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Abstract

Abstract
HumanFinder Enclosure-Radar is the design project consist in this study to
achieve modern specifications and create a realistic product. The purpose of this
product is to detect the living human beings buried under the rubble of natural
disasters. This project is made in collaboration with a Swedish company called
Cinside AB.
This artifact has to be a new product in the market and the goal is to make this
concept design ready for going to manufacture and start selling the product in
around 6 to12 months, that is the time frame for the manufacture.
These products should be selling through international and local retailers.
This report has been divided into main parts, this parts are shown in below:









Summary, It describes briefly, what the report contains.
Introduction, This part includes the Company´s philosophy, it also gives
an overview on the project and shows the process how to solve the
detected problems.
Theoretical background, This section includes a design theory, design
thinking, psychological theories, ergonomics, conditions and theories of
development.
Methods, This part describes the various methods used in the proper
project.
Approach and implementation, This section describe how the work has
been done and descriptors in the design process.
Result, This part describes the main solutions achieved as well give
idealized visions about the future of HumanFinder, showing as the same
time the main features that created through the design process to reach
the successful result.
Conclusion and Discussion, This part includes an analysis of the result
achieved and how the work continued.
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Summary

Summary
This project consists in designing and creating a modern artifact and
proposing a new form for the existing HumanFinder Enclosure of
Cinside AB, also this project is focused to find the new solutions for the
detected problems of previous product that is already designed.
The goal is to try to put a new and updated product in the product line of
the company and introduce it to the market in the year 2013, helping the
company Cinside AB to get launched into a new market.
In this project is given solutions to detect problems or problematic
issues, and is to look for an improved future result of the existing radar
enclosure, the main goal of the project is to show and describe how to
build up new ideas for this artifact.
The theoretical background consists of the different steps needed for
the implementation. It starts with a brainstorming to get first ideas and
thinking´s of all the involved issues and looking up to the design
theories and methodologies and finally is focused on theories of product
development.
The goal of the project is to show a variety studies and uses of design
methodologies that applied in the new design of the existing radar. The
design methods presented here are according to the activity since they
are used.
There are six stages of the design process, Research, Development,
Define, Ideation, Implementation and final result, this report gives more
details on each of the stages.
The result of this project is an attractive, modern, high specification and
functional HumanFinder Enclosure, which provide safety form within
ergonomics conditions.
The study of the project is focused on creating and re-designing a new
product that give solutions to the detected problems, creating a new
artifact with a proper form suitable for the use of the object and showing
how to use it, as well as containing examples and a personal reflection
of this innovative design.
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Introduction

1 Introduction
HumanFinder-Radar is a product that has been developed in this project
and the purpose is to detect the breathing or movements of living
human beings buried under the rubble after an earthquake or other
types of natural disasters. A series of experiments have been done to
demonstrate the applicability of the Human Finder-Radar for rescue
purposes.
The experimental design results, shows that the HumanFinder-Radar
performance is good for detecting human breathing signal, corporal
heating and corporal movements through the rubble of about (3m) and it
also can detect through a barrier wall of destructed constructions.
There are no similar systems of this sort of product available, a few
competing commercial systems from some other companies.
The result of the project is a product that can produce and sold to
users and organization, and helping the company reach new goals and
open doors to new markets as well as increase sales. An example of
end users is rescue teams, Red Cross, Police and Security Forces.
The Area of the application of the radar, are areas with a possibility of
suffering natural environmental disasters as an Earthquake, Hurricane
destruction, Tsunami, Floods and also as a Building construction failure
(Collapses), The terrorism, Building demolition by explosives and Snow
slides.
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1.1 Background
Cinside is a small company, expanding business started in 2007. The
characteristics of the company are an innovative use of advanced
sensor technologies in a small handheld format.
Cinside AB is handful company developing and producing wall
penetrating radars, it is the only offering handheld products company in
the sense-through segment. The other companies produce bigger, more
power hungry and more expensive systems.
Cinside is an entity leader in HumanFinder projects, being also a
company that is responsible for the hole production line, the overall
functions as assembling and packaging as well as marketing and
selling.
Type of Cinside products:
1.1.1 Cpr4 Human Movement Detector
1.1.2 Cinsnow
1.1.3 HumanFinder

1.1.1 Cpr4 Human Movement Detector:
The purpose of this handheld radar is to detect any movement such as
human beings and animals behind the walls. [1] (See figure 1.1)

Figure 1.1. (Cinside handheld wall Radar (CPR4)). Refrence from: [1]
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1.1.2 Cinsnow
It is a snow-depth measuring device on ski slopes, this device
connected with GPS, helping ski resorts to control snow making
machine and to provide more safety and save energy. [1]
1.1.3 HumanFinder
HumanFinder designed to be used after a collapsed of a building and
other disasters. The product should quickly discover and research the
buried human beings in the complicated environments, such as
distorted structures.
For this reason and as a result of technological development, some
companies are now competing to find new designs commensurate with
this development and at the same time searching for better ways to
present new ideas of HumanFinder.
Therefore, the research on the subject has now been to design a new
radar form with specific technical and engineering conditions, it is high
safely, it contains international specifications and it should cost with a
reasonable price.
These requirements were the starting point of this project study and it
begins the wide search about everything related to this product.
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1.2 Objectives
The aim of the study is to design and develop new and right form for
Cinside AB which can easily be used in all kinds of environments.
The product should look attractive as well function properly.
It must have a unique ergonomic shape design, it can easily be
operated and carried from one position to another.
The nature of radar form must be compatible with the nature of the
company and the products should make a positive contribution to
building the company's image.
The outcome of this project will give Cinside a unique radar system that
strengthens the company's competitiveness and the future revenue
opportunities.
As the product includes a lot of electronics inside a proper form should
be designed so the electronics can easily be installed and protection
should be given to avoid any kind of damage.
The batteries should be covered properly to avoid any kind of pressure
on their surface. The material of radar enclosure should be waterproof,
light in weight, easy to manufacture and assemble, low cost and can be
recycled.
In addition to find alternatives of the materials concerned in the
manufacture of the exterior parts to fit with the purpose of the project,
having always in mind the outlay of cost of manufacturing the product.
The product is used in proper way and angled so user can easily
understand its way of operation.
Search and rescue teams must need to find survivors as fast as
possible. They need easy-to-use and easy-to-carry devices to support
them their operations.
It should be a good idea for transportation and packaging. The result
must be a cost efficient handheld radar system that can both detect
hidden or buried person.
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1.3 Delimitations
This specific radar has an advanced technological system, it is not
available or used in many countries and no specialized staff trained in
this sort of products. The fact is that these teams are only trained to use
the wall handheld radar and because of that, it is difficult to find similar
products on the market at the local level or at the global level but just a
few products in the world.
The design process of HumanFinder is depending on the main
necessities of the company, the research and the study to develop the
product and the absence of earlier products, but perhaps, this product
may exist in some countries, but not displayed in the markets because
of the secrecy of the work and the design of these products.
Either in Sweden no company that produces this kind of radars and for
those reasons it is hard for the designer to find the end users for this
product to know the previous problems through them and to find
innovative ideas for product development, or even no products
precedent to recognize the problems that have occurred previously in
their design, it is imperative for the designer to use theories and design
methodologies that perfectly applied as well as rely on the experience of
the designer and his intelligence, feelings and senses, in the end of the
study as is required to keep the high step of the advanced of
technology.

1.4 Disposition
Starting with the design process for the analyzing to do the work and
going through a design theory and particular methodology for obtaining
the main concepts that are important for the product.
The product is going to be produced consisting of different components.
It creates solutions to the detected problems, and focus on: materials,
specifications, manufacturing process, surfaces, colors, costs, and other
things, to create a product that have to involve the main chosen concept
and findings described what the development of the project has found
and what the work resulted in.
Finally, analyzing of the achieved results and how the work has to be
continued? What is the reflection on the process and outcome? What
was good and what had been done?

9

Theoretical background

2 Theoretical background
A design theory is based on the theoretical foundation that depends on
how the implementation of the design process is done and the way to
be efficient and enforceable. This theory helps to describe, analyze and
improve the basic steps for any design.
Thinking in this section, it is made to give resolution of the problems
giving a better look and thinking in improved future results of Radar. It is
a form of solution that starts with the goal instead of starting with a
certain problem.
The theoretical backgrounds consist of many steps needed for
implementation.

2.1 DESIGN THINKING
The main thing is how to organize and analyze information through
research, to use and to link this information when the thinking is about
designing a new product.
To know the purpose of this research, It's has shown how to take
advantage of this information, to figure out the previous problems in
design and to convert this information to get a theoretical background is
by using the activates keywords:

WHAT: Design ( Artifact or product is going to be, and the reason).
WHY: The reason of the project (Observation and detected problems).
WHO: Human group (Target group in the project).
WHEN: The time of delivering the project.
WHERE: The place where this product has to be produced and put
in the market.
HOW: Technology (The form about developing the project).
Reference from: [3]
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2.2 DESIGN THINKING PROCESS
The design thinking process is based on a deep understanding of the
user needs and current challenges to create a successful design, many
of design theories must be taken into consideration for the users and
their demands.
Thinking outside box in the earlier stage of the proper design and
collaboration, experimentation and analytical thinking leading to
innovative solutions.
Thinking of all the design theories have been done in the specific design
of the Radar Enclosure.
Six phases of design thinking process, This process shown below in
(See figure 2.1)

Six phases of design thinking process

Understanding of users’
perceptions of products
and their meanings

Redefining and focusing
questions based on the
research information

Design methods,
brainstorming and
combing up with
creative solutions

How may I...

?

Testing the ideas and
concepts with the
users for feedback

Building a representation
of the chosen concept

Figure 2.1. (The aspects of design thinking process.) References from: [4] [5] [6]
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2.2.1 Understand
The design thinking process, begins with a careful understanding of
company and end users opinion of a product. The research aspect
collects information to obtain insight into many things like a users
culture, various product brands, market analyses, existing product,
trends and technology.

2.2.2 Observe
The observation aspect of design thinking is as a direct communication
between the designer and the end users.
A designer should watch how user's behavior, talking to the users about
the existing radars and how they are working, what the bad, what the
good, ask questions and reflect that on the design.

2.2.3 Point of view
In this part of design thinking, the concentration is on the users’ and
company requirements, need and insights.
This statement: (User, Need and Insight) ends with a proposal about
how to make changes in design that can have an effect on users’
experiences. Defining the problems through research and looking at a
lot of views that letting the designer on the right way. Without correctly
defining a problem, it is nearly impossible to create a right solution.

2.2.4 Ideation
Ideation is a crucial component of design thinking. Designers are taking
on to brainstorm a mass of ideas and to defer judgment.
In the ideation phase, hundred ideas is encouraged for single product,
no idea is incredible and no one’s ideas are rejected. Ideas are all using
for inventive and fun.

2.2.5 Prototype
It is a track to express the concept by quickly way. Prototyping is a
rough and a fast section of the design process. A prototype displays the
concept by sketch, a cardboard box or model.

2.2.6 Test
Testing is part of a refined process that provides designers a best
results. The aim of testing is to ensure what works and what does not
work when this test related the product design and the users, that is
meant to go back to the prototype and modifying it based on the last
result of testing.
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2.3 Theoretical aspects of a HumanFinder
2.3.1 Colors and Form
Our eyes are mostly attracted to high contrasting colors. The high
contrast used to output a great outcome especially on controls buttons
and handles.
The different colors call up different human sensations. Color schemes
also play a role in the object shape and how it's seen. A smart use of
color, able to highlight certain features, moreover drawing attention to
them or minimize other features that are not easily noticed.
In general:
Lighter colors: Show more contrast between light and shadow so the
eye will notice these features more obvious.
Darker colors: Show less contrast and tend to be less clear.
Reference from [7]

2.3.2 Handles Design
The most vastly used between standard ergonomics textbooks is the
(Military Standards MIL-STD-1472D). [8] (See Attachment 3)

The following questions lead to select a right ergonomic methodology
for the suitable handle design:







Who use this handle?
Is the load convenient?
Is the grip secure?
What is earlier knowledge with such handle shape?
Is it a particular handle?
Is it suitable with an exemplary hand?
Reference from: [8]
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2.3.3 (UWB) Ultra Wide Band Introduction.
2.3.3.1 UWB
Ultra wide band or (UWB) is an ideal wireless technology that uses a
changeable rhythm on a highly wide bandwidth base to send a great
quantity of information over small distances. UWB was initially
developed for military connections and radar, but it has now become a
developing consumer electronics technology.
2.3.3.2 History of UWB
1. (Oldest wireless communication technology.)
2. (Late 1800: Hertz used a spark gap generator to generate a short
pulse of electromagnetic signal.)
3. (1910: Low spectral efficiency of spark gap - Narrow band
communication.)
4. (1960: Military radar required short pulses to determine distance to
object.)
5. (Early 1990s: Multiple users enabled to use short pulses to share the
medium.)
6. (2002: *FCC allowed UWB between 3.1 **GHz and 10.6 **GHz
- Within two years 200 companies in UWB. )
7. (2005: Japanese and Europeans allowed UWB.)
Reference from: [9]
*FCC (The Federal Communications Commission)
**GHz (Gigahertz)

2.3.3.3 Advantages of UWB
a. (It does not hinder the standard radio frequency electronics on
standard narrow bands.)
b. (Can transmit loads of data at an extremely low power cost.)
c. (Be able to link with quicker rates and this translates to huge power
savings for handheld devices.)
d. (Be able link at distances of up to 61 meters.)
e. (Is an ideal technology using wireless network.)
Reference from: [10] ( See figure 2.2)
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Figure 2.2. (Diagram of Ultra-Wideband offers faster throughput at 3 meters or less.)
Reference from: [11]

2.3.4 Human Finder Antenna
Ultra Wide Band is an ideal technology using wireless network
technology. The image below shows the HumanFinder antenna with all
the dimensions and weights. (See figure 2.3)

Figure 2.3. HumanFinder Antenna. References from: [2]

a) Max 5 kg exclude enclosure weight.
b) Max 7 kg include enclosure weight.
c) HumanFinder Enclosure deep = 12cm. HumanFinder Enclosure
dimension with fixed grips =45cmx35cmx12cm.
15
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2.3.5 The main product application area
Which disaster is worse? Earthquake, Tsunami or Hurricane ??

Figure 2.4. (Earthquakes map.) References from: [12 ]

2.3.5.1 Earthquake
a. What is an Earthquake?
An Earthquake is an abrupt movement of the earth's crust, which
arises physically at or below the surface. It may turn the ground up and
down, and it can shift it from side to side. [13]
(See figure 2.5)

b. What Causes An Earthquake?
There are two main causes of earthquakes:
1- (Volcanic activity.)
2- (Tectonic activity.)
Reference from: [13] (See figure 2.5)

c. Are Earthquakes really on the Increase?
Earth is having more earthquakes, in the last years, it had an
increment in the number of earthquakes. (See Attachment 4)

Figure 2.5. (Causes of earthquakes.) Reference from: [14]
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d. How often do earthquakes cause death?
Earthquakes caused deaths every year.
Since 2000, 40181 people have died-USA
292,441 people have died-Nationwide.
[15][16][17] (See Attachments 4)

e. What kind of deaths can earthquakes cause?
(Building implosion or falling debris, Fire, Electrocution and Heart
attack.) [15][16][17]
(See figure 2.6)

Dead man hand in rubble after earthquake disaster

Figure 2.6. (Quake death are almost from collapsing building.) Reference from: [18]

f. What makes a building or structure to fail in earthquakes?
Badly buildings built can resist some up and down loads, but most of the
buildings are not resistant to side to side loads. This weak point would
be found out when the Earthquake strikes, it is this side-to-side load and
some extra weight which causes the damage. (See figure 2.7)

Figure 2.7. (Building or structures fail in earthquakes.) Reference from: [19]
17
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2.3.5.2 Tsunami
Tsunamis are colossal tides caused by seismic and volcanic storms
under the sea. Away at the lowest point of the water, tsunami waves do
not vividly expand in height. Nevertheless as the waves move inland,
they grew to upper and upper heights as the depth of the deep-see
decreases. The rate of tsunami waves depends on ocean depth more
than the distance from the source of the wave. Tsunami waves may
stretch over as jet planes over deep waters, just slowing down when
reaching low water level. Despite the fact that tsunamis are often
referred to as tidal waves. [20] (See figure 2.8)

Figure 2.8. (Photo taken ½ second before tsunami hit Sumatra.) Reference from: [21]
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2.3.5.2 Hurricane
Hurricane… what is it?
A hurricane is an incarnation of staunch storm. It’s a large thunder
which is centered in a vast low-pressure zone.
Orbital cyclone enlarged in the orbits. Hurricanes can form only over
warm deep-seas (16°-27°C), that is always happening in the summer.
Hot cyclone air rises from the ocean surface and turns into a quick and
forceful movement.
Air whirls in an anti-clockwise direction around an inactive wind and the
eye in the center of air swills. Air masses are revolving and producing
thunderstorms that have abundant rain which can cause overflowing,
whirlwinds and even twisters. Hurricane’s wind speed starts from (119
*km/h) and may reach 650 *km/h. Hurricanes may carry loads of
demolition. [22] (See figure 2.9)
*km/h= kilometer/hour

Figure 2.9. (Photo taken at Hurricane Sandy occur.) Reference from: [23]
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2.3.6 The Users
This project is focused to find out:
a. How many clients want to buy the product?
b. How much would clients pay?
c. When will end user use the product?
d. Who is going to use the product?
(See figure 2.10)

Figure 2.10. (Rescuers team do first-aid to an "injured" man.) Reference from: [24]
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3 Methods
Design methods are all the technique systems, rules or ways of the
product design lines all that are enjoyed to the design control.
Some of these methods for design thinking includes, creating, user
information, learning other designers' solutions, creating models, mindmapping, asking to be in a core of the problem, product situateanalysis, etc.

3.1 FUNCTIONAL ANALYSES - FA
Functional analysis in general, carried out at the start of the
generation of the idea in the beginning stage of the design process. It is
dealing with product functions.
FA is to analyze and focus on these groups:
3.1.1 Users
1. It should be easy, comfortable and practical of use.
2. It must be an ergonomic design and hand anthropometric.
3. It must be safety.
4. It must be simple to control.
5. It must be environmentally friendly.
6. It must be comfortable and soft to carry.
3.1.2 Manufacture
3.1.2.1 Productions
1) It should be a simple design.
2) It must contain material available in the market with low cost.
3) It should be suitable for mass production by using the existing
machines and tool.
4) It should use a right line of production.
5) It must try to reduce time of production.
6) Minimize the parts of the enclosure, this is lead to:
a. Reduce the ingress of water.
b. Easy to assemble.
c. Easy to manufacture.
d. Easy to mill.
e. Easy for maintenance and services.
f. Low in cost and time of production.
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3.1.2.2 Material
1- It must contain high specification and careful consideration of
weight.
2- It should be uncomplicated to manufacture.
3- It must be straightforward to mill.
4- It must be weatherproof and waterproof.
5- It should be low cost and available in the market.
6- It must be friendly to the environment.
7- It must be recyclable.
3.1.3 Businesses and market
1. It must be a smart design (Shape and Expression).
2. It should be modern.
3. It must be Unique.
4. It must be in Trends and Innovation.
5. It must be Multi-functional design.
6. It must be Light weight to reduce cost.
7. It must Satisfied the customer.
8. It should be in a Good way for packaging, logistics and transport.

3.2 ANTHROPOMETRIC ANALYSES AND HAND ANTHROPOMETRY
This analysis is used to identify a typical group for evaluating design
concepts and the functionality of product details.
A good handle design is important at work for activities and for items
that are efficient to use, safe and attractive.
Anything that can pick up by the human hand or which the body comes
in contact with is in some sense a handle. The common procedure is to
design for a range of population from the 5th percentile (small operator)
to the 95th percentile (large operator). The choice of 5th and 95th
percentiles is traditional or a greater percentile range should be used.
See handle size and shape. (See pages 13, 38, 39) (See Attachment 3)

3.3. USAGE METHODS:
This section explains some of the design methods and how these
methods are used by the author.
3.3.1 Brainstorming:
Is a design methodology that consists in putting all ideas come up in the
mind, referring to a specific topic, also is possible to do group
brainstorming, working together with other stakeholder to generate
ideas more quickly, effectively and resolving problems of
communication related to:
The products, the concepts, the images and the organizations.[38]
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3.3.2 Scribble-Say-Slap brainstorming
Is one of the useful design methods used to fund many ideas from a
group of different knowledge persons in a short time. [38]
3.3.3 Ideas from other products.
Looking up at the products that used for completely different purposes.
3.3.4 Error Analysis
It is the way to List all the wrong steps in any stages of the design
process and what the different problems are. This method is a useful
way for identifying problems.
3.3.5 Interviews
An interview is a discussion between two parties or two people about
the specific subject (those parties called the interviewer and the
interviewee).
The interviewer seeks is to ask the questions to obtain all the
information needed from the interviewee.
3.3.6 Quick -and-Dirty Prototyping
This is the fastest way to show a concept of the design and to evaluate
how to refine the design. Using any materials available, quickly
assemble of possible forms or interactions for evaluation. This method
gives shape to the idea.
3.3.7 Rough prototyping
Rough Prototype is low reality prototype but should be satisfactory,
such as sketches and models that used to test a design idea.
3.3.8 CAD visualization
CAD modeling is a quick way of visualizing many forms. It helps to
visualize the product form in the clearest way. A 3D modeling software
is used in this technique. After the sketching phase, a product is
modeled in CAD software with exact size and proportion.
3.3.9 Physical prototyping
Is one of the main design methods used to resolve any unexpected
problems with creative ideas.
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4 Approach and Implementation
4.1 APPROACH
The philosophy and graphic presentation followed in this design of
HumanFinder is about how the most excellent to approach product
design and project development.
The integrated approach
It is really certain to be successful in HumanFinder design. It is to
improve design and enhance the product.
( See figure 4.1

)

Figure 4.1. (Integrated approach of a HumanFinder product.) Reference from: [25]

4.2 DESIGN PROCESS
Design process is the way in which the methods come together through
a cycle of processes. Thinking of all the theoretical background and the
development methods in the Define and Develop stages and using
these theories and methods in the implementation phase.
There is no design process suitable in all situations, but the 'Double
diamond' design process model is the best way for the HumanFinder
product to show the design process.
In the Discover phase, as a first phase of the 'Double diamond', after
collecting all information and knowledge of an idea, brand or product
the concentration was on defining, developing, implementing and
delivering to achieve the best result, using all the key requirements and
components of industrial design.
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Design process stages are:
4.2.1 Discover
4.2.2 Define
4.2.3 Develop
4.2.4 Deliver

The 'Double diamond' design process model
(The double diamond diagram was developed through in-house research at
the Design Council in 2005 as a simple graphical way of describing the design
process.) [26] (See figure 4.2)

Start of the project
Initial idea/inspiration
User Research and definition
Existing product
Market Research
Project Market Reach

Development methods
Functional Analysis
Brainstorming
Scribble-say-slapbrainstorming method
Ideas from other products.
Interview
Error Analysis
Ideation
Different Concepts sketches
Prototyping
Quick-and-Dirty Prototyping
Rough Prototyping
Handles Prototyping

Visual management
Development methods
Ideation
Prototyping
Initial testing
Detail Design
CAD visualization
Physical Prototyping

Project development
Project management
Project sign off

Final
testing &
Approval
Target
evaluatio
n&
feedback

Result

Figure 4.2. (Diagram of the 'Double diamond' design process model.)
Reference from: [26]
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4.2.1 Discover
Discover is the first stage and the first quarter for the design process of
the Double diamond design process model, beginning with a bright idea
in which customers or users and market needs are recognized. [26]
Discover stage includes:
4.2.1.1 Start of the project
At the beginning of the Discover stage of the design process, the designer
was asking and depth searching on the questions, identified problems by
analyzing market data, users, trends and other information sources,
focusing on both positive and negative aspects of the existing design.
The starting of research design was dealing with at least four points:
•
•
•
•

What questions to study?
What data are relevant?
What data to collect?
How to analyze the results?

4.2.1.2 Initial idea/inspiration
The initial idea is the first idea of the design that comes up with. The initial
inspiration for this product comes from a variety ways. It created the idea
from the application area of the product, the launch of a competitor
product and tapping into the ideas of the company and networks.

4.2.1.3 User Research and definition
User research is used to identify how users are accessing current
new products and services and areas for improvements, that will
classify a user need. [27]

4.2.1.4 Market Research
Market research data are one's source of information that led to the
development of a new HumanFinder. Market and research data helped in
order to identify users' needs and future trends and an equal need to
expect future user or consumer needs.
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4.2.1.5 Existing product
Existing radars are widely used in earthquakes, collapses, and other
disasters using for detecting and researching the buried humans in the
complex environments. (See figure 4.3)

Type1

Type2

Figure 4.3. (Two types of existing radars.) References from: [28][29]

4.2.1.6 Project Market Reach
The project reaches the following market segments:
The use of the HumanFinder by Fire department and Rescue teams is
mainly to search for survivors in the ruins of collapsed buildings and
landslides and other cases. Non-use of such a radar like a
HumanFinder, which contains the advanced technology in the search
for humans under the rubble, it is difficult to know if the trapped victims
are alive without endangering the lives of others, and wasting time in
searching, using a few methods of efficiency.
Law enforcement to see through the wall to give and to identify reliable
information about the people inside the building and their numbers and
exact location.
Using this advanced technology of this type of radar will inevitably avoid
endangering the life of an officer or an innocent victim in unnecessary
danger.
The estimated market size and expected market share
(This product can be used in many sectors, and preferably in the field of fire
and rescue services. An estimated study shows that there are more than
500000 users worldwide. Realistic estimate of the sale will be at least 10000
units within five years.) [2]
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4.2.2 Define
It is the definition stage of the second quarter of the double diamond
model, in which performance of the requests to work targets are carried
out. Define Keys objectives are:
4.2.2.1 Project development
The Define stage represents the growth level of the market-pull, ideas
and constituents desired to solve the problem. A high specification of
new product is the result a methodical development effort within a good
way clarify product qualification. [30]
(See table 4.1)

a. The HumanFnder- Radar Development Process
Concept
Development

Marketing
Define market
segments
Identify users
Identify
competitive
products

Design
Study feasibility
of product concepts
Develop industrial
design concepts
Build and test
similar experimental
prototypes

SystemLevel
Design

Detail
Design

Testing and
Refinement

Production

Develop plan
for
product
options
and extended
product
family

Develop
marketing plan

Dev.
promotion
and launch
materials
Facilitate
field tests

Place early
production

Generate
alternative
architectures
Define
systems
and
interfaces
Refine
industrial
design

Define part
geometry
Spec
materials
Spec
tolerances
Industrial
design
control
documentation

Reliability,
performance
Get regulatory
approvals
Implement
design changes

Evaluate
early
production
output

Identify
suppliers
Make/buy
study
Define final
assembly
scheme

Define
processes
Design
tooling
Begin tooling
procurement

Begin supplier
HFinder

Begin
operation of
production
system

Manufacturing
Estimate
manufacturing cost
Assess production
feasibility

Refine mfg.
processes

Table 4.1. (A development project for a market-pull product is generally organized along
the lines.) Reference from: [30]

28

Approach and Implementation

b. Concept Development
This stage extends the principle for the development effort. Right
concept development is decisive.
In this stage identified all the required of the target market, revised all
the competitive products, determined economic studies,
defined
product features as well summarized product development. [30]
Concept development activities are normally organized according to ( table 4.2).
Identify
Customer
Needs

Establish
Target
Sepcifications

Generate
Product
Concepts

Select a
Product
Concept

Perform
Economic
Analysis

Analyze
Competitive
Products

Refine
Specifications

Plan
Remaining
Development
Project

Concept Development
Table 4.2. (Concept development activities.) Reference from: [30 ]

4.2.2.2 Project management
The project management is a key working document that should be
continually reviewed and updated as the design develops.
a. Project plan
The project plan includes schedules of the design process and
implementation, It also contains budgets and the management of
different software’s. It is important because it sets the targets of the
project. (See Attachments 1)
b. Project budget
The plan has been set on to analyze the cost of the design and
accomplishment of the product at all processes of design
implementation.
c. Documenting the project
To documenting the design steps is used a graphical layout on a digital
and physical A1 posters (See Attachment 5), a power point presentation,
video, report, and other visual materials to summarize the design
process and present the work.
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4.2.2.3 Project sign-off
It is a crucial position in the design process. In this position of
development stage, the projects are given the approval to continue
working until the final stage of design processes to get the final
prototype, after the company has completed a market research for the
new product design, together with a good calculating of the cost and
complexity of the production.[26]

4.2.3 Develop
It is the development stage of the second quarter of the double
diamond model, that covers a development phase where solutions of
the design problems are repeated and tested. Develop key activities
are:
4.2.3.1 Visual management techniques
During the development and definition stage, project management is
carried by Cinside AB and start to track progress on the design project
and see different phases and iterations of sketches, prototypes, and
other design work on the concept or product. [26]
4.2.3.2 Development methods
A standard of the developmental stage is to prototype the final
concept to create a similar model to an end product.

30

Approach and Implementation

A. Functional Analysis
Functional analysis of the product is done to understand what things are
required to be in the project according to their preference. (See table 4.3)
Function

Class Limits/Uses

Main
Special
Product
High
Easy
Safety
Effective
Standard
Historical
Operating

Function
Features
Operation
Reliability / Durability
Maintenance & services
Use
Purpose
Ergonomic
Developments
Instructions

P
N
P
P
N
N
N
N
D
D

Ease

Assemble

N

Efficient,
Consumption
Enable
Smart
Material

Energy

N

Transport
Packaging
Recycling

N
N
N

Facilitate

Production

N

Look

Attractive

D

Smart

Design

N

Simple
Look

Control
Modern, Attractive and
Unique
Cost & Time

N
D

Responsible

P

PRIMARY: (P); NECESSARY (N); DESIRABLE (D); UNNECESSARY (U)

Table 4.3. Functional analysis of product.
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Use of product
Use of product
Users
Use of product
Technicians
End users
End users
End users
Competitors
Technicians,
Users
Company
manufacturing
Use of product
Of customer
Customer
Environment, All
people
Assembled by
Company
For Company
marketing
For Company
marketing
End users
Display
Company image
Volume
of Company,
customers
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B. Brainstorming
Brainstorming is done by collecting a quantity of ideas from the
designers and the Company Cinside AB, focusing on the problems of
the existing designs. Brainstorming was most effective especially when
these ground rules were kept:
 Build on ideas to develop the concepts.
 No criticized of any idea.
 One conversation at a time.
 Quantity of ideas is the best way to reach the final concept.
 Focused on the problem which it in hand.
 Drew ideas that were in hand and represent them.
C. Scribble-say-slap brainstorming method
Is used by different designers in the school and many ideas are created.
The group brainstorming helped to create some good ideas that are
later used in the process.
D. Ideas from other products.
Looked and studied on a similar purpose of the products to get the
ideas and inspiration, for example, a person detecting handheld radars
through the wall and other types of radars such as a ground penetrating
Radar for Locating buried utilities Underground, water lines non-metallic
and PVC pipes.
E. Interview
During the interview the interviewer (The manager / Owner of the
Company Cinside AB who goes with the flow of the information of
product design).
The guide approach is intended to ensure that the same general areas
of information are collected from each interviewee, this provided more
focus on the design.
F. Error Analysis
This is a useful way of identifying problems which happened during the
design process. Many design problems occurred in some product parts
such as a big handle size and the position of LED lists.
Started to List all the steps that can go wrong in any stages of the
design process and what the various causes of these problems in order
to find the solutions depending on this method.[37]
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4.2.3.3 Ideation
This part is a substantial part of design which form is made for study, it
is a useful part of inspiration for creating the first form and evolution with
deep feeling and sense until obtaining the right shape.
Moreover in this part of the project, the different sketches were
performed on papers, the idea is to select one concept from these
sketches to go ahead with the chosen concept to be ready for
prototyping parts.
A. Different Concepts sketches

Numbers of different sketches showing different concepts are done to
find a new shape in the form of the HumanFinder.
Moreover in this phase a lot of details are discussed and took into
consideration in the meetings with the Cinside AB manager.
The idea is to start an initial design and also start to develop the design
until reaching the required shape to meet the fundamental conditions.
New possible solutions are also sketched with paper model and rough
model to find possible ways to reach the target of the design.
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A.1 Concept 1

Figure 4.4. Sketches of concept 1.
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A.2 Concept 2

Figure 4.5. Sketches of concept 2.
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A.3 Concept 3. (The chosen concept)

Figure 4.6. Sketches of concept 3. Chosen concept.
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4.2.3.4 Prototyping
A. Quick -and-Dirty Prototyping
Used available paper for quickly assemble of the possible form of the
model and handles for fast evaluation. (See figure 4.7)
Paper Model

Figure 4.7. Two prespective views of paper model.

B. Rough Prototyping
This step of the product implementation is to make a rough prototype,
which is used to reach the final steps that reach to the final product
shape, handles shapes and size, cost, function and to reach customer's
satisfaction about the final product. Improving the design effectiveness
of the product was done through the prototype implementation.(See figure
4.8)

Rough Model

Figure 4.8. Two views of rough model.
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C. Handles prototyping
C.1 Handles Size
The length for a grip should be >10 cm to fit the width
of the palm.
The grip should be rounded and allowing space for the working gloves.
Grip length of HumanFinder = 14 *cm
Handle length = 25 cm
Grip thickness = 3 cm to 4 cm in diameter related for maximum power
for more forceful duties.
Grip size of HumanFinder = 1.5 x 4 cm.
*Cm = Centimeter
Reference from [8 ] (See Attachment 3)

C.2 Handles Shape
There were many concepts about the shape of the HumanFinder
handles. A first idea is to make a grip by clay or plastic, then use the
most proper result as the final concept.
The shape done like an 0 shape or oval to be ensure that is no sharp
edges on the grip.
Handles grip basement formed as one piece made of rubber and have
a strong force, security and retractable test. [8 ]
C.3 Handles Surface
The handles surface designed in safety and non-reflective conditions.[8]
C.4 Security against slip
Right shape and material of handles are necessary to prevent slip and
friction. In the HumanFinder, the rubber is the best material which is
selected to reduce slipping. [8 ]
(See figure 4.9)
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Figure 4.9. Two forms of deferent handles shapes.
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4.2.3.5 Initial testing and refinement
During the testing and refinement stage, several of prototypes are built
and tested, paper prototype, rough prototype and many handles models
even they are not made from right components and materials, but they
are closely as a real product.
These prototypes are required to find out the functions,
specifications and cover design shortfalls.

4.2.3.6 Detail Design
It is the design for the production, it is the stage that completed all the
requisite engineering processes for all sections of the product. During
this stage, all parts are identified and defined, such as engineering
processes, tolerances, materials, finishes, etc.
1. Radar handheld Type
Ultra wide band pulse radar.
2. Measurements
44 x 30 x 12 cm.
3. Weight
5-7 *kg. Ergonomic, lightweight and robust enclosure.
4. Penetration Distance
3 meters.
5. The search area
Is cone shaped with an angle of 60-70 degrees.
6. Remote Operation Distance
Wireless remote, as far as 100 meters.
7. LED Lights
There are two types:
1- Multi colors for warning and for some indicating system.
2- White color as a flashlight.
8. Orientation Accuracy
Centimeter level.
9. Operation System
Radar detecting software, Windows mobile 5.0 for pocket PC.
10. Case Material
High-strength Aluminum die cast and aluminum extrusion.
11. Working Temperature
**-20℃~+60℃; (Water, dust and shock) proof.
*Kg = Kilogram
**℃ = Degree Centgrate
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12. Display with heavy duty LED Indicator buttons
 Multi-chip technology to provide bright color.
 Easy mounting and connection.
 Very low power consumption.
(See figure 4.10)

Heavy duty
LED
Indicators
buttons

LED
Indicators
buttons

Figure 4.10. Display of the HumanFinder with robust buttons.
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13. Batteries rooms
Two battery rooms, as shown below in figure 4.11.
The compartment for one battery needs to have room for the battery
pack, the suggested measurements should be: 69 x 37 x 37 *mm. The
front opening measurement is 70 x 40 mm. The door covering the
compartment is rectangular with rounded corners.
*mm = millimeter
(See figure 4.11)

Tripod locks

Batteries rooms

Figure 4.11. Two batteries rooms.
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14. Battery pack
Specifications:
• (Ackumulatorpaket 7.4 *V-4.6 **Ah.)
• (Working Time: ≤ 10 ***hrs.)
• (High energy density.)
• (Long life, up to 1000 cycles.)
Reference from: [31]
(See figure 4.12)
*V = Volt
**Ah = Ampere hour
***hrs = hours

Figure 4.12. (Form of using battery in HumanFinder.) Refrence from: [31]

15. Expected Stand
The HumanFinder can be also used as wall detecting handheld radar
with using a stand for that purpose. (See figures 4.13, 4.20)

Figure 4.13. Stand to hold a HumanFinder as a wall detector Radar.
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16. Expected backpack and used strap
This new handheld radar come in lightweight design which allows the
end users to store it in the special backpack designed for this purpose.
(See figure 4.14)

Figure 4.14.Expected designing of a HumanFinder backpack.

Moreover it is also a possibility to use a nylon strap adjusts from 60
cm to 88 cm long and with special features as sturdy metal clips and a
comfortable shoulder pad. (See figure 4.15)

Figure 4.15. HumanFinder Strap.

44

Approach and Implementation

17. Silicone protector corners and handheld basements.
(See figure 4.16)

Figure 4.16. (Types of silicon enclosure protectors.) Reference from: [32]

Properties of the used silicon
o The used silicon is springy, anti-slip and protects the radar from
any possible impact and whiles the transportation. (See figure 4.16)
o It gives a smart design for packaging, two or three units up to six
units together in one packet, moreover each corner of the silicon
part has a male square leg of 6 mm height on the lower surface
and a female square leg of 6 mm depth at the top of the corners
surface for safety fixing. (See figure 4.20)
o The users can put the enclosure on the ground or table on all its
sides because it is designed as flat surfaces without being
harmed because all parts are protected by silicon rubber corners
and rubber basement handles, this feature has been taken into
consideration when the design was in the first stage of
processing.
o The rubber handles of the Radar contains two reflectors for more
visibility in dark environments. (See figure 4.20)
o The silicon used on the handles are to present more safety hand
grips for the users because of the material flexibility.
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18. Storage room
The product contains a storage room to store required equipment and
accessories. The size of storage room is 20 x 10 x 05 cm using to keep
the Equipment & Accessories shown below. (See figures 4.17, 4.18)

Storage room

Tripod lock

Figure 4.17 Half circle storage room to store the equipment which showing below.

Charger

Strap

USB Cable

Figure 4.18. The Equipment & Accessories.
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19. The tripod lock supports
Are used to open the storage cover as well as the two battery covers
are provides simplicity of the design, the enclosed slide mechanism
provides simplicity for operating. When the tripod lock support is turned
to the left, the cover will be open and jump up while for closing the user
needs to push down the cover plate and the spring-loaded slide slips
back closing automatically. (See figures 4.11, 4.17)

20. HumanFinder display glass
It uses a graphical display which is clear and comfortable, with an
adjustable backlight for nighttime use. Gorilla Glass uses in
HumanFinder display glass. Many features come together in this kind
of glass material to create a strong and resistant glass.
(See figure 4.19)

Figure 4.19. Gorilla Glass uses in HumanFinder screen. References from: [33][34]
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21. Color and form selection
This product form is a great example of a clever simple color selection
from a usability and aesthetic point of view. The Author has smartly
used high contrast black or dark color on all areas of the radar to
indicate to users where their hands should be placed for safety used,
moreover the color of the corners, lock button and Radar handles
boundary are also black.
The size view goes parallel with color prominence. In general, lighter
colors attend to form a feature look larger, whilst the dark color makes it
look smaller, the resulting shape look smaller than the over size of the
radar, therefore, the unit looks smaller than reality.
22. The warning LED light and The Flashlight
The product uses red or orange color LED light to warn people to keep
them out of the dangerous zone, each of these colors refers to some
case of matters happened, for example, the green LED lists refers to
detecting the person under the collapse and yellow color means that
the radar is still searching for any human under rubble.
The flashlight is used to bright the place because there was no
electricity at that time and even this light is used to detect the radar
itself when the users are trying to come back to control or to pick up the
radar.
Features for warning and flash LED luminaries:
a. Light list working voltage: DC12V or DC24V.
b. LED light lists (LED flashlight and emergency light).
c. The warning light is brightness with high quality LED light.
d. The lenses of the LED bar are made from high quality extruded
Aluminum anodized profile with a strong face.
e. The luminaries covers are made from acrylic "Satene" to protect the
LED luminaries and to get good efficient without glare.
f. Superior sealed function.
g. Aluminum is the material of LED basement material.
h. The working temperature is -45°C to 55°C.
i. A reliable control panel with a switching to control the light bar.
j. The partition between two vertical LED is movable, just in the forward
LED to allow the users to open the strap in an easy way and to prevent
mixing light between two vertical LED lists.
k.Two pars LED lists, six LED lights per list for all corners of the
product.
Reference from: [35]
(See figure 4.20)
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LED light lists

Warning LED list light

Handle reflectors

Acrylic LED light cup

Flashlight list

Two lists
LED/Corner

Female square leg

1-2 USB ports

Male square leg
Silicon corners

On-Off switch

5/8" Female
stand screw

Figure 4.20. The HumanFinder Silicon corners, LED light, Reflectors and Electronic
equipment.
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4.2.3.7 CAD Visualization
Computer-aided design (CAD) as a tool which is used to reach a good
design, specific analysis and manufacturing features starting with an
idea of a new product and using the sketching to create an initial design
and after choosing the final concept, it is used the CAD software and
3D rendering software to represent final CAD shapes.
(See figures 4.21, 4.22, 4.23)

Figure 4.21. Alias Autodesk, 3D CAD software.

Figure 4.22. KeyShot, 3D Rendering software.
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Figure 4.23 Two views of CAD Model.
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4.2.3.8 Physical Prototyping
The final step is to transfer the CAD program to the CNC machine to
get the Radar exterior component pieces and then starting to assemble
it in the university workshop using acrylic paints for foam coating and
lacquered as a final step to get a physical model with good aesthetics,
The physical prototype is produced by foam material to show the parts,
size and shape. (See figures 4.24, 4.25, 4.26)

Figure 4.24. Transfer the CAD program to CNC-Machine.
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Figure 4.25. production steps of the final physical model.
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4.2.4 Deliver
Deliver phase of the double diamond design process is ended and
launched through the final testing and produced the final concept.
The result of the product in this phase is in the relevant market, it will be
generated when the problems identified during the first phase of the
double diamond design process, including all the tracks of the process
and all the collected information, using all the selected methods in this
design product. [38]
Deliver stage consists of:
Result

4.2.4.1 Final testing & Approval
4.2.4.2 Target evaluation & feedback

4.2.4.1 Final testing & approval
This final stage of the process is designed to identify any final problems
before manufacturing of the product, the manufacturing company should
start to test the product and working through these points:
 The assessment of the design to test whether they work as
anticipated and test the development theories.
 Get standards, principles and regulatory approvals.
 Undergoes damage testing and compatibility testing.
 Facilitate field tests.
 Test the reliability performance.
Implementing of design changes and
refine manufacturing
processes should be done after a complete testing of the product.
After the final testing and approval, the final process starts such as
marketing, communications, packaging and brand, then the product is
ready for launched. [38]

4.2.4.2 Targets, Evaluation and Feedback
The common aim in doing the evaluation of the final product and to
reach the target of the design is to prove the impact of good design on
the success of the product. Read the Result, Conclusion and
Discussion. [38]
(See pages 55-58)

54

Result

5 Result
The final product model has been successfully designed that look good
as well give idealized visions about future HumanFinder.
The final product contains a new layout of some of the parts of the form
to suit the modernity, technology and aesthetics.
The main focus in the design of the Radar is how making the product
suitable for using by the users in all the various application area of
Radar and all circumstances with bad weather as well as fires, floods
and earthquakes.
The product development is thinking in the end users function as well
as thinking in huge technological advance of the industry to meet the
users demand.
Containing modern exterior LED luminaries which help the workers to
operate the radar more easily. Well-chosen new design of carrying
handles with the methodology and application of the ergonomics, make
it easy to carry from one place to another.
Focusing was on colors, shape, sizes and surfaces of the form shape.
Multipurpose and multi-functional design to allow the users to use the
Radar as a wall detecting Radar.
Found the solutions for the past problems of the existing design or part
of it like: Total weight of the product, water proof or resisting the ingress
of water under specified conditions, minimize spaces of the Radar to
solve the big size of Radar, found the best materials (Extruded
Aluminum ) with silicon corner and handles basements which make the
radar scratch proof and comfortable to carry and the heavy duty LED
buttons which make the product more user friendly.
Finally, focusing was on the total cost of the product, it was the guide
when the need is to select the appropriate materials and methods to
produce a product in quick and simple way, that let the product be
available at a reasonable price for a companies and organizations.
The final product has been designed which look and function better .It
gives an idea about the future HumanFinder.
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Figure 4.26. The result of the design product.

Figure 4.26. The result of the design product.
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6 Conclusion and discussion
Conclusion
A large experience and knowledge has to be used to create a great
effect on the imaginative thinking of any design which can affect the
final quality of an idea. The possible ability and willingness to consider a
theme in a variety of ways is an asset in the innovation of new ideas.
The criterion that is applied in the HumanFinder design is based on the
background knowledge, the used design strategies as specific
methodologies , the research and development, the culture and
feedbacks from the company that has been conducted in this project.
A new form has been designed which look as well function much better
the old model.
Numerous points are able to consider for future work to make
HumanFinder look and work further:
6.1 The size of the product:
As it was not possible to adjust the antenna size, therefore the product
in result looks big in volume but maybe in the future the company which
producing this antenna start to develop and produce it in a small size
(See figure 2.3 page 15 ), in this case, the product size in the future should be
smaller and the handles that moving forward and backward instead of
fixed handles are much better to reduce the size of HumanFinder.
(See Attachment 2 )

6.2 The batteries number and their sizes:
There were two batteries using in this product which is recommended
by the company Cinside to use it in this product, it is bigger in the sizes,
therefore designers can use other types of batteries, smaller than the
used one. (See figure 4.12 page 43 )
6.3 Storage and batteries covers:
To reduce the cost, material, manufacturing processes is to design the
product with one's cover for storage and batteries instead of three
covers. (See Attachment 2)
6.4 More Weatherproof:
It is necessary for this kind of devices which using in catastrophic areas,
looks more unique products, the future thinking is to know how to
protect the dashboard of the radar especially the display part.
I had some attempts and unique HumanFinder concepts to design
different ideas about the handles, the numbers of batteries & storage
covers and tried to get a way to protect the display parts. (See Attachment 2 )
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Discussion
It was a very challenging project, where the main goal is to develop a
better form, functions and mechanism´s of the previous existing
product. Moreover the use of all the collected design theories and the
opinions of the stakeholders involved in the project was very important
for developing the product in a better and unique way. Learning from
every phase of the project, and the corrections done by the company,
which were very useful to try to adapt the final product to the existing
manufacturing process.
Furthermore the evolution of the project helped my design skills to
develop further, learning at every stage of the project something new. It
was a great succeed to see that the client in this case the company was
very satisfied with the result and evolution of the project itself, therefore
the particular designed product will start the production and will be real
very soon. As a designer that will be something incredible to see.
The whole new type of Radar is perfectly developed to be used in all
the areas for the purpose used. Catastrophic areas , moreover the
product will fulfill the needs of the end users such as rescue teams,
police and security forces but the most important is that this product can
save the human life.
This product has been designed to be marketed internationally with the
intention to expand the Cinside product line , increase profitability and
make better use of the company´s existing technologies. This new
HumanFinder Radar is a product which needs low maintenance,
moreover is designed thinking in recyclability and upgradeability.
To conclude with the discussion , I would like to say:

"If you save one life it is like saving the whole
world."
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9 Attachments
Attachment 1
Timescale table of Cinside HumanFinder - Radar.
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Attachment 2
Numerous points for future works.

Two images shows: Entre slides covers for water protection.

Two images shows: Entre covers for water protection.

Two images shows: Movable handles, one storage plate cover and one plate cover
for two batteries.
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Attachment 3
Standard ergonomics textbooks - the Military Standards MIL-STD1472F

References from:[8]
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Attachment 4
Earthquake Facts and Statistics Graphs.

References from: [16]

Largest and Deadliest Earthquakes by Year: 1990 - Present
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Number of Earthquakes by Year
last updated 12 August 2011
(all data from USGS) [17]
World Earthquakes, 1970-2010
number of earthquakes in magnitude range
year

estimated deaths
8.0 to 9.9

7.0 to 7.9

6.0 to 6.9

5.0 to 5.9

5.0 to 9.9

1970

0

20

110

1,195

1,325

68,202

1971

1

19

112

1,331

1,463

1,279

1972

0

15

110

1,316

1,441

11,179

1973

0

13

95

1,331

1,439

659

1974

0

14

99

1,312

1,425

5,440

1975

1

14

107

1,447

1,569

12,372

1976

2

15

114

1,649

1,780

697,309

1977

2

11

89

1,686

1,788

2,849

1978

0

16

93

1,526

1,635

15,192

1979

0

13

100

1,366

1,479

1,475

1980

1

13

105

1,299

1,418

8,620

1981

0

13

90

1,168

1,271

5,223

1982

0

10

85

1,425

1,520

3,328

1983

0

14

126

1,673

1,813

2,372

1984

0

8

91

1,579

1,678

174

1985

1

13

110

1,674

1,798

9,846

1986

1

5

89

1,665

1,760

1,068

1987

0

11

112

1,437

1,560

1,080

1988

0

8

93

1,485

1,586

26,552

1989

1

6

79

1,444

1,530

617
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1990

0

18

109

1,617

1,744

52,056

1991

0

16

96

1,457

1,569

3,210

1992

0

13

166

1,498

1,677

3,920

1993

0

12

137

1,426

1,575

10,096

1994

2

11

146

1,542

1,701

1,634

1995

2

18

183

1,318

1,521

7,980

1996

1

14

149

1,222

1,386

589

1997

0

16

120

1,113

1,249

3,069

1998

1

11

117

979

1,108

9,430

1999

0

18

116

1,104

1,238

22,662

2000

1

14

146

1,344

1,505

231

2001

1

15

121

1,224

1,361

21,357

2002

0

13

127

1,201

1,341

1,685

2003

1

14

140

1,203

1,358

33,819

2004

2

14

141

1,515

1,672

228,802

2005

1

10

140

1,693

1,844

88,003

2006

2

9

142

1,712

1,865

6,605

2007

4

14

178

2,074

2,270

712

2008

0

12

168

1,768

1,948

88,011

2009

1

16

144

1,896

2,057

1,790

2010

1

21

151

1,963

2,136

320,159

2011

1

11

137

1,656

1,805

28,361

69

Attachments

Relative annual energy release from earthquakes, magnitude 6 or greater,
1900-2010 [17]

Estimated total annual earthquake energy release (magnitude 8 earthquake =
1 = 1,000 magnitude 6 earthquakes) in red; 7-year average in grey. [17]
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Annual earthquake-related fatalities per million population, worldwide,
1900-2010 [17]

Annual earthquake death rate per million population in red; smoothed rates in
grey (specifically, linear smoothing). Note logarithmic scale. References from:
[17]
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Attachment 5
Poster of design result for a HumanFinder - Radar.
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