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Abstract
The advent of smarter vehicles coupled with declining costs for solid-state light detection and
ranging (LiDAR) sensors unlocks the potential of cheaper devices that experience less
mechanical wear while providing smaller form factors. The early state of the market makes
evaluating the limited supply of available sensors interesting. This thesis investigated the
possibility of creating a wireless distance measurement system, at relatively low cost, using a
commercially available solid-state LiDAR sensor.

A complete prototype was designed using a LeddarTech VU8 sensor. The system was fully
integrated with a power supply PCB and a 3D printed enclosure. Distance data could be
wirelessly transferred via Bluetooth using a Raspberry Pi 4 B. A graphical user interface (GUI)
was developed to display distance data and to interact with the system in real-time. The system
intends to provide a foundation for future work.are: Förnamn Efternamn, Examinator: Förnamn Efternamn

Teknisk-naturvetenskapliga fakulteten

Uppsala universitet, Utgivningsort Uppsala/Visby

Handledare: Johan Elfsberg Ämnesgranskare: Kjell Staffas

Examinator: Johan Abrahamsson



Sammanfattning

Frammarschen av ny teknik innebär att fordon och säkerhetssystem blir allt bättre på att
övervaka sin omgivning och förebygga olyckor. Äldre roterande LiDAR börjar alltmer ersättas
av solid-state system som för med sig lägre kostnader och mindre enheter. Detta kan tillåta större
utbredning av systemen och många företag kämpar för att vara de som når marknaden först med
massproduktion.

Målet med detta examensarbete var att undersöka vilka möjligheter som finns för att konstruera
ett system för avståndsmätning genom att använda en kommersiellt tillgänglig solid-state
LiDAR-sensor. Det skulle vara möjligt att spara och överföra avståndsmätningar trådlöst.
Systemet var tänkt att utgöra en grund till framtida projekt inom området.

Projektet inleddes med en förstudie för att kunna avgöra vilka designmöjligheter som fanns kring
utformandet av systemet och vilka sensorer som fanns tillgängliga. Därefter kunde layouter och
specifikationer för systemet skapas och ligga till grund för en projektplanering. Sensorn valdes
till en LeddarTech VU08-75H0007 som är en av de få kommersiellt tillgängliga solid-state
LiDAR-sensorerna i dagsläget. Enkortsdatorn Raspberry Pi 4B användes för att kommunicera
med sensorn och överföra mätningarna via Bluetooth. Mjukvara utvecklades i
programmeringsspråket Python för att behandla och visa avståndsmätningar i realtid. Systemet
försörjdes av ett kretskort för två spänningsregulatorer och inneslöts i en 3D-utskriven låda.

Projektet resulterade i ett komplett system kapabelt till trådlös avståndsmätning som testades
under en längre period och på avstånd upp till 30 meter. Den slutgiltiga prototypen har således
etablerat en bra grund för framtida utveckling med samma sensormodul.
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1. Introduction
This bachelor's thesis in electrical engineering aims to design, build and evaluate a prototype of a
portable distance measuring system using a LeddarTech VU08-75H0007 to establish a good
foundation for further development. This introduction presents the purpose of this project, what
already exists and is currently being developed within solid-state LiDAR systems, and why it is
an interesting topic to explore given the current state of the automotive industry.

This thesis was performed in collaboration with Syntronic, a global design house specializing in
R&D, production, and aftermarket services within the telecom, automotive, medtech, and
industrial sectors. They were founded in 1983 and have over 1500 engineers employed
worldwide with offices in Europe, North America, and Asia. Their headquarters is located in
Gävle where most of this thesis was performed.

1.1 Problem description

This thesis intends to answer the following questions: (1) What possibilities are there for
designing a system that can form a basis for other future LiDAR projects using an affordable
solid-state LiDAR sensor? (2) Can the system be designed in such a way that the cost is kept
relatively low, and simple implementation of new functions in the software are possible while
maintaining a wide voltage input range to allow for easy installations in larger systems? (3) Can
sensor data be saved, sent wirelessly and displayed graphically in a GUI in a relatively easy
way?

1.2 Background

The development of fully self-driving vehicles and other smaller autonomous vehicles is not an
easy task by any means. For them to be performed in a safe way, several technical challenges
must be solved. One of these challenges is to equip the vehicle with sensors that enable the
system to sense its surroundings and create a map for navigation [1].

One technology that is often used for this alone, or in combination with other technologies, is
LiDAR. In the past, the industry has used mechanical LiDAR systems which have the
disadvantages that they are expensive and relatively large in relation to the increasingly popular
solid-state LiDAR sensors developed in recent years [2]. Solid-state LiDAR sensors have no or
very few moving parts, which means that they are exposed to no or little mechanical wear.

LiDAR has found its way into many consumer products already, being used in phones to map
rooms in augmented reality for example, and will probably play a big role in future applications
related to 3D scanning and the metaverse being developed by companies such as Meta. However,
the area where the most capital is being deployed and where the majority of innovation is taking
place is the automotive sector. With the advent of electric cars and smarter vehicles in general,
autonomy and advanced driver assistance systems (ADAS) have become more prevalent than
ever. LiDAR companies such as Velodyne, Luminar, Ouster and Microvision are listing
themselves on the stock market, rapidly seeking OEM contracts and pushing to reach high
volume production, with for example Luminar having already partnered with Volvo to produce
vehicles with LiDAR [2]. Meanwhile, Tesla aims to reach full autonomy utilizing nothing but
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cameras and Tesla Vision, having removed even their radar system from all models currently
being produced [3]. Despite its alleged controversiality compared to the rest of the automotive
industry, Tesla maintains the position of industry leader in autonomy, currently expanding their
full self-driving beta up to a million users. However, Tesla’s sister company SpaceX actively
uses LiDAR to dock their personnel carrying spacecraft Dragon with the international space
station ISS [4].

The market value in 2021 for autonomous cars was valued at $ 22.22 billion (USD) and is
expected to reach $ 75.95 billion in 2027 with a CAGR of 22.75%. The solid-state market was
valued at $ 1.32 billion in 2018 and is expected to grow to $ 6.71 billion in 2026 with a CAGR
of 22.7% [5]. The current state of the market and its future potential sets a great foundation for a
thesis of this kind.

1.3 Purpose and goals

The aim of the project is to design and construct a system that will have some of the basic
functions required to collect data from a LiDAR sensor, send it wirelessly, display it graphically
and process the data. In other words, the system should be able to form a basis for other future
LiDAR projects with Vu8 as the sensor.

The project thus aims to develop a prototype of a system that can measure distances and allow
the possibility to implement code for detecting objects, by using LeddarTech VU08-75H0007.
The data from the sensor's eight segments needs to be transferred via Bluetooth and plotted in 2D
in a simple GUI on a computer.

Specific goals:
1. Develop a simple GUI for the system.
2. Develop/implement software for communication between computer and Raspberry Pi via

Bluetooth, and between Raspberry Pi and LiDAR sensor.
3. Develop software for manipulation of the LiDAR data and other functions that helps the

system perform as described.
4. Develop software that saves the LiDAR distance data to a .txt file.
5. Design and construct a PCB to supply all of the hardware’s power needs while being able

to accept a wide input voltage range.
6. Design a case for the system components in CAD and 3D-print this.
7. Test the systems performance in terms of range, efficiency and overall viability.
8. Give a technical description of LeddarTech VU08-75H0007.

a. How communication works between sensor and Raspberry Pi.
b. Provide an overview of the associated API:s & SDK:s.
c. Provide an overview of the sensor's technical properties.
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2. Theory

2.1 LiDAR

Light Detection and Ranging (LiDAR) , sometimes referred to as “laser scanning” or “optical
radar”, is a method used for range measurements by bouncing a narrow diode laser (ellipticity
aporaching one) on a target surface and calculating the time of flight (ToF) of the laser from
leaving a transmitter to returning to a receiver. The ToF principle means that the distance
between a light-emitting source and an object can be calculated if the lightwaves's travel time
from source to object and back to the source's receiver is measured [6]. The formula to calculate
the distance is shown in eq.(1) below:

(1)𝑑 =  𝑐𝑡
2

where d is distance, c is the speed of light and t is the light's travel time back and forth. LiDAR
typically uses wavelengths of 600 - 1550 nm, with 905 nm being the most common for
commercial use today as it is less susceptible to disturbances from rain and fog, which is very
important for automotive applications [7]. For many years, the automotive application of LiDAR
has almost exclusively utilized motorized optomechanical scanners, also called rotating LiDAR,
a subfamily of mechanical scanners as shown in Figure 2.1. Rotating lidar commonly consists of
multiple vertically stacked lasers which are rotated up to 360° using motors. As a consequence of
its mechanical construction, the only way to achieve a large vertical field of view (VFoV) is by
stacking more lasers. To achieve and maintain a wide horizontal field of view (HFoV), motors
and peripheral parts are needed to rotate, which are at risk of shock and mechanical wear. Both
of these factors contribute to high costs [8]. One of the first high volume rotating LiDAR sensors
is shown in Figure 2.2, the Velodyne HDL-64E.

Figure 2.1: Subdivisions of different LiDAR topologies. [8]
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Figure 2.2: Example of a motorized rotating LiDAR scanner (Velodyne HDL-64E) [9]

LiDAR, both rotating and solid-state, can also be used to scan environments and reconstruct
them in 3D using data from the point cloud. Since the laser is so focused, it is possible to extract
single points, similar to pixels, that can be combined and reconstructed. An example of this is
shown in Figure 2.3. This can be used as elevation data to for example map sea bottoms, and is
also being implemented in some autonomous systems to create 3D maps of entire cities as done
by the robot-taxi company Waymo. [10]

Figure 2.3: Example of a point cloud being displayed in 3D [11]

2.1.1 Solid-state LiDAR

Contrary to rotating LiDAR, as the name implies, solid-state LiDAR features none (or very few)
moving parts, increasing its ruggedness towards forces and weather, decreasing wear on
mechanical and electrical parts as well as allowing for a simplified manufacturing process with
smaller form factors. There are several different techniques for designing these sensors such as
Flash Light LiDAR, phased arrays, or microelectromechanical machines (MEMS). [12]

Flash LiDAR, seen in Figure 2.4a, is a fully solid-state design where the entire field of view
(FoV) is illuminated by a widespread laser source. Instead of sending out multiple lasers, the
segmentation of the FoV is achieved at the receiver, consisting of multiple photodetectors that
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pick up fractions of the returning laser. The small amplitude of the fractioned laser necessitates a
high power laser if one wants to avoid low signal-to-noise ratios [8]. Another way to steer the
narrow laser beam in a true solid-state FoV is optical phased arrays, shown in Figure 2.4b. These
devices utilize an array of antennas, similar to radar and the recent internet satellites being sold
by SpaceX’s Starlink. They work by alternating the phase shifts of equal-intensity signals
between a multitude of different transmitters, which manipulates the complete output radiation to
sweep in different directions, similar to how water waves will move each other in different
directions when coming from different sources at different times [13]. MEMS is not fully
solid-state, but this small single spinning mirror measuring down to 0.8mm allows for a laser
diode to be redirected across an entire FoV. MEMS has already been a widespread microchip
technology for more than a decade outside of LiDAR applications and is showing great promise
to further revolutionize many industries. [14] A conceptual example is shown in Figure 2.4c.

(a) (b) (c)

Figure 2.4: (a) Flash LiDAR; (b) Phased array; (c) MEMS [8]

It is estimated that solid-state LiDAR with no moving parts can have a mean time between
failures a hundred times that of electromechanical (rotating) LiDAR, and that feature complete
devices will eventually fall below the $500 mark, compared to rotating LiDAR systems costing
up to $75,000. [15] However, the lack of rotation currently means that a single solid-state
LiDAR cannot achieve a 360° HFoV, instead requiring multiple devices. Despite the limited
HFoV, some manufacturers have already started delivering solid-state LiDAR equipped vehicles
to customers, such as the NIO ET7 shown in Figure 2.5. This electric car features a 1550 nm
forward facing solid-state LiDAR with a 120° FoV and 500 m max range from Innovusion, as
well as several other sensors such as cameras, radar, and ultrasonic sensors. [16]

Figure 2.5: NIO ET7 equipped with solid-state LiDAR above the windshield. [16]
5



2.2 Switched voltage regulators

Switched voltage regulators are one type of switched mode power supplies that offer highly
efficient power conversion compared to linear voltage regulators for instance. Power supplies
need to be efficient, maintain low noise levels and stable outputs. They usually use different
semiconductors such as Metal Oxide Field Effect Transistors (MOSFETs) to act as switches,
diodes to control and circulate current, capacitors for filtering and stabilization as well as
inductors for filtering and stepping up or down voltage. Since efficiency is one of the key
reasons that one would choose to implement a switching power supply rather than a linear
regulator, it is important to be aware of what elements will affect the end result. To find the
conduction losses in one of the MOSFETs, the formula for electric power is used with the
electrical characteristics of the MOSFET itself [17]:

𝑃 = 𝑉𝐼 →  𝑃 = 𝐼2𝑅
⇓

(2)𝑃
𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛

= 𝐼
𝑄
2𝑅

𝐷𝑆(𝑜𝑛)

where IQ is the current through the MOSFET and RDS(on) is the drain-source on-state resistance of
the MOSFET. The time it takes for the MOSFETs to transition from being in the off-state to
being fully conducting incurs losses. These switching losses are found with eq. 3 [18]:

(3)𝑃
𝑠𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔

= 𝑉
𝑖𝑛

𝐼
𝑜𝑢𝑡

 𝑓
𝑄

𝐺

𝐼
𝐺

where 𝑓 is the switching frequency, QG is the gate charge and IG is the gate current . A higher
frequency will yield higher conduction losses and lower efficiency, but allows for smaller
component values, which could lower costs and the footprint of a circuit. A lower gate charge on
the MOSFETs will decrease switching losses, as less time is spent in the transition state. To
enable a stable output, not only capacitance, but also equivalent series resistance (ESR) of output
capacitors need to be considered. Failing to do so could result in malfunctioning devices and
unnecessary power losses [17]. Output ripple voltage is found with:

(4)𝑉
𝑟𝑖𝑝𝑝𝑙𝑒

= ∆𝐼
𝐿
𝐸𝑆𝑅

𝐶𝑜𝑢𝑡

where ΔIL is the inductor ripple current and is the equivalent series resistance of the𝐸𝑆𝑅
𝐶𝑜𝑢𝑡

output capacitor(s). The total efficiency ɳ of a converter is found with:

(5)η =
𝑃

𝑜𝑢𝑡

𝑃
𝑖𝑛

=
𝑉

𝑜𝑢𝑡
 𝐼

𝑜𝑢𝑡

𝑉
𝑖𝑛

 𝐼
𝑖𝑛
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2.2.1 Buck converter

The buck converter is a switched regulator that steps down DC voltage by utilizing the
phenomena of physics associated with inductance. The basic topology is shown in Figure 2.6
below. When the switch is closed, the magnetic field in the inductor will begin to expand and
store energy as the current increases. The voltage polarity of the inductor will be opposite that of
the source, which counteracts it and decreases the voltage over the load. When the switch is
instead opened, the current will decrease which causes the magnetic field to collapse, as it is
proportionate to the current passing through the inductor. As the field collapses it will induce a
voltage with its polarity now being in line with the source. The inductor starts acting as a current
source and the energy stored in the inductor will either charge up the capacitor or, if they have
the same voltage, pass current through the load. Current will recirculate through the diode only
when the switch is opened [17].

Figure 2.6: Buck converter.

The output voltage of the buck converter is:

(6)𝑉
𝑜𝑢𝑡

= 𝑉
𝑖𝑛

𝐷

where D is the duty cycle of the pulse width modulated control signal for the switches,
determining the on-time. An inductor value is chosen using:

(7)𝐿 =
𝑉

𝐿
 𝐷

∆𝐼 𝑓

Where VL is the maximum voltage across the inductor and ΔI is the ripple current.  As discussed
above, increasing the frequency will decrease the required inductance. For practical circuits,
aspects such as saturation current, DC resistance, core materials and shielding also need to be
considered. [17]

2.2.2 Buck-Boost converter

A buck-boost converter is a combination of the buck described above, and its counterpart, the
boost converter. The boost converter's operation is similar to the buck, utilizing an inductor,
diode and capacitor, see Figure 2.7. Whenever the switch is closed, current is flowing through
the inductor to ground and the generated magnetic field in the inductor stores energy. The
polarity of the inductor is opposite the source. When the switch subsequently opens, current
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instead has to pass through the diode, capacitor and load. Because of the inductor's tendency to
act as a constant current source while it has energy stored, the voltage polarity will be flipped
and align with the source. The inductor and source are now in series which increases the voltage
over C and R [17].

Figure 2.7: Boost converter.

The output voltage for the boost converter is given by:

(8)𝑉
𝑜𝑢𝑡

=
𝑉

𝑖𝑛

1−𝐷

To achieve a circuit that can regulate voltage levels both down and up, simply add the buck and
boost converter in series. Imagine that the boost circuit above takes the place of the load R in the
buck converter from chapter 2.2.1, and the following circuit in Figure 2.8 is realized:

Figure 2.8: Combined Buck and Boost converter.

Now, the DC voltage V will first be regulated by the buck using S1, D1, L1 and C1. The voltage
over C1, the same output voltage from the buck that would have been over R in chapter 2.2.1,
will now act as the DC source from Figure 2.7, passing current through the boost made up of L2,
S2, D2 and C2 to finally reach its load R having been either regulated down or up. By simply
removing the capacitor C1 and combining the two inductors, the schematic for the topology of a
non-inverting buck-boost converter (the polarity over R is the same as V) is achieved, see Figure
2.9 [17].
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Figure 2.9: Simplified Buck-Boost converter (non-inverting).

By substituting Vin in eq. 6 for the output voltage of the buck with Vout from the boost converter,
because of the reasoning above, the output voltage for this two switch buck-boost becomes:

(9)𝑉
𝑜𝑢𝑡

= 𝐷
1−𝐷 𝑉

𝑖𝑛

The power dissipation in the diodes that has to be considered during component selection is:

Buck diode: (10)𝑃
𝐷1

= (1 − 𝐷)𝐼
𝑜𝑢𝑡

𝑉
𝐹

Boost diode: (11)𝑃
𝐷2

= 𝐼
𝑜𝑢𝑡

𝑉
𝐹

where VF is the forward voltage drop of the diode. For the boost diode, the duty cycle does not
play a role in power losses as it is always conducting, while the buck diode only conducts
recirculating current when the buck switch is opened, hence 1 - D. The equations above show
that the forward voltage drop of both diodes should be carefully considered for efficiency when
selecting components. Schottky diodes become the natural choice for converters of this kind as
they tend to have a lower forward voltage drop than a typical signal diode. It is possible to
exchange the diodes for switches, creating a four switch synchronous converter. This unlocks
greater efficiency but requires a more complex control circuit which can increase costs and
footprint. A major drawback of the buck-boost converter is that it is less efficient than either the
buck or boost converter as stand alone circuits. As it allows for a wide range of input voltages it
is an acceptable trade off for many applications but should not be used when not necessary. [17]

2.3 Printed circuit boards

Printed circuit boards (PCBs) act as a fixture for electronic components and as a reliable way of
connecting the components together to create circuits with usually lower noise levels, smaller
footprints and faster manufacturing times than manual soldering on protoboards or in free air.
The mechanical structure of a modern PCB consists of conductive and insulating layers with the
most common conductive material choice being copper sheets, while fiberglass composites such
as the family of FR-4 (Flame Retardant) are often used as dielectrics. During the manufacturing
process, traces and polygons (larger areas filled with copper, allowing for big nodes, low
impedance and higher current capacity) are created when any copper that is not connected to a
net is etched away using chemicals. Vias, which are plated through holes, are also often used to
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stitch either power planes or ground planes together to keep impedance low, and to allow for
traces to be drawn across multiple layers, unlocking more complex circuits. A common thickness
for the copper sheets is 35 um (1 oz), but this varies depending on desired heat characteristics,
weight limitations and characteristics of the specific circuit, for example how large currents will
pass through the PCB [19]. One way to decide the required trace width is:

(12)𝑊 =  

𝐼

𝑘 𝑇
𝑟
𝑏( )

1
𝑐

 1.378 𝑇
𝑐

using IPC-2221 standards where b, c and k are constants depending on whether the trace is on an
inner or external layer, W is the trace width in mils (thousands of an inch, equal to 0.0254 mm), I
is the current in amps, Tr is the temperature rise in celsius, and Tc is the copper thickness in
ounces. Components are mounted as through hole components or surface mounted devices
(SMD). Through hole refers to for instance typical resistors and capacitors that have leads
sticking out of them, while SMD refers to having exposed copper pads on the outermost layers
on a board to which components are mounted. SMD is the most common technology as it has a
smaller footprint and is easier to automate, resulting in faster manufacturing times and higher
profit margins. An example of common SMD packages are 0805 and 0402, referring to small
capacitors or resistors, where 0805 is bigger than 0402. Boards are assembled either by hand,
using solder and soldering irons, or more commonly with solder paste and hot plates, hot air
guns, or reflow ovens. For through hole components, wave soldering is used in larger factories.
[19]
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2.4 Hardware

2.4.1 Raspberry Pi 4B

Raspberry Pi Model 4B is a single-card computer developed by the Raspberry Pi Foundation and
is equipped with a quad-core 64-bit processor (Broadcom BCM2711 quad-core Cortex-A72,
ARM v8) that has a clock frequency of 1.5 GHz. It has 40 GPIO pins, 2 micro HDMI ports, 4
USB-A ports (two 3.0 and two 2.0), Bluetooth 5.0, Gigabit Ethernet, and WIFI (2.4 and 5.0 GHz
IEEE 802.11b /g/n/ac wireless LAN). The computer has 4 GB of LPDDR4 RAM and requires an
input voltage of 5 V DC (at least 3 A) which is connected via USB-C or GPIO-pins for power
supply. An operating system can be installed on a microSD card that is connected to the
computer and usually some Linux distribution is used [20]. Figure 2.10 below shows a picture of
the computer seen from above and Figure 2.11 shows a drawing with associated dimensions.

Figure 2.10: Raspberry Pi Model 4B [20].

Figure 2.11: Raspberry Pi Model 4B dimensions [20].
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2.4.2 ATtiny45

ATtiny45 is part of the AVR RISC-based microcontroller family launched by Atmel, now
acquired by Microchip Technology. The AT family is known to be found in Arduino boards, with
for example ATMega328P being the microcontroller in the immensely popular Arduino Uno.
The ATtiny45 can be programmed with the C++ based Arduino IDE using Arduino
In-System-Programmer. It has six GPIO pins, program memory size of 4 KB, 256 B SRAM,
8-bit high-speed timer/ counter, a 4-channel 10-bit A/D converter and a frequency of up to 20
MHz with a supply voltage of 2.7-5.5 V. The ATtiny45 is available in 8-pin SOIC, either through
hole or SMD, as well as QFN/MLF [21].

2.4.3 LeddarTech VU08-75H0007

LeddarTech VU08-75H0007 is an 8 segment solid-state LiDAR sensor module manufactured by
the Canadian company LeddarTech. It weighs 124.9 grams and can be configured to measure
distances up to 185 meters (against a reflective tape measuring 5 cm x 7 cm). A resolution of ±
10 mm, precision of 6 mm, and accuracy of 5 mm (if configured for oversampling 4 or more)± ±
can be achieved. It supports USB, CAN bus and Serial communication. The USB interface
available is a Virtual COM Port (VCP) serial emulation port, which means a virtual COM port is
created to enable communication between the two interfaces. This mode can be used to transfer
data or update the firmware of the board [22]. This specific model of Vu8 will be referred to as
Vu8 or the module in the following sections, although some information also applies to several
other Vu8 models. The full name will be used only to avoid misunderstandings.

In Figure 2.12 and 2.13, the appearance and dimensions of the module are displayed. In Figure
2.14 the carrier card is shown. Figure 2.15 shows the general working diagram of Vu8 models.

Figure 2.12: General elements of Leddar Vu8 seen from the side [23].
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Figure 2.13: LeddarTech VU8 16 ° dimensions [23].

Figure 2.14: Vu8 carrier card with USB, CAN and serial communication [23].
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Figure 2.15: General working diagram for Vu8 models [23].

2.4.3.1 Optical data and performance

Vu8 uses an infrared laser (905 nm) to measure the distance to an object [23]. It's often required
by law to specify the laser class of a product that uses lasers for safety purposes as they can
damage the eyes and skin permanently [24]. There is a difference between a class 1 laser and a
class 1 laser product even though both of them are safe. In this case a class 1 laser product is
used which means that it needs to be enclosed to make it safe without safety gear [25]. In Figure
2.16 the specific laser risk group is provided and the reference to the beam width and height can
be seen in Figure 2.17 (first row is VU08-75H0007). In Figure 2.18 the HFoV and VFoV for
Vu8 model segments depending on its orientation is shown.

Figure 2.16: Optical information for Vu8 [23].
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Figure 2.17: Sensitivity to HFoV and VFoV in Vu8 [23].

Figure 2.18: HFoV and VFoV depending on sensor orientation [23].

In Figure 2.19 below a plot of Amplitude vs distance is shown for different surfaces. The blue
line uses an 8 x 8 cm reflective tape as a reflective surface and the sensor is able to measure a
distance of about 185 m. The settings used in this plot is maximum intensity, accumulation is set
to 256 and oversampling is set to 8 [23]. For more information about these settings see [23] and
Appendix F.
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Figure 2.19: Plot of amplitude vs distance for VU08-75H0007 [23].

2.4.3.2 Underlying principles

To make measurements Vu8 uses (Light-emitting diode detection and ranging) which𝐿𝑒𝑑𝑑𝑎𝑟𝑇𝑀

is a sensing technology developed by LeddarTech that is based on laser illumination (Flash
LiDAR) with infrared lasers and the principle of  time-of-flight (ToF) for the light [23], as
presented in 2.1. In Figure 2.20 below an illustration of this is shown.

Figure 2.20: Detection zone and illumination area [23].

In Figure 2.12 we can see the receiver and the emitter on the Vu8. The receiver assembly
contains an eight element photodetector array, a processor (MCU) and circuits for this module.
The receiver module generates a full waveform for each segment at its measurement rate and this
rate is calculated with eq. (13) below. The processing time for the data is not considered.
VU08-75H0007 has a base acquisition rate of 10 kHz and explanation of the other parameters
used in the equation can be found in [26] and Appendix F [23].

(13)𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 =  𝐵𝑎𝑠𝑒 𝑟𝑎𝑡𝑒
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑔𝑚𝑒𝑛𝑡𝑠 𝑒𝑛𝑎𝑏𝑙𝑒𝑑 + 1) · 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠 · 𝑜𝑣𝑒𝑟𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔𝑠
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The emitter assembly consists of the emitter, a temperature sensor and the driver circuit for the
emitter. The receiver assembly controls the pulsing of the light source because the data
acquisition made by the receiver must be synchronized with the light source pulses. To
compensate the ranging results for changes in temperature, the temperature sensor is located near
the light source [23].

2.4.3.3 Configuration and setting

In Figure 2.14 a DIP switch is shown on the carrier board, which is used to configure which
interface to use. In Figure 2.21 the three different interfaces are shown and their corresponding
switch configuration [23].

Figure 2.21: Eight pin communication port configuration for Vu8 [23].

It is also possible to configure the measurement settings of Vu8 to adapt it according to the area

of   use and measurement environment. If the windows is used,𝐿𝑒𝑑𝑑𝑎𝑟𝑇𝑀 𝐶𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑜𝑟
explanation of how to configure it can be found in [23] and Appendix F. If the Leddar SDK is
installed on a Linux platform the corresponding parameters ID:s can be found in [26].

2.4.3.4 Electrical and miscellaneous

As seen in Figure 2.22 the Vu8 needs a 12 V power supply to operate, which can be connected to
the 12 V header connector shown in Figure 2.14 (pin 2 for 12 V and pin 1 for ground) via a
plugable terminal block. Additional information about the sensor is presented in Figure 2.23.

Figure 2.22: Information about power supply, output and input power Vu8 [23].
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Figure 2.23: Generell information av Vu8 [23].

In Figure 2.14 two push buttons can be seen (S1 and S3) and a description of the functionalities
of these buttons is found in Figure 2.24.

Figure 2.24: Vu8 push buttons functionalities [23].
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2.5 Communication and software

2.5.1 Bluetooth

Bluetooth was invented by Ericsson in 1994 and is a wireless technology that uses
ultra-high-frequency radio waves at 2.4 GHz with short wavelength to transfer data over short
distances between devices [27]. One of the major factors why Bluetooth is such a popular choice
for developers is that it offers a lot of flexibility with two radio options, Bluetooth Low Energy
(LE) and Bluetooth Classic. Bluetooth enables wireless communication between devices that can
be fit-for-purpose in a wide range of applications. It is estimated that 7 billion Bluetooth enabled
devices will ship annually by 2026 [28].

The Bluetooth protocol stack is shown in Figure 2.25 below and contains the protocols used in
the Bluetooth standard divided into different layers, similar to the OSI and TCP/IP model for
networks. Some of the core protocols that are fundamental for a lot of Bluetooths features are
Bluetooth Radio, Baseband, Link Management Protocol (LMP), Logical Link Control and
Adaptation Protocol (L2CAP) and Service Discovery Protocol (SDP). In short, the Bluetooth
Radio and the Baseband make up the physical layer in the model and are responsible for the
physical structure and specifications for transmission of radio waves and searching for devices.
The LMP is responsible for encryption, authentication, enabling new and managing already
enabled links. L2CAP makes it possible for the upper and lower layer to communicate by
modifying the packages sent between the layers. Finally, the SDP makes it possible to discover
services on a connected Bluetooth device once a link is established. RFCOMM enables the use
of a virtual serial port if it is required and removes the need for cables [27].

Figure 2.25: Protocols present in the Bluetooth stack [27].
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2.5.1.1 RFCOMM

In Figure 2.25 in the previous section, it’s shown that the RFCOMM protocol is built on top of
the L2CAP protocol. Bluetooth RFCOMM makes it possible to emulate a RS-232 serial port
interface to enable communication with the L2CAP protocol [29]. A RFCOMM-server and
RFCOMM-client on Windows or Linux can be created in Python with the help of the PyBluez
extension module.

2.5.1.2 PyBluez

PyBluez is an extension module for Python created by Albert Huang (original author) that makes
it possible to access Bluetooth resources in a system. The module is licensed under the terms of
GNU General Public License. PyBluez is compatible with Python 2.7 and 3, and can be installed
on windows, GNU/Linux or macOS. The installation process differs depending on the operating
system used as seen in [30].

PyBluez API provides two classes “BluetoothSocket” and “DeviceDiscover” where the first is
used to create a Bluetooth Socket for one endpoint of a Bluetooth connection and the second
gives more control over the device discovery process. The API also provides access to some
functions and exceptions for error handling. More detailed information can be found in. If the
module is used on windows or macOS the only available protocol is RFCOMM [30].

2.5.2 SSH

SSH is a network protocol that enables safe access to a computer over a network even if it is
unsecure. This is done by encrypting the data sent between two computers, public key
authentication and the possibility to set a strong password. Since a computer can be accessed
over SSH directly from a terminal with a SSH client available, it is possible to log in and manage
a system over the internet or a local router. This provides many opportunities to work on a
system far away or on a computer without a screen connected to it, for example a Raspberry Pi
[31]. To connect to another computer over SSH on Windows, an option is to use a software
called PuTTY. PuTTY is a client program that supports SSH among other network protocols and
is written and maintained primarily by Simon Tatham [32].

2.5.3 Leddartech SDK 4 and Python API on Linux

To be able to connect a LeddarTech sensor LeddarTech SDK is needed. It is a cross-platform
SDK written in C++ and has been tested to work on Windows 7, Windows 10 and Ubuntu. Both
32 and 64-bits architecture has been tested with the SDK for all three operating systems. It has
also been tested to work on a Raspberry Pi, but SPI is not supported in this case [33]. The
architecture of the Leddar SDK is shown in Figure 2.26.
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Figure 2.26: Leddar SDK architecture [34].

To be able to build the SDK in Linux Ubuntu (tested on 18.04 LTS) the following packages
shown in Table 2.1 need to be installed first. They are needed to be able to compile and run C++
and Python code. It is also recommended to update the system before the packages are installed
by entering sudo apt-get update in a terminal [35].

Table 2.1: Required packages for LeddarTech SDK 4 [35].
Package Terminal command

make sudo apt-get install make
build-essential sudo apt-get build-essential
libusb-1.0-0-dev sudo apt-get libusb-1.0-0-dev
git sudo apt-get git
python sudo apt-get python
python-numpy sudo apt-get python-numpy
python-scipy sudo apt-get python-scipy

After installation of the packages in Table 2.1 it is possible to build the SDK using cmake. For
some of the sensors available, a few changes are required before building the SDK [35].

To be able to connect a sensor via USB or serial without needing to use the sudo command every
time, specific rules for the LeddarTech vendor ID has to be created in /etc/udev/rules.d. This is
done by creating a file named 90-LeddarTech.rules in the folder just mentioned and adding the
following line in it: ATTRS{idVendor}=="28f1",MODE="0666". After this is done the
udev subsystem has to be restarted to make sure the new rule is found by entering the following
command in a terminal: sudo udevadm trigger --action=change. When this is
done it should be possible to communicate with the sensor and to verify this an example file
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comes with the SDK called LeddarExample, located in the release folder for the SDK. To run
this file, navigate to the release folder in a terminal and type the following:
-/LeddarExample. It should look something like Figure 2.27 below [35].

Figure 2.27: Running the LeddarExample [35].

The LeddarTech SDK also provides a Python interface which is compatible with Python 2.7 and
Python 3.6 or later. This makes it possible to connect and communicate with the sensor using
Python as a programming language. To enable this interface, LeddarPy has to be installed and
instructions on how to do this can be found in [33]. Information about the Python API:s methods,
dictionaries and device class can be found in [36] together with example code to connect and
fetch echos from the sensor. It is also possible to use the Leddar SDK together with a Robot
Operating System (ROS). More information on how to do this can be found in [33].

2.5.4 PySimpleGUI 4.60.0

PySimpleGUI is a Python package that simplifies the process of creating GUIs. It can run on
multiple operating systems (Windows, Linux or Mac) if it supports Python 3 or 2.7 (depending
on GUI framework used) and that the underlying GUI framework in use can be installed.  There
are four supported frameworks which are tkinter, Qt, WxPython or Remi. PySimpleGUI makes it
easy to create a GUI because it does not require the program to have an object-oriented
architecture and the event handling is based on a message passing model instead of a
callback-based model. This means that you can create a GUI without the use of classes [37].

Example code for how to create a simple window with two labels, two buttons and one textbox
in PySimpleGUI with tkinter as GUI framework is shown in Figure 2.28 below and the resulting
GUI in Figure 2.29.
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Figure 2.28: Example code for GUI shown in Figure 2.29 [37].

Figure 2.29: Example of a simple GUI [37].
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3. Method
This project began with a pre-study to acquire preliminary knowledge necessary to develop the
LiDAR system described in the introduction. As a result of the pre-study we were able to get an
overview of the technology included in this project and the knowledge needed to get started.
More specifically, we were able to: (1) Find a suitable solid-state LiDAR sensor, (2) build and
test a small prototype of a buck-converter, (3) create layouts and specifications for the system,
(4) decide which programming language to use and what software needed to be developed. In the
following chapter all the design choices will be explained.

3.1 Overview of the project

The prototype consists of five main parts, Leddar Vu8, Raspberry Pi 4B, a power supply circuit,
a GUI, specific software and a case. The Leddar Vu8 is connected to the Raspberry Pi via USB
and the power supply circuit supplies them with power. These three components are mounted
together in a specially designed case and the Raspberry Pi sends the data received from the Vu8
to a GUI on a host computer via Bluetooth.

3.2 Hardware

3.2.1 Raspberry Pi 4B

Several reasons led to the choice of using a Raspberry Pi 4B as a computer to connect the Vu8
to. Starting with the size, the Raspberry Pi 4B is only 85mm x 56 mm which is suitable
dimensions for making the prototype portable. The Leddar SDK has also been tested on it and
therefore we would not have to worry about compatibility issues later in the project. The
Raspberry Pi can also run Linux distributions as an operating system and since the guide for how
to use the Vu8 with Linux uses Ubuntu we would also be able to use Ubuntu. There would be no
need for an external Bluetooth module since the Raspberry Pi 4B already has support for this.
Being able to connect to a local router via WiFi would also enable us to connect to it over SSH
and a screen would not be necessary after the installation of Ubuntu. The power consumption
would also be kept relatively low.

3.2.2 LeddarTech Vu8

LeddarTech VU08-75H0007 was chosen mainly because of the availability, price, Linux support
with available SDK and good documentation. The SDK has a Python interface and the size of the
sensor is also suitable for making a portable prototype. Multiple available interfaces for
communication with (USB, CAN bus and Serial communication).
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3.2.3 Power supply PCB

To supply the system with power, a PCB containing both the topology of a buck and buck-boost
converter to supply both of the other devices is needed. The input range should be wide to enable
the complete system to act as a versatile prototype. The buck-boost converter is chosen to accept
9-36 V and output 12 V to the Vu8. The buck has to step-down that 12 V voltage to 5 V, which
supplies the Raspberry Pi. The buck-boost must supply 12 0.6 V to the sensor and handle at±
least 2 W per the Vu8 datasheet rating. The buck must supply 5 0.25 V and at least 15 W to the±
Raspberry Pi. The dimensions should be fairly close to those of the Raspberry Pi (approximately
85 x 56 mm) to simplify construction of the case.

3.3 Software

First, a simple description was created of what parts the system would need. Then flowcharts
could be created to clearly illustrate the logic of the system and thus facilitate the development of
the software needed. Figure 3.1 and Figure 3.2 below show these flowcharts.  A layout for the
GUI was also created to simplify the coding process and get a clear illustration of what was
needed. The flowcharts and the GUI-layout were created in the online tool Excalidraw and can
be seen in Figure 3.3 below.

Figure 3.1: Flowchart for code on Raspberry Pi.
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Figure 3.2: Flowchart for Code on main computer.

Figure 3.3: Layout of the GUI.
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Table 3.1: Description of Figure 3.3.
Name Description Function

B1 Button Send
B2 Button Connect to Raspberry Pi
B3 Button Start RFCOMM server
B4 Button Search for Bluetooth Devices
B5 Button Abort current event-loop
B6 Button Show Python version, PySimpleGUI

version and framework used
B7 Button Exit GUI
T1 Single line textbox Used for scale factor
T2 Single line Textbox User data to send
Textbox Multiline textbox Display information on current activities
Canvas Canvas Plot distance for each segment in 2D

3.4 Case

A case for all the devices needed to be designed and 3D-printed. A layout was made for how to
design the case that is holding the Raspberry Pi, Vu8, and the power supply PCB shown in
Figure 3.4. The layout was made in the online tool Excalidraw. The idea was that Vu8 would be
mounted on the front of the case for the Raspberry Pi and the PCB and then the case for the Vu8
would be mounted over it and attached to the board case as well. All parts needed to be drawn in
a CAD-software that could save the files as STL-files to be able to open them in a slicer-software
for 3D-printing.

Figure 3.4: Case for the Raspberry Pi, Vu8 and PCB.
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4. Implementation

This chapter describes the details of the design and implementation of all hardware and software
for the prototype.

4.1 Software

All software was written in Python using Visual Studio Code or Sublime Text 3 as code editor
and Python version 3.10.4 64-bit was used. To make sure the sensor worked as intended after

delivery, the was downloaded and installed on a laptop running𝐿𝑒𝑑𝑑𝑎𝑟𝑇𝑀 𝐶𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑜𝑟
windows in accordance with [23]. The firmware was also updated to the latest version using this
software. Ubuntu Desktop 20.04 LTS (RPI 4/400) was downloaded with Raspberry Pi Imager
v1.6.2 and installed on a micro-SD card. Ubuntu was chosen as an operating system for two
reasons: 1) previous experience 2) the leddar SDK and sensor had been tested on it. After the
installation of Ubuntu the Leddar SDK was installed in accordance with section 2.5.3. Then
Bluez, PyBluez, openssh-server and PySimpleGUI was installed. To be able to run the scripts
created in from the folder where the Leddar SDK where installed, the chmod command was
used to change the access permission.

4.1.1 Python scripts on main computer

Two scripts were developed to run on the main computer in accordance with Figure 3.2 in
chapter 3.3, GUI.py and dataProcessing.py. GUI.py creates the GUI for the system with the help
of the module PySimpleGUI version 4.60.0 with tkinter version 8.6.12 as framework. It is also
responsible for establishing a Bluetooth connection to the Raspberry Pi with the help of the
bluetooth module. It can act both as a server and a client using RFCOMM as transport protocol.
The script dataProcessing.py contains the functions needed to process the incoming data sent
from the Raspberry Pi. Explanation of the functions in GUI.py is shown in Table 4.1 and
explanation of the functions in dataProcessing Table 4.2. All code for the scripts can be seen in
Appendix A.
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Table 4.1: Description of functions in GUI.py.
Function Modules Description

plot_data(x,y) math
PySimpleGUI
cmath

Deletes previous graphics on the GUI canvas and
draws new graphics on it. It takes two parameters x
and y as lists of the measured distances by Vu8. Same
distance goes in x and y but are separated only to
clarify that they represent a coordinate on the canvas.

update_info(text) PySimpleGUI Updates the text box in the GUI with information
about what is happening. The input parameter is what
is displayed.

connect_to_pi(host_a
ddr,   uuid)

bluetooth
re
Time
dataProcessing

Connects to the Raspberry Pi:s rfcomm-server and
makes it possible to send commands to it. If the
command is ”get”, the connection is interrupted and
the function start_server(host_addr, uuid) is called to
start a rfcomm-server that is waiting for an incoming
connection from the Raspberry Pi to import lidar data.

The inputparameters is two strings, host_addr and uuid
which is the hosts Bluetooth MAC address and a uuid
which is currently set to
"00000000-0000-0000-0000-000000000000".

discover_devices() bluetooth Returns a list of tuples containing the MAC address
and names of nearby Bluetooth devices.

start_server(host_ad
dr, uuid)

bluetooth
datetime
dataProcessing

Creates a RFCOMM-server that listens for an
incoming connection from the Raspberry Pi. If a
connection is established and LiDAR data from the pi
is being received it calls the filter_data() and
get_distances() functions in dataProcessing.py to then
be able to call the plot_data() function with the lidar
distances as input parameter.

The inputparameters is two strings, host_addr and uuid
which is the Bluetooth MAC address on the computer
and a uuid which is currently set to
"00000000-0000-0000-0000-000000000000".
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Table 4.2: Description of functions in dataProcessing.py.
Function Modules Description

filter_data(raw_data) re This function takes the raw sensor data sent from the
Raspberry Pi as an input parameter. The data is extracted
from the get_echoes() class in leddarPy:s library and this data
is sent as bytes. The data of each segment has the following
format shown below:

(Segment, Distance, Amplitude, Timestamp, Flags, x, y, z.)

A sample of a measurement made by the sensor converted to
a string is shown below:

raw_data = "b'[
(7, 0.881485  ,  60.01326 , 0, 1, 0.87122583, -0.13409448, 0.)\n
(6, 0.87106323,  70.724365, 0, 1, 0.8658859 , -0.09482993, 0.)\n
(5, 0.9094696 ,  73.39941 , 0, 1, 0.9075224 , -0.05948216, 0.)\n
(4, 0.92004395,  63.609703, 0, 1, 0.919825  , -0.02007065, 0.)\n
(3, 0.9468384 ,  56.08985 , 0, 1, 0.9466131 ,  0.02065517, 0.)\n
(2, 1.1398773 ,  22.434961, 0, 1, 1.1374367 ,  0.07455155, 0.)\n
(1, 0.86413574,  50.353405, 0, 1, 0.8589996 ,  0.09407575, 0.)\n
(0, 0.7892761 , 116.375946, 0, 1, 0.78009015,  0.12006736, 0.)]'"

The function then filters out everything that's not a number in
the raw_data above and returns a 1 * 8 list of lists with each
segment data as a list. Every element in a segment is
converted to a float. The filtered output is shown below:

[[7.0, 1.5328217, 57.24547, 0.0, 1.0, 1.514982, 0.23317802, 0.0],
[6.0, 1.4990234, 72.34374, 0.0, 1.0, 1.4901137, 0.163194, 0.0],
[5.0, 1.5077515, 99.93437, 0.0, 1.0, 1.5045233, 0.09861166, 0.0],
[4.0, 1.4122162, 60.43555, 0.0, 1.0, 1.4118801, 0.03080733, 0.0],
[3.0, 1.0377655, 49.79181, 0.0, 1.0, 1.0375185, 0.02263873, 0.0],
[2.0, 0.8813629, 45.99083, 0.0, 1.0, 0.87947583, 0.05764389, 0.0],
[1.0, 0.80270386, 36.227684, 0.0, 1.0, 0.79793286, 0.08738786, 0.0],
[0.0, 0.85928345, 26.26686, 0.0, 1.0, 0.8492827, 0.13071711, 0.0]]

If the function for some reason can't filter the data correctly
False is returned instead.

log_data(data) datetime Takes filtered or unfiltered data as an input and converts it to
a string and saves it to sensor_data.txt in the same folder as
this script. If the file does not exist it will be created. A
timestamp for each saved data is also created and saved
together with the data.

log(info1, info2,
info3)

datetime Takes 3 input parameters and converts them to strings and
saves them in log.txt in the same folder as the script. If the
file doesn't already exist it gets created.

get_distance(sensor_
data)

Takes the filtered data from the function filter_data() function
as input-parameter. It then returns a new list with each
segment measured distance as an element in the list, starting
with segment 0 on index 0.
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Table 4.2: (continued)
simulate_distance_da
ta(min, max)

random Takes two input parameters as an int or a float, min and max.
It then generates random values within this interval and
returns a list with simulated distance for each of the 8
segments in Vu8. This can be used to test the GUI:s plot
interface as an example.

4.1.2 Python scripts on Raspberry Pi

One script named pi.py was developed in accordance with Figure 3.1 in section 3.3 to run on the
Raspberry Pi and handle the Bluetooth communication and to fetch data from the Vu8. The
dataProcessing.py script mentioned in 4.1.1 is also used on the Raspberry Pi but was renamed to
dataProcessingPi.py. Due to lack of time the functionality to receive data as shown in Figure 3.1
from the function connect_to_pi() in GUI.py were never developed. Explanation of the functions
in pi.py is shown in Table 4.3 and all code can be seen in Appendix B.

Table 4.3: Description of functions in pi.py.
Function Modules Description

get_lidar_data() leddar
datetime

Uses the Leddar SDK Python interface to connect to
the sensor via USB and fetch the echoes from the

sensor.
connect_to_server() bluetooth

dataProcessing
time

Connects to the RFCOMM-server on the computer
that runs the GUI and sends the data collected from the

get_lidar_data() function.

4.1.3 Python script for plotting distance data

A script to process the measured distance data saved in a .txt file was developed to be able to
calculate the mean for each segment in a series of measurements and then plot it. The script was
named plotData.py and the code can be found in Appendix G.

4.2 Buck-Boost converter

To implement the topology of a buck-boost converter, the Texas Instruments LM5118 IC is
chosen. The LM5118 is a switching regulator designed for high voltage applications where it is
capable of converting a wide input voltage of 3-75 V to a fixed desired output with an efficiency
of up to 95% depending on the input voltage and load current. For this application the expected
efficiency is between 70% - 85% for an input range of 9-36 V drawing less than 2 A. The
regulator operates on current mode control by using its internal current ramp emulator and
oscillator that sends out its clock signal to many internal components [38]. The complete
schematic of the buck-boost circuit with external components is shown in Figure 4.1.
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Figure 4.1: Complete schematic for the Buck-Boost converter.

A supply voltage is connected via the VCC screw terminal and passes through the input fuse set
to 5 A, slightly higher than 150% of the maximum load current of 3 A. The supply ground is
connected directly to the ground plane in the board. Ceramic capacitors C1 to C5 after the fuse
are chosen to limit the input ripple and are split to five capacitors in parallel to allow for
tolerance differences. The zero ohmic R10 only acts as a jumper while C6 is placed as close as
possible to the VIN pin of the IC for decoupling. A cropped view of the input is shown in Figure
4.2.

Figure 4.2 Input and analog signal components for the Buck-Boost converter.

As the buck-boost remains in an on state whenever VCC is connected, R2 takes the place of an
external switch and ensures a high state for the enable pin. The voltage divider to the UVLO pin
between R1 and R3 parallel with C21 sets the undervoltage threshold at which the IC shuts down
while C16 sets the soft start time, dependent on the size and charge time of the capacitor. To set
the oscillator frequency, and thereby the switching frequency for the regulator, R7 is set to 18.2
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kΩ, which results in 300 kHz. The current ramp emulator is set by C15. The ratio between the
divider R8 and R9 in the feedback loop sets the output voltage and is calculated using the
following equation from the datasheet: , where VOUT is 12 V.𝑅8/𝑅9 =  𝑉𝑂𝑈𝑇/1. 23 −  1
This results in a ratio of 8.76 and standard value resistors of 309 Ω for R9 and 2.67 kΩ for R8.
R4, C18 and C17 are used to close the feedback loop and to determine the characteristics of the
internal error amplifier. All components on the signal-side are grounded together in the analog
ground AGND, seen at pin 6 of the IC.

For the output and power side seen in Figure 4.3, special care is taken when choosing all the
power components. As the LM5118 switches at 300 kHz in this design, it is essential that the
MOSFETs of choice have as low of a gate charge as possible to minimize switching losses.
Therefore, a Si7148 from Vishay in a PowerPAK SO-8 package is used as both the high-side
buck and low-side boost switch (Q1 and Q2), with a gate charge of 68 nC. When browsing for
components from suppliers, this package most often had a lower gate charge than the common
DPAK or D2PAK, but instead suffered from a typically larger drain-source on-state resistance. As
no large currents (> 2 A) will continuously be drawn from this circuit, this design perspective is
dismissed in favor of a lower gate charge and lower switching losses. The drain-source voltage is
rated to 75 V, above what is required for this application as the maximum input will be 36 V, but
in line with the capabilities of the IC. This allows the circuit to be repurposed in future higher
voltage applications.

Figure 4.3 Output and power components for the Buck-Boost converter.

The relatively high switching frequency chosen above allows for smaller components values, and
thus a ferrite core 10 uH inductor is chosen for L1 to favor the buck-boost mode. D1 is the diode
used for boost operation and is chosen to be a low forward voltage schottky diode with a voltage
rating of 35 V, a great margin to the output voltage of 12 V. For recirculating currents and as a
buck diode, D4 is a schottky diode with a reverse voltage rating of 100 V. The output capacitors
C9-C12 supply the entire output current during the drop offs where the regulator is switching.
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The ceramic 1206 packaged C9 and C10 are used to reduce ESR while the electrolytic C13 and
C14 are for bulk capacitance. C11 and C12 are ceramic 0805 capacitors placed as close as
possible to the 12 V out-pin used to reduce noise and spikes at the output. R13 is a shunt resistor
used to measure the recirculating current which in turn is used to set the sample-and-hold level
for the internal ramp generator. C8 is used to supply gate current to the high side buck switch.
C20 is placed as close as possible to pin 16 of the IC for decoupling. R11 acts as a jumper, and
C22 was left in just in case as there was no description of it in the datasheet. However, it is not
used. Refer to the datasheet to see what other components for auxiliary functions were left out.
All of the components at the output stage use PGND as a direct reference which is connected to
the entire board ground plane.

4.3 Buck converter

For the buck converter, a design centered around a Texas Instruments LM2576 IC is chosen and
the circuit is shown in Figure 4.4 below. LM2576 is a non-synchronous step-down DC-DC
converter with an efficiency of approximately 80% when converting 12V to 5V which makes it a
decent choice for supplying the Raspberry Pi. This IC takes the place of the switch in the circuit
from chapter 2.2.1. It also acts as the PWM generator as it has an internal fixed frequency
oscillator at 52kHz connected to the negative input of a comparator. The positive input of the
comparator receives the feedback from the output of the circuit after having passed through a
fixed gain error amplifier (pin 4), and so the comparator drives the output transistor on the
switching node (pin 2).

Figure 4.4 Schematic for the Buck converter

The inductor L2 is chosen to be a shielded carbonyl powder core inductor to minimize
electromagnetic interference. As the circuit as a whole is rated for 3 A, the 5 A rating of the
inductor ensures that it does not reach saturation. In line with the recommendations in the
datasheet for the LM2576, a 100 uF and 1000 uF aluminum electrolytic capacitor is added to the
input and output respectively. The output voltage ripple is dependent on the ESR of the output
capacitor, and as lower voltage capacitors tend to have higher ESR values, Cout is rated for 50 V
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[39]. The choice of D2 is a PMEG6030EP schottky barrier diode with a low forward voltage of
460 mV and current rating of 3 A specifically designed for use in DC-DC conversion [40]. Two
0.1 uF ceramic capacitors, CinLP and CoutLP (LP meaning Low Pass in this case), are added as
close as possible to the input of the IC and output of the circuit to help remove noise. The 5 V
output is sent to a USB C female port that only utilizes the VBUS (power transfer pins) and
ground. USB C works well for the Raspberry Pi, but to improve the flexibility of the circuit and
to enable an output to a cooling fan in the system, two normal header pins are added as output
connectors.

The ATtiny45 shown in Figure 4.5 is used to control the buck converter via pin 5, “5V OnOff”,
as it is necessary to cycle the power supply to the Raspberry Pi before being able to turn it on
again after a shutdown. It has its own LM7805 linear voltage regulator to convert the 12 V
output from the buck-boost to its required supply voltage of 5 V. The ATtiny45 also receives a
constant high signal from the Raspberry Pi to verify that it is turned on and indicates this by
blinking a green LED. When the ATtiny45 no longer receives any input signal, it knows that the
Raspberry Pi has successfully turned off after a shutdown command and indicates this by
keeping Rpi_Status on constantly, signaling that the system is ready to be disconnected from its
power supply. The ATtiny45 was programmed using an Arduino Uno as an
in-system-programmer, refer to Appendix C for code and libraries used.

Figure 4.5 Schematic for the ATtiny45.

35



4.4 PCB layout

A printed circuit board is drawn in Altium Designer to fit all the components for the buck-boost
and buck converter in series. The height and width are limited to 89mm and 58mm respectively,
almost the same measurements as the Raspberry Pi 4 board, to simplify the shape of the
enclosure. The layer stack consists of four signal layers and can be seen in Figure 4.6. The layer
stack is as follows: Top Layer, IN Layer 1 GND, IN Layer 2 GND and Bottom Layer. Copper
thickness is chosen to be 35um, minimal spacing is 0.0254mm and minimal hole size is 0.3mm.

Since the circuit consists of large inductors and capacitors, all components are surface mounted
and placed on the top layer so that mounting the board flat will be easier. As many essential
signal traces as possible are drawn on the top layer while sensitive signals, such as the feedback
for the controllers, are placed on the bottom layer thereby being separated from high frequency
switching noise and electromagnetic interference from the inductor. All power traces and
polygons are also placed on the top layer and kept as short as possible between power
components such as the MOSFETs, inductors and diodes to mitigate heat and minimize current
loops. Refer to Appendix D for complete assembly drawings.

Figure 4.6: Layer stack.

The general layout idea is that the supply voltage VCC is connected to the board via a screw
terminal block on the bottom left side, is regulated with the buck-boost on the bottom edge of the
board and outputs 12V on the bottom right side. The 12V output is also connected to the buck
converter on the top of the board which outputs 5V on the top left side through either USB C
(compatible with the Raspberry Pi) or header pins. This allows the board to be oriented so that
the supply voltage cable comes out the back of the enclosure, while cables between the 12V and
5V outputs to the VU8 and Raspberry Pi respectively are kept short. Figure 4.7 shows the layout
of the top and bottom layer.
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Figure 4.7: Left: Layer 1. Right: Layer 4 (Top and Bottom Layer on the PCB).

A multitude of vias were placed in close proximity of ground pins of capacitors, diodes and the
boost MOSFET to provide a low impedance path to and from ground, and to allow a sufficient
path for large currents. The empty space between the two converters contains the ATtiny85, pin
connectors for cables to the Raspberry Pi and a button as well as the light emitting diode to
indicate the status of the ATtiny85 and Raspberry Pi. The analog ground AGND and power
ground SGND for the LM5118 controller IC were kept separated with a specific top layer
polygon for AGND that is disconnected from the rest of the board. The IC’s exposed underside
pad is connected to SGND through a polygon fill under the IC that joins the rest of the board
ground through multiple vias, and through pin 14 which directly connects to the general board
ground.

Both inner signal layers IN Layer 1 GND and IN Layer 2 GND are devoid of any signal or
power traces and only consist of ground polygon fills. Having a ground plane in direct proximity
of both signal planes allows for great coupling of noise and shields the bottom layer signals from
the top switching components well. Feedback signals, MOSFET gate signals and some
miscellaneous remaining traces that did not easily fit on the top layer were placed on the bottom
layer. The rest of the bottom is filled with a ground polygon. Figure 4.8 shows two parts of the
assembly process, namely component placement on solder pasted tabs and use of a hot plate.

Figure 4.8: Left: Placing components with solder paste. Right: Using a hot plate.
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At first, the buck converter would drop its output voltage below 4 V when larger currents were
drawn on the output which falls outside of the required range for the Raspberry Pi. A voltage
divider made up of two resistors was added to the feedback loop of the LM2576 in order for it to
be able to maintain an acceptable level on the 5 V output when drawing load currents of 1 A or
more. After temporarily soldering on a potentiometer to experimentally find values that kept the
voltage at the desired level when drawing larger load currents, a 100 Ω resistor is added between
the output and feedback pin on the IC, with a 1.5 kΩ resistor going from the feedback pin to
ground. See Figure 4.9.

Figure 4.9: Before (left) and after (right) the feedback voltage divider is fixed on the LM2576.
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4.5 CAD and 3D-printing

The case for the system was designed in Solidworks 2020 and Figure 3.4 in section 3.4 was used
as a template. An attempt to draw all the parts for the box that holds the Raspberry Pi and the
power supply PCB as one solid part was made. But by doing so it proved to be very difficult to
print with a good result and was instead divided into five smaller parts just as in Figure 3.4. To
save time, the original drawing was modified so that the individual parts could be assembled
together instead. Material was then removed from the solid part at selected locations to form the
new parts. Figure 4.10 shows a picture of the first version of the box as a solid part on the left
and the second version of the box as a solid part with new mounting holes on the right.

Figure 4.10: Original case as a solid part to the left and modified box to the right.

In Figure 4.11 the result after removal of material on the box to the right in Figure 4.10 is shown
and five individual parts that can be assembled together were created. This proved to be much
easier to print because each part could be printed horizontally (lying down). By doing this the
print quality increased and less support material was required. Figure 4.12 below shows the
assembled box together with the models for Vu8, Raspberry Pi, fan and our self-designed PCB
card. The models for Vu8, Raspberry Pi model B and the fan can be found in [41][42][43]
respectively. Figure 4.13 presents an exploded view of the entire system.

Figure 4.11: Case as five parts and assembled.
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Figure 4.12: Assembled case together with models of the electronic devices.

Figure 4.13: Exploded view of the entire case.

All parts were saved as STL-files to be able to open them in a slicer software and make the
necessary configurations for optimal 3D-prints. Ultimaker Cura was used as a slicer software. A
MakerBot Replicator 2 was used for printing all the parts holding the Raspberry Pi and the
power supply PCB. The printer had a 0.4 mm nozzle size and all parts were printed in PLA. The
casing for the Vu8 was printed in PLA on an Ender-5 Plus with a 0.8 mm nozzle size. The
drawings for each individual part were also created in Solidworks and can be seen in Appendix
E. The dimensions of the devices in the system that would be encapsulated by the case
(Raspberry Pi, PCB, fan and Vu8) were taken from the respective data sheets, except our
self-designed PCB. The printed parts for the box after removal of support material is shown in
Figure 4.14 and Table 4.4 shows the description of the parts. The printed parts for the sensor case
just after completed print is shown in Figure 4.15 and Table 4.5 shows the description of the
parts. M 2.5 and M 3.0 screws and nuts were used to assemble all the parts.
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Figure 4.14: Printed parts for Raspberry Pi and PCB.

Table 4.4: Description of parts in Figure 4.14.
Number Description

1 Case - Front, part 1
2 Case - Back, part 2
3 Case - Left side, part 3
4 Case - Right side, part 4
5 Case - Bottom plate, part 5
6 Case - Mounting plate Raspberry Pi 4B
7 Case - Mounting plate power supply
8 Case - Upper cover

Figure 4.15: Sensor case.
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Table 4.5: Description of parts in Figure 4.15.
Number Description

1 Case Sensor - Back, part 1
2 Case Sensor - Front, part 2

A 7 mm hole was drilled in one of the corners on the upper cover to mount a non-latching button
shown in Figure 4.16. The purpose of this button was to be able to shutdown the Raspberry Pi
when no screen was connected to it to prevent corruption of the SD-card.

Figure 4.16: Shutdown button for the Raspberry Pi.
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4.6 Tests

To evaluate the system’s performance, several tests are conducted to investigate all of the key
aspects relating to each subsystem.

4.6.1 LiDAR sensor and system

4.6.1.1 Test A

A distance measurement test was made for the distances 10, 20, 30, 40 meters in a long hallway
shown in Figure 4.17. Each distance was measured with a measuring tape with a millimeter scale
and marked with black tape. The width of the hallway was approximately 2.22 m and the sensor
was placed in the middle. A router and a laptop running the GUI were placed near the position of
the sensor. The setup is shown in Figure 4.18. The Raspberry Pi had been configured to auto
connect to the router and to the laptop via Bluetooth after bootup. The laptop was connected to
the router and once the system was powered, the laptop was checked for a Bluetooth connection
to the Raspberry Pi and the router's web interface was accessed via a browser on the laptop to
confirm that the Raspberry Pi had connected to it as well. In the router's web interface the local
ip address for the Raspberry Pi was accessed and used to connect to it via SSH. PuTTY was used
for this on the Laptop. Once a SSH session was established it was possible to navigate to the
folder where the Leddar SDK was installed and then into the folder where the pi.py script was
located. Before the script was started the GUI.py was started on the laptop and the start rfcomm
server button was pressed. After the server had been confirmed waiting for a connection, a white
shelf plate shown in Figure 4.19 was placed on its long side on the 10m mark and the script on
the Raspberry Pi was started and the distance data could be sent to the laptop and saved as a txt
file. The script was running for three minutes before it was manually interrupted so the shelf
plate could be moved to the next mark and then restarted for another three minutes. This was
repeated until data was collected for all the marks.

The primary purpose of the test was to verify that the system and sensor worked as intended. The
settings of the sensor were never adjusted so that optimal measurements could be performed in
this measurement environment. The sensor settings during the test can be seen in Appendix H.
The GUI and the SSH session during measurement of the 20 m mark is shown in Figure 4.20.
The date and time in the PuTTY window does not match date and time in the GUI (correct time)
because the Raspberry Pi had not been connected to the internet for a few days.
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Figure 4.17: Hallway.

Figure 4.18: Setup.

Figure 4.19: Shelf plate.
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Figure 4.20: GUI and PuTTY SSH session during measurement at 20m.

4.6.1.2 Test B

To test the reliability of  the full system, all parts were assembled and connected in the case. The
sensor was placed approximately 1.1 m from a white door and left for one hour. Same setup as in
Test A was used except that the PCB was powering the system in this test and the sensor's
position was changed. The data was saved to a .txt file and the purpose of this test was to ensure
that the system could operate without the Raspberry Pi overheating or shutting down and not for
the purpose to measure a distance accurately.
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4.6.2 PCB tests

The efficiency of the switching regulators is tested by pulling fixed currents from its outputs
using DC load boxes while simultaneously measuring input and output power with multimeters
and an oscilloscope. While using the load boxes, pictures with a thermal imager are taken to
allow for analysis of heat dissipation in the different parts of the PCB. Noise and ripple is also
tested with oscilloscopes and probing on exposed parts of interesting nets. See Figure 4.21.

Figure 4.21: Test rig for the PCB.
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5. Results

This chapter presents the results from method and implementation.

5.1 Final layout

5.1.1 GUI

The final GUI is presented in Figure 5.1 together with simulated distance data from 100 m to 180
m using the simulate_distance_data() function in dataProcessing.py. In Figure 5.2 the Version
button has been pressed and a pop up window with information has appeared. Figure 5.3 shows
the result after pressing the Search for devices button and two devices have been discovered. The
device mac address and name has been covered in black for integrity purposes. The Send and the
Connect Device buttons functionality was never implemented due to time constraints. The
textbox next to the scale factor label scales the segments to fit the window by entering a positive
number (can be decimal).

Figure 5.1: GUI with simulated data plotted with simulate_distance_data(100, 180).
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Figure 5.2: GUI after the version button was pressed.

Figure 5.3: GUI after the search for devices button was pressed.
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5.1.2 PCB

Figure 5.4 shows a top view of the finished PCB. The PCB could successfully supply the sensor,
Raspberry Pi, and the fan during testing, see 5.2.1.

Figure 5.4: Indexed top view of the PCB, refer to chapter 4.2 and 4.3 for component values.

5.1.3 Case

Figure 5.5 shows the assembled case without the upper cover, the PCB to the left and Raspberry
Pi to the right. Figure 5.6 shows the final fully assembled system without the lens cover.
Unfortunately the sliding doors could not be used due to problems removing the support material
in the grooves where they were supposed to slide in. The mini USB-B connector on top of the
Vu8 came too close to the lid and a hole was drilled to be able to connect the cable from the
outside instead. The mounting holes for the fan on the lid was slightly offset and a 3 mm drill
was used to correct this. The shutdown button was never implemented due to problems with the
software for the GPIO pins on the Raspberry PI.
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Figure 5.5: Open top view of both case shelves.

Figure 5.6: Fully assembled case.
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5.2 Test results

5.2.1 Test A

The theoretical measurement rate during this test was calculated to 4,34 Hz with the use of
equation (13) in section 2.4.3.2 using the settings found in Appendix H, which also shows that
the sensor was set to 30 m as the maximum detection range. The mean for each segment
measured distance was calculated and plotted for each set of data using the plotData.py script
shown in Appendix G. After the script had filtered out the useful data, each dataset contained
5000 values which corresponds to 625 distance values per segment except for the 40 m dataset
which has 5648 useful samples, corresponding to 706 values per segment. This script also
calculates the measurement rates during the test and the result is presented in Table 5.1.

Table 5.1. Calculated measurement rate for each dataset.
Measured interval [m] Mean measurement rate [s] Mean measurement rate [Hz]

10 0,245 4,082
20 0,243 4,115
30 0,244 4,098
40 0,247 4,049

Comparing the measurement rates in Table 5.1 with the theoretical measurement rate at 4,34 Hz
shows a very small difference for all datasets and is expected to be a little lower than the
theoretical due to processing time in the code.

The result for the 10 m test in Figure 5.7 shows that all segments distance mean except 0, 6 and 7
is almost exactly 10 m and the result for the 20 m test in Figure 5.8 shows that segment 3, 4, 5
give a mean value around 20 m. The results for the 30 m test in Figure 3.9 shows that segment 4
is almost exactly 30 m and segment 5 is almost 30 m. By comparing these figures, we can see
that the longer the distance becomes, the fewer segments can measure a correct distance with
these settings. It might also be possible that some of the outer segments are measuring the side
walls at longer distances, and not the shelf plate.

Figure 5.10 shows distance measurements at 40 m and it is clear that this data is invalid which is
expected since the sensor is set to a max distance at 30 m.
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Figure 5.7: 5000 samples, 625 per segment.

Figure 5.8: 5000 samples, 625 per segment.
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Figure 5.9: 5000 samples, 625 per segment.

Figure 5.10: 5648 samples, 706 per segment.
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5.2.2 Test B

During the one hour system test the temperature and system information on the Raspberry Pi was
checked using the landscape-sysinfo command in a terminal on the Raspberry Pi, and the result
can be seen in Figure 5.11. The settings were checked just before the script was started and right
after it had been terminated. The temperature only increased by 1,9° C during the test with the
fan running continuously. The result of the data collected during the test is shown in Figure 5.12
and the plotData.py script was used for this. Almost all segments had a mean around 1.1 m and
100.000 values were used in total.

Figure 5.11: System information at start and right after 60 minute testrun.

Figure 5.12: 100000 distance values, 12500 per segment.
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5.2.3 PCB test results

Figure 5.13 shows a screenshot of the efficiency measurements of the buck boost while drawing
1 A continuously using a DC load box. Using eq.(5) the efficiency is:

(13)η =
𝑃

𝑜𝑢𝑡

𝑃
𝑖𝑛

=
𝑉

𝑜𝑢𝑡
 𝐼

𝑜𝑢𝑡

𝑉
𝑖𝑛

 𝐼
𝑖𝑛

= 11.6409 𝑉 ᐧ 0.9057 𝐴
9.1871 𝑉 ᐧ 1.5676 𝐴 = 10. 544 𝑊

14.38 𝑊 = 0. 7332 = 73 %

The top yellow graph is the input voltage, the green graph is the output current, the beige graph
is the input power and the pale green graph is the output power. Top left graph is the input
current and the cyan graph is the output voltage.

Figure 5.13: Screenshot of buck boost measurements with 1 A load box.

Figure 5.14 shows a screenshot of the efficiency measurements of the buck with no load. The
efficiency is approximately 94 %.

Figure 5.14: Screenshot of buck measurements with no load.

The noise on the feedback trace for the buck-boost was measured to be 80 mV. Figure 5.15 is
taken halfway through testing and Figure 5.16 shows a closeup of the IC during testing. The
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pictures were taken on a Testo 883 and processed in IRSoft. The temperature of the PCB was
approximately 26.9° C before testing due to other tests being conducted closeby, increasing the
room temperature. As expected, all of the power components dissipate the most heat.

Figure 4.15: PCB heat dissipation during test.

Figure 4.16: IC heat dissipation during test.
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6. Discussion

This chapter discusses the results above as well as different aspects of the project.

6.1 GUI and software

Results from section 5.1.1 shows that a simple GUI could be developed and implemented to the
system in accordance with section 3.3. Some functions were unfortunately never implemented
due to lack of time, such as the functionality to send commands to the Raspberry Pi directly from
the GUI. This would have made it possible to change settings on the system and the Vu8 during
operation, which would have made the system more flexible to use. It would also have been
possible to shutdown the system this way. The illustration of the segments on the canvas in the
GUI could also be improved so that the scaling is done automatically.

As mentioned in 5.1.3, the shutdown button was never implemented due to issues with the code
for the GPIO pins. The need for this button should have been thought of earlier in the project so
that more time could have been put into troubleshooting this issue.

6.2 Case

The results presented in section 5.1.3 shows that a casing for the entire system could be designed
and constructed in accordance with section 3.4. The final layout worked well except for some
issues with the cable management, the sliding doors and that no hole was drawn for the
shutdown button on the upper cover. The size of the case for the sensor could have been made
slightly bigger so that the 12 V terminal block shown in Figure 5.6 would have fitted inside it as
well. Alternatively, some other kind of connector could have been used. The height of the whole
casing should also have been slightly higher so that a slim 90 degree mini USB-B cable could fit
inside the box and not as in Figure 5.6. If there had been more time available for this project,
more copies of the printed parts would have been made to find the optimal settings for the best
printing quality, then the sliding doors might also have worked as intended.

6.3 Power supply PCB

While the power supply PCB did satisfy all demands set on it, it could be drastically improved.
During test B with both the Vu8 and Raspberry Pi connected, the circuit never came close to its
max rating of 3 A. While the Raspberry Pi can consume up to 15 W when under heavy stress and
with most of its ports being utilized, the maximum system load for this project never required
that much power. This means that it was closer to idle than its max rating, and thus a smaller and
simpler circuit could be used which would reduce footprint and cost. The input voltage should
also be set to a fixed level, so that no buck-boost is required which would improve efficiency.
The redesigned circuit should also include reverse polarity protection to protect the sensitive
Raspberry Pi and sensor as this was lacking in this iteration. This could be achieved with a
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simple p-type MOSFET circuit at the input, which would switch off if voltage was applied in
reverse polarity. See Figure 6.1

Figure 6.1: An example of a reverse polarity protection implementation.

As there is extra room left in the case, a larger PCB can be used to ease the constraints on the
layout which would allow for improvements as the ones above. With a larger PCB, the switching
frequency can be set lower by recalculating R7 as described in chapter 4.2, and by subsequently
recalculating the other component values in the circuit without the larger footprint of the
components causing any issues. The lower switching frequency would improve efficiency, as
discussed in 2.2. With the final case for the system in mind, the USB C port could be relocated
closer to the Raspberry Pi, as it was originally designed with a different case layout in mind. For
the ATtiny45, input and output capacitors to the 7805 were forgotten about (see the schematic in
Figure 4.5). It still worked fine, but it is good practice to include them for stability and is often as
easy as referring to the components datasheet for the recommended values.

6.4 Method

The tests that were conducted could be deemed as sufficient for this project as the goals were not
to benchmark the performance of the Vu8 itself, but rather the idea of a solid-state LiDAR
prototype system as a whole. However, the test could have been optimized by performing it in an
open field, for example outdoors or in a gymnastics hall, to avoid interference with
measurements from walls and other objects as the case was in the hallway. It would also have
been interesting to evaluate different lighting conditions, as well as different configurations of
the Vu8, not only to optimize range, but also measurement rate and noise levels. Instead of a
measuring tape, the test setup should have included a laser meter to verify the distances
measured versus the actual distance.

As mentioned in section 5.2.1, the results for the 40 m measurements shown in Figure 5.10 were
expected to be invalid, but it is unclear why segment 5, 6 and 7 shows approximately 10, 13 and
11 meters respectively. The most probable explanation is that the sensor measures the wall in the
hallway since similar values for these segments are shown in the other plots, with the exception
of segment 5 for the 20 and 30 meter test. The middle segments all showing zero could be a
result of the laser simply traveling past the 30 m mark, not being able to be received again, and
therefore showing zero, which would be the default output for non-valid readings. However, it is
unclear why segment 0, 1, and 2 read zero during the 40 m test as they seemed to be hitting the
left wall of the hallway consistently during the other measurements.
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During the load box and thermal imager test for the PCB, the ambient room temperature was
pretty high due to ongoing tests with heat chambers and other circuits in the lab closeby. This
could have affected the results slightly. Efficiency testing should have included rigorous tests at
several fixed voltages with different load currents, to achieve a typical efficiency curve as the
ones often found in datasheets, see an example in Figure 6.2.

Figure 6.2: Efficiency characteristics chart for the LM5118 [38].

Test B proved that the system could operate for longer periods of time without either overheating
or running into any software errors while saving and transferring data. The test could have been
improved by running the system for a longer period of time and simultaneously observing the
heat characteristics of all devices while inside the case. The ambient temperature should have
been noted alongside thermal images being captured.

6.5 Suggestions for future work

Implement functionality to send data to the Raspberry Pi so that the Vu8 and other settings can
be configured directly from the GUI. It would also be practical to start the scripts automatically
on the Raspberry Pi as soon as it has booted and modify the scripts to start the RFCOMM-server
directly. Then there would be no need to use SSH to start the scripts. Implementation of the
shutdown button would also make the system more reliable and easy to use. It would also be a
good idea to create some kind of safety circuit for sudden power losses as they can damage and
corrupt the SD-card. If a battery could provide the system with power immediately during a
power loss and make it possible for the Raspberry Pi to shutdown naturaly the system would be
much more reliable. It would also be a good idea to improve the flow of the code and maybe use
different threads to separate the flow of execution and thus make the program run more
smoothly. For example, when the Start rfcomm server button is pressed, the GUI can't do
anything else until a connection is established. Threading might solve this problem.

Optimizing the settings on the Vu8 to measure longer distances than 30 m and with a better test
setup would be interesting to investigate. It would also be interesting to test different
backgrounds and lighting when doing so.
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Expanding the GUI to be able to predict the movement of incoming objects and inform the user
when it is about to collide would be a good feature to implement. It would also be interesting to
expand the field of view by choosing another model of the Vu8 or make it possible to connect
another device and thus expand the field of view that way.

The Leddar SDK also supports the use of ROS as mentioned in section 2.5.3 and it would be
interesting to test the system using this instead of the GUI. This would make it possible to plot
the distance data as a point cloud and generate maps of its surroundings as an example. It would
also be interesting to develop software to process the collected distance data from the sensor and
implement it directly into the GUI. Make it possible to generate 2D maps or plot the data as
graphs directly in the GUI and make statisticals calculations.

Next iteration of the system should have its power supply PCB redesigned with the reasoning of
6.3 in mind. Future power supplies could also be synchronous converters, exchanging the diodes
for MOSFETs, to further improve efficiency. In the process of redesigning the PCB for future
iterations, it would also be of interest to implement an onboard processor and Bluetooth (or
WiFi) module to integrate the whole system as one circuit. This would eliminate the need for
external hardware and peripherals such as the Raspberry Pi in this case. However, all software
would probably have to be rehauled if one cannot find an easy way to install Ubuntu together
with the LeddarTech SDK. It would be a requirement that the new hardware is compatible with
Ubuntu, by for example being based on ARM 64-bit as the Raspberry Pi is, although
successfully implementing such a design, even with compatible processors, would probably
prove to be superfluously complex for a project of this kind.

Alternatively, as a replacement for the Raspberry Pi, it would be interesting to investigate the
possibility of using some version of LattePanda as the single board computer for the system.
LattePanda can run Windows 10 along with the LeddarTech SDK and its Python interface.
This board also has WiFi, Ethernet, and Bluetooth integrated which would enable the same
communication opportunities as the Raspberry Pi. The boards also carry either an ATmega32u4
or Arduino Leonardo which opens up more possibilities for the system, such as implementations
of for example temperature sensors inside the case. Since some of the LattePanda versions can
be supplied with 12 V directly, there would be no need for the PCB and the casing for the system
could be made smaller [44]. By removing the PCB, the wide voltage input range would be lost,
but as discussed in 6.3, having a fixed input voltage would improve efficiency.

6.6 Solid-state LiDAR in a wider context

The advent of sustainable energy and its rapid evolution of smarter transport is unlocking the
potential to save numerous lives. Global sales of almost 80 million new cars each year coupled
with the fact that road accidents are estimated to be the eight leading cause of death among all
ages, killing 1.35 million people each year, should make it clear that new methods for crash
prevention are desperately needed [45]. With converging technologies, innovative disruptions,
and the growing use of artificial intelligence, feature complete autonomy is on the horizon.
Figure 6.3 shows an excerpt from Tesla’s 2021 Impact Report showing that self-driving vehicles
are already capable of surpassing human drivers in terms of safety, using sensors and onboard
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processors. It would not be hard to imagine that in just a couple of years, all new ground vehicles
being sold, whether cars, buses, or even construction machinery, will feature LiDAR (most likely
solid-state) or cameras, and software to prevent accidents. Even without autonomous features,
having sophisticated sensors on board the vehicles allow for driver alerts and emergency brake
systems to function better. The current movement in the industry, with LiDAR companies rapidly
pushing for market deployment of smaller, smarter, faster and cheaper solid-state systems, and
the enthusiasm shown by automotive manufacturers, gives hope for a future with safer roads.

Figure 6.3: Number of vehicular accidents per million miles driven (2021) [46].
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7. Conclusions
This chapter will refer back to the problem descriptions in chapter 1.1 and the specific goals set
in 1.3, conclude how achievable they were, and leave final remarks on the project.

“What possibilities are there for designing a system that can form a basis for other future LiDAR
projects using an affordable solid-state LiDAR sensor?

The commercial availability of solid-state LiDAR sensors today is very limited, but the Leddar
Vu8 has proven that the market already is in a state of consumer availability, and with the rapid
innovation taking place among large LiDAR companies it should not be long before cheaper and
stronger devices trickle down to the average consumer. The purchasing price of a
VU08-75H0007 currently lies around €900 including taxes. By using the Vu8 in this project, we
could achieve a good prototype that provides a wide range of software options, user
configurations, and applications. The final system has laid a good foundation for future
development, such as the ideas described in 6.5, and perhaps even other use cases not explored in
this paper.

“Can the system be designed in such a way that the cost is kept relatively low, and simple
implementation of new functions in the software are possible…”

The final cost for building this prototype was around €1200 including taxes, without taking the
PLA for 3D-printing into account. This is quite expensive for an average consumer but could
still be deemed affordable for some use cases. The prototype could have been constructed at a
lower cost if the power supply PCB was neglected to instead use typical wall adapters, although
this would result in a loss of the wide input voltage range of the PCB and its microprocessor.
Implementation of new functions in the system can be done with ease as the scripts are made in
Python and do not use classes.

“[…] while maintaining a wide voltage input range to allow for easy installations in larger
systems?”

The implementation of a relatively wide input voltage range of 9-36 V was done with ease, but
as shown in 5.2.3, it resulted in a low efficiency relative to if the system would have had a set
voltage level and been designed thereafter. While this enables use of common voltages such as 9,
12, 15, 18, 24, 30 and 36 V, which allows this prototype to be installed in many different larger
systems, it would be more beneficial to design the power supply after a fixed input for each
respective application before moving to any form of production.

Can sensor data be saved, sent wirelessly and displayed graphically in a GUI in a relatively easy
way?

The data could be saved as .txt files on the host computer and could be sent from the Raspberry
Pi to the host computer via Bluetooth. The distance data for each segment could be displayed in
the GUI together with an illustration of the segments.

The specific goals from chapter 1.3 could all be achieved for this project with the exception of
goal 2. The communication via Bluetooth using the GUI is one-way only; from the Raspberry Pi
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to the host computer. However, it was possible to send data from the host computer to the
Raspberry by starting the rfcomm-server script on the Raspberry Pi instead. The idea was to let
the Raspberry Pi act as a server first and receive instructions from the host computer. It would
then be instructed by the user to connect to the host computer instead and send distance data
from the sensor, as described in Table 4.1 for the connect_to_pi() function. This functionality
was unfortunately never fully implemented.

The project should be deemed a success when looking back at the problem description and the
specific goals that were set. As with any project or product, many iterations are necessary to
successively identify faults and improve them. For this project, one or more iterations of the
code, PCB, and case would have led to a better result. Lack of time made iterating difficult, but
planning for future projects should take that time into consideration. Move quickly, fail fast, and
iterate faster.
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Appendix A - Code on main computer (Python)
GUI.py
"""

Author: Sebastian Jönsson

Thesis Syntronic Gävle 2022

This file creates a GUI to be able to interact with the Vu8.

It plots the distance data for each segment in 2D and can

start a rfcomm server or connect to one.

Inspiration taken from:

https://medium.com/geekculture/custom-made-plots-in-python-with-pysimplegui-9f7618fab8d5

https://pysimplegui.readthedocs.io/en/latest/

https://pysimplegui.readthedocs.io/en/latest/cookbook/#recipe-pattern-2b-persistent-window-mul

tiple-reads-using-an-event-loop-updates-data-in-window

https://github.com/pybluez/pybluez/blob/master/examples/simple/rfcomm-server.py

https://github.com/pybluez/pybluez/blob/master/examples/simple/rfcomm-client.py

https://sdk.leddartech.com/v4.3/#/Python?id=examples

"""

from cmath import pi

import datetime

import time

import math as m

import PySimpleGUI as gui

import bluetooth

import re

import dataProcessing

__author__ = 'Sebastian Jönsson'

__version__ = '1.0'
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# Constants

test_raw_data = "b'[(7, 0.881485  ,  60.01326 , 0, 1, 0.87122583, -0.13409448, 0.)\

\n (6, 0.87106323,  70.724365, 0, 1, 0.8658859 , -0.09482993, 0.)\

\n (5, 0.9094696 ,  73.39941 , 0, 1, 0.9075224 , -0.05948216, 0.)\

\n (4, 0.92004395,  63.609703, 0, 1, 0.919825 , -0.02007065, 0.)\

\n (3, 0.9468384 ,  56.08985 , 0, 1, 0.9466131 ,  0.02065517, 0.)\

\n (2, 1.1398773 ,  22.434961, 0, 1, 1.1374367 ,  0.07455155, 0.)\

\n (1, 0.86413574,  50.353405, 0, 1, 0.8589996 ,  0.09407575, 0.)\

\n (0, 0.7892761 , 116.375946, 0, 1, 0.78009015, 0.12006736, 0.)]'"

test_distance_Data = [0.881485, 0.87106323, 0.9094696, 0.92004395, 0.9468384, 1.1398773,

0.86413574, 0.7892761]

startTime = datetime.datetime.now()

#Change address to the current rfcomm-server address in use

host_addr_pi = "DC:A6:32:9F:2F:BB" # Raspberry Pi

host_addr_asus = "x:x:x:x:x:x" # Laptop

uuid = "00000000-0000-0000-0000-000000000000"

#######

# GUI #

#######

# PySimpleGUI INIT

gui.theme('DarkAmber')

AppFont = 'Any 16'

# Creating the layout for the GUI

layout = [[gui.Text('Version: V 1.0  Author: Sebastian Jönsson  Date: 2022  Thesis work

Syntronic Gävle')],

[gui.Graph(canvas_size=(600, 600),

graph_bottom_left=(-200, -200),

graph_top_right=(200, 200),

background_color=('white'),

key='graph'), gui.Multiline(size=(65,37), key='info', disabled=True)],

[gui.Text('Scale factor:'), gui.InputText(key='scale', size=(10, 2))],

[gui.Text('Command:  '), gui.InputText(key='command'), gui.Button('Send',

font=AppFont, key='send')],

[gui.Button('Connect Device', font=AppFont, key='connect' ),
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gui.Button('Start rfcomm server', font=AppFont, key='server' ),

gui.Button('Search for devices', font=AppFont, key='search'),

gui.Button('Abort', font=AppFont, key='abort'),

gui.Button('Version', font=AppFont, key='version'),

gui.Button('Exit', font=AppFont, key='exit')]]

window = gui.Window('GUI', layout,

grab_anywhere=True,

finalize=True)

graph = window['graph']

# Deletes previous graphics and draws new graphic on the canvas

#https://pysimplegui.readthedocs.io/en/latest/call%20reference/#drawarc

def plot_data(x, y):

event, values = window.read(timeout=10)

scale = 1 # Scales the segments to prefered size

# Sets the value of scale of user input

try:

scale = float(values['scale'])

if scale == 0: scale = 1

#print(scale)

except: pass

for i in range(len(x)):

x[i] = x[i]*scale

y[i] = y[i]*scale

# Erases previous drawings in graph

graph.erase()

# Variables for parameters

extent = 16.875 # Correspond to 2 degrees for 16 degree Vu8

text_ofset = extent/2

angle_displace = 16.875

start_angle =  []

start_angle_text = []
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# Generates angles for the segments and their text on the right side and stores

# them in start_angle, starting with segment 0

for i in range(4, 0, -1):

start_angle.append(90 - angle_displace*i)

start_angle_text.append((90 - angle_displace*i + text_ofset)*pi/180)

# Generates angles for the segments and their text on the left side and stores

# them in start_angle, starting with segment 4

for i in range(1, 5):

start_angle.append(90 + angle_displace*i)

start_angle_text.append((90 + angle_displace*i - text_ofset)*pi/180)

# Draws segments

for i in range(4):

# Draws right side segments 0,1,2,3

graph.DrawArc( (x[i],-y[i]), (-x[i], y[i]), extent, start_angle[i],

arc_color='Black', fill_color='green') # 0

# Draws left side segments 4,5,6,7

graph.DrawArc( (x[i+4],-y[i+4]), (-x[i+4], y[i+4]), - extent, start_angle[i+4],

arc_color='Black', fill_color='green') # 4

# Draws text in the center of each segment and shows each segment's distance.

# The location for the center-texts is calculated from each segments angle and length

using

# cos and sin.

for i in range(8):

graph.draw_text(text = str(i), font='bold', location =

(m.cos(start_angle_text[i])*x[i],

m.sin(start_angle_text[i])*y[i]),

angle = (start_angle_text[i])*180/pi, color='red')

# Resets the scale before display of length

for i in range(len(x)):

x[i] = x[i]/scale

y[i] = y[i]/scale

graph.draw_text(text = "Segment {} : {:.3f} m".format(i, x[i]),

location = (-130, -180 + i*20), color = 'blue', font='bold',

text_location = "center")

window.read(timeout=100)
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# Updates the text field with the information from the parameter text

def update_info(text):

window['info'].update("\n" + text, append=True)

#############

# Bluetooth #

#############

# Connects to a rfcomm server on the raspberry pi

def connect_to_pi(host_addr, uuid):

update_info("\nSearching for rfcomm_server on {}...".format(host_addr))

window.read(timeout=10)

service_matches = bluetooth.find_service(uuid=uuid, address=host_addr)

# Exits the function if no service could be found and prints message on screen

if len(service_matches) == 0:

return update_info("\n Couldn't find the server service.")

# Server parameters

first_match = service_matches[0]

port = first_match["port"]

name = first_match["name"]

host = first_match["host"]

name = re.sub('[^c-zA-Z0-9,a\n\.]', "", str(name))

# Creates a socket for the client and connects to the server via RFCOMM-protocol.

# If an error occurs the function returns nothing and prints error to log file and screen.

try:

sock = bluetooth.BluetoothSocket(bluetooth.RFCOMM)

sock.connect((host, port))

except bluetooth.BluetoothError as e:

update_info(str(e))

update_info("\nSomething went wrong! See error for more information")

dataProcessing.log("Something went wrong! See error for more information",

e, "")

sock.close()
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return

except OSError as error:

update_info(str(error))

update_info("\nSomething went wrong! See error for more information")

dataProcessing.log("Something went wrong! See error for more information",

error, "")

sock.close()

return

# Prints current information about the connection in the information window

update_info("\nConnecting to \"{}\" on {} at channel {} ".format(name, host, port)

+ "\nConnection to {} established.".format(name)

+ "\nType one of the following commands and press the send-button to send it."

+ "\n Get Lidar data")

while True:

event, values = window.read(timeout=500)

if event == 'send':

sock.send(values['command'])

if values['command'] == "Get":

sock.close()

time.sleep(2)

start_server(host_addr_main, uuid)

break

if event == 'abort':

break

sock.close()

# Returns a list of tuples containing the mac and name of available devices

def discover_devices():

devices = bluetooth.discover_devices(duration=32, flush_cache=True,

lookup_names=True, lookup_class=False)

return devices

# Starts a bluetooth server on the host and waits for a client-connection

def start_server(host_addr, uuid):

try:
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# Creates a socket with rfcomm as protocol. If the bind function is left as ""

# it will be interpreted as void and no specific address is bound

server_socket = bluetooth.BluetoothSocket(bluetooth.RFCOMM)

server_socket.bind((host_addr, bluetooth.PORT_ANY))

server_socket.listen(1)

# Returns a tuple with local bluetooth MAC-address and RFCOMM channel, (mac, channel).

socket_info = server_socket.getsockname()

# Starts a local SDP server (Service Discovery Protocol) for the client to connect to

bluetooth.advertise_service(server_socket, "BT_Server", service_id=uuid,

service_classes=[uuid, bluetooth.SERIAL_PORT_CLASS],

profiles=[bluetooth.SERIAL_PORT_PROFILE],

# protocols=[bluetooth.OBEX_UUID] ?????????

)

update_info("\nHost " + str(socket_info[0]) + " is waiting for a connection on RFCOMM

channel " + str(socket_info[1]))

window.read(timeout=10)

client_socket, client_info = server_socket.accept()

update_info("\nConnection established to: " + str(client_info)

+ "\nTime: " + str(datetime.datetime.now()))

except bluetooth.BluetoothError as e:

update_info(str(e))

update_info("\nSomething went wrong! See error for more information")

dataProcessing.log("Something went wrong! See error for more information",

e, "")

# Listening for incoming data from client and saves it to sensor_data.txt

while True:

event, values = window.read(timeout=100)

try:

lidar_data = client_socket.recv(1024)

lidar_distance = 0

filtered_data = dataProcessing.filter_data(lidar_data)

if filtered_data != False:

lidar_distance = dataProcessing.get_distance(filtered_data)
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plot_data(lidar_distance, lidar_distance)

dataProcessing.log_data(lidar_distance)

if not lidar_data:

break

if event == 'abort':

break

except OSError as error:

dataProcessing.log("Something went wrong in function start_server()",

error, "")

break

# Avslutar SDP servern och stänger klient- och server socket

dataProcessing.log("Server exited","","")

bluetooth.stop_advertising(server_socket)

client_socket.close()

server_socket.close()

##############

# Event loop #

##############

run_once = False

while True:

event, values = window.read(timeout=100)

# Test random data

#i = dataProcessing.simulate_distance_data(100, 180)

#plot_data(i, i)

if run_once == False:

update_info("Gui started: " + str(startTime))

run_once = True

if event == 'abort':

# Something to execute here

break

if event == 'connect':

connect_to_pi(host_addr_pi, uuid)
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# Search for available bluetooth-devices

if event == 'search':

update_info("Searching for devices... This usually take a few minutes")

window.read(timeout=100)

devices = discover_devices()

update_info("Available devices: " + str(devices))

for x in devices:

if devices == "[]":

update_info("No devices could be found or function error")

else:

update_info(str(x))

if event == 'version':

gui.popup_scrolled(gui.get_versions())

if event == 'server':

start_server(host_addr_asus, uuid)

if event == gui.WIN_CLOSED or event == 'exit':

break

window.close()
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dataProcessing.py
"""

Skapad av: Sebastian Jönsson

Theses Syntronic 2022

This script contains functions for manipulating data from Vu8

and save data to .txt files.

"""

import re

import datetime

import random

__author__ = 'Sebastian Jönsson'

__version__ = '1.0'

# Data to test filter_data()

#raw_data = "b'[(7, 0.881485  ,  60.01326 , 0, 1, 0.87122583, -0.13409448, 0.)\n (6,

0.87106323,  70.724365, 0, 1, 0.8658859 , -0.09482993, 0.)\n (5, 0.9094696 ,  73.39941 , 0, 1,

0.9075224 , -0.05948216, 0.)\n (4, 0.92004395,  63.609703, 0, 1, 0.919825  , -0.02007065,

0.)\n (3, 0.9468384 ,  56.08985 , 0, 1, 0.9466131 ,  0.02065517, 0.)\n (2, 1.1398773 ,

22.434961, 0, 1, 1.1374367 ,  0.07455155, 0.)\n (1, 0.86413574,  50.353405, 0, 1, 0.8589996 ,

0.09407575, 0.)\n (0, 0.7892761 , 116.375946, 0, 1, 0.78009015,  0.12006736, 0.)]'"

#raw_data = "b'[(7, 1.7368927, 494.75827, 0, 9, 1.7166779, -0.264222  , 0.)\n (6, 1.6929626,

491.72214, 0, 9, 1.6829002, -0.18430755, 0.)\n (5, 1.7048798, 508.75137, 0, 9, 1.7012295,

-0.11150447, 0.)\n (4, 1.6649323, 500.28363, 0, 9, 1.664536 , -0.03632031, 0.)\n (3,

1.6786346, 494.39743, 0, 9, 1.6782352,  0.03661922, 0.)\n (2, 1.7201233, 486.69485, 0, 9,

1.7164403,  0.11250144, 0.)\n (1, 1.722229 , 493.80246, 0, 9, 1.7119926,  0.1874937 , 0.)\n

(0, 1.7604828, 461.39835, 0, 9, 1.7399935,  0.2678106 , 0.)]'"

# Paths for log() data, change these to current path

path_sensor_data = 'sensor_data.txt'

path_log = 'log.txt'

# Filters and converts the incoming sensor data from each segment to a 2D-array with floats.

# The data must be on the following form:

# [Seg7[seg, distance, amplitude, Timestamp, Flags, x, y, z], Seg6[], Seg5[], Seg4[], Seg3[],

Seg2[], Seg1[], Seg0]

def filter_data(raw_data):
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raw_data = str(raw_data)

data_segments = [[0]*8 for i in range(8)]

segments_split_one = raw_data.split("n") # Splits every segment

filtered_data = []

for x in segments_split_one:

segments_sub = re.sub('[^c-zA-Z0-9,a\n\.]', "", x)

filtered_data.append(segments_sub.split(",")) # Splits each element in every segment

t = 0

counter = 7

for k in range(len(filtered_data)):

try:

if float(filtered_data[k][0]) == counter:

counter -= 1

for i in range(8):

data_segments[t][i] = float(filtered_data[k][i])

t += 1

except: return False

return data_segments

# Writes each segments data to sensor_data.txt as well with the current date and time

def log_data(data):

with open(path_sensor_data, "a") as file:

file.write(str(datetime.datetime.now()) + "\n")

for segment in data: file.write(str(segment) + "\n")

# Writes the parameter data to a logg.txt as well with the current date and time

def log(info1, info2, info3):

with open(path_log, "a") as file:

file.write(str(datetime.datetime.now()) + "\n")

file.write("Info 1: " + str(info1) + "\nInfo 2: " + str(info2) \

+ "\nInfo 3: " + str(info3) + "\n")
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# Takes the filter_data() as input and returns a list with the

# distances for each segment as individual elements. Index 0 --> Segment 0

def get_distance(sensor_data):

segments_distance = []

for x in sensor_data:

segments_distance.append(x[1])

segments_distance.reverse()

return segments_distance

# Simulates distance data for testing

def simulate_distance_data(min, max):

random_segment_distance = []

for i in range(8):

random_segment_distance.append(round(random.uniform(min, max),3))

return(random_segment_distance)
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Appendix B - Code on Raspberry Pi 4 B (Python)
Pi.py
"""

Author: Sebastian Jönsson

Uppsala Universitet Thesis

Syntronic Gävle 2022

Connects to a rfcomm-server and sends the distance data from

LeddarTech Vu8.

RFCOMM-client is based on parts from:

https://github.com/pybluez/pybluez/blob/master/examples/simple/rfcomm-client.py

Code for fetching distance data is based on parts from:

https://sdk.leddartech.com/v4.3/#/Python?id=examples

"""

import leddar

import time

import sys

import bluetooth

import dataProcessingPi

from datetime import datetime

dev = leddar.Device()

# Gets the distance data from the sensor

def get_lidar_data():

#For any sensors with modbus serial communication (LeddarOne,

#Vu8 or M16)

sensor_list = leddar.get_devices("Serial")

dev.connect(sensor_list[0]['name'], leddar.device_types["Serial"])

dev.set_data_mask(leddar.data_masks["DM_ECHOES"])

echoes = dev.get_echoes()

if echoes :
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data = echoes["data"]

#To avoid display of too much lines

increment = 1

if len(data) > 100 :

increment = 100

print(datetime.now())

return data

def connect_to_server():

try:

# Change these to the rfcomm server address & id to be able

# to connect

host_addr = "x:x:x:x:x:x" # Computer running GUI

uuid = "00000000-0000-0000-0000-000000000000"

print("Searching for rfcomm_server on {}...".format(host_addr))

service_matches = bluetooth.find_service(uuid=uuid, address=host_addr)

# Exits the program if the server cannot be found

if len(service_matches) == 0:

print("Couldn't find the server service.")

sys.exit(0)

# If the server has been found, its parameters are saved here

first_match = service_matches[0]

port = first_match["port"]

name = first_match["name"]

host = first_match["host"]

print("Connecting to \"{}\" on {} at channel {}".format(name, host, port))

# Creates a socket for the client and uses RFCOMM as a protocol to connect

# to the server

sock = bluetooth.BluetoothSocket(bluetooth.RFCOMM)

sock.connect((host, port))
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print("Connection to {} established.".format(name))

print("Sending data...")

except bluetooth.BluetoothError as e:

print("Something went wrong: " + str(e))

dataProcessingPi.log("Bluetooth error", e, "")

dataProcessingPi.log("Bluetooth connection established", "", "")

# Event-loop

while True:

data = str(get_lidar_data())

time.sleep(0.15)

if not data:

dataProcessingPi.log("No data could be extracted", "", "")

break

sock.send(data)

print("Transmission aborted")

sock.close()

connect_to_server()
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Appendix C - ATtiny45 Code (Arduino)
// Pinout for ATtiny45 when programming with Arduino Uno as ISP
// Pin 5V to Arduino 5V
// Pin 2 to Arduino 13
// Pin 1 to Arduino 12
// Pin 0 to Arduino 11
// Pin Reset to Arduino 10
// Pin GND to Arduino GND
// Pinout image: https://cdn.sparkfun.com/assets/f/8/f/d/9/52713d5b757b7fc0658b4567.png
// “Rpi” in the comments below means Raspberry pi

// Additional Board manager URLs in Preferences:
//
https://raw.githubusercontent.com/damellis/attiny/ide-1.6.x-boards-manager/package_damellis_at
tiny_index.json
// http://digistump.com/package_digistump_index.json

// Button library to enable long press functions with ease:
// https://www.mathertel.de/arduino/onebuttonlibrary.aspx

#include"OneButton.h"
OneButtonbutton(1,true); // initialize pin 1 as an extra button input to cycle power

Void setup() {
pinMode(2,OUTPUT); // initialize pin 2 (A1) as LED output (hardwired on the PCB)
pinMode(3,INPUT); // initialize pin 3 (A3) as Rpi input to detect shutdown
pinMode(0,OUTPUT); // initialize pin 0 as 5V turn-off signal for the buck

button.attachDoubleClick(doubleclick);
button.attachLongPressStop(longclick);

}

Void loop() {
// Check if Raspberry Pi off, if so, turn led on 100% to indicate that the power supply

cable can be pulled
if(digitalRead(3) ==LOW) { // if there is no 5V input read from the assigned GPIO on the

Rpi,
// then it is assumed to be turned off

digitalWrite(2,HIGH); // turn on the LED 100% to show that Rpi is off
}
else{ // Normal state (Rpi on), blink LED
digitalWrite(2,HIGH);
delay(1000);
digitalWrite(2,LOW);
delay(1000);
}
button.tick(); // looks for the button
delay(10);

}
Void longclick() {

digitalWrite(0,LOW); // If the button is pressed, turn off the buck.
// This action should be performed only when the LED is turned on 100%
// (the Rpi is completely shut down) to avoid corrupting the SD-card

}
Void doubleclick() {

digitalWrite(0,HIGH); // If the extra button is double clicked, start the buck (turn on Rpi)
}
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Appendix D - PCB drawings (Altium Designer)
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Appendix E - Case Drawings (SOLIDWORKS)
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Appendix F - Leddar VU8 Acquisition settings
aturvete
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Source [23].
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Appendix G - Code for analyzing distance data
(Python)
plotData.py
"""

Author: Sebastian Jönsson

Uppsala Universitet Thesis

Syntronic Gävle 2022

Calculates the mean for each segment measured distance and plots it.

Calculates the mean for the timestamps for the incoming data.

The data comes from a txt file in the following formats:

2022-05-25 16:39:22.341271

9.113052

9.822037

10.362579

9.94519

9.93132

10.005539000000002

13.275512999999998

11.539520000000001

"""

from statistics import mean

import re

from matplotlib import pyplot as plt

# File paths to distance data

data_10m = "C:\\Users\\valen\\Desktop\\Exjobb\\Kod\\Distansmätning\\Ångström\\sensor_data

10m.txt"

data_20m = "C:\\Users\\valen\\Desktop\\Exjobb\\Kod\\Distansmätning\\Ångström\\sensor_data

20m.txt"

data_30m = "C:\\Users\\valen\\Desktop\\Exjobb\\Kod\\Distansmätning\\Ångström\\sensor_data

30m.txt"

data_40m = "C:\\Users\\valen\\Desktop\\Exjobb\\Kod\\Distansmätning\\Ångström\\sensor_data

40m.txt"

data_one_hour = "C:\\Users\\valen\\Desktop\\Exjobb\\Kod\\Distansmätning\\One hour test 1.1

m\\sensor_data 1h test 110cm.txt"

title_plot = "Mean value distance measurement at 40 m"

with open(data_40m) as f:

data = f.readlines()

# Variables

distance = []

timestamps = []

timestamps_diff = []

timestamps_sum = 0

timestamps_mean = 0

segment_mean = []

segments_distance_sum = [0 for i in range(8)]

segments_distance_mean = [0 for i in range(8)]
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# Constants

distance_samples = 100000

counter = 0

counter_zeros = 0

# Converts the distances to floats and appends a list until it has

# the length of distance_samples

for x in data:

if len(x) < 22:

x = re.sub('[^A-Za-z0-9.]+', '', x)

if float(x) == 0.0: counter_zeros += 1

distance.append(float(x))

else:

x = re.sub('[^A-Za-z0-9.]+', '', x)

timestamps.append(float(x))

if len(distance) == distance_samples: break

# Calculates the time difference between two measured values.

# The test was performed during 3 minutes so 3 values will

# become very large and are therefore omitted.

for i in range(len(timestamps)):

if i != len(timestamps) - 1:

if (timestamps[i + 1] - timestamps[i]) < 10:

timestamps_diff.append(timestamps[i + 1] - timestamps[i])

timestamps_sum = sum(timestamps_diff)

timestamps_mean = timestamps_sum / (len(timestamps_diff))

# Sums each segments distance and saves the in a list with segment 0 at index 0

for i in range(len(distance)):

if counter == 8: counter = 0

segments_distance_sum[counter] += distance[i]

counter += 1

# Calculates the mean value for each segments sum in segments_distance_sum

for i in range(len(segments_distance_sum)):

segments_distance_mean[i] = segments_distance_sum[i]/((len(distance)-counter_zeros) / 8)

# Special case for 40 m distance data set

#for i in range(len(segments_distance_sum)):

#    segments_distance_mean[i] = segments_distance_sum[i]/(len(distance) / 8)

segments = [0, 1, 2, 3, 4, 5, 6, 7]

# Plots the data

plt.bar(segments, segments_distance_mean, align= 'center')

plt.title(title_plot)

plt.ylabel('Distance [m]')

plt.xlabel('Segment')

plt.grid(axis='y')

plt.show()

print("segments_distance_sum: " + str(segments_distance_sum))

print("segments_distance_mean: " + str(segments_distance_mean))

print("Timestamps mean: " + str(timestamps_mean))

print("List distance len: " + str(len(distance)))
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Appendix H - Leddar VU8 Acquisition settings
during test
ID_DEVICE_TYPE = 13
ID_SERIAL_NUMBER = AL40006
ID_DEVICE_NAME = Sensor AL40006
ID_PART_NUMBER = 75H0007-1
ID_SOFTWARE_PART_NUMBER = 53A0032-11
ID_MANUFACTURER_NAME Not found
ID_BUILD_DATE Not found
ID_FIRMWARE_VERSION_STR Not found
ID_BOOTLOADER_VERSION Not found
ID_ASIC_VERSION Not found
ID_FPGA_VERSION = 2574
ID_GROUP_ID_NUMBER =
ID_OPTIONS = 1100
ID_ACCUMULATION_EXP = 8
ID_OVERSAMPLING_EXP = 32
ID_BASE_POINT_COUNT = 30
ID_NB_SAMPLE_MAX Not found
ID_VSEGMENT Not found
ID_HSEGMENT Not found
ID_RSEGMENT Not found
ID_REF_SEG_MASK Not found
ID_BASE_SAMPLE_DISTANCE = 1.499
ID_MAX_ECHOES_PER_CHANNEL = 6
ID_DISTANCE_SCALE = 65536
ID_RAW_AMP_SCALE_BITS Not found
ID_RAW_AMP_SCALE = 64
ID_FILTERED_AMP_SCALE = 524288
ID_FILTERED_AMP_SCALE_BITS Not found
ID_PRECISION = 0
ID_PRECISION_ENABLE = true
ID_SEGMENT_ENABLE = 111111111
ID_XTALK_ECHO_REMOVAL_ENABLE Not found
ID_XTALK_REMOVAL_ENABLE = true
ID_PULSE_RATE = 10000
ID_CPU_LOAD_SCALE Not found
ID_TEMPERATURE_SCALE = 256
ID_SATURATION_COMP_ENABLE = true
ID_OVERSHOOT_MNG_ENABLE = true
ID_SENSIVITY = 0.00
ID_LED_INTENSITY = 100
ID_LED_AUTO_PWR_ENABLE = 1
ID_LED_AUTO_FRAME_AVG = 16
ID_LED_AUTO_ECHO_AVG = 1
ID_LEARNED_TRACE_OPTIONS Not found
ID_LED_USR_PWR_COUNT Not found
ID_DEMERGING_ENABLE = false
ID_STATIC_NOISE_REMOVAL_ENABLE = true
ID_REAL_DISTANCE_OFFSET Not found
ID_ORIGIN_X = 0.000
ID_ORIGIN_Y = 0.000
ID_ORIGIN_Z = 0.000
ID_YAW = 3.121
ID_PITCH = 0.000
ID_ROLL = 0.000
ID_HFOV = 20.000
ID_TEMP_COMP Not found
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