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3 Introduction 

 

 “Self-driving means the autonomous driving of a vehicle to a specific target in real traffic 

without the intervention of a human driver.” (Daimler AG, n.d.)  Autonomous cars, along with 

flying cars have been two major sci-fi technologies seen in movies and cartoons for decades, 

and both are slowly getting their chance to become a reality.  Slight versions of autonomous 

vehicles are already around us taking their form in cars as adaptive cruise control or lane-

keeping assistants but what about full autonomy?   

 While full autonomous vehicles may still be a sci-fi element for another five to ten 

years, the technology that might allow cars to drive without a driver are becoming a reality and 

are or will be implemented in numerous cars around us.  The world population is rising, and so 

is the need for mobility, and autonomous vehicular technology may help with the rising need 

for transportation whether it is used in cars or public transportation services.   

 Another major vehicle development is the use of hybrid and electric engines.  Some 

technology experts even believe that the electric engine drives and supports the development 

in autonomous vehicles.  Regardless, a rising population requires more transportation, and with 

current trends it leads to more fossil fuels being burnt and more CO2 emissions and global 

warming.   According to the Environmental Protection Agency(EPA), transportation 

contributed a total of “14% of 2010 global greenhouse gas emissions” (US EPA, 2017). 

This percentage does not include emissions from agricultural vehicles or emissions from 

the vehicle manufacturing industry.  Many countries across the globe have ambitions to 

produce more clean energy, and ban cars within urban centers with high CO2 emissions, 

the numbers of electric and hybrid vehicles will increase.   

 Autonomous vehicles have the potential to change transportation as we know it, 

and getting around may become a lot easier because of it.  The technology behind 

autonomy is complex and there are many factors to consider, however, many companies 

are pursuing interest in autonomous technology and the impact it can have on 

transportation as we know it.  With so many open ends, it is important for us to 

understand the technology behind it, how it works, and what it holds in store for us in the 

future. 
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4 Part 1:  Technical Research  

4.1 Scope and Nature of the Research to be Undertaken 

 This report will investigate autonomous driving technology, its links to the 

electrical engine, and further autonomous developments. 

 

Investigation will include: 

Secondary Research: 

- Why autonomous cars have place in the future market 

- Why the time is right to move to electric and hybrid vehicles and how this benefits 

autonomous technology 

- How the electrical engine works 

- Why autonomous cars benefit from the electric engine 

- Why the electric engine has a lot of potential in forthcoming years 

- The leading design aspects of electric cars 

- A full summary of all sensors and technology used in autonomous cars 

o Ultrasound 

o Radar 

o Lidar 

o Cameras and stereoscopic cameras 

o Machine learning 

- How the interior of vehicles will reflect autonomous traveling 

- Developments autonomous vehicles will have in areas such as car sharing 

- Projects driven by autonomous technology 

o The boring company 

o CRRC Rail-less trains 

- Countries taking initiative in supporting a move to electrical and hybrid vehicles  

- Companies working on development in autonomous cars and working on their 

own electric and hybrid alternatives 
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4.2 Secondary Technical Research 

4.2.1 Why Autonomous Cars 

 Tesla Motors first electric car was introduced in 2008.  The Tesla roadster was a 

small car, built into the Lotus Elise chassis.  It was among the first cars to run entirely off 

of electric power, harnessing the power of lithium ion batteries.  Since then, Tesla has 

released three additional vehicle models.  “Fords market value is about 45 billion, while 

Tesla has climbed to almost 48 billion” (Monica, 2017) while Ford was founded in 1903 

and Tesla Motors was founded in 2003.  Moving to clean methods of transportation is 

inevitable. 

 Transportation requires immense amounts of energy.  Internal combustion cars 

create emissions, while fossil fuels used for energy, do as well.  If, energy was created 

from renewable energy sources, then you have zero emissions for both parties.  

Unfortunately, the lithium ion batteries that electric cars rely on aren’t the eco-

friendliest, being a rare metal and coming from “environmentally destructive mines” 

(Wade, 2016).  None-the-less, being able to eliminate at least some of the emissions 

created is a crucial step towards a cleaner future. 

 While lithium ion batteries aren’t the only cleaner method of moving vehicles, and 

other sources like hydrogen fuel cells exist, lithium ion batteries are taking the spotlight at 

the moment, for electric vehicles.  Other batteries with different compounds are being 

researched, but while they are, lithium ion still is the most efficient to mass produce and 

use in products.   

4.2.2 The Electric Engine 

In the internal combustion engine, the engine used in fuel-powered cars today, fuel, air, 

pressure and electricity, come together to create small controlled explosions that in turn, 

move pistons and creates power to move a vehicle.  The speed of the car is controlled by 

pushing down on the throttle pedal which inserts more fuel into the engine, and creates 

more power.  Internal combustion engines have “hundreds to thousands of moving 

parts…whereas the Tesla model S engine has about a dozen moving parts” (Vance, 2015).  
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While internal combustion engines create energy with explosions, the energy in electrical 

engines are stored in battery packs, and accessed from the motor when required.   

 While new ways of fuel and engine efficiency are constantly being developed, the 

average internal combustion engine still only has about “10-30 percent efficiency where 

about 70 percent is lost as heat in the engine” (Vance, 2015).  The electric engine on the 

other hand, has around “60 percent efficiency and losing the rest of its energy to heat” 

(ibid.).  In 2017, Auto Express named the Peugeot 208 1.6 BlueHDI the “most economical 

non-hybrid car on sale in the UK” (Auto Express UK, 2017), with a combined fuel 

consumption (urban and freeway driving) of 94.2 miles per gallon (mpg) with a 79 g/km 

(grams per kilometer) of CO2.  A Tesla vehicle in comparison has an efficiency rating of 

around 100mpg with 0g/km.   

 Another major difference in electrical engines, is its operation.  In order to make 

an electric vehicle, you require battery packs and motors for the wheels, however, to 

make them work together, you require a central computer and a lot of code.  Relying on a 

computer to make the car work is a huge step forward in terms of vehicle upkeep, but 

also the implementation of autonomous driving.   

 With their hundreds to thousands of parts, internal combustion engines are a 

hassle to repair if something does break, along with the occasion oil change.  Electrical 

engines however, are usually a simple software update at night, so the car is ready to 

drive the next morning.  Because the car runs on code, a software update can add or 

change features, or completely change the driving experience.   

 Autonomous driving also pushes development in electric vehicles because “All the 

systems will be easier to calibrate to an electric motor drive and will make a large shift 

toward electric driving” (Ryan, 2017).  This is because at the center of an electric car, the 

computer controls how fast the car goes when you push the accelerator, the amount of 

power coming from the battery to the electric motor and even how much air flow you 

want from the air conditioner.  Just like the autonomous system, the engine runs on code, 

and implementation is easier when everything works together.   

 At the base of the electric vehicle are the battery packs that store the energy for 

the vehicle.  While most electric car companies use 18650 lithium ion batteries to power 

their vehicles, Tesla has opted for their own 2170 lithium ion batteries, “named after its 

21mm by 70mm dimensions” (Coren, 2017) in collaboration with Panasonic in their 
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gigafactory in Nevada.  Keeping the batteries at the base of the vehicle helps with the 

cars’ center of balance and weight distribution.  Including the batteries at the bottom of 

the vehicle allows them to cool down from air being pushed below the vehicle while its 

driving.  The approximate cost to recharge “1500 miles (2400 kilometers) of energy lies at 

around £90” in the UK where “1500 miles of fuel would cost around £238” (Tesla Motors, 

n.d.).   

 

4.2.3 Autonomous Driving Technology 

 

 There are 5 different levels of autonomous driving.  Below is a table illustrating the 

different levels, and what differs them from one another. 

 

 

(SAE International, 2014) 
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 The first level of autonomous driving can be found in forms of cruise control while the 

fifth level of automotive transport is when all systems of the car are controlled by the computer 

within the vehicle.  One major variable in autonomous driving is the “fallback performance of 

dynamic driving task” (SAE International, 2014) as seen in the table above, which means that 

the driver is ready take control of the vehicle at a moment’s notice, whereas in autonomous 

vehicles, the system controls everything and does not require the driver to intervene at any 

time.   

 In October 2015, Tesla Motors released a software package that included the 

autopilot feature to Tesla Vehicles.  All Tesla vehicles get shipped with the “hardware 

needed for full self-driving capability at a safety level substantially greater than that of a 

human driver.” (Tesla Motors, n.d.)  “Tesla says its technology is level 2 autonomous” 

however some automotive experts like the CEO of Ford, Mark Fields “ believe autopilot is 

a level 3 Technology” (Golson, 2016)  Elon Musk believes level 5 autonomous driving will 

become a reality as soon as 2019.  

 In order to make autonomous driving work, an array of sensors and cameras are 

placed in and around the vehicle, to give the system viewpoints from all angles.  In Tesla 

Vehicles, “eight surround cameras provide 360 degrees of visibility around the car at up 

to 250 meters of range” while “twelve updated ultrasonic sensors” (Tesla Motors, n.d.) 

allow hard and soft objects to be recognized. The car also features a forward-facing radar 

that is able to see through “heavy rain, fog, dust, and even the car ahead” (Tesla Motors, 

n.d.). 

 The arsenal of cameras and sensors included in autonomous vehicles include 

ultrasonic sensors, stereo cameras, radar, and light detection and ranging sensors 

(LIDAR).  These sensors work in harmony with one another to gather as much information 

about the surrounding of the car for up to 250 meters.  As described by 2025 AD, the 

following sensors will “exceed the capabilities of human driver’s, and make sense of their 

environment in a more foresighted way than a human ever could” (Rychel, 2017).   

 

Sensors and Cameras Range in Meters (m) 

Ultrasonic  0 – 10 m 

http://www.nhtsa.gov/About+NHTSA/Press+Releases/U.S.+Department+of+Transportation+Releases+Policy+on+Automated+Vehicle+Development
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Stereoscopic + Normal Cameras 0 – 120 m 

Radar 0 – 250 m 

Light Detection and Ranging (LIDAR) 0 – 200 m 

(Rychel, 2017) 

 

 “Ultrasonic sensors is a device that can measure the distance to an object by 

sending out a sound wave at a specific frequency and listening for the sound wave to 

come back” (Carnegie Mellon Robotics Academy, n.d.).  The distance can be measured 

“by recording the elapsed time between the sound wave being generated and being 

bounced back” (ibid.). 

 

The equation used to measure distance using ultrasound: 

 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑠𝑜𝑢𝑛𝑑 ×  𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 

2
 

 

 The sound wave leaves the ultrasonic transmitter at 344 m/s (the speed of sound), 

comes in contact with an object and the sound wave returns to the ultrasonic receiver 

with the gathered information on distance.  This is divided by 2 as the sound wave took 2 

journeys (to and from) the object back to the receiver. 

 Another astounding aspect of ultrasound, is its ability to detect hard obstacles like 

bumpers, and soft objects like humans.  Because ultrasonic works with sound, vibrations 

through air, a “variance in reflectance and transmittance” (Hikita, 2010) can be detected.  

This is because when a sound wave comes in contact with an object, small variations in 

the returned waves can be detected.  Hard objects, allow sound waves to bounce off 

them more easily than soft objects, which will absorb some of the waves.  Using this 

aspect of the technology, ultrasound is often used in medical environments, such as 

kidney stones, where “ultrasound is emitted from outside the body is focused on the 

stone to break it down” (Hikita, 2010). 

 Since the range of ultrasound sensors don’t usually extend further than ten 

meters in range, they aren’t in use while the car is travelling, as contact with vehicles 

within ten meters is rare while travelling at high speeds.  When the car is travelling slowly, 
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and must take caution to numerous different obstacles simultaneously, the sensors excel 

at their job.  They are the main sensor used while the car is parking, as the sensors are 

able to detect “any object in the near vicinity, such as cars, pedestrians, or bollards” 

(Rychel, 2017).  Autonomous ready Tesla vehicles are equipped with “12 updated 

ultrasonic sensors” (Tesla Motors, n.d.) providing full coverage around the vehicle while 

also supporting a unique signal code enabling 8-meter sensor range. 

 Alongside ultrasonic sensors, you will also find an array of cameras along the 

perimeter of a vehicle.  The most common places to find the cameras on an autonomous 

vehicle are: 

• Front 
o Bumper level 
o Windshield level 

• Sides 
o Left and Right mirrors 

• Rear 
o Bumper level 

 

 These cameras allow a stable footage all around the vehicle.  Usually equipped 

with fisheye lenses, the cameras provide enough view around the vehicle for the 

computer to patch together the footage to create a 360 image around the entire vehicle.  

This allows the vehicle to detect and see any obstacle around the vehicle.  Similar 

technology is used in modern vehicles to create the birds-eye-view parking camera while 

the difference is that in these systems the cameras are directed more towards the floor 

around the vehicle. 

 Another huge addition in imagery to autonomous vehicles are the use of 

stereoscopic cameras.  These cameras unlike normal cameras, consist of two cameras, 

and merge the two images created into a singular view that allows perception of three-

dimensional traits such as depth.  This technology is a form of biomimicry, and is taken 

from how humans perceive the world.  

 Humans perceive a three-dimensional world, while “our eyes can show us only 

two dimensions” (Southern California Earthquake Center, 2002).  The vision of depth is 

simply a trick conjured by the brain, by processing the images taken from both eyes and 

merging them together to create a singular image. The merging creates the illusion of 

depth and “works most effectively for distances up to 18 feet, anything beyond this the 
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brain uses relative size and motion to determine depth” (Southern California Earthquake 

Center, 2002). 

 This technology gathers very important data used in autonomous cars, as it allows 

the view of three-dimensional space, rather than two dimensional images created by 

normal cameras.  The use of a stereo camera is mostly found on the front of an 

autonomous vehicle, where depth vision is vital for navigational choices made during 

autonomous driving. 

 

 RAdio Detection And Ranging, or more commonly known as radar, is one of the 

most important sensors in an autonomous vehicle.  Radar was first used by the military in 

World War II but shortly after the war, it was “released to the public and quickly used by 

many other industries” (Bureau of Meteorology, n.d.).  Radar works by transmitting radio 

waves “as short pulses which may be reflected by object in their path” (Bureau of 

Meteorology, n.d.).  The reflected waves are then picked up by the receiver and analyzed 

for results.   

 While radar is mostly linked to the use in military, and detecting objects from far 

away, radar is more versatile than one would think.  There are three types of radar, short-

range-radar(SRR), mid-range-radar(MRR), and long-range-radar(LRR).  According to 

sensors online, SRR is mostly used for “Blind spot detection, Lane changing assist, Park 

assist, and Brake assist” (Rudolph & Voelzke, 2017) to name a few.  The short-range 

applications are “designed to replace ultrasonic sensors” (Rudolph & Voelzke, 2017) as 

radar is quicker at receiving data than ultrasonic is.  The radio waves from radar travel at 

the speed of light, just like visual light, and light used in lidar technology.   

 Where ultrasound emits waves at 344m/s, radar emits radio waves at 2.9  108 

m/s, around 800,000 times faster than sound waves, which provide almost instantaneous 

results.  Another feature that radar offers is its ability to detect different weather 

conditions.  Radar is also used in meteorology and while most sensors in autonomous so 

far have been used for range detection and imagery, radar offers distance detection as 

well as weather detection, which can change road conditions drastically.  The radar used 

in autonomous vehicles is typically uses frequencies between 71 and 81 GHz.  This is 

because it is the most commonly used frequency for all situations on the road.  
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Application Detection Range (m) Operating Frequency (GHz) 

Adaptive cruise control 200 77 

Pre-crash 30 24, 76, 77, 81 

Blind spot detection 20 24 

Stop and go traffic 30 24, 76, 77, 81 

 

  

 Light Detection And Ranging system (LiDAR) works by projecting lasers (non-

visible to the human eye) on the surrounding environment and creating a three-

dimensional (3d) map.  This 3d map is analyzed and matched with the information from 

the other sensors to help navigate autonomous vehicles through a variety of situations.  

The fundamentals of operation used in LiDAR are similar to those of ultrasound, however, 

LiDAR is able to gather information quicker, and at greater range with a much more 

detailed view of the surrounding environment.  Below is an image created using 

Velodyne’s VLS-128, a sensor with “twice the range and three times the resolution as its 

predecessor” (Popper, 2017).  According to Velodyne’s CTO, Anand Goplan,“ this product 

was designed and built for the level 5, fully autonomous, mobility as a service market.” 

 

  

(Velodyne LiDAR, n.d.) 
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 In the essence, the standard equation used to measure distance with LiDAR is very 

similar to that of ultrasound, except that LiDAR uses light to detect distances and create 

3d mappings.  Therefore, the equation is as follows: 

 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 ×  𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛

2
 

 

 Light travels on a horizontal plane, from the source, in forms of lasers, then 

bounces off objects and returns the data to the source for the computer to process.  The 

lasers can create around “600,000 points per second (Velodyne LiDAR, n.d.)” and as they 

bounce off different objects at different distances and heights, the computer creates a 3d 

mapping of the surrounding environment, almost instantaneously.   

 The 3d mapping from the vast amount of light reflected from the objects creates 

such a high-resolution image, that even “tricky scenarios like tire debris” (Popper, 2017), 

can be detected from the sensors. The high-resolution image also allows the data to be 

entered straight into “an image classification algorithm” (Popper, 2017), rather than 

matching the data with camera footage, “it reduces complexity and time” (ibid.), both 

which are vital to reduce in autonomous cars where a split second could avoid a serious 

situation.    

 Individually, these sensors only cover certain areas and aspects of the 

environment around the vehicle; however, when implemented into a singular system, the 

different sensors work together to create an accurate view of the surrounding 

environment that provide enough information for autonomous traveling to outperform a 

human driver.  Alongside sensing different scenarios, different sensors also excel in 

different areas where others do not.   

 Radar, which is also used in meteorology, not only provides a long-distance range 

distance sensor in front of the vehicle, but also allows the vehicle to detect different 

weather conditions.  Whether fog, heavy rain, or snow, radar allows the vehicle to take 

this information and react to road conditions accordingly.  Alternatively, in low-light 

situations, when cameras might not be able to see the environment around the vehicle, 

sensors like lidar and radar come into play a lot.  Every sensor system in an autonomous 
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car has its purpose and are all required to make the car function phenomenally, and 

better than a human driver.   

 While all sensors rely on each other to relay information to the central computer, 

a last single technology makes them work better, with every use, which is machine 

learning.  “Machine learning is the science of getting computers to act without being 

explicitly programmed” (Ng, n.d.), according to Andrew Ng, the former head of Baidu 

artificial intelligence (AI).  Machine learning plays an important role in well-functioning 

autonomous cars, because just like humans, the more information it gathers and 

processes the more a computer knows the more it understands and can react better 

when a similar situation arises.  

 Along with cloud computing, which is the “on-demand delivery of compute power, 

database storage, applications and other IT resources through a cloud service platform via 

the internet” (Amazon Web Services, n.d.), machine learning can practice its full potential 

in autonomous vehicles. Cloud computing and machine learning work together in synergy 

by interlinking vehicles to tackle situations together or providing information about 

certain areas on the road.  This creates a database of information of live traffic updates 

that vehicles can access to help them while traveling certain roads, based on information 

gathered by vehicles driving the same roads before-hand.    

 This technology can also help with live traffic, where a vehicle stuck in congestion, 

can indicate its position, and allows cars behind the vehicle to take notice of road 

conditions ahead.  Along-side that, a vehicle might detect an unknown object on the road, 

and can upload this information to the cloud for other vehicles to be able to avoid it later, 

and even notify road services.  While all of this technology exists, when will autonomous 

vehicles become a reality? 

 Elon Musk predicts that “the technology alone, that’s about two years” (Musk, 

2017), and all Tesla cars have all the necessary sensors to make their vehicles level 5 

autonomous.  The question is only when the ethical and regulatory implications that 

apply are worked on, and deemed viable enough to support the use of autonomous 

transportation throughout our road network.  One of the key ethical issues is the 

involvement of cars making choices when human lives are at stake.  “Should it minimize 

the loss of life, even if it means sacrificing the occupants, or should it protect the 

occupants at all costs” (MIT Technology Review, 2015) and if these options should be 



Technical Research Report  Page 18 of 75 

chosen or executed at random?  “People are in favor of cars that sacrifice the occupant to 

save other lives—as long they don’t have to drive one themselves” (MIT Technology 

Review, 2015), but if the car sacrificed your life to save five others, not many consumers 

would buy a car that makes that choice for them.  In essence, the cars will not only have 

to be programmed to make such drastic decisions, but also have to have the code, on 

who to kill.  

 While the computer in autonomous cars would “think” and react faster than the 

reaction times of a human, this does not cancel out accidents.  Elon Musk stated, “the 

problem isn’t not to crash 99.9 percent of the time, you still wouldn’t fall asleep”.  No 

system is perfect, but say it won’t crash in a thousand or a million lifetimes…” (Musk, 

2017), that would make people feel confident on buying autonomous cars as the 

probability is minimal.  Regardless, autonomous cars minimize crash probability 

drastically, and will promote safer driving than a non-autonomous car. 

 

4.2.4 The Mobile Living and Working Space 

“The [autonomous]car is growing beyond its mere means of transport and will ultimately 

become a mobile living space” (Zetsche, 2014).  Many companies are reimaging vehicles 

like never before, giving them complete redesigns that offer collaborative work and living 

spaces.  While a complete autonomous vehicle does not require a steering wheel, many 

of these concepts still do include them in the designs but allow it to stow out of the way.  

Side mirrors are either replaced by cameras or left out completely.  All of the designs are 

optimized for efficiency, comfortable travel and conversation. 

 Mercedes Benz is one of the first companies to be working on a pure autonomous 

vehicle with a working prototype.  The Mercedes Benz F015 is a driverless four seater 

where the two front seats are able to swivel around so that all 4 seats are across from 

each other, allowing a collaborative environment.  It is also equipped with a variety of 

technology such as, “large LED displays at the front and rear as well as a laser projection 

system directed toward the front” (Mercedes Benz, 2014), that allow visual projections 

and safety for vehicular and pedestrian traffic around the car.  “Six displays are installed 
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all around the rear and side walls” so that “passengers are able to interact intuitively with 

the connected vehicle” (Mercedes Benz, 2014).   

 NIO, a Shanghai based, Chinese startup for electrical vehicles that has offices 

around the world.  The company is focused on electric powered vehicles.  Currently, the 

company is only breaking records with their electric super car, the NIO EP9 which is the 

fastest electric super car in the world with a “lap record of 6:45.9” (NIO, 2017), 2 seconds 

slower than the Mclaren P1 LM hybrid at “6:43.2-second lap” (O'Kane, 2017).  Alongside 

their super-car, Nio also has an electric Formula 1 team, aswell as the Vision car, EVE, 

which is a more affordable form of transportation and redefines transportation. 

 EVE is still in development, but working prototypes have been made.  While the 

prototype does have a subtle steering wheel, it is designed for autonomous transport and 

the interior complements this.  The interior of EVE is set up like a living room space that 

can “accommodate six passengers in its five permanent positions and folding seat” (NIO, 

2017).  The seats are set up for an environment “that can be used to entertain or be 

productive” (ibid.).  The entire dashboard of the car has been replaced by a screen that 

can be used to display information of the surrounding area, or show personalized 

content.  All these features are supposed to make the driverless experience more 

entertaining.   
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(NIO, 2017) 

   

 Numerous companies are reimagining autonomous cars and their potential in the 

future market.  Level five autonomy can create a brand new vehicular experience by 

focusing on the passenger experience rather than on the driving experience.  Taking a lot 

of the technology out of the cabin, allows for more room, as you are removing many 

features used to “drive” the car.  Alongside that, the electrical car engine takes up very 

little room in comparison to internal combustion engine and the new space created leads 

to smaller vehicles, or more extended space for the passenger.   

 In the past, cars have been designed to make the ride comfortable for both the 

driver and the passenger.  While this is still true, with autonomy in cars, there is a higher 

need to design the interior of a car especially in consideration of entertainment and 

relaxation, as passengers will be looking for ways to keep themselves busy while not 

driving.  While steering capabilities are still available, they are not in the focus of design in 

autonomous cars.  This does not only change the design language of vehicle, but also 

opens up to a new market, as you are not tailoring the experience to the driver, but the 



Technical Research Report  Page 21 of 75 

passengers.  As Ashley Vance mentions in his Elon Musk book, “Tesla had transformed the 

car into a gadget”, “a computer on wheels” (Vance, 2015).   

 While autonomous driving will “rewrite the book of how interior spaces should 

look”, the “exterior will focus on aerodynamics or induction pavement[wireless road 

charging]” (Ryan, 2017).  Electric vehicles are far more efficient than their combustion 

counterparts, but don’t have the range as their predecessors, so aerodynamics will help 

make the vehicle more efficient for long distance travel.  Another exterior design element 

that will stay, is the “flat form of the car for the battery” (Ryan, 2017).  The battery is one 

of the most important parts of the electric car and does not only provide the energy, but 

also gives the car weight, and the center of gravity for the vehicle.  Ryan also believes that 

these features will also influence the road infrastructure, as more attention will be paid to 

making roads “flatter, longer and wider” (ibid.) to compensate for the electric vehicles 

driving on them.   

 

 

4.2.5 Car-sharing and Other Autonomous Developments 

Car sharing is the “practice of sharing a car for regular travelling, especially for 

commuting.” (Oxford Dictionary, n.d.)  However, the term is also used for companies that 

provide cars for other users to ride, and then pay by hour, or how far they have driven.  

The idea of sharing a car has been around for a long time, the problem with it is “taking 

control of the human ego, everyone wants their own thing” (Ryan, 2017).  “There are 

Tesla community meet-ups that help to push this forward but the population has to 

follow” (Ryan, 2017).  Car-pooling exists in North America for “an arrangement between 

people to make a regular journey in a single vehicle” (Oxford Dictionary, n.d.) and in some 

states even have designated lanes on the freeways for car-poolers to promote the idea. 

 The purpose of car sharing is to promote traveling with other people, like a public 

transportation method, which is cheaper to use per person.  The user would use this 

mean of transportation instead of purchasing his/her own car and save on money from 

fuel, insurance and up-keeping of the personal vehicle.  Some experts believe that 
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systems like autonomous driving, car-sharing and car leasing will lead a massive change in 

the car-sharing system and make it accessible to everyone. 

 In an interview Elon Musk took place in early 2017 with Ted’s head curator, Chris 

Anderson, asked Musk if autonomous cars could lead to an advanced method of car 

sharing.  This would be where a user “buys the car, drops you off at work, and then drives 

off to provide and Uber like service to other people, where you earn money, that could 

also cover the cost of your lease to that vehicle (Musk, 2017).  To what Musk replied with, 

“that its definitely going to happen” (ibid.).   

 The inclusion of autonomous cars in society always brings the idea of autonomous 

taxis.  Autonomous car sharing would work similarly, except that the money earned from 

driving people around would go to your own pocket, or to pay off your leasing plan, as 

explained by Chris Anderson.   

 Modern car sharing companies like DriveNow and Car2go could also revolutionize 

the way you use their service.  If a user pays for a car sharing scheme, autonomous cars 

could drive to you, instead of the user going to the place where the car was last parked.  

The car could remember the routes you usually take, or remember the settings for the air 

conditioning and your seating preferences. 

 

4.2.6 Emerging Autonomous Technologies 

While major disruptive technologies are being developed in the car industry, other 

transport industries are thriving as well. Ground breaking ideas and concepts from new 

and existing companies are released daily, among them ideas such as elevated bus 

systems, pods traveling at nearly the speed of sound through pressurized tubes, the list is 

endless.  Some of these projects are strong enough to acquire the necessary funding 

while other ideas go into the prototyping phase just to uncover that the vision was much 

more believable than the reality.   

 Regardless of receiving funding or not, every project and idea is important.  Most 

ideas feature efficient transportation for numerous people, while also supporting 

sustainability and clean transportation, while some ideas merely exist to inspire others.  
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Transportation affects all of us today, while we struggle with heavy congestion and 

polluting cars, many of us seek a faster and/or cleaner method to get around. 

 While not every idea makes it into the world, every idea inspires other to follow 

the trend, and with more ideas, more products will make it to the market.  There are 

numerous emerging technologies being released that will make it into the world in years 

times, but working on them now, and putting research and investments into clean, and 

sustainable forms of transportation will improve on how we get from place to place in the 

future, and the impact we have on the environment. 

 The “Boring Company” is yet another endeavor by Elon Musk.  First demonstrated 

in the 2017 TED Talk with Chris Anderson, the boring company is takes up “two to three 

percent” (Musk, 2017), of Musk’s time.  The aim of the company, is ultimately, to abolish 

“soul destroying things like traffic in LA”.  According to an INRIX study, the “U.S. 

accounted for 11 of the top 25 cities worldwide with the worst traffic congestion”, and 

“Los Angeles tops that list” (INRIX, n.d.). 

 Boring Company will build a system of tunnels beneath LA. The Boring Company 

lists a few very important points about the use of tunnels in their website; Among them 

“no limit of how many layers of tunnels can be built, weatherproof, construction and 

operation are silent, and invisible”, and lastly “tunnels don’t divide communities with 

lanes or barriers” (The Boring Company, 2017).  The company plans to also decrease the 

cost of digging tunnels. 

 While using tunnels to transport goods and people at high speed with congestion, 

safety within the tunnels must be regarded highly.  A major problem on the California 

west coast are the frequent earthquakes.  According to geotechnical and structural 

engineers, tunnels are “among the safest places to be during an earthquake “ 

(Washington State Department of Transportation, 2016).  This is because “they move with 

the soil, while structures above the ground sway back and forth” (ibid.).   

 Cars in the tunnel will not be navigated by the driver, but rather on electrical 

skates, that the car drives on to at street level, and then lowered to the tunnels below via 

elevator.  Using an automated skate allows for high speed travel within the tunnels, but 

also a decrease in diameter of the tunnels, which will support the plan to decrease the 

cost of digging tunnels, which is currently at “$1 billion per mile” (The Boring Company, 
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2017).  As this is another initiative of Elon Musk to solve congestion problems, the 

implementation of hyper loop technology within the tunnels is planned. 

 CRRC is the largest rolling stock manufacturer in the world, headquartered in 

Beijing, China.  CRRC was formed on the first of June 2015, merging CNR and CSR, two big 

Chinese locomotives and rolling stock manufacturers.  “CRRC is committed to supply 

products and services that offer energy-saving, eco-friendly and cost efficiency” (CRRC, 

n.d.), to markets around the world.  While mainly focusing on trains, CRRC has taken a 

step into a different market with their new train idea proposed in Zhuzhou on the second 

of June 2017. 

 The Autonomous Rail Rapid System (ART), is a driverless train, that does not 

require rails to drive on.  Instead, it uses tires, and follows lines on the road, making it a 

very advanced line following robot.  The train can either have “three carriages with a 

capacity of 300 passengers”, or five carriages that “can hold 500 passengers” (CRRC, 

2017).  The 30-meter-long train can hit a top speed of “70 km/h” and is “powered by 

electricity and can travel up to 40km on a single charge” (CRRC, 2017). 

 CRRC says that the ART is ideal for small to medium large cities “that cannot afford 

expensive subway systems” (ibid.).  ART would allow these cities to save on building 

expensive railway infrastructure, and instead invest in these bus-like trains to roll through 

the city, and reduce pressure on transportation.  Since they use lines on the road to 

navigate through cities, they use the already existing infrastructure to work.  CRRC plans 

to implement a 6.5-kilometer trial ART line through Zhuzhou, and begin real testing in 

2018. 

 

4.2.7 Countries and Companies: Taking Initiative 

Countries are planning their change in energy production from fossil fuels to renewable 

energy sources, initiatives to ban gasoline and diesel cars in various nations is underway 

as well.  While some countries have very ambitious goals on driving the change to electric 

vehicles, a general trend to switch to alternative fuel sources is inevitable.   

 As stated earlier in this report, Bloomberg New Energy Finance “forecasts that 

sales of electric vehicles will hit 40 million by 2014 representing 35% of new light duty 
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vehicle sales”. (Macdonald, 2016) However, countries like Norway plan that “All new 

passenger cars and vans sold in 2025 should be zero-emission vehicles.”  “40% of all the 

cars sold in the country last year (2016) were electric or hybrid vehicles” (Petroff, 2017) 

making Norway the leading country in this field.  The UK on the other hand said it would 

“ban sales of new internal combustion cars starting in 2040.” (Petroff, 2017) The ban 

won’t illegalize the sale of old cars, but rather to cut the sale of internal combustion cars 

so that a transition can begin.   

 While many countries are setting a foothold for transportation, there are 

numerous global industry leaders who are setting trends as well.  Existing companies such 

as Tesla who already have a grasp at the electric vehicle market, but also existing 

respected brands, such as Volvo, that “has announced that every Volvo it launches from 

2019 will have an electric motor, marking the historic end of cars that only have an 

internal combustion engine” (Volvo Car Corporation, 2017).   

 While many major vehicle manufacturers like BMW and Audi are releasing 

concepts for their take on electric vehicles, the companies that are taking the market are 

start-ups like Faraday Future, NIO, Lucid and Tesla, that already have their funding and 

“are taking electric vehicle concepts to life” (Ryan, 2017).   
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5 Part 2:  Conceptual Design  

 

 Many different sensors and cameras come together to create a vision in 

autonomous driving.  From small sensors with <10 meter range, to long distance 

stereoscopic cameras and even radar, the technology required to make autonomous 

travel a reality is massive.  Once publicized, not only will the autonomous vehicle market 

attract a lot of consumers and profit, but the singular sensor market required for the 

vehicles will grow much more as well.   

 One outstanding technology that has a lot of potential in vehicles, but also in day 

to day life, is ultrasound.  While ultrasound seems like a technology used to measure 

small distances, the technology has a much broader range than we would expect, 

whether we find it our Phillips Sonicare toothbrush, or in lab environments as a very 

effective cleaning and santizing tool.  One reason why ultrasound is so unique and 

versatile, is the ability to simply use sound, to achieve a variety of tasks, in a variety of 

different fields. 

 Ultrasonic homogenization is a very different application of the technology than 

usually seen or expected.  Homogenization is to “prepare an emulsion as by reducing the 

size of fat globules in (milk or cream) in order to distribute them equally throughout” 

(Dictionary.com, n.d.).  An emulsion is a mixture of two different liquids.  One of the many 

possibilities of ultrasound in the culinary field is the ability to create emulsions. An 

example of this is sonicating ground nuts with water to create nut based emulsions or 

milk alternatives.   

 Homogenizers have been used to create different mixtures, but these have only 

been used in in lab environments, or for large scale industrial uses.  However, as more of 

the technology is used, it will also become cheaper, and will open new markets, 

homogenization in home environments being one of them.  Making coffee with ultrasonic 

homogenization techniques have been successful, while coffee beans only contain a 15% 

oil content and other nuts such as almonds contain as much as 50%.   

 However, the use of Ultrasonic homogenization doesn’t stop there.  According to 

Hielscher ultrasonics, a german ultrasonic homogenizer manufacturer, the technique can 
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be applied to many different tasks such as “cold-brew coffee, infused oils, and 

mayonnaise” (Hielscher, n.d.), to name a few.   

 

5.1 The Need for a New Design 

 There are many uses that an ultrasonic homogenizer has to offer in a culinary 

environment, however, they mostly exist in the food industry in large batch manufacture.  

There are many tasks that a homogenizer like this could benefit in a domestic or 

commercial kitchen such as, “flavoring wine with oak chips, sonicating egg yolk, mustard, 

lemon, oil and spices to create mayonnaise, and scoop ground coffee into a cup of cold 

water and sonicate” (Hielscher, n.d.).   Ultrasonic homogenization is not only able to fuse 

flavors together efficiently but is able to “break cells and release all the flavors” 

(Hielscher, n.d.). 

 Ultrasonic homogenizers can be used for both liquids and soft foods.  The size 

requirements for the technology aren’t big either, so a relatively small device can be 

designed to be suitable for a wide variety of tasks.  While ultrasonic homogenization 

technology hasn’t reached the commercial market yet for personal use, this product has 

disruptive potential and can change the way we prepare many foods while benefiting 

from better taste and faster preparation times. 

5.2 Outline Product Design Brief 

Design a homogenizer for domestic and commercial kitchen use, that uses ultrasonic 

technology and is able to prepare a variety of foods that may not be possible with other 

methods.  Design aspects to be considered include: 

- Size and footprint of this device in a kitchen environment 

- How the technology will be made to fit the appliance while: 

o Keeping a low profile 

o Form follow function 

o Does not restrain the user from using the device 

- Interactivity with the product 
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- Easy usability of the product 

- Ultrasonic technology is portrayed in a positive way 

- Form follows what market the product is tailored to 

 

5.3 Market Research 

5.3.1 Secondary Market Research and Analysis of Market Research 

 Research was conducted in the ultrasonic homogenization field, to gain 

more insight on the technology used, and where it was used.  Research showed 

that the use of ultrasonic homogenization in the culinary field existed, but at a 

very high price, even if a lot of uses of this technology exist.  Ultrasonic 

homogenization is a technology that is mainly used in laboratory environments, 

and when used in the food industry, only in industrial food processes.  This is 

because the technology is still very expensive and very large.   

 Upon research on chefs who have used ultrasonic technology in the 

culinary field, two products were discovered that have been used in kitchen 

environments instead of industrial environments.  The first, the Polyscience 

Sonicprep as shown in the image below(Polyscience Culinary, n.d.), a homogenizer 

with a price tag of $4999.95 

(£3607.65).  There are many uses for 

this product and is able to sonicate 

many different quantities of food, 

however the price tag limits its 

target audience and while the 

technology is isn’t huge, the 

apparatus required to use it is large. 

  

 

 



Technical Research Report  Page 29 of 75 

 Hielschers lab-intended ultrasonic homogenizer UP200HT was used by chef 

Christian Mittermaier too demonstrate 

the ultrasonic possibilities of the use of 

ultrasonic homogenization in a kitchen 

environment, as shown in the image 

(Hielscher, n.d.).  While surely other 

ultrasonic homogenizers have been used 

in culinary areas around the world, none 

of them have been explicitly made for a 

mass market for use in the kitchen.  An 

extensive list of uses of ultrasound in the 

kitchen can be found below: 

 

- Cold coffee brew 

- Ageing of wine and spirits 

- Flavoring of wine and spirits 

- Gravy, stocks and marinades 

- Herbal extracts 

- Infused oils 

- Fruit and vegetable purees 

- Mayonaisse and ketchup 

- Vinaigrettes 

- Meat tenderizing and marinating 

- Tea 

- … to name a few 

 

(Hielscher, n.d.) and  (Polyscience Culinary, n.d.) 

 

Regardless of the high cost of technology and the small amount of documented 

uses of ultrasonic in the kitchen, a market does exist and can be disruptive with 

the possibilities it can provide. 
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5.3.2 Primary Market Research and Analysis of Market Research 

 While primary research has been attempted, ultrasonic homogenization in the 

kitchen is a niche market and not much information and experience exist.  Furthermore, 

contact with chefs who have used ultrasonic homogenization in kitchen environments 

have been made, however, when asked for their opinion on make the technology smaller 

for smaller quantities and options for more domestic use, replies received stated it was 

pointless and a waste of time, or no replies received at all.  Because of these results, no 

further research has been conducted.  However, because of the wide range of uses and 

the possibility to use smaller versions of the technology suited for its intended purpose, 

the possibility to open a new market in this area was not disregarded. 

5.4 Revised / Expanded Product Design Brief 

 To design an ultrasonic homogenizer for kitchen use and be manufactured for a 

mass market.  The product should be intended for both the domestic and commercial 

kitchen to be used for a variety of different food and drink.  Key design aspects to 

consider include: 

 

- A small size to fit into any kitchen environment 

- Small size should not limit the functionality of the design 

- One handed use for: 

o Easy usability in busy kitchen environments 

o Users being able to hold and control the device using a single hand 

- Mobility, easy to use everywhere in the kitchen 

- Excellent ergonomics in the case that a user has to hold it during use 

- Extensive customization so user can use the device for any menu the user 

requires 

- Must perform exceptionally so people see more and more potential in the 

product 

- Luxurious form to complement the expensive parts it requires 

- Must be able to withstand a variety of kitchen environments 
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5.5 Concept Design 
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5.6 Concept Evaluation & Development 

 During ideation, many ideas came to paper and there was room for a lot of 

refinement in the design.  Initially, a setup similar to a home coffee machine was ideated, 

however, after further ideas were explored, those ideas came across as too bulky and 

didn’t give the product the elegance they deserved.  They also didn’t fit with my revised 

brief where factors like “mobility” and “one-handed use” were key points for the design.   

 Towards the end of ideation, the idea to have the homogenizer look similar to 

existing hand blenders became more favourable.  This was because it allowed easy one-

handed use and would allow more ability around the kitchen if needed.  With the 

transducer and sonotrode in the handle at the top of the product, and the container for 

the food and drink at the bottom, the appliance looked slick, and would easily fit to many 

aspects of the brief. 

 One of the major questions about the design, was how the user would interact 

with the appliance, to turn it on, off, or change the settings on power or time.  For this 

part of the design process, a Pugh Chart allowed an overview of all options and where 

every option was better or worse than the others.  The chart can be seen below 

Criteria 

 

Detailed buttons (no 
display) 

Detailed buttons 
and small LCD 
display 

Minimalist 
buttons and 
detailed LCD 
display 

Touchscreen 
LCD display and 
no buttons 

Different setting 
options 

- + + + 

Easy setting 
adjustment 

+ + - + 

Illustrated 
representation 
of settings 
chosen 

- - + + 

Durable (water + 
dustproof) 

+ + + + 

All buttons 
clearly visible 
and clickable 

+ + - + 

     

+ 3 4 3 5 

- 2 1 2 0 

 

After it was decided that an LCD touchscreen would be most suitable for this product, 

further ideation began of the product as well as how the touchscreen might work.   



Technical Research Report  Page 35 of 75 

 

 

 

 



Technical Research Report  Page 36 of 75 

 

 

 

 



Technical Research Report  Page 37 of 75 

 

5.7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Above is a sketch of the final idea.  On the top of the device is the grip 

along with the LCD display, which holds the transducer and the sonotrode, where 

the container for the food to be sonicated is held in the glass container at the 

bottom.  This design allows for one-handed use, and if the user requires to use 

the sonicator outside the provided container, the user could do so without much 

hassle.  The generator for the device would be located between the grip and the 

mains plug in a separate box, much like the converter in conventional power plugs 
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for laptops.  This would allow the technology within the product to be smaller, and 

not put much strain on the user during use.   

 Finally, the LCD display had to be designed.  While decided on the Pugh 

chart, a touchscreen would be used, a touchscreen could become quite a nuisance 

due to the small size of the screen.  Inspired by the Samsung Gear watches, a 

click dial around the screen was added to the design.  This would allow the user to 

perform simple functions like selecting settings on the touchscreen menu and 

allow the user to customize singular parts of the setting with the click dial.  This 

would also allow a more natural interactivity when increasing or decreasing an 

option in the menus as it would be customized with the spin of a dial rather than a 

tap and drag of a finger.  Ergonomically, the thumb could also easily access both 

the touchscreen and the operate the dial without the user having to use 2 hands.  

Basic operation on how the click dial would operate can be seen below. 

 

 

 

 

 

 



Technical Research Report  Page 39 of 75 

5.8  Technical Specification 
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Bill of Materials: 

 

Item No. 1 

Part Click dial interface and LCD Touchscreen 

Material Aluminum + circuitry and screen 

Manufacturing Process CNC 

Finish Anodized  

Estimated Price £50-£70 

Why this material was chosen Inspired by the interface from Samsung 

Gear watches, Aluminum is a sturdy 

material but soft to work with and can 

provide a quality housing for the electric 

internals for this part 

Additional Information The screens used in this design can be 

bought from Samsung while the circuitry 

could be outsourced.  Android allows for a 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 
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solid basis of the program used for the 

interface and function of the appliance.  

Basic screens on how the LCD screen could 

work are shown below 

 

 

Item No. 2 

Part Left Body Shell 

Material ABS Plastic 

Manufacturing Process Injection Molded 

Finish Matte 

Estimated Price £0.20-£0.70  

Why this material was chosen ABS is a strong plastic and as the housing 

will be affected by a lot of vibration from 

the transducer, ABS will not be heavily 

affected by this 

Additional Information The two shells will be ultrasonically 

welded to protect the appliance internals 

from harm such as water or dust(flour) 

 

Item No. 3 

Part Glass Container 

Material Glass 

Manufacturing Process 2 part molded and welded 

Finish Clear  

Estimated Price £2-£7 

Why this material was chosen Glass is a clear material so the sonicated 

food or drink can be seen.  It also has 

weight to keep an even center of balance 

for the appliance.  It is also dishwasher 
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safe and has a more quality feel to it than 

a plastic container 

Additional Information A black decal with milliliter measurement 

is added to the side of the container 

 

Item No. 4 

Part Rubber Washer 

Material Rubber 

Manufacturing Process Injection molded 

Finish ---  

Estimated Price £0.20-£0.80 

Why this material was chosen The transducer is due to vibrate while in 

use and the rubber will protect the 

appliance from any damage it could inflict 

Additional Information --- 

 

Item No. 5 

Part Silicone Grip Insert 

Material Silicone 

Manufacturing Process Injection molded 

Finish ---  

Estimated Price £0.20-£0.80 

Why this material was chosen Silicone provides great gripping and non-

slip for fingers and will provide an 

excellent gripping experience when 

holding the product 

Additional Information The silicone grip will be ultrasonically 

welded to the plastic shell to ensure 

longevity and quality 
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Item No. 6 

Part Right Body Shell 

Material ABS Plastic 

Manufacturing Process Injection Molded 

Finish Matte 

Estimated Price £0.20-£0.70  

Why this material was chosen ABS is a strong plastic and as the housing 

will be affected by a lot of vibration from 

the transducer, ABS will not be heavily 

affected by this 

Additional Information The two shells will be ultrasonically 

welded to protect the appliance internals 

from harm such as water or dust(flour) 

 

 

Item No. 7 

Part Rubber Washer 

Material Rubber 

Manufacturing Process Injection molded 

Finish ---  

Estimated Price £0.20-£0.80 

Why this material was chosen The transducer is due to vibrate while in 

use and the rubber will protect the 

appliance from any damage it could inflict 

Additional Information --- 

 

 

Item No. 8 

Part Titanium Sonotrode 

Material Titanium 
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Manufacturing Process Extruded and lathed (shape and 

threading) 

Finish brushed 

Estimated Price £10-£30 

Why this material was chosen Titanium is used as a sonotrode in 

ultrasonic homogenization as it can 

transfer acoustic energy to the applied 

area efficiently 

Additional Information Male thread M12x1.25, 12mm, other 

sonotrodes with different dimensions may 

be sold separately after product release to 

suit other homogenization requirements 

 

 

Item No. 9 

Part Ultrasonic Transducer 

Material Steel exterior 

Manufacturing Process --- 

Finish Brushed 

Estimated Price £50-£100 

Why this material was chosen The ultrasonic transducer takes energy 

and converts to sound waves with at least 

20kHz frequency 

Additional Information Further research must be conducted to 

find out what ultrasonic transducer can be 

used within the final product however 

specifications should exceed: 200W, 

30kHz 
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Item No. 10 

Part Cable, Generator and Mains Plug 

Material ABS Plastic and Rubber 

Manufacturing Process Injection molded 

Finish Matte 

Estimated Price £20-£50 

How it works The plug from the sonication module leads 

to the generator, the generator is outside 

of the product to enable a smaller 

appliance.  The generator will supply the 

sonicator with the power it needs 

Additional Information The generator should support global use.  

100-240W, 9A 
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5.9 Prototype Manufacture 

To manufacture the first prototype, it would be easiest and cheapest to build pre-existing 

products and test it.  This could be done by taking a laboratory standard 500mL beaker as 

the glass container.  A custom 3d printed plastic housing could then be designed to fit on 

top of the beaker.  To test the ultrasound technology, a Hielscher UP200t could be taken 

apart and the technology put into the custom 3d printed plastic housing.  Attaching a 

Samsung Gear S2 watch to the top of the prototype would be a great way to mimic the 

dial interface but also provide the ability to create a simple program that will run similarly 

to the final product to also test the usability of the graphical user interface (GUI).  For cost 

and time purposes, the Samsung watch would not control the ultrasonic functions but 

rather act as a simple mimicry of the final product.   

 

Creating a working prototype is quite expensive, as the technology is still quite costly 

5.10 Prototype Evaluation 

No prototype has been developed yet. 

 

5.11 Final Product Design Specification  

5.11.1 Competition 

Currently there is only one other appliance intended specifically for kitchen use 

other than the: 

• PolyScience Culinary Sonicprep Ultrasonic Homogenizer 

 

5.11.2 Market constraints 

• Users already have a blender in their home, why would they use HomeGen 
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• Feedback from users during development so it can be designed to 

complete as many tasks as possible in the kitchen 

5.11.3 Aesthetics, appearance and finish 

• Look like a luxurious yet durable appliance 

• Should be a product that users enjoy leaving on the countertop instead of 

storing in cupboards 

• Functionally and visually advanced 

• Unique form and recognizable by users 

 

5.11.4 Ergonomics 

• Fit either left or right hand comfortably 

• Suitable for large and small hands 

• Silicone insert allows the hands a good grip on the appliance 

• Matte plastic finish allows a comfortable grip on the handle 

• Thumb is used to operate the dial and touchscreen interface on the top of 

the product  

5.11.5 Quantity 

• 300,000 units in the first year to see if the product sells as expected 

• if product sells well, 30% increase in next year and 50% the year after 

 

5.11.6 Target Product Cost (TPC) 

• Target cost between £450 - £550 

• Cheaper model of £300 - £400 can be made if product sells exceptionally 

well 

o Wouldn’t use a titanium sonotrode or touchscreen interface 
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5.11.7 Materials 

• Materials have to be safe and non-toxic because of its contact with food 

and drink 

• Quality materials to withstand the environments of home and professional 

kitchens but also the use of ultrasonic technology 

5.11.8 Processes 

• Primarily injection moulding for plastic 

o Plastic parts ultrasonically welded together for structural integrity 

and withstand rigorous environments 

• Glass container made from moulded glass 

• Silicone grip insert made from moulded silicone 

o Ultrasonically welded to plastic to withstand all environments 

• Titanium extruded and lathed for sonotrodes 

• Touchscreen, transducer, and generator outsourced 

o Touchscreen glued to top of product 

5.11.9 Standards and Specifications 

This product must comply with any kitchen appliance standards and specifications 

such as 

• ICS 97.040.01 

5.11.10 Patents, literature and product data 

• The product must not infringe upon any existing patents 
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5.11.11 End of life Disposal / Recycling / Re-Use 

• Ultrasonic welds can be opened with a dremel to gain access to all parts 

• Plastic, glass, metals recycled as best possible 

• Make aware to user that at end of lifespan the product returned to 

manufacturing plant free of charge to be disposed of properly 

5.11.12 Timescale 

• 8 weeks for the design of this product 

5.11.13 Performance 

• To fuse flavours and ingredients together using ultrasonic homogenization 

• Used on both liquids and soft foods 

5.11.14 Environment 

• To be used only in an indoor environment 

• Used in domestic and commercial kitchens 

• Can withstand contact with different fluids and solids 

5.11.15 Maintenance 

• Bluetooth chip within the touchscreen allows user to connect with a 

smartphone and receive extensive maintenance reports of the device 

o Maintenance reports provide details on functionality of device and 

can be forwarded to customer services if there is ever a problem  
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5.11.16 Life in service (performance) 

• Must be able to be used whenever necessary 

• Easy to take care of with dishwasher friendly glass container 

• Simply clean the sonotrode after use with soap and water  

• Sonotrode can be removed from lid for replacement or further cleaning 

5.11.17 Packing 

• Used during transit to and from manufacturing plant 

• Small number of units means no selling in retail stores but rather on 

companies online store 

5.11.18 Shipping 

• Research has yet to be conducted 

 

 

 

5.11.19 Manufacturing facility 

• Injection moulding machines for manufacturing of plastic parts 

• Glass moulding machines for manufacturing of glass parts 

• Silicone and rubber moulds for grip and rubber washers 

• All other parts outsourced 

5.11.20 Size 

• Initial research and CAD models provide dimension of (L  H  W): 

• 90  263.2  90 (does not include wiring or generator box) 
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5.11.21 Weight 

• More research on parts to be conducted, current estimate at: 

• 910 grams 

• Final maximum weight will not exceed 1.5 kg 

5.11.22 Product Life Span 

• Expected minimum of 5 years  

• Product will be designed and tested to survive as long as possible even if 

used in harsh kitchen environments 

5.11.23 Customer  

• Target customer ranges from daily to occasional domestic home user to 

hourly uses in professional kitchens 

5.11.24 Quality and Reliability 

• IP 65 water and dust resistance 

• High quality product  

5.11.25 Shelf Life (Storage) 

• Should be able to withstand up to 48 months of shelf life without affecting 

its functionality or performance 

5.11.26 Testing 

• Research yet to be conducted 

• However, working models will be tested in real life situations but also in 

simulated situations at the manufacturing plant 
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5.11.27 Safety 

• No product should fail in the area of safety 

5.11.28 Legal 

• Any patent infringements must be researched before manufacture 

• Research into dangers of using this technology outside its intended use 

must be documented  

• Must conform to all directives to ensure product being placed in EU and 

possibly global market 

5.11.29 Installation 

 

Part Action 

Mains Plug and Generator Box Plugs into the mains socket, and provides 

power to the generator box 

Sonicator Module and Sonotrode Wire from this module plugs into the 

generator box.  The sonotrode is screwed 

into the module and the module gets 

screwed on to the glass container 

Glass Container The base of the appliance and where the 

sonication happens.  Simply screws to the 

bottom of your sonicator module 

 

5.11.30 Documentation 

• User manual, Warranty, guide on how to use ultrasonic homogenization, 

disposability guide 
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5.11.31 Company constraints 

• Research not yet conducted 

5.11.32 Political and social implications 

• Designed only to be used as a kitchen appliance in the culinary field 

 

 



Technical Research Report  Page 60 of 75 

6 Conclusions 

 

 Upon completion of the technical research, conceptual design and final design 

specification, many different sensors and technologies have been researched an analysed.  

These sensors aren’t only the basis of autonomous technology, but some of the key 

elements to allow a machine like this even work.  Autonomous vehicles work because 

they have as much vision of the environment as a human, or better; and while these 

sensors work, they must all work together in unity to achieve a level of full automation.  

Autonomous transport is a technology that is being heavily researched and tested by 

numerous teams around the globe, and may one day join vehicles on the roads.   

 The technology and sensors investigated are key elements in autonomous cars, 

however, factors like vehicle propulsion and vehicular design are reflected in the vehicle 

as a response.  This report has covered many areas, such as why the electrical engine and 

autonomous technology have a close correlation and together make transportation more 

efficient, eco-friendlier, and safer.  Autonomous vehicles interior may change to a mobile 

living and working space as the real need for a steering wheel is not necessary.  

Autonomous vehicles move away from being a utility which many people own, and 

change to a product that people use together to get around but while many changes are 

underway, people will need to change to and accept the new technology.  

  With the world population rising, autonomous vehicle technology applied to 

busses, cars, and taxis, the world may be able to accommodate the transportation needs 

for everyone.  While the controversy of autonomous devices taking away jobs from taxi 

drivers and bus drivers may still stand, a trend like this won’t let that step in its way.  With 

a world driven by autonomy, these are only some of the jobs that will be lost.  Autonomy, 

despite what people say isn’t always a good thing, but it is definitely not bad either.  

Before this technology is implemented publicly, there will be many debates on how to 

implement this technology, and how to utilize it correctly.  For now, autonomous 

transportation is still just over the horizon, a future technology that we attempt to 

develop along with many others.  But in the end, the products of the future we buy 

tomorrow, are being developed now; The future is today. 
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8 Appendices 

8.1 Appendix 1:  Critical and Reflective Personal Blog 

  

 When I first become vegetarian, to part it was for the wellbeing of animals, but 

mainly for the amount of resources put into cattle raising.  When I found out that takes 

about 1500 liters of water to make 1kg of wheat and about 10 times as much for a kg of 

meat, it was an obvious choice for me to switch.  The second reason for my change in diet 

was the global warming aspect.  While CO2 contributes to global warming a lot, and 

comes from cars as an emission, methane, which comes from animal farts (even from 

humans) has a negative effect toward the environment 23 times stronger than CO2.  

Livestock is responsible for around 18 percent of greenhouse gasses while the 

transportation sector is responsible for 14 percent. This is where my passion for electric 

cars begun.   

 Transportation is what gets us humans around.  Whether it is from our house with 

the bus to town, or with our car from home to vacation, we use it all the time.  However, 

many people love driving, and although traffic congestion may be a pain, who would want 

cars to drive themselves?  That was a question I kept asking myself, who in the right mind 

would entrust a system to drive a car.  As I started research into companies pursuing the 

dream of autonomous cars, it wasn’t the technology that interested me the most.  It was 

the interior design of the vehicle.  When drivers aren’t required for driving anymore, who 

is the experience tailored to?  The passengers in the car, meaning the whole design 

language within a vehicle would change.  This would mean that cars aren’t a utility 

anymore, but rather a product, a concept which was incredibly interesting to me.    

 The more I researched into companies like Nio, Faraday Future and Tesla, the 

more the technology interested me as well, which lead me towards Waymo and Uber to 

see how they were tackling the research.  Electric and autonomous cars became a passion 

for me and a subject I extensively followed and kept up to date to.  When the time came 

that I had to choose a topic for my technical report, I thought there’s no better way to 

take my passion further and use the topic as my area of research in the technical report.  I 

checked with my tutor, got the ok, and started off with the investigation of: 
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“the future of transportation” 

 

Until a few months later I realized it was too broad so I refined to: 

 

“the future of ground transportation” 

 

In order to get ahead of the game, I wrote my technical report early and showed it to one 

of my lecturers, who said the essay was too broad and sounded more like a dissertation 

rather than a technical report, and that I should look more into technology.  So, I deleted 

5000 words of my essay and started again.   

 This time, I focused only on one area; An investigation into autonomous driving 

technology. Not only was I researching what I loved, but I realized that refining my essay 

down didn’t limit me at all.  I realized that there was so much content out there, that I 

couldn’t contain myself.  80% of my “suggested Facebook articles” are on autonomous 

and electrical transport.  I started an essay which not only captivated me with every letter 

I wrote on the page, but I learned so much about what makes autonomous driving work.  

I was able to get in contact with people from Volvo and Faraday Future and ask them 

about their thoughts.  I learned that electrical vehicles are one of the key technology 

pieces in autonomous cars.  This is because electric cars run on code, autonomous vehicle 

technology does to, meaning that both systems can be linked together by code, running 

on a singular platform, whereas internal combustion engines run on fuel, not code.  While 

the technology merging isn’t impossible, it’s a lot different and more difficult. 

 But we also have global warming to worry about, we need fuel alternatives so the 

move from gasoline cars has begun with many countries banning the sale of them as early 

as 2025.  We need to find different methods of propulsion for our vehicles and fossil fuels 

aren’t on the list.   

 While researching the different sensors used in cars, I came across some sensors 

that I can implement in some other university projects or think about as an alternative or 

second iterations of the design.  The one technology that interested me the most, is the 

use of ultrasound.  While ultrasound technology is already used in a variety of field, it has 

so much more potential, that I previously ever anticipated.  For the conceptual design 

part of my essay I created a product that uses ultrasound technology to homogenize food.  
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While this technology already exists, it only does so at high prices and for laboratory uses, 

and with the wide variety of tasks It can complete, I thought it would be interesting to 

create a product that could bring this technology to a commercial market for both 

domestic and commercial kitchen use.  While making the technology smaller is quite a 

push, I split the technology apart so that the product was easy to use.  The way this would 

work is as follows: 

 

Mains plug  generator  cable to appliance  transducer (converts energy to sound 

energy)  sonotrode  contents to be sonicated 

 

The full product with renders and different views can be seen below.   

 

Although the last few months (weeks especially) have been tough, and winter break 

wasn’t really a break, I enjoyed all of it, even being stressed.  I learned so much and know 

so much more about so many different areas.  Additionally, a lot of information I have 

learned can be applied to products I am designing now, and products I might design in the 

future.  After all, the products that get released tomorrow, are being designed and 

developed today, the future is now, we are just waiting for it to hit the market. 
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8.2 Primary Research Supporting Documentation 

Interview with Michael Ryan, Sales at Faraday Future 

 

Maximilian Bubenheim: With autonomous vehicles in development, how do you think it 

will change the car industry? 

 

Michael Ryan: industry to customer is going to be interesting because looking at a vehicle 

thats autonomous, things like having more individual and customized experiences to 

people.  We can have a car remotely go to somebody, we can pick people up, we can 

have them be some places and a really innovative approach with interaction.  When you 

have a vehicle that is automated, all these systems are going to be much easier calibrated 

to an electrical motor drive, so I think we are also going to see a large shift towards 

electric driving.  So instead of just having autonomous it will be autonomous electric. 

 

Maximilian Bubenheim: How do you think car manufacturers will respond to autonomous 

cars in terms of interior and exterior design? 

 

Michael Ryan: the beauty of it now, is when autonomous comes to play you can really 

rewrite the book on how interior space should look, the only things you want to ensure is 

that the customer isn’t affected too much in terms of g-forces.  The car becomes part of 

their family, part of their daily life.  With the rise of electric vehicles, you might see things 

like inductive pavement.  You’ll be able to design busses almost like living rooms.  You’ll 

also have a flat form because it’s a way of keeping the center of gravity really low.  Things 

are going to be a lot flatter, longer and wider.  The biggest restrictions are making sure  

cars drive on road well. 

 

Maximilian Bubenheim: Flying cars are thing of the future, do you think that flying cars 

are going to hit the market hard, or will the industry be in ground transportation? 

 

Michael Ryan: there’s quite a few limiting factors.  Imagine all this traffic above your 

head, or underground, having it underground will be a lot more efficient in terms of 
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energy.  The difficulty to get things off the ground? Just jump a few times and you’ll start 

to sweat.  But in order to get a car off the ground you’re going to need a ton of energy so 

I think cars will stay on the ground unless it’s going to go to space.  It’s going to depend 

on how the infrastructure changes and how the population pushes it.  That’s one reason 

I’m working at FF right now, I want to push this ground transportation. 

 

Maximilian Bubenheim: In terms of public transportation and person transportation, what 

do you think is more the future? 

 

Michael Ryan: in terms of the future, I think the hardest part is taking control on the 

human ego, everybody wants their own thing.  Everybody wants something a little better 

than someone else, or something that’s just simply better.  When it comes to sharing its 

very tough to get a lot of people on the same page.  I’m not exactly sure which way it’s 

going to go.  In terms of car-sharing though, it’s very beautiful what an autonomous car 

can do.  When a vehicle is part of you and can also do other things, imagine multiplying 

what you can do exponentially in terms of getting people where they need to go.  So if I’m 

stuck in a meeting and need to get to a meeting or pick up my son or daughter you can 

send a car to do so, which in my eyes would be such a breath of fresh air, like imagine 

having the kind of capability.  These are the kind of changes that once it’s done, the 

hardest part is going to get people to accept that technology and be ok with it.  Having 

the steering wheel move in front of you is kind of eerie.  It shows you how far we’ve 

gotten but also how far there is to go. 

 

Maximilian Bubenheim: do you think many of the concepts that are around will come to 

life or are they also just there to provide inspiration? 

 

Michael Ryan: it really comes down to who’s backing those ideas and who’s willing to 

create them.  In your life time, you’ve seen a rocket being able to land back down on a 

platform from space.  When it comes down to a lot of those ideas it will come down to 

feasibility, how much it will cost, and what are the benefits?  If hyper loop gets tested and 

it works, then it will have to be done and it will find the funding for it.  Coming down to 

almost like a space race thing.  It’s nice to see startups putting out concepts and those 
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come to life where bigger companies make concepts and never go through it those.  It’s 

going to be some really interesting 4-5 years and how the public accepts it.   
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