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ABSTRACT

This report outlines the process
of developing Jarngerdur, a con-
cept for an elevated personal
rapid transit system (small auto-
mated train system), envisioned
for Reykjavik, Iceland, which
employs a pod-car design with a
built-in, innovative crane mech-
anism to lift and lower the pod-
cars from the ground.

The system uses reserved car
street parking spaces where
possible, that act like stops for
users to board and disembark
the pod-cars.

The concept is an idea to solve
the traffic problems in Reykjavik.

This report shows the research,
development of the concept, as
well as diving into specific cho-
sen details of the pod-car and
system. Finally a conclusion to
the project is put forth, and lastly
reflections on both the process
and product.
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INTRODUCTION

In this section the project is introduced as well as the project structure is explained.



INTRODUCTION

INTRODUCTION & READING

GUIDE

As will be shown in the next
chapter, car traffic in Reykjavik,
Iceland is a problem that has
been building up for the last
years. Usage of cars as a means
of commuting has been grow-
ing steadily over the years and
meanwhile the usage of public
transportation has declined. This
has lead to the fact that today
several problems stemming from
car usage have become so great
that the city of Reykjavik has, for
the last years, made decisions
to challenge and rectify this pro-
gression. This project introduces
and proposes a public transport
system, so called PRT (Personal
Rapid Transit), a type of small rail
system, that could be a solution
for Reykjavik and be a good fit
for the municipality and its in-
habitants, for example in regards
to traffic problems, land usage,
pollution and cultural habits con-
cerning transportation and com-
muting. Because of this being an
individual project and the brevity
of it, the main focus of the proj-
ect became an innovative built-
in crane/lift mechanism, which
virtually eliminates the need for
typical large stations/stops, and
allows the system to be installed
in even the smallest streets in
Reykjavik without large changes
to the road itself in the form of
stations.

Selected aspects of the pod-car
and the rail system were then de-
tailed as far as time allowed, in
an overview fashion.

It is important to point out that
the project is of a conceptual
nature. This means that it is an
idea to solve the ftraffic prob-
lems in Reykjavik, and therefore
not all the details are worked out
completely and are left to the
imagination. It is also necessary
to point out that the proposal is
not realistic, in the sense that the
city of Reykjavik has no means
or aspiration to set up a system
like this in the foreseeable future,
and therefore cost is not a a part
of this project. But | hope that
the proposal will in some ways
raise an awareness or a discus-
sion of unconventional ways of
transportation in Reykjavik.

READING GUIDE

This process report has been
set up in a linear fashion to
ease the understanding of

the process, even though the
process was all but linear. In the
next section this is explained in
more detail. The process report
is therefore meant to be read
linearly and the accompanying
product report as a supplement
and a visual guide of the final
proposal.



INTRODUCTION

PROJECT STRUCTURE

KICK-OFF

v
PRE-PHASE (RESEARCH)
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v
CONCEPT
DEVELOPMENT

A
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( ) DETAILING
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The structure of the process was
not linear in nature but can be
illustrated graphically in a linear
arrangement.

The first part of the project is
the pre-phase which is used to
frame the project. In it PRT is in-
troduced, as well as Reykjavik
and the traffic problems it has.
Other relevant information to the
project is also introduced in this
chapter, and it concludes with a
desing brief.

The pre-phase chapter then
leads to the concept chapter,
where the main concept devel-
opment is shown and document-
ed.

FINAVL DESIGN (PRODUCT REPORT)

After the main concept, the de-
tailing phase is started. In the de-
tailing chapter, selected relevant
aspects of the pod-car and the
system are discussed and doc-
umented. Because of time con-
straints, not all aspects of the
pod-car and the system could
be detailed, but it was decided
to focus on the most relevant as-
pects, and go broadly into each
detail.

In the end a final design proposal
was converged upon, which re-
sults are shown in the product
report.
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PRE-PHASE

In this section the project is put in context, PRT is introduced and explained and
car traffic in Reykjavik is discussed as well as what the city’s views and plans
are regarding traffic and public transportation. Finally, current PRT solutions are
introduced, and at the end a design brief is put forth.



PRE-PHASE

PERSONAL RAPID TRANSIT

(PRT)

Personal Rapid Transit is a type
of public transport that refers
to a system of “small three- to
six-passenger automated ve-
hicles for the private use of the
traveler and his traveling com-
panions, but not shared with
strangers; the traveler is carried
nonstop and without transfers
from his origin station to his des-
tination station” (Irving, 1978).

PRT is also referred to as person-
al GCV (Grid-Connected Vehicle)
and is categorized as a type of
Automated Guide-way Transit
(AGT) which is a general term
covering both large and small
automated vehicles, from per-
sonal people transports to large
automated subway systems.
A general term used for PRT is
“pod-car”.

It is sometimes described as be-
ing an automatic taxi with a ded-
icated right of way or guide-way,
or simply as a horizontal citywide
elevator.

MAIN
CHARACTERISTICS

The main characteristics of a
PRT system are:

»  Driver-less / automatic vehi-
cles

» 1-6 passengers per vehicle

» Generally electrically driv-
en (on-board battery or
grid-powered)

» Guide-way grid network to-
pology

»  Stations located on sidings

» No stop-and-go traffic, as
stopped pod-cars stay of the
main guide-way and on sid-
ings.

» Non-stop, point to point trav-
el, no predetermined sched-
ule and no predetermined
route.

» Usually slow speed, 25-
40km/h

(Anderson, 1978)

POSITIVE ASPECTS

PRT systems are lauded for sev-
eral aspects that make them a
desirable public transport sys-
tem. Some of these aspects are
the following.

Usage efficiency

Because of its personal, point to
point nature, as well as not fol-
lowing a predefined schedule/



Fig. 1. Morgantown PRT.

Fig. 2. ULTra PRT.

route, less time is wasted by the
passengers waiting for the next
transport. “Routes” in a PRT sys-
tems are direct by their nature
and the pod-cars don’t stop for
passengers on the way to their
destination.

Energy usage

Energy efficiency is generally
much better than other means
of commuting and public trans-
port in general. On the graph
here to the side, a comparison
of energy usage of different
modes of transport is shown.

Privacy

Because the pod-cars are private
as opposed to moving groups
of strangers, they are in a way
similar to private cars. This in
turn can lead to greater usage of

PRT as opposed
to  conventional
mass transit as
many people val-
ue privacy highly.

Comfort
The comfort of
riding in a PRT

system is gener-
ally better than in
conventional pub-
lic transport as the
pod-cars don’t
stop on the way
to their destina-
tion and so on, as
well as gridlocks
and stop-and-go
traffic is avoided,
and non-existent
on the PRT guide-
way.

Relatively low
cost

Low weight of the
vehiclesand small-
er guide-ways and
structures than are needed for
a conventional rail means lower
cost of the infrastructure. Gener-
ally it is also cheaper than normal
road infrastructure and leads to
reduction of road infrastructure
and the need for parking spac-

es. PRT can also lessen the need
for households and individuals to
own a car which leads to person-
al/household savings.

Environmentally friendly
Because it uses less energy
compared to cars, and electrical
motors are more efficient then
combustion engines, emission
is much less compared to cars,
even factoring in that the ener-
gy often comes from polluting
sources (fossil-fuel power sta-
tions). PRT also generally leads
to better air quality.

Less noise pollution

PRT leads to less noise pollution
in urban areas as the system it-
self is virtually silent, and if used
proportionally more, relative to
cars, should lead to less noise
pollution from traffic in general.

Improved safety

Using its own guide-way as
opposed to being a part of the
road-infrastructure leads to im-
proved safety. Good example of
this is the Morgantown PRT sys-
tem where accidents involving
the system are virtually non-ex-
istent.

Energy Usage by different modes of transport (EDICT 2004)
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Less visually obtrusive
infrastructure

Generally, PRT uses lighter and
smaller infrastructure than other
ways or transport as the pod-
cars are compact and light,
which leads to less visually ob-
trusive infrastructure. Another
thing is that because roads have
become so ubiquitous, people
tend to stop seeing how visu-
ally obtrusive roads really are.
PRT lessens the need for bigger
roads, so indirectly it decreases
obtrusive road infrastructure as
well.

CRITICISM

The main criticism that PRT has
received is that because it is
a relatively new and unproven
technology, risk and financial un-
certainty is increased. Another
thing is that even though a sim-
ilar system has been in usage
for 30 years, it is still a matter
of debate if commuters would
embrace such a system in large
enough proportion, to make
buildup of such system feasible
for citywide adoption. Regulato-
ry concerns and various political
reasons also play a part in the
debate (EDICT, 2004).

INFRASTRUCTURE
REQUIREMENTS

Even though the infrastructure
needed is light and visually un-
obtrusive and quite flexible in re-
gards to setup (one lane / 2 lane),
for the system to work as need-
ed, pod-car stations/stops need
to be quite close to each other
(so the point-to-point nature of
the system works as intended).
This leads to uncertainty regard-
ing the size of the infrastructure
and its obtrusiveness as each
station generally needs a rel-
atively large area, not only for
loading and offloading passen-

10

PRT Personal car

Private/Personal Yes

Yes

Point-to-point

Relatively small size

Yo
of vehicles es

On-demand Yes

Average speed Medium High
Vl.sual intrusion of Medium High
infrastructure
Energy usage Low High
Own guideway, Yes No
elevated or undergr.

Pollution Low High
.Cost of new Medium
infrastructure

Safety Good Medium
Discrete stations/ Yes No
stops
Automated Yes No

gers, but for sidings as well (a
part of a siding rail that facilitates
deceleration and acceleration of
the pod-cars, arriving at, or leav-
ing the station).

MEANS OF TRAVEL -
COMPARISON

To put a light on the differenc-
es and similarities between PRT
and other ways of transport, a
comparison matrix was made
that can be seen on this page.

As can be observed, the sim-
ilarities between PRT and the
personal car are that both are
private/personal, point-to-point
vehicles that are relatively small
and the usage is on-demand.

When we get lower on the list,
the comparison gets a bit more
complex, but in general the
results, although subjective-
ly-based, are that PRT compares
well with other ways of transport.

FEASIBILITY
It is worth noting that in 2002-
2004 a feasibility study was

Subway Bus Tramway Monorail
No No No No
No No No No
No No No No
No No No No

High Low Low High
High High Medium
Low Medium Low Low
Yes No Mixed Yes
Low Medium Low Low
High Medium Medium
Good Medium Good Good
Yes Yes Yes Yes
Some No No Some
conducted, sponsored by the

European Union, for the po-
tential of PRT in four different
cities in Europe. The results
where overwhelmingly positive
and amongst other, noted that
PRT had the prospect to be an
accessible, environmentally
friendly and sustainable option
in the future, and could provide
a superior service compared to
conventional mass transit, and
in all probability would be well
received by the public. The re-
port also concluded that despite
these advantages, public author-
ities will not commit to building
PRT because of the risks asso-
ciated with being one of the first
public implementations (EDICT,
2004).

It is important to add that the
Morgantown PRT system which
is the only system that has been
in use for the last 30 years, is not
a true PRT system as the cars
are larger and not private. This
kind of system is often called
GRT (Group Rapid Transit).



PRE-PHASE

REYKJAVIK

Reykjavik could be a great pilot
area for PRT. For this are several
reasons.

First of all, Reykjavik is a car city,
that in many ways has more in
common with the car cities in
the United States than cities in
Europe in the same size cate-
gory. Car ownership has grown
steadily over the years (See
graphs on this and next page),
and the city is stuck in a vicious
traffic and infrastructure cycle,
where increasing city sprawl
leads to more traffic which leads
to more roads being built which
then again leads to more sprawl.

1. Sprawl

It is not far off from Atlanta, USA
in the number of cars per capi-
ta which has (in 2012) 746 cars
per 1000 persons (Reykjavikur-
borg, 2013). Atlanta has one of
the worst traffic problems in the
United States and is considered

Cars in Reykjavik per 1000 persons (Reykjavikurborg, 2013)
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Cars per 1000 persons 2012 (Reykjavikurborg, 2013)
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one of the more polluted cities
in that country (Huffingtonpost.
com, 2010).

Because of the high car owner-
ship in Reykjavik, public trans-
portation usage has been dwin-
dling over the years and is today
one fourth of what it was around
1960 if measured in trips per per-
son (Reykjavikurborg, 2013).

CITY PLANS

The city has made extensive
plans for changes regarding
transportation within the city.

Reduction of car usage

The city of Reykjavik considers
car usage a problem and has
made it a part of its city planning

746
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policy for the next decades to re-
duce the use of cars as a means
of transport. A primary focus
is to promote other means
of transport (public trans-
portation amongst others)
and decrease the usage
ratio so motorcars will con-
sist of 58% of all usage in
2030 as opposed to 75%
as it is now. The policy
also dictates that all pub-
lic transportation within
the city will use alternative
Eco-friendly fuels by the
year 2030 (Reykjavikur-
borg, 2013).

Reduce road infrastruc-
ture build-up
The city also aims to promote

Public transport in Reykjavik 1961-2000 - Trips per person (Reykjavikurborg, 2013)
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efficient and safe transportation
without engaging in extensive
build-up of road infrastructure
as well as to reduce negative
effects of increased traffic when
additions to the infrastructure
are evaluated (Reykjavikurborg,
2013).

Public transportation
reforms

One of the main ways to change
the travel habits of the popula-
tion from its affinity for the motor
car is reforming the public trans-
portation system and, in the fu-
ture, plan the infrastructure for a
possible light rail system (Reyk-
javikurborg, 2013). This gives the
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idea of a PRT
system some credibility as PRT
is a type of a light rail system.

Increase city density

The plans to increase the density
of the city (opposed to the urban
sprawl! that has been norm for
the last decades) increases the
potential for alternative ways
to commute (public transport,
cycling and walking), which fur-
thermore decreases the need
for large road infrastructure and
parking spaces, which now con-
stitute 48% of the expanse or
area, of the city, which is in line
with large cities in the United
States (Reykjavikurborg, 2013).



Increase usage of eco-
friendly energy

The plan is also to increase the
ratio of more Eco-friendly energy
solutions (electricity, methane
and hydrogen) to conventional
energy (fossil fuels). Especially
concerning public transportation
(Reykjavikurborg, 2013).

ENERGY WASTE

In Reykjavik, like other western
cities, a lot of energy is wasted
because of car usage. People
commute to work in cars that
weight up to 2000 kilograms, and
the average number of personsin
each car is 1,2 in Iceland, like in
most of the western world. This
would not be so bad if the cars
were electric, but as it stands,
almost all cars in Reykjavik
use fossil fuels. This point is
also connected to the fact that
the average speed of traffic in
Reykjavik is 36km/h for private
cars and 22km/h for buses
(H6nnun ehf., 2006). What this
means is that cars spend a lot of
their time in stop-and-go traffic
which is extremely wasteful in
relation to energy usage.

CULTURE

One of the reasons Reykjavik is a
car city is that people value their
privacy. Public transportation
is scorned and seen mostly as
transportation for young people,
the elderly and underprivileged.
Therefore, people invariably
think that if they use the bus-
es in Reykjavik, people will as-
sume that they are fortune-less
or in other words, poor. This is of
course a highly subjective point
to be made, but as a person that
has been living in Reykjavik for
half my life, | can attest that this
is a general view.

PRT IN REYKJAVIK and unconventional solutions for
All these points support the idea transportation within the city.

of a PRT system in Reykjavik, or

at least a discussion of different

Fig. 3. Reykjavik.



PRE-PHASE

PRT STATIONS / STOPS

As it relates to the concept, it is
important to describe PRT sta-
tions. PRT systems, just like oth-
er train systems utilize stations
to load and offload passengers.

Stations usually need to support
a certain number of cars, which
has an effect on the size. Gen-
erally they take quite a large sur-
face area as the stations need to
be out of the way of the main rail/
traffic to not obstruct other trains
or pod-cars.

This relates to both suspended
rail systems, as well as ground
based. Besides needing space
for traffic going by, the suspend-
ed systems need some way of
getting passengers either up to
the same level of the train sys-
tem, or to get the train down to
the ground level. Both

is needed for the ascending and
descending sidings/side rails.

In both cases, a lot of surface
area is used for stations, and
when space and area is of short
supply, as it is in some of the
small tight streets in Reykjavik,
this can be a problem when it
comes to setting up a PRT sys-
tem. This is further substantiated
by the fact that one of the factor
controlling the selection of bus-
routes by Streetdé BS (the Reyk-
javik public transport) is sizes of
streets; if they are large enough
to support buses driving through,
and if they can stop there.

This leaves an opportunity for a

solution to this problem. This will
be described later in the report.

MAIN RAIL

mean that a lot of space
is needed at the stations; \ W /

If you bring passengers
up to the same level
as the train, you need
stairs, and in most cases
(because of concerns for
the disabled) an eleva-

STATION

STAIRS ELEVATOR

ELEVATED PRT: ELEVATED STATION

MAIN RAIL

tor. For a system where
the train comes down
SIDING RAIL POD-CAR

to the ground level, sur-
face area is wasted be-
cause of the area which

STATION

ELEVATED PRT: GROUND STATION



PRE-PHASE

GRID LOOP NETWORK

TOPOLOGY

Most PRT systems employ the
track guideway as a grid loop
network topology. This type of
infrastructure is a grid of rails,
where each point in the grid is
a either a merge point, diverge
point, or both, to facilitate point-
to-point travel (prtconsulting.
com, n.d.).

Because of the added com-
plexity of a bi-directional rail, in
relation to a point-to-point rail
system, generally this kind of
network is single directional.

For a grid loop network to work
as intended, it has to be of cer-
tain density. If the density of the

Fig. 4. Type A Guide-way.

grid reaches a certain threshold,
using the system should have
close to the same travel time as
a bi-directional track.

Two types of this kind of grid lay-
outs exist. The first one (Type A)
uses a series of loops with no
overpasses, which means that
no direct route can be taken over
grid points. The second type
(Type B) incorporates overpass-
es. In short terms this means that
the second choice leads to more
direct routes between points
(prtconsulting.com, n.d.).

Fig. 5. Type B Guide-way.



PRE-PHASE

THE USER: FOCUS GROUP

The potential users of a PRT sys-
tem in the city can be catego-
rized into two groups. The ones
that already use the public trans-
portation system in Reykjavik,
and those that use cars to get
around.

The first group is not of great in-
terest in relation to this project,
as they would continue using
whatever public transportation is
in place in the city. The second
group is more interesting as they
are the ones that a PRT system
would try to win over.

Even though the author of this
report has an idea of what the
problems are with the current
public transportation in Reyk-
javik and what would persuade
car users to use public transpor-
tation, a focus group was held
with persons who have used the
public transportation in Reyk-
javik, but don’t on a daily ba-
sis (all being car owners) to get
some input from individuals who
didn’t know PRT nor what the
project was about beforehand.

Three discussion topics were

used:

+ Why don’t you use Streetd
more, and why do you think
so few people use Straetd?

|
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+  What would need to change
for you to take the bus more?

+ Would you use public trans-
port that is available at the
time when you need it, and it
was a private bus/car? And it
would not stop on the way to
your destination?

The results can be seen in Ap-
pendix A, but the main points are
condensed here below:

Why don’t you use Streeté

more, and why do you

think so few people do?

+ Inefficient when it comes to
time. Travel takes too long.

+  Waiting for the bus can take
very much time.

* In many cases, one or two
bus changes are needed to
get to the destination.

+ Lack of privacy.

+ Bus stops/shelters generally
not good.

+ At peak traffic times/rush
hour, too many people on the

bus.

+ Routes often not logical.

* Annoying to be dependent
on a time and route sched-
ule.

What would need to
change for you to take
the bus?

+ The bus shelters. Because
you have to wait there for
sometimes 30 minutes, they
should be better.

+ That you didn’t need to walk
such a distance to your stop.

+ If you didn’t have to wait as
long for the bus.

+ If it was quick between plac-
es.

+ If you didn’t need to change
bus-lines so often.

« If it was easier to take be-
longings with you on the bus
(groceries, bikes, etc.).

In relation to the third question,
PRT was explained to the per-
sons and the general view was
very positive, which was not
surprising as PRT basically am-
mends many of the problems
people have with public trans-
portation.



PRE-PHASE

OBSERVATION (REYKJAVIK
PUBLIC TRANSPORT)

An observation trip was done
with a Straetd bus to try to find
anything particular in the usage
of the city buses that had been
overlooked. Two trips were done
in two different times. On a busy
time (8 in the morning on a friday)
and idle time (Saturday after-
noon). The resulting points are
some of the thoughts recorded
while using Streeté BS buses.

THOUGHTS

The route map is quite clear
and easy to understand.
Website gives a real-time in-
formation of the position of
each bus.

*  Bus is 7 minutes late to ar-
rive, compared to the sched-
ule. My stop does not have
a shelter and because of the
wind, it is quite uncomfort-
able.

* Driver starts driving while
| am still paying the fare.
Which means | have to hold
on to a handrail.

* Bus is clean and seems new.
* Passengers are typically

young or elderly. Very few
other users.

Acceleration and decelera-
tion of the bus can be annoy-
ing. Driver seems to be in a
hurry.

Lady with a baby carriage
needs to stand and hold on
to the carriage.

Engine sound is quite loud.

Seats are generally quite
comfortable.

Mumbling weird person in
the seat behind me. Uncom-
fortable and distracting.

Sometimes difficult for the
driver to get into a lane again
after stopping at a bus stop.
Some cars are reluctant to al-
low the bus to enter the lane.

The bus is half full even
though itis a busy time of day
(between 8-9 in the morning)
and traffic is heavy.

Older lady with shopping
bags enters the bus. She
stores them on the seat be-
side her because there is no
other place to store them.

Large group of tourists enters
the bus and proceed to ask

17



the driver about directions.
The bus is stop at a bus sta-
tion while he converses with
them.

Very slow traffic.

Bus is cold. It is heated but
does not seem to keep up
with the frequently opening
doors.

Man tries to use an iPad but
is having problems because
of the movement of the bus.

Distance between stops
seem to be disparate and
varied. Sometimes the dis-
tance is quite large, some-
times very small.

Driver misses a stop. Prob-
ably distracted. Passenger
needs to go off at the next
stop.

Door closes on a passenger
with two suitcases when he
is exiting the bus. Driver does
not notice until passengers
have yelled at him to open
the door again.

It is difficult to work on the
bus (in my case, writing) as
the bumps and speed of the
bus make it hard.

Very few passengers are left
in the bus on the last leg
of the route. Seems like a
waste.

+ To announce to the driver
that you want to get off you
have to press a button. In
my case | had to stand up
to press the button as there
wasn’t one close to my seat.

+  Doors sometimes stay open
a small while after the bus
takes off from a bus stop.
Because it is cold outside,
this is very annoying.

« Bus travels fast on a Satur-
day. Almost uncomfortably
fast.

No specific surprises were found
during the observation, but it
was necessary to experience the
current public transportation for
the purpose of this project.




PRE-PHASE

USAGE SCENARIO -
COMPARISON

To understand the different us- and a typical PRT pod-car trip.
age scenarios of taking a bus For a system with more frequent
and using a PRT system a sim- stops, the walk to a station would
ple side to side comparison is be shorter.

made between typical bus trip

Bus Start

L

Check bus schedule
(if schedule is not known)

¢

Walk to bus station/stop

¢

Wait for bus

v

The same
bus stop?

Bus can be early or late.

¢

Board bus

'
Trip @

Depending on number of passengers
& traffic how often it stops and if it
arrives at destination on time.

¢

Exit bus

¢

Yes

Change bus needed?

Walk to destination

PRT Start

!

Walk to station

¢

Wait for pod-car

The length of the wait depends on
the load on the system, but rarely more
then few minutes.

!

Board pod-car

‘

Trip 6

Short & direct because the route taken
depends on destination. Personal
pod-car, no stops for other passengers.

‘

Exit pod-car

'

Walk to destination




PRE-PHASE

CURRENT PRT SYSTEMS

Many different PRT designs ex-
ist but three are the most known.
These are CyberCab, ULTra and
Vectus. A short description of
each of these three design is
here below.

CyberCab

CyberCab is the PRT design by
the 2getthere company, which
was planned to be used by a
large scale PRT system designed
for the city of Masdar, Abu Dhabi.

Recent development has put this
system on hold. The CyberCab
accommodates 6 persons, and
has space for a wheelchair and
other belongings. It is ground-
based (not elevated) and uses
an on-board battery instead of
taking power from the grid. Max-
imum speed of the pod-cars is
40km/h. The design uses rubber
tires on an open concrete guide-
way. The system employs large
stations (2getthere.eu, n.d.).

ULTra

ULTra is a design
by ULTra Global
PRT. The design
is probably the
most known of all
PRT system as it is
used at London’s
Heathrow Airport.

ture seating for

Fig. 6. CyberCab.

Fig. 7. CyberCab statio.

four people and
travel at 40km/h.
Like CyberCab,
it is battery pow-
ered, employing
rubber tires on an
open guide-way.
Guide-way is a
ground-based and
elevated mixture.
Stations are nota-
bly large, like the




CyberCab system. The Heath-
row system uses 21 pod-cars
and three stations, but further ex-
pansion of the system is planned
(ultraglobalprt.com, n.d.).

Vectus

Vectus is a design by POSCO.
The pod-cars can carry four per-
sons, as well as a wheelchair, and
utilize light elevated steel guide-
ways. Currently the system is not
in use anywhere, but a 40 pod-
car system with 2 stations is be-
ing prepared in South Korea. The
speed of the pod-cars is 45km/h
(vectusprt.com, n.d.).

FEW BUT LARGE
STATIONS

All the designs employ large sta-
tions/stops, and relatively few
stations, compared to the length
of the guide-ways. As the Cyber-
Cab Masdar system was put on
hold, only a test track remains,
which employs 2 stations on
a 1,5 km. long guide-way. The
ULTra system in Heatrow has 3
stations on a 3,8 km. long guide-
way, and Vectus uses 2 stations
on 5,3 km. long guide-way. As
stated, the stations for each of
the systems are relatively large
with the exception of the Vectus
design, which is quite smaller
than the other two, but still takes
up on a considerable area.

SUSPENDED
SYSTEMS

No suspended systems (having
the rail or guide-way above the
pod-cars) have been developed
to fully operational status, but
many concepts and some proto-
types exist. All suspended con-
cepts, with overhead-rail employ
either elevated stations or siding
rails that lead the pod-car to the
ground when approaching sta-
tions.

Fig. 10. Vectus.

Fig. 11. Vectus station.



PRE-PHASE

DESIGN BRIEF

After researching PRT and the
problems with traffic in Reyk-
javik, investigating the public
transportation system in Reyk-
javik, as well as looking at the
current offerings of PRT on the
market, a short design brief was
assembled.

It was decided to put the focus
on the problem with stations and
the space they take, consider-
ing that the small city streets in
Reykjavik could not easily sup-
port normal stations, or at least
the stations could not be put
up everywhere where needed,
but would need to be placed in
streets which are large enough
to support them (See photo on
the next page of a typical small
street in Reykjavik). This would
make the system much less use-
ful, as users would need to walk
greater distances to make use of
the system.

PROBLEM
STATEMENT

City streets in the downtown area
of Reykjavik tend to be small and
would have difficulty supporting
large stations for a PRT system.
Thus a solution that can reduce
or eliminate the need for normal
sized stations is desirable.

MISSION

To provide a conceptual PRT sys-
tem for the city of Reykjavik, that
can do without large stations/
stops as to be able to make the
system work in even the smallest
streets in Reykjavik.

VISION

To provide a conceptual idea of
a public transportation, for the
city of Reykjavik, Iceland, which
is able to persuade commuters,
and other inhabitants of Reyk-
javik to use public transporta-
tion, rather than their cars.

VARIOUS CRITERIA

Minimal changes to current
road infrastructure. No new
lanes or changes to the roads
themselves.

+ Use renewable energy (elec-
tricity).

+ Have a simple and under-
standable user interface.

« Support the transportation
of three or four individuals or
two individuals and belong-
ings, to be a viable alterna-
tive to the private car.

*  Support the transportation of
baby-carriages, bicycles and



wheelchairs (accessibility), to
be useful to the majority of
commuters and inhabitants.

Conform aesthetically to the
environment.

All other considerations are not a
focus.







THE CONCEPT

This section explains the concept, and the development of the defining part of the
proposal.



THE CONCEPT

SELECTING THE CONCEPT

In the first part of the project
work, | ended up with a concept
that was a bit too conventional
as the premises of this project
was supposed to have a con-
ceptual factor. It was decided to
widen the scope and find some
conceptual basis that would dif-
ferentiate the project from the
conventional PRT systems in
some way and add value to the
idea. This is reflected in the de-
sign brief in the last chapter.

The first decision that was made
was to have the infrastructure
elevated to address the criteria
of minimal changes to the roads
themselves. Generally there are
three possibilities for rail infra-

structure; Elevated, Ground-
based or underground. Because
of the requirement of being able
to set up the system in streets
where space is at premium, as
well as to use less space op-
posed to adding or change the
lanes of the roads already in
place, an elevated concept was
chosen. It should also be noted
that underground is not an op-
tion, even though it would lead
to the least disturbance to the
environment, as the tunneling for
a PRT system would be prohib-
itively expensive and would be
difficult to set up for a PRT sys-
tem as the tunnels needed would
have to be extensive because of
the grid-nature of a PRT infra-

iUE

Elevated On-ground Underground
No drastic changes needed +  Changes to current + Expensive drilling or
for current infrastructure.Can infrastructure usually needed. tunneling needed before

be added to current
infrastructure relatively

§ needed.
easily.

Cost usually low, but
depends on many factors,
including size of
infrastructure needed.

Visual disturbance depends
on size and design of
infrastructure.

Elevated is further
categorized into top-of-rail
and suspended-rail.

Integration with current traffic

setting up any kind of rail or
road.

Least visual disturbance to
the environment.



structure.

The decision of using an elevat-
ed infrastructure led to the obvi-
ous problem of getting the users
of the system into the pod-cars,
without using conventional large
stations with stairs and eleva-
tors.

This led to the idea of using a
crane/lift mechanism as a part of
the pod-car, to elevate it to the
track and lower it to ground lev-
el, and use car parking spaces
as stops or a “landing strip”. And
from this came the idea of us-
ing parallel dual train tracks, one
which would be used for normal
pod-car traffic (“go” track), and
one “stop” track which would
act like a siding track, where
the pod-cars can move to when
decelerating, stopping and de-
scending, as well as ascending
and accelerating, and when up
to traffic speed, move over to the
“go” track.

This choice of using a crane
mechanism led to having the
pod-cars suspended underneath
a rail, rather than on top of an el-
evated rail.

After researching lift mecha-
nisms briefly, three different
crane mechanisms were looked
at as options:

« Scissor lift mechanism
*  Fork lift mechanism
* Articulated lift mechanism

To choose between the options,
an engineer was consulted (Ein-
arsson, 2014). His general opin-
ion was that either a fork lift or
articulated lift mechanisms could
be used. Scissor lift would prob-
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ably need the most moving parts,
and not have as much structural
integrity as the other two.

From the two options left, the
articulated lift mechanism was
chosen on the basis that it would
be aesthetically more interesting,

and more challenging as a proj-
ect.

The development of the crane
mechanism, which became the
defining aspect of the project, is
documented in the next section.

e Rafe M.




THE CONCEPT

DEVELOPING THE CRANE

MECHANISM

After it was decided to use a
crane mechanism to elevate and
lower the pod-car, the mecha-
nism that could fit the need of
being able to flaten out as much
as possible was researched. By
looking at different kinds of crane
mechanisms, a so called “cherry
picker” (also known as boom lift)
crane mechanism was chosen.

To understand the mechanism
a visit to a crane rental service
was undertaken. There | was al-
lowed to play with a cherry pick-
er crane, and could take pho-
tos, as well as sketch, to figure
out the structure. It took some
time to understand it, because
even if it looked quite simple,
the behaviour of the mechanism
was quite difficult to decipher,
amongst other, because of the
fact that it moves slowly when
operating.

What was found out is that a
cherry picker crane has a few
elements in order to function.
These elements can be seen
on the sketches on page 30. It
has two kinds of beams, bigger
and thicker load bearing beams,
that handle great majority of the
load, smaller balance beams,
that balance the crane so it al-
ways moves in a way, keeping
the crane knees level (making
them not turn or roll, but be fixed
in relation to the horizon), as well
as keeping what it is supporting
level, which in our case is a pod-
car. The crane knees act as a
connector to the next section up.
It also needs small connectors in
the knees, that make the sec-
tions move in tandem with each
other (called tandem beams on
the sketches). Lastly, the cranes
have hydraulic pistons that push
the knees apart. On the ob-
served cranes, the tubes moving
the hydraulic fluid to the pistons
were sometimes hidden inside
the load bearing beams , al-
though often the smaller cranes
had the tubes on the exterior of
the beams.

All distances or lengths of the
beams need to be exact, as well
as the positions of where ev-
erything connects together, as



Images from visit to crane rental



to make all sections/knees stay
level.

At the crane rental, there were a
few types of these “cherry pick-
er” cranes, but all of them used
a variation of this same mecha-
nism.

STRENGTH

The majority of the cranes ob-
served had a S.W.L. (Safe work-
ing load) weight of between 200
to 500kg. The largest ones that
didn’t have a long topmost sec-
tion, and were used for lifting
objects, as well as persons, had

Hydraulic pump

a S.W.L. of up to 1200kg. One
surprising revelation was that the
hydraulic pump needed for even
the large cranes was relatively
small. All the observed cranes
were diesel powered but we
were assured by the professional
working at the facility that elec-
tric powered cranes were also
existing.

UNDERSTANDING
THE MECHANISM
Even after the visit to the crane
rental, and seeing the mecha-
nism in action, there was still a
lot of confusion to how exactly it
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worked. Even thought the mech-
anism seemed simple, the con-
fusion stemmed from the dis-
tances between connectors on
the knees and beams. The differ-
ent items and connectors can be
seen on the two sketches.

To understand how everything
worked together, models were
made. First | started with sim-
ple paper and toy models. The
number of knees doesn’t matter
as each knee is supposed to be
level in relation to each other so
the focus was on understanding
a mechanism with one knee only.
Early on, the plan was also to ac-
tually use only one knee on the
pod-car, but because the length
of the whole crane would have
been slightly longer, as it was the
most logical way to mount the
crane at the top of the center of
mass of the pod-car, two knees
were used in the end (this was
found out when starting to test
model in Solidworks).

Modeling with the little helpers

Understanding the crane knee



The easiest part was
to understand how
the knee interacted
with the load-bearing
beams and balance
beams and after a few
models where | fo-
cused on that aspect
only, that functional-
ity was pretty much
understood. But the
problematic part was
to understand the
tandem beam, where
it needed to be con-
nected, and how the
position of the con-
nections related to
how it was supposed
to move. After a few
modeling tries it was
approximately known
how everything need-
ed to relate to each
other. Then foam mod-
els with two knees
were made to be sure
that everything be-
haved as expected.

Next step was to test
the mechanismin CAD.
Simple CAD models
(see screen-shots on
the next page) were
built and the positions
of the connections be-
tween the main beams
and the tandem beam
were tested out. Find-
ing the correct position
where to connect this,
was not as straight for-
ward as initially though.
To find the length of
the tandem beam was
easy, as it needed to
adhere to the pythag-
oren theorem when the
crane was laying down
flat. But the exact po-

32

Testing two knees, with no tandem beam

Alternative mechanism

Testing one knee with a tandem beam



sition where the tandem beams
connected to the other beams
were found by trial and error.

The final CAD model was then
devised and designed as to fit
the pod-car, be able to extend to
over 5,2 meters (height required
by regulations for objects over
roads) and be able to lay as flat
as possible on top. In order for
the crane to be as flat as pos-
sible, the knees were found to
need to be of a specific design
where the connectors for the bal-
ance beams was in front of the
connectors for the load bearing
beams (on the knees). The final
crane CAD model can be seen
here below (See part dimensions
in Appendix F).

MATERIALS

Because of the strength needed,
the crane mechanism is a steel
structure.

Testing knee mechanism in CAD

Early knee idea with cogs instead of tandem beams

——
Final crane 3d model 33



Balance beam

Load bearing beam

Hydraulic piston

Knee

Load bearing beam

Balance beam

Tandem beam Tandem beam

Knee

Balance beam

Load bearing beam

3 4 Final crane 3d model
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DETAILING

This section shows selected aspects of the final proposal and how they are devised
and detailed.



DETAILING

POD-CAR INTERIOR VOLUME -

1ST ITERATION

In order to push forward, de-
cisions on the interior volume
are made. As the pod-car is
suspended and both the frame
structure of the car itself, as well
as the track infrastructure have
to hold certain weight, the low-
er the weight of the pod-car, the
less material is needed for both
the frame and the infrastructure.
So to keep the weight low, the
size of the pod-car has to be as
small as possible without being
unusable.

This has an effect on the interior
volume as it is imperative that it
is not bigger than needed, as this
would push the weight up.

DEFINING THE
NEEDED VOLUME

The objects that define the vol-
ume are a wheelchair, bicycle
and a passenger. All other ob-
jects are smaller and don’t have
a defining effect on the volume.

It is decided that a the pod-
car should be able to carry one
wheelchair or one bicycle. This
has the effect that the width
needed for the wheelchair is
large enough for two seats side
by side to be used. The length
of the bicycle has the effect that
when no bicycle or wheelchair is

in the pod-car, 2 rows of standard
seats can be used. This leads to
several defining area usage con-
figurations (see illustration on the
next page). For all configurations
to work, flip-up seats need to
be utilized. Because of the low
speed of the pod-car and the
disappearing risk of collisions,
seatbelt are not necessary, as
well as means to hold the bicycle
/ wheelchair. Another consider-
ation to make is that the wheel-
chair needs certain space to ma-
neuver, but this can be alleviated
by the usage of large doors.

From considering these con-
straints, we get an area of
2200x1000 which includes the
usage for folding seats and small
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room on each side of the wheel-
chair. Seat dimensions from an
average bus are used. From this
we can make assumptions about
several different area configura-
tions.

AREA CONFIGURA-
TIONS

The three defining configurations
are shown on the illustration here
below. Bottom configuration (1)
has all seats folded down. In this
configuration four passengers
can be seated. The next configu-
ration (2) shows the space when
the pod-car accommodates a

wheelchair. In this configuration
two other passengers besides
the user of the wheelchair can be
seated. The third and final con-
figuration shows the layout when
a bicycle is accommodated. In
this configuration one passenger
can be seated. The maximum
dimensions of a normal bicycle
are used so if the dimensions are
smaller, or the bicycle is made
stand differently, there should be
a way for a second passenger to
be seated, or a second bicycle to
be transported.

HEIGHT
As the height of the pod-car is

Unfolded seat

critical and needs to be as low
as possible, because the tall-
er the pod-car, the higher the
track infrastructure needs to be,
the interior height is decided to
be similar to the interior height
of a typical minivan or around
1450mm. This means that enter-
ing and exiting the vehicle, pas-
sengers need to bend their bod-
ies quite a bit.

Looking at minivans, this was
assumed that should not pose a
problem as moving around in the
pod-car is not expected.

Bicycle
Maximum
dimensions

Folded
seat

Standard sized
wheelchair



DETAILING

POD-CAR INTERIOR VOLUME -

2ND ITERATION

For the second iteration of de-
fining the interior space, a rough
frame model was built to test the
interior volume that was the re-
sult from the first iteration.

FLOOR DIMENSIONS

The floor dimensions from the
1st iteration (length and width)
proofed to be comfortable when
sitting, as well as the size was
just right for a bicycle and a
wheelchair (frame was used with
the maximum dimensions for the
wheelchair as a real wheelchair
was unavailable when testing).

Interior space - frame model

No changes where therefore nec-
essary for the floor dimensions
but the results proofed that the
dimensions could not be smaller,
without hampering the usability
of the space.

HEIGHT

The  height
from the
first itera-

tion proofed
to be to low
when testing.
1450mm was
too uncom-
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Maneuvering a bicycle into the pod—car
and testing needed doorway width.

fortable when getting in and out
of the pod-car, and also when
seated within the pod-car, it felt
too low, to the point of being
claustrophobic.

By testing different heights, the
conclusion was to use 1600mm,
which made it easier to enter and
exit the pod-car, as well as the
feeling of sitting inside with that
height felt satisfactory.

Bicycle clearance when maneuvering a
bicycle through pod-car doorway.

ENTRYWAY
DIMENSIONS

The dimensions of the doorway
were also tested out and by trial
and error, the width of the door-
way was found out to be satis-
factory at 1300mm. This width
was enough to fit and maneuver
both a bicycle and a wheelchair
through the doorway without a
hassle and set them up inside the
pod-car. No great problems were
seen regarding the wheelchair.
On the images it might seem
that there would be difficulty fit-
ting a wheelchair, but what fools
the eye is that the frame is ab-
solute maximum dimensions of
a wheelchair with a person in it.
So the frame width for example,
does not represent the wheels of
the wheelchair, but also hands of
the person. The length is as well
maximum size possible.

Testing passenger space. Final height
(red string) is shown on the lowest
image.




1600

Final interior dimensions Front and side views of the volume in comparison to a 1800mm tall
person
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4 2 How the exterior was built around the calculated interior space
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DETAILING

INTERIOR

The interior of the pod-car is de-
fined by the volume calculated
in the interior volume sections. It
is large enough for 4 collapsible
seats, 2 in each end, front and
back. The seats are collapsible in
order to fit a wheelchair or baby
carriage (2 seats need to be col-
lapsed) or a bicycle (three need
to be collapsed, although it de-
pends on the size of the bicycle).

Other notable features of the in-
terior are handles on each side
of the door, to facilitate easi-
er disabled access, two touch
screen interfaces for choosing
destination and interact with the
system, non-slip rubber flooring,
lights in the headliner, as well
as four CCTV cameras, one in
each corner. In the front, there

is a basket for groceries or other
belongings. folding worktables
are are on one side of the pod-
car. By the entrance, a check-in
mechanism is located, as well as
an open-close door button and
extend/retract disabled-ramp
button. Manual lowering and
door opening handle is close to
the door on the inside, as well as
a n emergency hammer and an
emergency radio.

Interior panels are vacuum
formed from gray and black
grained ABS.

Here below a rough sketch (sec-
tion view) of the interior can be
seen, this was not developed
further. Colors are not represen-
tative of the final vision.




DETAILING

EXTERIOR DESIGN

No specific direction was tak-
en right away with the aesthet-
ic exterior design. At first there
wasn’t even a decision if the
system would be elevated or
on-ground. But later, after the
decision to make the system el-
evated and suspended with the
crane, it was decided to go for
a car metaphor as almost all the
current designs of pod-cars tend
to be similar shape with no ap-
parent front or back section. It
was wanted to give the pod-car
some familiarity for the users and
pedestrians, and therefore try do
give the pod-car some features
commonly found on cars, like
headlights and tail lights and an

obvious front side. This decision
was also influenced by the fact
that the pod-cars use car park-
ing spaces as stops (see visual-



ization in product report). Anoth-
er thing that was attempted was
to give it an eighties/ninetees
look (see inspiration images of
cars). The reason for inspiration
was that | wanted the pod-car to
fit the city of Reykjavik, which is
in many aspects quite old-fash-
ioned, mainly if looking at the old
part of town.

The colors selected were black
and green. Black to give it a bit
of a modern look, as well as to
camouflage how tall the pod-car

is, and green because that is the
old color of the public buses in
Reykjavik (the current modern
color is orange) and | found it fit-
ting to use this color because of
the retro shape that | was trying
to achieve.

The crane cover was supposed
to be like an extension of the
pod-car when the pod-car was
elevated to the rail. This looked
fine on paper, but unfortunate-
ly the cover seems a bit out of
place in the final design.

It is worth noting that the head-
lights were directed to the sides in
later iterations, because no need
is for headlights on the pod-car,
so they serve as a mood/status
light, as well as lighting for the
passengers when on the ground.

Here the development of the ex-
terior can be seen, approximate-

ly chronologically organized,
ending with the final 3d model.
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DETAILING

CRANE COVER DEVELOPMENT

The pod-car was first built in

CAD from sketches, but with a -

tapered top to anticipate adding
the cover afterwards, as well as
a cut on the roof for the crane.
When the crane had been devel-
oped, and the knowledge of how
much space it would take on top
of the pod-car, sketches were
made and then a CAD model.

The desired results were that it
would be tightly fit to the crane,
and flush to the pod-car, to make
it look like an extension of the
it. This worked out on the sides
(there is just a few cm clearance
on each side) but the crane was
longer and wider than anticipat-
ed. Therefore especially the back
end did not look as desired. In
the back, dimples for the crane
knee can be seen, as cover got
an undesired shape when | tried
to put it completely around the
knee.

Room for the technology (motor,
pump, battery, etc) was estimat-
ed, at the time of development,
and was then supposed to be
finalized when the dimensions
of the technology were better
known. Unfortunately | didn’t
reach that point. But the space
(plus an added space above the
cover) in all probability allows for

all the technology needed, as the
dimensions of similar technol-
ogy that was briefly researched
are quite small, and the vol-
ume needed would probably be
smaller than the volume that the
end results of the cover can hold.
This is of course an assumption.

The inside design and archi-
tecture of the cover were com-
pletely skipped because of time
constraints. The material of the
crane cover is aluminum.

Here a couple of sketches of the
cover development can be seen
as well as the final results.






DETAILING

FINAL DIMENSIONS

The final maximum dimensions
of the pod-car and crane are
pictured below. The dimensions
of the pod-car are driven by the
interior volume needed. The di-
mensions of the crane (the height
when extended) are driven by
allowed minimum height of ob-
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5684

7561

structions over roads (bridges,
walkways, etc.). The dimensions
of the crane cover are driven by
the dimensions of the crane as
well as estimated dimensions of
the technology that are housed
in it alongside the crane.
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DETAILING

ESTIMATED POD-

WEIGHT

To have some idea of the weight
of the whole construction, mass
estimates were taken, using
SolidWorks. As the dimensions,
and thicknesses of the different

and crane. Absolute worst case
is assumed.

As there were problems shelling
out the crane profiles/extrusions
as well as the pod-car frame,
the mass given by Solidworks
assumes the parts are solid
through. Therefore the mass giv-
en by CAD was divided by 3, to
give a more realistic estimate.

Materials of the different parts
are based on the material sec-
tion.

CAR & CRANE

As no decision was made if the
exterior panels use ABS or fi-
berglass, fiberglass is used in
the calculations as it has great-
er mass density than ABS and
as this is a worst-case-scenario
weight estimate, that seemed fit-
ting.

The calculations give us an es-
timate of 500kg. for the pod-car
itself, and 355kg. for the crane.

Laden weight for the pod-car
(based on four persons 120kg.
each) is then 980kg.

Total unladen weight (including
crane) is then 855kg. , laden
weight then becomes 1335kg.
(worst case scenario).

As these calculations are based
on a lot of assumptions, they

- are only a
[ Pat | Material__| Total weight (kg) | .
Fiberglass 36 rough gwde
General rubber 17 of how much
ABS 2 the whole as-
Aluminium Alloy 93
Aluminium Alloy 88 sembly would
Glass 180 weight. These
Various 10 estimates can
50 h ;
I B VRN BT Change a grea
deal just by in-
T T R el creasing thick-
Alloy Steel 305 nesses by mil-
50 limeters.
[ | 35

93



DETAILING

TECHNOLOGY OVERVIEW

The technology needed was di-
vided into two parts; what is
absolutely necessary for the
pod-car to drive and function on
the system (housed in the crane
cover), and secondly, the tech-
nology needed in the pod-car
itself. | didn’t go into very much
detail with the technology as that
was in my mind, out of scope, so
this chapter is an overview of the
possible technology.

VITAL SYSTEM TECH-
NOLOGY

The technology needed for the
pod-car to drive and function
can be seen on the diagram be-
low. All main vital systems are

housed in the crane cover.

Track-wheels & switching
mechanism

The track-wheels are rubber
covered, similar to normal tires
to give dampening. The ralil
switching mechanism is usually
on the track when it comes to rail
systems, but a system with con-
stant usage, a better idea was to
have the switching mechanism
on-board the pod-cars. This also
means that if a switching mech-
anism would need maintenance,
it would be easy to take the rele-
vant pod-car into repairs, in con-
trast of having a whole section of
the rail closing down for repairs.

Track-wheels
€ mmmmmmmmmmmeeameeemeam—————— > & Switching g >

mechanism

Control
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Data ____.
Hydraulic fluid
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Backup
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Pistons

Four hydraulic pistons drive the
crane mechanism. The number
of pistons is a safety precaution
as well, as if a piston stops func-
tioning, the pod-car can keep on
functioning and drive it self to re-
pairs.

Power, hydraulic fluid and
data-link connections

The track has a built-in power
and data transfer mechanism
that feeds the pod-car with pow-
er and communicates data to
and from the central system con-
trol. The crane then mostly hides
these wires that go through the
crane steel beam extrusions. The
pistons are connected to the hy-
draulic pump in the cover by hy-
draulic tubes that are mostly hid-
den as well. These connections
all go outside of the beams over
the crane “knees” (not visualized
on the renders).

Control computer

A computer is also housed in
the crane housing. It manages
the control of the pod-car, and all
communications with the central
system control.

Hydraulic reservoir

The hydraulic system uses a res-
ervoir to manage the hydraulic
fluid.

Electric motor

An electric motor runs the pod-
car (trackwheels/rail-switching),
and hydraulic pumps. As the
ULTra pod-cars employ a small
7kW electric motor with the av-
erage power use of 2kW (ULTra
weighs 1400kg fully laden), it is
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assumed that this would be suf-
ficient (Ultra Global PRT, 2011).

Backup battery

A backup battery is needed if
power from the grid goes down
so that the pod-car can maneu-
ver to a safe point (for example if
it is positioned over a road) and
let the passengers out.

Hydraulic pump
A hydrolic pump is needed to
drive the pistons.

Rusmzl\ T

POD-CAR
TECHNOLOGY

The pod-car itself houses num-
ber of technology items.

Weight sensor

To make sure that only up to
a certain weight is loaded on
the pod-car, a weight sensor is
needed. It is positioned where
the crane meets the podcar.

Cctv cameras
CCTV cameras (four, one in each




corner) are used to monitor the
pod-car. The video is archived
for security reasons, in case of
vandalism and for active and
passive security (passive by be-
ing visible, and by that being a
deterrent to criminals or vandal-
ism). The cameras feature fish-
eye lenses and cover both the in-
terior and exterior of the pod-car.

Status screen / light

Status screen shows (to the out-
side) if the pod-car is available or
not. Three different statuses can
be shown; (1) Nothing / No light,
if it is unavailable or it is in transit,
(2) “Available” / white light, if it is
available, and “Taken/CODE” /
amber light if it has been ordered
(CODE being a numerical code
that the person that ordered the
car, got on their smartphone
app/website or by the automatic
phone system.

Emergency button / Inter-
com

For security and safety reasons,
the pod-car has an emergen-
cy button and intercom system

POD-CAR

v

oo Data

(which connects to 112/911).

Taillights & headlights

The pod-car features both tail-
lights and headlights. The tail-
lights are white instead of red, as
to not confuse road traffic below,
and are only used as an indica-
tor of where a car is in darkness.
The headlights function as sta-
tus lights as well, but also as il-
lumination to the sides for users/
boarding passengers.

Touch screens

There are two touch screen inter-
faces in the pod-car for the pas-
sengers to select a destination or
change a destination en-route.

Open door/ramp buttons
Both the interior and exterior has
open door / extend ramp but-
tons. On the exterior they are
located on the doors but in the
interior they are located next to
the entry. Emergency lowering
and door opening lever is also in
the pod-car.

Power

CRANE

v

Check-in

The interior features a check-in
mechanism for a payment card.
This is similar to the “blue-dot”
system in Denmark.

Door / ramp motors

Both the doors and the ramp use
small electric motors to drive the
mechanism.

Ground clearance sen-
sors

The underside of the pod-car
features a series of distance sen-
sors similar to what is used on
cars. If obstructions are sensed
when the pod-car is lowering,
the pod-car stops and makes a
sound to alert about the obstruc-
tion. It tries to lower again after
an interval. After a few tries it lifts
the pod-car and leaves.

Horn/Speaker

A speaker or horn is located in

the front that is used to sound

an alarm if the weight is to much

when boarding (weight sensor),

and if there are any obstructions
when lowering (ground
clearance sensor).

Computer

A second computer is lo-
cated in the front of the
pod-car and drives the
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touch screen interfaces
and other electronics with-
in the pod-car. It also com-
municates with the com-
) puter in the Cover section
(Selected destination, etc.)
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Heating & Air-con
Heating and air condition-
ing units are located in the
front of the pod-car.
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DETAILING

POD-CAR MAIN MATERIALS &

EXPLODED VIEW

The main materials used in the
pod-car are aluminum alloy (for
the frame/chassis, glass (for the
windows), ABS for the interior
panels, rubber for the bottom,
floor and feet and fiberglass or
ABS panels for the outer panels.
The frame is divided into a top
part (window part) and lower part
(which is covered with fiberglass
panels).

Lightness was the main factor in
choosing these materials. Ear-
ly on it was considered to use
Plexiglas for the windows, but
because of the fact that they
scratch easily, it was decided to
use glass. A simplified exploded
view of the pod-car can be seen
on the next page and outline
views of the frame can be seen
in Appendix D.

The lower chassis frame is
sealed with thin welded alumi-
num sheets (as is common in au-
tomobile chassis in space frame
fashion).

It is also worth noting that the
glass windows are frame-less,
using bonding (glued in place).

The door panels are complete
aluminum construction rather
than having ABS or fiberglass

panels like the rest of the pod-
car.

The thicknesses of the panels,
and glass are all estimated:

+  Glass: 6mm.
+  Exterior panels: 7mm
* Interior panels: 3mm

The frame is based on welded
aluminum profiles:

« Top frame extrusions: 50mm
(thickness not determined)

« Bottom frame extrusions:
40mm (thickness not deter-
mined)

All fasteners, screws, rubber
seals, etc. are not considered.
Also missing from the exploded
view is the frame inside the door.

This was not detailed further.
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DETAILING

RAIL INFRASTRUCTURE

The infrastructure uses a loop
network topology, as described
briefly in the pre-phase. It has
two track lanes, one that func-
tions as a “go” rail (for traffic) and
one as a “stop” rail. In order for
this to function, frequent merges
and diverges need to be between
the two rails.

It is envisioned that the “stop”
rail merges completely with the
“go” rail before network merge
and diverge network points
(crossroads), and then diverg-
es after the point, as otherwise
it would be impossible for the
network merge/diverge points to
function.

The pod-cars also need to only
be able to stop for a short time
on the “stop” rail, to not block

other cars that might be stop-
ping at a similar spot, and are not
behind a diverge to the “go” rail.
3 minutes is mentioned in the
product report.

Switching is on-board, rather
than on the track infrastructure.
Many types of vechicle based
track switching mechanisms ex-
ist, and an example can be seen
in Appendix E.

This was not detailed further. The
actual design of the infrastruc-
ture was not considered (sizes,
widths, arrangement and so on),
nor which type of loop network
topology is used, but an example
of how it could look can be seen
in the product report.

“Stop” and “go rails - Frequent merges and diverges



DETAILING

SYSTEM CONTROL

Not much time could be spent
on the system control in the
end, but there are off-the-shelf
solutions available (for example
FROG network and vehicle con-
trols - www.frog.nl). No decision
was made on the manner of po-

Route selection / calculation

Manage distance between pod-cars

Pod-car demand control

Pod-car speed management

“go” and “stop” rail selection / track switching
Error and emergency detection

Network merge and diverge points control

sitioning of pod-cars (for exam-
ple GPS). To give an idea of what
is expected of the system con-
trol, some of the things the sys-
tem has to manage can be seen
here below, order is random and
is not a complete list.

Empty pod-car management and route planning
Complete vehicle management and overview
Fare/payment management

System load management

Self-learning demand calculation

Manual demand override



DETAILING

STOPS / STATIONS

Even though the system uses no
typical large stations, where peo-
ple can board and disembark the
pod-cars, a part of the concept
became that car parking spaces
could be specially marked for the
use of pod-cars to stop and de-
scend onto.

This has the side-effect that if
people start using the system in
numbers, and stop using their
cars and eventually (hopefully)
sell their cars, more and more
car parking spaces will be avail-
able to be used by the system.
Because of the small size of

Two car parking spaces

the pod-car, hypothetically it
could only need one car park-
ing space, but realistically two in
a row should be used for safety
concerns.

Most streets in Reykjavik have
parking spaces on the streets, in
either of two configurations (see
diagram on the next page). The
rail itself would need to be stra-
tegically put up to allow for this
method to be used for stopping.

This, like other things relating to
the pod-car system would need
a regulation change, and some
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kind of new traffic symbol, to
express the fact that a specific
parking spot is taken for pod-
cars. An idea for this could be to
use a diagonal painted pattern
on the ground, similar to the haz-
ard pattern often used to mark
spots that are under construc-
tion. Instead of black and yellow
colors, the colors would be black
and green. Both because there
isn’t anything using this kind of
markings connected to traffic
or traffic laws in Iceland, and

also because of the color of the
cars. This way, people have an
easy way to connect the colored
parking spaces to the pod-car
system. The bright green color
is also highly visible and is quite
visible in snow and icy condi-
tions. If visibility is a problem
even with these markings, a sign
(in the same lines as disabled
parking signs) could be used as
well.

Parking spaces vary greatly in
size, but obviously fit an auto-
mobile, so in relation to the di-
mensions of the pod-car (around
3 meters long and 1,4 meters
wide) two parking spaces would
be a good size to use because a
lot of buffer safety space would
be around the car.

As can be seen on the illustra-
tions here at the bottom, the
main rail would then be partially

over the road itself, and the stop
rail over the middle of the the
parking lane.

In streets where diagonal park-
ing is used, the pod-car parking
takes approximately 3 parking
spaces (lllustrations are not in
scale).

Where no parking spaces are
available (in streets with no park-
ing spaces), other space has to
be reserved for the pod-cars.
This would be decided on a
street to street basis.

In the product report a visual-
ization of a pod-car parked in its
reserved parking space can be
seen.
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DETAILING

USER INTERFACE

To interact with the system, for
example to order a pod-car,
there are 4 different channels
that can be used. These are a
website, smartphone app, au-
tomatic phone ordering system

is possible to press a button to
get a pod-car to arrive at that
location (similar to pressing an
elevator button). These different
channels are described on the
next page.
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WEBSITE &
SMARTPHONE
APPLICATION

The website and smartphone are
the main channels for interacting
with the system. With both you
can order a pod-car to a specific
location, either right away or at
specific time. In either case, the
system gives you an order num-
ber/code which you can use to
identify your pod-car. For the
smartphone app, the possibility
is for the app to recoqgnize the lo-
cation of the user with GPS. Oth-
er actions you can do with the
website and app are: Subscribe
to get a car at specific location
at specific times, view load on
the system (estimated minutes
until arrival of a car in different
zones), order a payment card,
and charge (top-up) a payment
card. Other actions need to be
available as well, for example
registering for the system in the
first place, etc. For simplicity
sake, these are not described.

Here to the side is a simplified
flow diagram for the workings
of these actions on the app and
website and on the next pages
there are example screen-shots
of the app. All error message
feedbacks are omitted on the
flow diagram for simplicity sake.

PHONE-ORDERING
SYSTEM

The phone-ordering system is
an automatic phone system
which the user can call and be
led though the process of order-
ing a pod-car (See diagram). The
system gives an order number
which can be used to indentify
the pod-car.

POD-CAR STOP
(BUTTON)

In selected areas, for example
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Phone ordering system - Flow diagram
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MENU 1 MENU 2 (if later)
“Select <1> if you want a pod-car “Write month and press #”
User p>| now, or select <2> if you want a p>| “Write month-day and press #”
pod-car later.” “Write hour and press #”
“Write minutes and press #”
MENU 4 MENU 3
“You have selected Zone <X>. “Press 1 for Zone 1 - 101
Select the first letter of the street || Reykjavik, press 2 for Zone 2 -
name and press #. Select the 105 Reykjavik, press 3 for Zone 3
second letter of the street name - 107 Reykjavik ..... ”
and press #”
MENU 5 MENU 6 MENU 7
“Your street options are as “Write your closest street number “Thank you. Your pod-car will
follows. 1 X,2X, 83X, ..., Select »| and press #. P arrive at street <X>, number <X>,
your street. at date <X> and time <X>. Your
order number is <ORDERNUM>.
Your pod-car will wait for 3

minutes.

Website and smart-phone - Flow diagram
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where tourists are expected to
be, there should be an actu-
al button to call a pod-car. This
makes sure that even that you
don’t have an internet access
or a phone, you can still use the
system.

ON-BOARD TOUCH
SYSTEM

In the pod-car itself, two touch
screens are located that are used
to select destination, change
destination, see estimated time
of arrival or stop the pod-car as
soon as possible. This was not
illustrated or visualized.
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in selected locations,
for example at the
offices of Straetd,
bus stops and gro-
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normal cards can be
bought that can be
recharged, as well as
temporary cards that
are directed at tour-
ists and other tempo-
rary users.
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DETAILING

SCALING THE SOLUTION

The usage of the proposed sys-
tem can be envisioned as not
only being a public transport
system but also as a system for
delivering products and services.

Private Companies

Private companies could have
their own pod-cars (either rent-
ed or owned by the companies
themselves) that are tailored to
their needs. Examples of this
could be restaurants (food de-
livery), express mail services,
various transportation and prod-
uct delivery services (groceries,
clothing, furniture). These pod-
cars could carry the branding of
the individual companies. (See
examples in the product report).

The municipality

The municipality of Reykjavik
could have separate pod-cars
for other uses than public trans-
port. Example of this could be
specialized garbage and recy-
cling collection pod-cars.

Pod-car size

A possibility could be to have
larger pod-cars for uses such as
transferring larger goods.

Combining pod-cars
An idea could be to have the
pod-cars function as trains be-

tween towns. They would then
attach together to form a train (to
reduce drag and in this way safe
energy), use increased speed,
and function as a normal train
(non-private cars).

Many other uses could be en-
visioned, and here | have just
touched the surface of the sec-
ondary usages of this kind of
PRT system.




EVALUATION

In this section, a conclusion to the project can be found, as well as a discussion and
reflection on both the process and the product. Amongst other, aspects that are
missing, as well as should/could have been done differently are discussed.



EVALUATION

@ CONCLUSION

Jarngerdur was developed and
detailed during this project. It
is a conceptual proposal for an
elevated and suspended PRT
system for Reykjavik, Iceland,
which eliminates the need for
large stations/stops by the use
of a crane mechanism attached
to the pod-cars, that lowers and
elevates the pod-cars to and
from the ground. Where possi-
ble, car parking spaces are used
as “landing” spaces for the pod-
cars, which means that the sys-
tem can be put up in virtually any
street, as most streets have side
parking.

With the presenta-
tion of Jarngerdur

in the accom- 4
panying prod-
uct report,
the problem

statement is
considered to
be fulfilled.




EVALUATION

REFLECTIONS ON THE PROCESS

| think the main problem with the
process of doing this project was
that | wanted to do too much,
and | didn’t limit myself enough.
This meant that the whole proj-
ect became a bit too unfocused,
which can mostly be seen in
the detailing part of the report,
where | jump from one thing to
the other, and a lot of details are
superficial because of this fact.
This was then amplified because
of the time pressure | had in the
end.

The confusion about the focus
was also connected to the fact
that | felt like | needed to explain
every detail broadly because
people generally don’t know this
kind of system.

Another thing that was detri-
mental for the process was that
| got stuck on what | was trying
to achieve. | started with a very
general idea of a PRT system,
which | discovered with the help
of my supervisor around the time
of the 1st midterm presenta-
tion, that wasn’t good enough. |
wasn’t proposing anything new,
or adding any kind of value to
the PRT systems and designs al-
ready available. This realization,
although absolutely necessary,
got me seriously stuck. As much

as | tried, | could not come up
with a concept that would work.
| had already had the idea of hav-
ing a system where the pod-cars
could stop anywhere, but early
on | had written that off as | didn’t
have a solution to the problem
of people embarking and dis-
embarking the pod-cars without
some kind of an elevator. The
crane idea kind of appeared out
of thin air, as can be seen in the
concept chapter. Then the time
left wasn’t really enough to fin-
ish everything | had wanted, so
hence the project became less
detailed than | would have want-
ed (that again, goes back to the
problem of me wanting to do too
much and not limiting myself).

It is very obvious to me now that
doing a project in a group has
some important positive aspects.
| wanted to do a project by my-
self to have a project, which was
completely mine, and | could
take all decisions by myself.
This is because doing the group
projects on the first semester as
well as the second semester; the
groups that | was a part of had
a lot of problems. There were a
lot of arguments and group pol-
itics, that | just didn’t want to
have happen again and instead
| wanted to be able to focus on
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doing a project how | wanted to
have it. Make it completely my
own.

Now it is quite obvious to me that
having a group-mate or mates
matters in many important ways.
First, it is important to be able
to discuss things, as to not get
stuck, as in my case. Basically,
more persons in a group means
more ideas, discussions and
less possibility to get hung up on
something, which maybe doesn’t
really matter when looking at the
big picture. Another thing is of
course that when you are alone,
you can’t achieve as much. You
can’t delegate work to others.
And that relates to my project of
wanting to do too much. | found
out | just couldn’t achieve every-
thing in the end that | wanted, all
by myself.

My time management was abso-
lutely excellent before the point
when | got stuck. After getting
stuck, | lost the overview of what
was needed, and when | got
moving again | just had to press
forward and work as fast as pos-
sible as to finish in time.

The design brief is not well
enough thought out. Could be
much better.

| was going to skip the focus
group from the report, but added
it to the report at the last minute
to show that | did not only use
my own hunches about the feel-
ings and needs of potential us-
ers. In retrospect, | would have
needed to do a survey, to get
better input.

In retrospect, | would have need-
ed to put a summary after each
chapter, to tie everything bet-
ter together. But that again was
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skipped because of time pres-
sure.

One thing that needs mentioning
was that it is very difficult doing a
“hypothetical”’/conceptual proj-
ect, in the sense that not having
a client. Having a client that can
tell you exactly what is needed
is easier than having to asses
the possible need completely
yourself. This of course can be
amended with research, etc. but
it just makes the process more
difficult.

On that note, a lot of my docu-
mentation got lost because of
computer problems (there is a
“take backups constantly” les-
son in there). Some things | had
done early on | had to redo in
haste. An example of this was
the analysis of current PRT sys-
tems which | had done early on,
but had to redo from scratch and
only do in a very basic manner.

The CAD work took much more
time than anticipated. Because
| chose to go the route of doing
rather complex surfaces as a
part of the pod-car design, the
work was much more difficult
than | thought. SolidWorks is not
the perfect tool for doing surfac-
ing (as opposed to working with
more simple solids), but | had to
use it, because Rhino 3D, my
other tool of choice, does not
support assemblies and moving
parts, which | needed because
of the movement of the crane.
Visualization of the project was
not nearly as nice as | envi-
sioned, again because of time
constraints.

In the end, | think the concept
was quite interesting, but the
way | got to that concept was
not correct in the sense that, be-

cause of the time pressure, | had
to choose quickly, instead of ex-
ploring more what value | could
add, how | could innovate, or ex-
tend the idea of a PRT system.
| think doing a project like this,
having the project more focused
in the beginning is absolutely
necessary.

In the whole, | learned a lot from
this project, even though nei-
ther the results nor the process
was perfect. The crane was a
fun challenge, as | had not done
something that mechanically
complex before.



EVALUATION

REFLECTIONS ON THE

PRODUCT

As said in the process reflections,
the detailing was quite superfi-
cial in the end. A lot of questions
are left unanswered concerning
both the system as a whole, as
well as the pod-cars themselves.

Following are some aspects
that | didn’t manage to cover or
should have been detailed more
comprehensively (in no particular
order, and large and small issues
are mixed together).

Doors and disabled
access

I didn’t touch upon how the doors
and the disabled ramp work. The
ramp was to mechanically come
out of the side/bottom, and the
door was supposed to slide me-
chanically to the sides like on
trains. Visualization of how this
would look is in the product re-
port, but it is photoshopped and
faked, and wasn’t modelled or
worked out mechanically.

The number of pod-
cars needed

| didn’t cover how many pod-
cars would be needed to be use-
ful. This should need some cal-
culations in relation to expected
usage, how extensive the train
network would be, and so on.

Where the pod-cars
are stored when not in
use, or being repaired
| didn’t work out where and how
the pod-cars would be stored
when not in use. | thought about
it, and had an idea of how it
should be, but didn’t have time
to add it to the reports. The idea
was to store them in some kind
of underground matrix, where
you could stack them (on rails) to
safe space.

Interior

In order to get to the finish line, |
decided to skip the interior com-
pletely. For me personally, that is
kind of sad, as | wanted to show
how it would look and feel on the
inside, and give the whole thing a
bit more of a human touch, make
it more real.

The crane mechanism
The crane mechanism is super-
ficially worked out, but would
it work in real life? What about
windy conditions? Or cold con-
ditions (ice, frost, etc.)? Would it
be too dangerous? | tried doing
FEA on the crane, but | couldn’t
make it work for an assembly,
only single parts. That did not
give me any useful results as the
crane has way too many parts.
The thicknesses for the beams
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used had starting points in the
thicknesses used by the cranes
| saw when visiting the crane
rental (but reduced because the
pod-car crane has double/mir-
rored crane mechanism as op-
posed to the cranes looked at).

The crane cover

The crane cover, and everything
relating to it is not worked out.
For example how everything
connects on the inside, how ex-
actly big it would need to be to
include all the technology need-
ed (although | think it’s safe to
assume I’m not far off size wise
as all the technology needed in
there would not need to be large.
The motor needed is tiny, the
emergency battery would also
need to be quite small. The hy-
draulics | saw on the cranes at
the rental were really small vol-
ume wise. Again, this should
have had been worked out,
but didn’t get covered. Another
thing that | didn’t work out (but
thought about) was how the
whole mechanism would work
when at grade, when the rail is
not level. Obviously there would
need to be some kind of hydrau-
lic mechanism to compensate
and keep everything level to the
ground.

Doors can’t open
when elevated

By accident in modeling, the
door ended up partially cov-
ered by the crane cover, when
elevated, and would not be able
to open (as how they were en-
visioned working, was that they
go out, and then to the sides).
This would not be allowed, as
obviously you would need to be
able to open the pod-car when
elevated, for example for emer-
gency reasons.
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Stations

| thought about the possibili-
ty of having real large stations
in addition to the car-parking
idea, where it might be needed
because of high-traffic points/
stops, for example at bus stops,
at the airport, etc. But | didn’t
add it to the project in the end.

Hydraulic tubes and
wires

The tubes and wires in the crane
are not modeled nor worked on
(how large and how they would
connect, where they would be
(hidden, etc.)

Available / taken
lights

The available / taken status lights
mentioned in the report can not
be seen on the visualizations,
simply because in my haste, it
got forgotten.

Heating and air-con

In the front of the pod-car, there
is reserved space for the heating
element and air-con, as well as
for a navigation computer. These
things, and the exact volume
needed were not worked on.

Interface of the pod-
car screen system.

| only did work on the interfac-
es (and flow) for the website and
app. The interface of the pod-car
touch screen system and what
actions you should exactly be
able to do on it were not worked
on.

The poles with
buttons (to call a pod-
car without a phone/
website)

How they would be designed
and so on was not devised.

Insulation

How the pod-cars need to be
insulated was not worked out
further than looking at cars. Cars
use a thin layer of some insulating
material (work as noise insulation
as well), It seemed to sometimes
be some kind of glasswool, but
sometimes what appeared to be
felt or some kind of soft fiber. |
didn’t go further with this, neither
research nor making it a part of
the project.

The rail infrastructure
Most of this didn’t get time to be
explored (strength in relation to
the number/weight of cars need-
ed to be supported, installation,
actual rail workings, etc).

Bumpers on the pod-
car cover

There are no bumpers (front nor
back) on the pod-car crane cov-
er, which would obviously need,
as they might touch at some
points where many are picking
up users in the same spot, also
because of storage of the pod-
car, if they are kept close to each
other, they will obviously touch.

Power of motor
needed

The power needed for the pod-
car and crane to function is
missing (how powerful an elec-
tric motor). | did that very super-
ficially. This applies for the other
technology also.

Payment system

| didn’t focus on how the pay-
ment system would work, further
than just saying it would work
similarly as the Danish rejsekort.

Strength of the pod-
car chassis
| didn’t cover this at all.



Suspension for the
rail mechanism
| didn’t cover this at all.

How does the system
know the position of
each car?

Is GPS accurate or not? Prob-
ably not, but what other means
would then be used. | didn’t cov-
er this.

Total energy needed
for the whole system

| didn’t cover this. This would
have to be calculated from the
power needed by each car and
how many cars would be in use
at each given time.

Stress analysis for
infrastructure
| didn’t cover this.

Speed of the pod-cars
| didn’t cover this more than
mentioning the average speed of
PRT systems.

Does ice/snow
accumulation need
considering (on rail or
pod-car)

| didn’t cover this.

Turn radius of the
system

| completely skipped focusing on
this. The pod-cars would have to
facilitate turning, as well as the
rail would have to be figured out
(how much turn radius could be
used. This is then connected to
the speed of the pod-car/system
which | didn’t cover.

Performance of the
system / Efficiency
| didn’t cover the efficiency (how
many passengers the system
would/could carry (for example
per hour) and what would be

needed/acceptable in relation to
foreseen usage.

Where the rail should
be / need to be
installed

| did put an example of this in the
product report based on main
roads / bus lines and where car
traffic bottlenecks are, but didn’t
cover this in any detail.

Elevated track -
Arguments

In retrospect, | think | didn’t give
good enough reason why the
system should use an elevated,
suspended rail.

Stations/stops

| didn’t cover this in great enough
detail or explore this part to its full
extents. For example why large
stations are a problem (needed
better validation for this). | have
an argument for this, but not a
strong one.

Crane bearings and
other crane details

| didn’t cover the detailed work-
ings of the crane, for example
what kind of bearings it uses, etc.
Generally the crane mechanism
would need to be more detailed.
But that is related to the lack of
focus/extents of the project, not
knowing how far down | wanted
to dig into each detail.

Piston position

The piston location on the crane
was assumed from the cranes at
the crane rental. Should in reality
be calculated based on where it
the position would be most log-
ical, strength- and stress-wise,
etc.

Interior volume
How the interior volume was
chosen was very subjective.

Would in reality need much more
testing. Also, testing the height
of the pod-car after designing it
around the interior would have
been needed in reality, as in
some parts of the pod-car, the
volume is slightly less than found
out with the frame model, for ex-
ample the headroom in front and
back.

Technology needed
The technology need is talked
about very superficially. Would
have needed to detail this and
validate. But this is also related
to the focus, | didn’t know how
far | should go into each detail.

Rubber feet and
bottom

| didn’t explain the reason for this
at all, and some other aspects.
| mention them in the product
report, but not the reasoning.
Sometimes the reasoning wasn’t
worth mentioning (for example,
the pod-car obviously needs
some cushions to “land” on,
so rubber feet were an obvious
choice. The rubber bottom was
because sometimes the pod-car
might land on an uneven ground
where the bottom would touch
the ground.

Construction and
architecture of the
pod-car

Very superficial, would need
much more attention. Also the
interior construction is missing
as | didn’t do the interior.

Green color usage on
parking spaces

This could need some consid-
ering as green color is of course
used in traffic (green traffic light),
so maybe other color should
have been considered.
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Grid loop pattern

| didn’t choose which one of the
two grid loop patterns the sys-
tem uses. | was going to make a
choice but in the end the track in-
frastructure didn’t get included in
the project. Type B (illustration) is
shown in the product report, but
that type employs overhangs,
which means that the pod-cars
would obviously have to support
descending and ascending at a
grade (slanted) and from differ-
ent heights. but as already stat-
ed, this wasn’t thought out in the
end.

Central Control
System

| didn’t cover this much because
| ran out of time and there are
systems like this that you can
buy off the shelf that control ev-
ery aspect of the train cars. So in
a sense, it wasn’t really interest-
ing to detail.

Track switching
mechanism

Solutions to this are quite com-
mon so | didn’t detail this. |
would have wanted to explain it
a bit better, but in the end | didn’t
have time.

Weight estimation

The weight estimation is very
basic. And in the end, it is quite
useless, as the results of the es-
timation should then be used
to calculate the strength of in-
frastructure (tracks and poles)
needed, based on the number
of pod-cars on the track at every
given time. But because | didn’t
cover the strength and design of
the infrastructure, this was quite
reduntant.

Construction and
materials
This was the last thing | struggled
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with finishing. It is very basic, but
shows the main materials and
basic construction (exploded
view) of the pod-car. This should
have been much more detailed.

General

Generally a lot of details are
missing about the workings of
the system, crane and pod-car.
But | think my project is an ok
overview of this kind of system.
Again coming to the fact of lack
of focus, | didn’t choose my bat-
tles well enough, what exactly |
wanted to achieve. | probably
should have chosen more fo-
cused aspects to work on and
leave others completely. But this
is how it went in the end.
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APPENDIX

APPENDIX A: FOCUS GROUP

Focus group was held with per-
sons who have used the public
transportation in Reykjavik, but
don’t on a daily basis (all being
car owners) to get some input
from individuals who didn’t know
PRT nor what the project is about
beforehand.

Three discussion topics were
used:

+  Why don’t you use Streetd
more, and why do you think
so few people use Streetd?

+  What would need to change
for you to take the bus more?

+  Would you use public trans-
port that is available at the
time when you need it, and it
was a private bus/car? And it
would not stop on the way to
your destination?

RESULTS

Why don’t you use Streeté
more, and why do you
think so few people do?
Inefficient when it comes to
time, takes way too long to go
anywhere with buses.

Boring waiting for buses.

On a positive note, because it
takes so long, you can some-
times get some work done.

When | was using straet6, it took
1,5 hours to take my daughter to
school and come back home. By
car, this would take 15 minutes.

Everywhere you go takes too
much time. Sometimes it means
you would rather take a taxi even
though it would cost much more.

In many instances you have to
change buses, which is annoy-
ing because it takes time, some-
times you have to wait for a long
time for the next bus and some-
times the weather is terrible.

In some instances, | had to
change bus 3 times. Extreme
example, but that is what some
people need to do if they live far
and need to take the bus.

Seats are uncomfortable, not
space to extend your legs.

My main problem is how much
time it takes, and when you are
both in school and work which
are located far away from each
other, it gets tedious, even im-
possible.

Annoying to sit besides strang-
ers or against them. Basically

lack of privacy.

Bus shelters are not good, in fact



usually terrible. There is a gap
at ground level so the wind and
snow can access them. The old
type of shelters was much better.

In some cases at bus stops,
there isn’t even a shelter. Which
is terrible when you miss the bus
and have to wait in the windy
weather for 20-30 minutes for
the next one.

Sometimes on some bus lines on
peak traffic times it can get very
tight, too much people. Often
you need to stand and some-
times completely up against oth-
er people.

People take the bus just if they
absolutely have to. For example
if they don’t have a car which is
rare in Iceland.

Sometimes it is ok to take the
bus, but only if you don’t have to
change bus at all.

People only take the bus if they
can’'t afford a car or the car is
broken.

The car is always better because
you don’t have to wait for it in a
shelter for 30 minutes. Also if you
are going a short route then the
trip is not going to take you for-
ever like it would with the bus.

| would take the bus more often
if the routes where logical and it
didn’t take so incredibly long to
go anywhere.

It was more economical in my
case to have a car than use the
bus because | had both work and
school to go to, and the routes
where not favorable for me.

Annoying to be dependent on a
time schedule and not being able
to just go somewhere without

waiting or changing buses.

What would need to
change for you to take
the bus more?

The bus shelters, they are now
terrible. But that is a result of
having to wait for the bus. And
if you miss the bus you have to
stay there for 30 minutes. If it
was 10 minutes, then it wouldn’t
matter as much.

Sometimes have to walk quite
a distance to your bus shelter,
which is annoying. Bus shelter
position planning might be better

If you were fast between places,
you didn’t need to wait and you
could just jump on the bus right
away, then it would be different.

If you are lucky about bus stops,
if it is not far you have to walk
and it comes right away, then it
would be ok.

If you didn’t have to change bus-
es, sometimes many times to get
to some places.

On Sundays, the buses do not
start going until almost at noon,
that also has a great effect on
my usage. Sometimes | need to
go somewhere early on Sundays
but | can’t because there is no
bus.

It’s not allowed to take dogs on
buses. So | can’t take my dog on
the bus.

Better payment system, here
we have these ridiculous paper
tickets (although you can also
pay with coins) but a punchcard
would be much better.

Something that would help me
remember to take “continue tick-
et! (a ticket you have to take if

you change buses). You have to
remember to get one from the
driver at the start of the first trip,
and if you forget it you have to
pay a second fare on the next
bus.

The bus website is not good, if
you need to organize a trip some-
where, especially for people that
don’t know the route system al-
ready.

It has to make me feel a bit less
like I’'m on a cattle wagon. Every-
thing is so raw and annoying.

Interiors are raw and ugly and
not comfortable.

It would be great if you could
jump out and the bus is there
right away. And also when you
are late, that you don’t have to
wait a whole half an hour for the
next bus.

The buses don’t make it easy to
take stuff with you, for example
grocery bags. It is quite difficult
to take a few grocery bags with
you.

Also a problem is that when the
bus is full during peak hours, it
can be impossible to take a bike
with you. You can only take baby
carriage or a bike with you when
the bus is not full.

PTR explained to the
group and they asked if
they would use such a
system.

Yes | am quite sure | would.

Yes that would also make it easi-
er traveling with my dog. And my
bicycle. Or grocery bags.

| wouldn’t have to wait at a bus
stop in the wind and cold.
L



APPENDIX

APPENDIX B: PRIMARY

BRAINSTORM

To open up and explore if any
issues could be brought to the
surface, a divergent brainstorm
is done with the help of the Lotus
Blossom Technique.

As the main focus of this proj-
ect is the Pod-Car itself, only the
boxes “Users”, “Exterior” and
“Interior” is explained below.

THOUGHTS/
OUTCOME

Users

Child-safe

Are some considerations needed
for the system to be child-safe?
Do children need different seat-
ing?

Disabled & Elderly Access
What are the considerations
needed for the disabled and el-
derly? Some mechanism to help
them get on and off the pod-
cars? What are the different
help tools that they might need
to bring on the pod car? Wheel-
chairs? Walker?

Distance/Time to next station
How far does a user need to
walk to get to the next station?
How long does it take and how
does it compare to current public
transport?

Able to change course when
en route

How does the user change
course when already en route?

Number of passengers?
How many passengers should
each Pod-Car take?

Safety / Seatbelts
Are seatbelts needed? Any other
safety considerations?

What kind of belongings?
What kind of luggage/belongings
should be considered?

Keep passengers warm
How is the pod-car heated?

Pod-Car Interior

Materials

What materials are suitable for
the interior? Are special consid-
erations needed because of con-
stant usage?

Construction
How is the Pod-Car construct-
ed?

Facilitate work & play

What is needed to facilitate work
and play? Tables? Power-out-
lets?

Styling



How should the styling of the in-
terior be? Should it be based on
functionality first and foremost?

Emergency stop & exit

How does emergency stop & exit
work? Can the passenger con-
tact a central service if there are
problems?

Space for
ings

How much space is needed for
belongings/cases/bags, etc.?

Luggage/Belong-

Loading / Unloading (Doors)
How do the doors work? Any
special considerations for dis-
abled people?

Seating
How do the seats need to be?
Any special considerations?

Pod-Car Exterior
Power/Motor

What kind of motor is needed
considering weight and speed of

the pod-car? How much space
does it need along with acces-
sories? Where is it located in the
pod-car?

Styling

How should the styling of the ex-
terior be? What are the consid-
erations needed to be taken for
the styling? Are there Icelandic
inspirations that can be used?
Cultural influences?

Materials

What materials are suitable for
the exterior? Weight consider-
ations? Weather considerations?

What size?
What should the size be consid-
ering the number of passengers
and belongings, disabled and
the elderly?

Construction
How is the Pod-car constructed?

Lights needed?

Are lights needed?

Strength

How much weight should the
pod-car need to hold and what
can the usage of the pod-car be
hindered to prevent too many
passengers/too much weight?

Wheels or rail?
Will the pod-car have wheels or
rails?

UNDERGROUND / HOW MUCH
ON ROAD / ABOVE STRENGHT IS AT MATERIALS
GROUND? NEEDED? t
HOW DOES IT GET INFRA- V"\’A"C')%RTE’EETSE
2
ROUERY STRUCTURE (PILOT AREA?)
HOW DOES IT FIT PLANNING
HOWISTHERAIL? ~ WITHCURRENT  INFRASTRUCTURE
INFRASTRUGTURE? BUILD-UP
DISTANCE HOW MANY POD-
TG BETWEEN CARS CAN STOP AT
g STATIONS? THE SAME TIME
STOPPING SAFETY AT
WITHOUT OBSTR. SP%{?rIgQFS‘ STATIONS? (NOT
OTHER PCARS? INJURING USERS)
HOW TO
STYLING / ARE STATIONS
RECOGNIZE YOUR
MATERIALS NEEDED AT ALL? A

CHILD-SAFE

ABLE TO CHANGE
COURSE WHEN EN
ROUTE

SAFETY/SEAT-
BELTS?

DISABLED AND
ELDERLY ACCESS

WHAT KIND OF
BELONGINGS?

DISTANCE/TIME TO
NEXT STATION

NUMBER OF
PASSENGERS?

KEEP
PASSENGERS
WARM

APP (IPHONE/
USABILITY VIEW WAITING TiME ~ 1EW TTTGZEL'NG WEBSITE SMS ANDROID/
MICROSOFT)
USER SCHEDULE POD-
STYLING CAR EVERY DAY / IN POD-CAR CHANNELS AT STATIONS
INTERFACE
WEEK
BE ABLE TO ORDER STUDENT /
POD-CAR IN PAYMENT ELDERLY PHONECALL ;‘émg';; pE:\":A’\"'gSP:;\'}"VENT
ADVANCE DISCOUNT !
4 - N
HOW MANY POD-
WHAT CONTROLS SPEED OF POD-
INFRASTRUCTURE ~ USER INTERFACE CHANNELS A ST CARS ARE e
NEEDED?
WHERE ARE INTEGRATE
4 POD-CAR STATIONS I':IRF-!I-ESYT(?J:I\EIIIVII( SCHEDULING } UNUSED POD-CARS SCHEDULING SCHEDULING W/
STORED? OTHER MEANS
WHAT IS SAFE
POD-CAR TWO WAY ORONE  DIFFERENT SIZES

USERS POD-CAR INTERIOR Lo DISTANCE R O FEP AR ED

MATERIALS CONSTRUCTION

POD-CAR
INTERIOR

STYLING

SPACE FOR
LUGGAGE/
BELONG-INGS

LOADING/
UNLOADING
(DOORS)

BETWEEN P.CARS?

FACILITATE WORK
& PLAY

EMERGENCY STOP
/EXIT

SEATING LIGHTS NEEDED?

POWER/MOTOR

STYLING

POD-CAR
EXTERIOR

STRENGTH

MATERIALS
CONSTRUCTION

WHEELS OR RAIL?




APPENDIX

APPENDIX C: PRIMARY SKETCH

WORKSHOP

The first concept workshop was
held without any constraints and
with the least input or analysis
behind it. This was a way to ex-
plore the topic without any pre-
determined influences or direc-
tion and to open up to the task at
hand. All sketches are therefore
fast and loose. No specific focus
or was used and an holistic pro-
cess was used instead of having
a specific focal point.

THOUGHS /
OUTCOME

The main ideas that came from
this workshop are presented on
the next page. A more complete
results from this workshop is
shown in Appendix X.

The workshop opened up many
issues and questions. Some
questions and thoughts were:

«  Stairs are obviously not good
idea from a accessibility
standpoint.

« If the stations need to close
between, they need to fit
into the environment and not
clutter it (glass used?)

* How does the rail switch
work?

Does more classic style fit
better in Reykjavik than mod-
ern?

Will the transit be on the
ground, or suspended?

If suspended, how does it
move up to travel height

when leaving a station?

Is symmetrical transport bet-
ter in some way?

Is view (for the passengers)
necessary or vital?

Are seatbelts necessary?

Can bike rack be included
somehow?

Tables/work area?

What is the size of the pod-
car?

How can pedestrian and user
safety be guaranteed?
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APPENDIX

APPENDIX D: POD-CAR FRAME
OUTLINE VIEWS







APPENDIX

APPENDIX E: VEHICLE BASED
TRACK SWITCHING (EXAMPLE)

DRIVE SPROCKET
|, DRIVE WHEELS
SOUND DEADENER
FIG. 2 - GUIDE WHEEL MOVES FIG. 3 - GUIDES TAPER INTO
TV L o INTO POSITION CONTACT

DOUBLE PLATE CAB HANGER

GUIDE WHEEL

MOUNTED ON SERVO MOTOR

SCREW DRIVE

POSITIONER

FIG. 1 - GUIDE WHEEL ASSEMBLY SHOWN
DISCONNECTED FROM DOUBLE PLATE HANGER
FOR CLARITY. THIS IS A CONCEPTUAL DRAWING
ONLY, NOT TO SCALE AND WITH MOST PARTS . I 1
REMOVED. |

FIG. 4 - GUIDEWHEEL IN FULL FIG. 5 - TRACK EXPANDS
CONTACT WITH GUIDE IN WIDTH

FIG. 6 - TRACK HAS FORKED FIG. 7 - TRACK MORE FULLY PRS- TG SRR DL

FORKED, BOTH WHEELS FULLY AND CAN NOW SPLIT OFF
SUPPORTED

Fig. 14. On-board track switching mechanism
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APPENDIX F: CRANE PARTS -
DIMENSIONS
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