and test sending voltage from ADC to the CCU. As a programming
environment, I am using a STM32CubeIDE.
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5. Algorithms......................................
5.2.1 UART communication algorithm

UART algorithm is used for easier debugging of STM. I created a function
uart_print() which input is a string that will be sent to the UART and can be
read for example, at PC with UART to USB converter and software like Putty
or Realterm. I primarily used UART to debug an ADC and to test the CAN
communication between the CCU and my PCB. For clearing a UART buffer
I created the function clear_char_buffer(), which is used to clear the buffer
to which I am saving the data to send via UART.

5.2.2 ADC algorithm

For communication with ADC, I will be using SPI. Firstly, I set the speed of
the SPI to 11.25 Mb/s. Then I read from the datasheet which registers I must
set up in the ADC and which I will need to read data (voltage) from ADC.
I will use those registers and commands:

.MODE register - set word length to 32 bits. CLOCK register - disable channels 1, 2, 3, set oversampling.GAIN register - set PGA (programmable amplifier) to amplify voltage
from strain gauge. NULL commands - sends word of zeros to the ADC, the response from
ADC are measured data

When the STM32 is connected to the power, it will wait to receive a logical
high on the slave select pin, which indicates that ADC is ready. Then it sends
data to the MODE register. Then it will set up the CLOCK register and GAIN
register. Then in the while loop, it will start every loop read_adc_data()
function, which sends a NULL command to ADC and then reads the response
with data from ADC.
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..................................... 5.2. Algorithms

5.2.3 Communication algorithm

CAN bus is CSMA/CD (Carrier Sense Multiple Access with Collision Detection)
protocol, which means that every device can start sending data anytime, and
when there is a collision detection on the bus, the CAN protocol will solve it.
When the CAN sends data, it simultaneously receives the data from the bus,
which is used to detect those collisions.

If I am sending messages from multiple devices, CAN will send the message
with the highest priority, which is determined by the ID. For example, if I have
two devices with IDs 101 and 111, and both will start to send the message
at the same time, both will send 1, and then the device with the 0 will pull
down the device which is now sending 1. The second device will detect this
pull-down (because when the device is transmitting, it is receiving as well)
and will stop sending data until the given time stamp, after which it will try
to send the data again.

For the CAN bus, I need to create CAN bus IDs for every PCB and CCU.
I will have a few messages, so I will use a standard 11-bit ID. In table 5.1
I mention only some IDs. In the table, if there is, for example, data from
the first STM32, then the ID for message data from the second STM32 is
the ID from the previous message plus 1, which means data from the second
STM32 is 0111 1111 1001.

All CAN messages I defined are in Appendix C.

Message Bin address Hex address
Data from first STM32 0111 1111 1000 7F8

Response after first STM32 configuration 0111 1111 0000 7F0
Requirement for first STM32 configuration 0111 1110 1000 7E8

Error message for all STM32 0111 1110 0000 7E0
Error message for first STM32 0111 1110 0001 7E1

Error message from first STM32 0111 1101 1000 7D8
Change delay between CAN messages 0111 1011 1111 7BF

Table 5.1: CAN communication - message IDs

In the program, I must implement a timer that is used to send CAN
messages after a given time because otherwise, the CAN would be too fast,
and the CCU would not be able to keep up with the bus. For that, I also
added mentioned message Change delay between CAN messages.

When the CCU first communicates with the PCBs, it will send requirements
for every STM32 to configuration. When the STM32 receives this message,
it will measure 1000 values from ADC, do the arithmetical mean, and set
the result as zero. As a response, the STM32 will send the message with
a set offset value.
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5. Algorithms......................................
After that, in the while loop (after ADC configuration), every time after

ADC reads data I am checking if enough time has passed since the last send
of the CAN message. If so, I will either send the message to the bus, or I will
wait and check this condition in the next loop.

The flowchart of program is in Fig. 5.1.

Figure 5.1: Algorithm flow chart
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Chapter 6

Experiments

In this chapter, I will present the results of the experiments I did. I will
present measurements of interference and inaccuracy of measuring voltage
from strain gauge at PCB and measurements of walking and running over
the sensor platform.

For measuring data, I used the CCU with a program created by Josef Vágner.
The program reads and saves the data that are comming from the CAN bus.
I use the saved data to generate plots.

6.1 Strain gauge measurements on platform

Firstly I measured the output values (voltage) of strain gauges without any
external load on the platform, the only load was the platform itself, which is
screwed to the chassis of the treadmill (strain gauges were preloaded).

After that, I measured the data from strain gauges while walking on
the sensor platform.
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6. Experiments .....................................
6.1.1 Measurement inaccuracy with the motor turned off

When I was measuring PCB’s output, I found that two of the six PCBs were
outputting different signals. As you can see in Fig. 6.1 the output value of
the strain gauge is jumping between 0 V and 0.1 V without any load, which is
an inaccuracy of ± 0.05 V. Other PCBs were outputting values of inaccuracy
± 0.004 V as you can see in Fig. 6.2. I found out that the ADC caused this.
After replacing it with a new one, the measuring results were as expected.
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Figure 6.1: Response of one strain gauge with the motor switched off, broken
PCB
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Figure 6.2: Response of one strain gauge with the motor switched off, good PCB
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......................... 6.1. Strain gauge measurements on platform

6.1.2 Measurement inaccuracy with the motor turned on

When measuring data while the motor was running, there was interference
caused by the motor. The inaccuracy of measurement was based on the distance
from the motor. The nearest PCB to the motor was measuring voltage with
an inaccuracy of 0.005 V, as you can see in Fig. 6.3. I connected the PCB
to the chassis of the treadmill, which is connected to the ground, and the
interference was significantly reduced, as you can see in Fig. 6.4.
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Figure 6.3: Interference of the motor
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Figure 6.4: Interference of the motor
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6. Experiments .....................................
6.1.3 Interference from SPI

I measured the SPI communication speed’s effect on the voltage from strain
gauges. As you can see in Fig 6.5, I measured the output voltage for
the speed of SPI from 351.562 kBps to 45 MBps. The speed of SPI does not
cause any significant interference with the measurement.
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Figure 6.5: Interference of the motor
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......................... 6.1. Strain gauge measurements on platform

6.1.4 Measurement while walking

I measured data from all strain gauges with the motor turned on and
with the load that I generated by walking on the platform. As you can
see in the Fig. 6.6 data from strain gauges are clear without any significant
interference. In the graph, you can also see the spikes that indicate every
footfall (higher spikes) or bounce (lower spikes) of the person walking.

0 1 2 3 4 5 6 7

t[s]

0

0.2

0.4

0.6

U
[V

]

Response from strain gauge 1

Voltage from strain gauge

0 1 2 3 4 5 6 7

t[s]

0

0.2

0.4

U
[V

]

Response from strain gauge 2

Voltage from strain gauge

0 1 2 3 4 5 6 7

t[s]

0

0.2

0.4

0.6

U
[V

]

Response from strain gauge 3

Voltage from strain gauge

0 1 2 3 4 5 6 7

t[s]

0

0.2

0.4

0.6

U
[V

]

Response from strain gauge 4

Voltage from strain gauge

0 1 2 3 4 5 6 7

t[s]

0.2

0.3

0.4

0.5

U
[V

]

Response from strain gauge 5

Voltage from strain gauge

0 1 2 3 4 5 6 7

t[s]

0

0.2

0.4

0.6

U
[V

]

Response from strain gauge 6

Voltage from strain gauge

Figure 6.6: Response of all strain gauges with the motor turned on, walking

From these graphs, it can be seen that strain gauges with PCBs work
as required. It measures the load on the platform in 6 different positions and
sends correct voltages from strain gauges to the CCU.
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Chapter 7

Conclusion and future work

Our goal was to make a sensor platform and evaluation equipment (CCU)
for a treadmill that will measure the CoP of the patient that is walking
or running on the treadmill. The CoP must be displayed on the CCU with
important data such as width and length of step, number of steps, and time
of exercise. We also wanted to measure data over time and create statistics
for patients’ treatment procedures.

My goal was to design the sensor platform. This involved selecting
appropriate sensors and creating custom PCBs to capture data from these
sensors. Additionally, I focused on establishing a reliable communication
protocol that would seamlessly transmit the collected data to the CCU
for further processing and analysis.

7.1 Conclusion

I have successfully made the sensor selection for the platform, opting for strain
gauges. I have designed PCBs capable of measuring voltage from the strain
gauges and transmitting it to the CCU via the CAN bus. I have also
addressed challenges related to interference from the motor and rectified issues
with a faulty ADC. Furthermore, I prepared the PCBs for the subsequent
phase of the project, which is water resistivity.

Other parts of the project are also done. David Laušman created a PCB
and box for the CCU, and Josef Vágner did the program that reads data
from the sensor board, displays it, and saves it. David Laušman also created
basic statistics on patients’ treatment.
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7. Conclusion and future work ..............................
7.2 Future work

One of the main objectives to do in the future is to use a new sensor board
instead of the basic one from the treadmill. The current board bends when
running on it, which devalues the measured data.

In the future, I may enhance the PCB design by reducing its dimensions.
This can be achieved by using smaller components, particularly opting
for a compact MCU, which occupies the majority of space on the board.
Additionally, I might eliminate unnecessary connectors that are not utilized
when mounted on the treadmill. For instance, the 10-pin Tag connector and
10-pin IDC connector can be removed.

Another aspect is to test the usage of more strain gauges and their impact on
the measurement. By increasing the number of strain gauges, the distribution
of mass can be better captured, potentially resulting in more precise CoP
measurements.
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Appendix A

Treadmill platform screw hole location

Figure A.1: Treadmill platform screw hole location
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Appendix B

PCB 3D model

Figure B.1: PCB 3D model
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Appendix C

CAN messages

Message Binary Hexadecimal
Data from ADC 1 0111 1111 1000 7F8
Data from ADC 2 0111 1111 1001 7F9
Data from ADC 3 0111 1111 1010 7FA
Data from ADC 4 0111 1111 1011 7FB
Data from ADC 5 0111 1111 1100 7FC
Data from ADC 6 0111 1111 1101 7FD

Table C.1: CAN - DATA from ADC

Message Binary Hexadecimal
Response after config STM 1 0111 1111 0000 7F0
Response after config STM 2 0111 1111 0001 7F1
Response after config STM 3 0111 1111 0010 7F2
Response after config STM 4 0111 1111 0011 7F3
Response after config STM 5 0111 1111 0100 7F4
Response after config STM 6 0111 1111 0101 7F5

Table C.2: CAN - configuration response

Message Binary Hexadecimal
Config request to STM 1 0111 1110 1000 7E8
Config request to STM 2 0111 1110 1001 7E9
Config request to STM 3 0111 1110 1010 7EA
Config request to STM 4 0111 1110 1011 7EB
Config request to STM 5 0111 1110 1100 7EC
Config request to STM 6 0111 1110 1101 7ED

Table C.3: CAN - configuration request
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C. CAN messages ....................................
Message Binary Hexadecimal

Error from RPi to every STM 0111 1110 0000 7E0
Error from RPi to STM 1 0111 1110 0001 7E1
Error from RPi to STM 2 0111 1110 0010 7E2
Error from RPi to STM 3 0111 1110 0011 7E3
Error from RPi to STM 4 0111 1110 0100 7E4
Error from RPi to STM 5 0111 1110 0101 7E5
Error from RPi to STM 6 0111 1110 0110 7E6

Table C.4: CAN - error message from RPi

Message Binary Hexadecimal
Error from STM 1 to RPi 0111 1101 1000 7D8
Error from STM 2 to RPi 0111 1101 1001 7D9
Error from STM 3 to RPi 0111 1101 1010 7DA
Error from STM 4 to RPi 0111 1101 1011 7DB
Error from STM 5 to RPi 0111 1101 1100 7DC
Error from STM 6 to RPi 0111 1101 1101 7DD

Table C.5: CAN - error message from STM
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