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1. INTRODUCTION
This case study addresses the problems of water distribution in Tanzania, a sub-Saharan
African country, from a technical perspective. It explores the alternative possible solutions for
a cost-effective solution to monitor drinking water quality in rural areas.
Water scarcity in many parts of Tanzania raises concerns over issues of geographical
distribution, use, quantity and quality. Competition for water use is increasing due to growing
population and related social and economic activities. Moreover, the dependence of rural
dwellers on non-piped sources, such as wells, surface water bodies or springs, is still
significant, as can be seen in the following table. This dependence has resulted in conflicts
among users, especially related to production and environmental protection, but also
between water supply and wastewater discharge, as well as between upstream and
downstream users. In light of all these conflicts, supplying water to domestic users,
particularly the poor, constitutes a major challenge. Access to clean water is needed for
health and survival reasons, and the reduction of distance and time needed to fetch clean
and safe water remains amongst top policy priorities in Tanzania (Ministry of Water and
Irrigation, 2008).
Access to safe water and adequate sanitation are a real issue in Tanzania as they are social
determinants of population health. It has been estimated that 12% of deaths in Tanzania are
related to inadequate water, sanitation and hygiene 1. This is a compelling reason to work on
reducing the distance to safe and clean sources of water, as well as on continuously
monitoring and reporting the quality of sources (piped or non-piped) to prevent the
recurrence of water borne diseases among children and adults.

Figure 1 Percentage of households using piped, well, rain, spring, surface and other drinking water
sources 1978-2000/1. Source: Marshall et al., 2002.

1

http://www.unwater.org/downloads/WCB/finalpdf/TZA_pagebypage.pdf
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1.1. DISCIPLINES COVERED
This case study covers different aspects of the electronic engineering curriculum, including
the following:
•

Embedded system and digital electronics

•

Sensors and instrumentation

•

Power electronics

•

Digital communications

•

System engineering

1.2. LEARNING OUTCOMES
The following outcomes are expected after completing the case study:
• Demonstrate an understanding of the controlling circuits and systems interfaced in an
embedded electronic board
• Demonstrate the ability to analyse alternative solutions for a wireless sensor network.
• Demonstrate the ability to understand design constraints and adapt a design to
assume the trade-offs and restrictions imposed by the application.

1.3. ACTIVITIES
This case study proposes two related group activities, one to be carried out in class and the
other outside the class.
The class activity follows a design thinking approach, where students are encouraged to
analyse the problem from a global perspective. Students are required to identify the needs
and motivations of end-users, generate as many ideas as possible to serve these identified
needs and then converge on a proposed solution.
The second activity reinforces the learning outcomes by asking students to develop the
implementation of a prototype that incorporates their proposed solutions. This activity forces
the student to converge and transform ideas and concepts into a potentially working solution.
This exercise will put their knowledge in electronics into practice to demonstrate their
understanding of the problem and ability to analyse the implementation alternatives.

4
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2. DESCRIPTION OF THE CONTEXT
To make students aware of the context, it is necessary to present the reality in Tanzania with
regards to water, health and infrastructure, which are very different to those in developed
western countries.

Tanzania at a glance
Tanzania is a country in East Africa, in the African Great Lakes region. It has been divided
into 30 administrative regions: five on the semi-autonomous islands of Zanzibar and 25 on
the mainland in the former Tanganyika.
As of 2013 2, Tanzania remains considered as a poor country, with a per capita gross
domestic product (GDP) of $1,715 (PPP), a figure on par with other sub-Saharan African
countries. The economy is heavily based on agriculture, which accounts for more than 25%
of the GDP, provides 85% of exports, and employs 80% of the workforce; 12.25% of the land
is arable, but only 1.79% of the land is planted with permanent crops.

Governance in Tanzania
The Government of Tanzania has embarked on a major sector reform process since 2002.
An ambitious National Water Sector Development Strategy, which promotes integrated water
resources management and the development of urban and rural water supply, was adopted
in 2006. Decentralisation has meant that responsibility for water and sanitation service
provision has shifted to local government authorities. Service provision is now carried out by
20 urban utilities and approximately 100 district utilities, as well as by Community Owned
Water Supply Organisations in rural areas.
These reforms have been backed by a significant increase in allocated budget in 2006, when
the water sector was included among the priority sectors of the National Strategy for Growth
and Reduction of Poverty MKUKUTA. However, the Tanzanian water sector remains heavily
dependent on external donors: 88% of the available funds are provided by external donor
organisations.
In this context, effective policy monitoring is essential for measuring progress towards
national targets for water and sanitation (as well as towards the Millennium Development

2

Data from wikipedia, http://en.wikipedia.org/wiki/Tanzania
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Goals (MDGs)), to ensure effective targeting of investment, and to inform sector policies and
strategies.

Health and water as Human Rights
According to the World Health Organization (WHO), most inequalities in health are due to
the conditions in which people are born, live and work, as well as the health system they
have access to. That is, access to safe water and adequate sanitation, an adequate supply
of safe food, adequate nutrition, adequate housing, healthy working conditions and
environment, and adequate social protection. Improving these social determinants of health
and reducing inequalities of power, money and resources are likely to help to improve the
population’s health.
Similarly, the UN recognizes health as one of the key elements of human development,
along with education, a minimum level of income and the ability to participate in political and
social life of the community. In fact, health and water have even been recognized as Human
Rights 3, which bind governments that have signed international covenants related to human
rights. Regarding health, the right to health shall not be understood as the right to be
healthy, but rather as a government’s obligation to create the conditions that allow all people
to live as healthily as possible, including the social determinants of health. International
regulations on the right to health require governments to provide access to health care with
quality care, non-discrimination and economic conditions that do not prevent access by the
poor.
The health status of the population is also a factor that affects a country’s development. Poor
health reduces capacity to work and productivity of people, and affects the physical
development, schooling and learning of children. Conversely, there is evidence to illustrate a
link between the improvement of children’s nutrition and health with an increase in
productivity and school performance. In relative terms, the economic and education
advantages that are produced by improvements in health generate greater benefits for the
poorest sectors of the population. This is why, health was one of the key issues considered
as part of the Millennium Development Goals.
The Human Right to Water places the main responsibility of to ensuring that people can
enjoy "sufficient, safe, accessible and affordable water, without discrimination" upon national
governments. In particular, governments are expected to take reasonable steps to

3

United Nations General Assembly Resolution 64/292, 28 July 2010,

6

Tanzania, Water and Health

avoid contaminated water supply and to ensure there are no water access inequalities
among its citizens.

Gender issues on health and water
Gender refers to the different roles, rights, and responsibilities of men and women and the
relations between them. Gender does not simply refer to women or men, but to the way their
qualities, behaviours, and identities are determined through the process of socialization.
Gender is generally associated with unequal power and access to choices and resources.
The different positions of women and men are influenced by historical, religious, economic
and cultural realities. These relations and responsibilities can and do change over time.
Women and men often experience different social determinates of health, which leads to
gender inequality in access to health. For example, domestic tasks cause women be in
contact with contaminated water, fatigue and stress related to a "double day" inside and
outside the home, as well as health problems during pregnancy, childbirth and postpartum,
etc.
In most developing countries, women and girls are responsible for the collection and use of
household water, while men make decisions about water resources management and
development at both local and national levels. In a rapidly changing world where water
scarcity, climate variability and climate change, disasters and conflicts are affecting access
to safe and sustainable water resources, women are especially vulnerable. Prevailing social
inequalities mean women typically have a lower capacity to cope with and adapt to changes
in access to water resources. Consequently, women bear a disproportional burden of
increased competition and climate change induced consequences on water.

Water distribution infrastructure sector
Drinking water (a.k.a potable water) is safe enough to be consumed by humans with low risk
of immediate or long term harm. In most developed countries, the water supplied to
households meets drinking water standards. However, over large parts of the world, people
have inadequate access to potable water and must resort to using contaminated sources. As
an example, access to water and sanitation remains low in Tanzania and only slightly more
than half the population is estimated to have access to an improved water source. In
Tanzania, there are also stark differences in access between urban areas (about 79% in

7
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2010) and rural areas (about 44% in 2010) 4. In rural areas, access is defined as meaning
that households have to travel less than one kilometre to a protected drinking water source
in the dry season.
According to data from the Household Budget Surveys 5 in 2000/2001 and 2007, access to
an improved water source in mainland Tanzania decreased from 55% in 2000 to 52% in
2007. Although, using a broader definition of access that also includes standpipes and
protected springs, there has been a slight increase in the proportion of households reporting
a drinking water source within one kilometre.
Water quality varies significantly within the country: colour and turbidity levels are
problematic during the rainy season in the semi-arid regions (Dodoma, Singida, Tabora,
Shinyanga, and Arusha), while fluoride concentration is a matter of concern at rivers around
Arusha, Kilimanjaro, Singida, and Shinyanga regions of the Rift Valley. The waters of Lakes
Tanganyika and Nyasa have good water quality overall, except in the vicinity of urban areas
where effluent and storm water cause local contamination. Nevertheless, the water quality of
Lake Victoria is poor: high turbidity and nutrient levels lead to frequent blooms of algae and
infestations of water weeds.

Water quality and safety indicators
The WHO/UNICEF Joint Monitoring Program, JMP (WHO/UNICEF Joint Monitoring
Programme

for

Water

Supply

and

Sanitation),

uses

the

classification

of

improved/unimproved sources and facilities as a proxy indicator to assess the use of safe
water, because improved infrastructure, due to its construction, is more likely to provide safe
water. However, the JMP recognises the limits of this indicator and its inefficiency for
assessing water safety.
Some of the difficulties in monitoring water quality include 6:
•

Experience shows that most people do not have the knowledge to determine
whether water from a particular source is safe or not.

4
5

6

http://en.wikipedia.org/wiki/Water_supply_and_sanitation_in_Tanzania - cite_note-JMP-2
National Bureau of Statistics- National Statistical Office of Tanzania. http://nbs.go.tz/tnada/index.php/catalog
http://www.wateraid.org/~/media/Publications/east-africa-data-reconciliation-workshop.pdf
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•

Local authorities may not know about the water quality provided by the
infrastructure. Contamination between source and point of use may also occur.

•

Water quality can vary with time and a single measurement during a certain
period (eg dry season versus rainy season) cannot capture these changes.

Figure 2 Villagers collecting water in a local spring.

In addition to these issues, water quality monitoring is very costly and requires appropriate
equipment, trained staff and logistics. It is also difficult to establish agreement on
standardised and objective criteria that are both useful at national level and comparable
between countries. In fact, national stakeholders are principally interested in water quality
data for regulation and planning of water supply schemes. Consequently, establishing a
sustainable system to monitor water quality is a major challenge for national governments
and international institutions, especially a system that provides useful information to local
governments, who are responsible for providing quality water, but often have little capacity..
Water quality can change frequently over time, necessitating frequent, repeated
measurements to adequately characterize variations that occur. When the time interval
between repeated measurements is sufficiently small, the resulting water-quality record can
be considered continuous and the device that measures water quality in this way is called a
continuous water-quality monitor. These monitors have sensors and recording systems to
measure physical and chemical water-quality field parameters at discrete time intervals at
specific point locations. Operation of a water quality monitoring station provides a near
continuous record of water quality that can be processed and published or distributed
directly by telemetry to the Internet. Relevant water-quality field parameters include, among
9
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others 7, temperature, specific conductance, pH, dissolved oxygen (DO), and turbidity.
Procedures for continuous monitoring in pristine, freshwater streams differ from those
needed in coastal environments. Continuous monitoring in coastal environments can be
challenging because of rapid biofouling from microscopic and macroscopic organisms,
corrosion of electronic components from salt and high humidity, and the wide range in value
of field parameters associated with changing weather and tidal conditions.
Temperature and conductivity are true physical properties of water bodies, whereas DO and
pH are concentrations, and turbidity is an expression of the optical properties of water.
Sensors are also available to measure other field parameters, such as oxidation-reduction
potential, water level, depth, ammonia, nitrate, chloride, and fluorescence.
In addition to the measured field parameters, some monitors may include algorithms to
report calculated parameters, such as specific conductance, salinity, total dissolved solids,
and percentage of DO saturation.

3. ELECTRICAL INFRASTRUCTURE AND COMMUNICATION NETWORKS IN TANZANIA
Most electricity in Tanzania is generated using gas, although hydropower is also a significant
source. Currently, most Tanzanians are outside the electrical grid despite the country’s
efforts to double supply between 2005 and 2011. The country’s high dependence on
hydropower generation causes disruptions during prolonged droughts that have affected the
country for several years. During these periods, supply is unreliable and shortages lead to
power rationing. To deal with the problem, the government have hired private companies to
generate more than 300 megawatts of power daily on a short-term basis - about a fifth of the
country's electricity needs.
This generating capacity is to be replaced by other facilities, including Tanzania's first natural
gas-fired plant. The 240 billion Tanzanian shilling ($183 million) plant being built at Kinyerezi
in Dar es Salaam is expected to meet some 20 percent of national electricity demand.
Tanzania has proven reserves of natural gas in excess of 50 trillion cubic feet - more than
enough to put the country on a faster economic development path and help it build energy
independence. Currently, natural gas accounts for about a third of Tanzania's electricity

7

http://people.eng.unimelb.edu.au/jgl/Papers/2013WaterQuality-ICACCI.pdf
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generation, with hydropower and liquid fossil fuel also contributing in roughly equal
measures.
In its 2014-25 Electricity Supply Industry Reform Strategy Roadmap the Tanzanian
Government said it would use a variety of energy sources, including coal and gas, to
increase electricity generation from 1,583 megawatts (MW) today to 10,800 MW over the
next 10 years.
With respect to the telecommunication infrastructure, in September 2014 the penetration
rate 8 was estimated at 68% over an estimated population of 45 million, where the mobile
network represents 99% of subscribers.

Figure 3 GSM and 3G coverage in Tanzania. At best, 2/2.5G will be available in rural areas. Source
Tigo website

9

Mobile communications are the dominant means of communication in Tanzania and play a
key role in boosting economic growth. They also serve as a platform for socio-economic
development, bringing a range of services in areas such as banking, healthcare and
education to populations across the region. However, although the situation is improving,
26% of the population still lies beyond the reach of wireless networks. Local carriers are
aware of the importance of rural communities in the future of mobile communications and,
for example, Vodacom noted at the end of 2012 that future growth in the sector in Tanzania

8
9

https://www.tcra.go.tz/images/documents/telecommunication/telcomStatsSept14.pdf
https://www.tigo.co.tz/tigo-world-0?page=1
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will come from rural areas despite the fact that they currently have relatively low connection
penetration rates (25% compared to 80% in urban areas). The company also stated that
“clearly the growth will start with voice and text messages before the rural areas become
mature enough to migrate to the internet and high speed broadband” (Boston Consulting
Group, 2013).

4. CLASS ACTIVITY
The class activity is prepared for two hours and follows a design thinking approach (Table 1),
where students are encouraged to analyze the problem from a global perspective. This will
enable them to identify the needs and motivations of the intended end-users, generate as
many ideas as possible to serve these identified needs and then converge on a proposed
solution.
Table 1 Activity Planning.

Time

Activity

10’

Introduction to microcontrollers

10’

Context Description

10’

Problem Statement

15’

First Brain Storming Phase

15’

Pause

20’

Second Brain Storming Phase

15’

Synthesis. Solution proposal

20’

Presentation to peers

5’

Lessons Learn: Summary
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Introduction to microcontrollers
It is proposed to devote 15’ of the class to review generic concepts of a microcontroller as a
small low-cost computer that, in a single chip, includes multiple modules. Usually the
following can be found:
–

An 8 or 16 bit microprocessor (CPU).

–

A small amount of RAM.

–

Programmable ROM and/or flash memory.

–

Parallel and/or serial I/O.

–

Timers and signal generators.

–

Analog to Digital (A/D) and/or Digital to Analog (D/A) conversion.

The student is reminded that these devices can be found at the heart of many products such
as car engines, consumer electronics (VCRs, microwaves, cameras, pagers, cell phones .. ),
computer peripherals (keyboards, printers, modems.. ), test/measurement equipment (signal
generators, multimeters, oscilloscopes…). In our case, we discuss the role of the
microcontroller to solve the problem at hand:

Figure 4 A small computer on a single chip containing a processor, memory, and different modules for
input/output. Image from: http://www.mikroe.com/chapters/view/1/.

Sometimes the microcontroller runs multiple tasks with the support of a standard (or real
time) operating system (OS). However, quite often a dedicated code controls the devices of
the system, without any OS support device.
13
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In contrast to high performance processors used in desktop computers, microcontrollers are
usually meant to operate on batteries, and therefore have low-power requirements (~. 0.5 - 1
W).
The programming of a microprocessor generally requires detailed knowledge of the device
internals, including memory mapping, peripheral configuration registers, etc. However, in the
last years new concepts, such as Wiring and Arduino 10, have become popular approaches to
microcontroller programming. In this session, examples refer to the Arduino platform, an
open-source physical computing platform based on a simple microcontroller board, and a
development environment for writing software for the board.

Context Description

The context for the access to water is presented to the student: It is important to highlight the
following aspects:
•

Access to water remains low in Tanzania. Only just over half the population of
Tanzania is estimated to have access to an improved water source, with stark
differences between urban areas and rural areas.

•

Water quality varies significantly within the country: colour and turbidity levels are
problematic during the rainy season in the semi-arid regions, fluoride concentration is
a matter of concern in other areas, and high turbidity and nutrient levels lead to
frequent blooms of algae and weeds. Experience shows that most people do not
have the knowledge to determine whether a water source is safe or not.

•

Local authorities, responsible for the infrastructure, may not know about poor water
quality or overuse of existing wells, which may compromise quality and sustainability.

•

Water quality can vary with time and a single measurement during a certain period
(eg dry season versus rainy season) cannot capture these changes.

•

ICT access is mostly restricted to mobile phone infrastructure, however coverage is
far from global and low payment capability of individuals in remote areas limits its
deployment.

10

Alan G. Smith , Introduction to Arduino, September 30, 2011, available at

http://www.introtoarduino.com/downloads/IntroArduinoBook.pdf
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Problem Statement
According to the context description, establishing a sustainable system to monitor water
quality is a major need, especially in providing useful information to local governments as
well as local users.
A self-contained low-cost and light weight system for continuous water quality measurement
is needed to inform users about potential hazards, as well as to provide information to local
governments, which are responsible for providing quality water but have little capacity.
Ideally, the system needs take into account the reality of Tanzania: it should work for both
manual and electrically (grid or sun) powered pumps and in areas with or without data
network coverage.
During this activity, students can pose questions about the country, the limitations and so on.

Brainstorming Phase 1
To carry out this activity, students are grouped into teams of 4 or 5.
During an initial brain storming phase, students will read the documentation for 10 minutes
and individually propose alternative options to solve each of the problems for 5 minutes: at
least 3 ideas per point. No idea should be discarded at this point.
Students are encouraged to highlight new problems that they may be considered relevant for
the purpose of the activity (max 1 new problem per group).
Ideally, students will write their proposals on sticky notes, such as Post-it® notes, otherwise
cards or paper sheets will be supplied by the lecturer, who will then collect and arrange them
on the black/whiteboard during the pause.

Table 2 Problem and constraints.

PROBLEM

CONSTRAINTS

Sensing

Water operational monitoring parameters
The parameters selected for operational monitoring should reflect the
effectiveness of each control measure, provide a timely indication of
performance, be readily measured and provide opportunity for an

15
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appropriate response (World Health Organization, 2008).
A range of parameters can be used in operational monitoring. For
source waters, these include pH, turbidity, UV absorbency, dissolved
oxygen, conductivity, organic carbon content, algal growth, flow and
retention time, color, conductivity and the occurrence of local
meteorological events.
Ideally, a means to estimate the presence and/or concentrations of
coliform bacteria should also be considered.
Each sensor takes up space. We need to monitor at least the following:
temperature, specific conductance, pH, dissolved oxygen, and turbidity.
Communications

The device has to provide readings to external devices either wirelessly
of by direct connection.

Recording

The system records water quality readings and water usage with the aid
of an embedded system.

Warning user

The system will warn the user if the quality does not meet a minimum
standard

Fixation

The system has to be fixed in place so that it cannot be easily removed

Powering

The device needs to power the electronics in all conditions

Software

The service has to be automated with software that retrieves data from
local water sources and compiles information in a server run and owned
by local authorities.

Brainstorming Phase 2
During this second phase, students will analyze their proposals as a whole group and
determine (from a global perspective) which combination of ideas is most suitable given the
constraints currently present in Tanzania. For each of the ideas proposed in Phase 1,
students must analyze its pros and cons and describe the implications of adopting this idea
into the overall solution (follow - what?, why?, who?, where? logic).
To guide the discussion, each idea will be classified on a scale of 1-5 in terms of feasibility,
originality, robustness, logic (coherence with the overall problem) and scalability.
16

Tanzania, Water and Health

Synthesis: Solution proposal
Given the problem at hand and the constraints in the country, teams have to identify which
combination of ideas will best meet the needs of users and local authorities responsible for
water supply. To remind, the reader:
•

Users need a reliable source of water and for such purpose the system should inform
them about water quality. The system has to work 24/7 without any external support
or intervention.

•

Local authorities need a system that provides regular readings of water quality at
springs and wells in rural and remote areas, with as little intervention as possible and
reliant on existing infrastructure.

Presentation to peers
Each group will present their solution to the rest of the class making a short pitch and if
possible a first draft device design to envision usability. The extension of the presentation
will depend on the number of groups. At the very least, each group will provide an elevator
pitch with their proposal, summarizing the key factors that make their solution original and
feasible.

Lessons Learned: Summary
The lecturer will analyze the solutions presented by the different groups to summarize
common points and identify innovative or unfeasible solutions.
If this session is to be continued with the homework activity, the lecturer will provide
indications on how students should continue with the homework, otherwise the lecturer will
address the aspects of the group’s solutions that are more relevant for an application based
on an embedded processor.
In the homework activity, students should take their proposal developed in class as the
starting point, although they may supplement this with ideas from other groups to improve
their solution.

17
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4.1. SOLUTION AND EVALUATION CRITERIA

The solution to the problem is open. However, the following criteria in the activity evaluation
are proposed in Table 3.
Table 3 Criteria in the activity evaluation.
CONCEPT

DESCRIPTION

WEIGHT

Participation

Grade of involvement of all team members

15

Divergence

Creativity of the proposal. All proposals that are considered

15

as feasible will be listed and students will rank their
creativity.
Convergence

The work during the Synthesis phase is evaluated.

20

Focusing on the ability to transform ideas and constraints
into design specifications.
Understanding

Based on the final proposal and presentation, the lecturer

30

will evaluate the level at which the team managed to
understand the implications of the problem, both technical
and non-technical, from a global perspective.
Presentation

The lecturer will evaluate the ability of the team to pitch

20

their solution to their peers. The focus will be on the
structure and clarity of the message within the given time
window. Students have to focus on the key aspects of their
proposal.
The lecturer shall be very strict with the fulfilment of the
time slots, to guarantee all groups have the same
conditions for presentation.

18
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5. HOMEWORK ACTIVITY
Students are asked to develop, in groups, a conceptual prototype of the solution proposed
following the brainstorming phase. This prototype, whose electronics should be based on the
Arduino platform (Smith, 2011), has to cover the following aspects:
•

(2 hours) Appearance: mock-up of the proposed device, to show the expected
dimensions of the device and the way it would integrate with an existing water pipe.

•

(2 hours) Provide a conceptual design (wiring and components) to sense water
quality of the embedded system using components from atlas scientific 11.

•

(2 hours) Provide a conceptual design (connections and components) to solve data
reporting to local agencies.

•

(2 hours) Provide a conceptual design (connections and components) to solve water
status reporting to the user.

•

(2 hours) Provide a conceptual design (connections and components) to powering
the solution.

•

(1 hours) Provide a conceptual sketch of the complete service (how all pieces fit
together and satisfy the needs of the stakeholders).

Teams will present (10mins per presentation) in class their final prototype of the system and
service. Each bullet point should be covered with a maximum of 2 slides and students. In
their presentation students have to highlight the limitations of their solution and how the
address them (for instance, how the fact that sensors have to be calibrated once a year fits
into their proposal) and also what the main assumptions in their design that would need
further validation are.

5.1. SOLUTION AND EVALUATION CRITERIA
The solution to the homework activity is open. However, it is propose to consider the
following criteria in the activity evaluation (Table 4).

11

https://www.atlas-scientific.com/
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Table 4 Criteria in the activity evaluation.
CONCEPT

DESCRIPTION

WEIGHT

Completeness

The team completed all phases of the exercise

40

Clarity

The presentation is clear and well-structured

10

Time

The presentation is completed within the time frame

10

Correctness

The solution is technically correct to solve the problem

10

Understanding

Limitations and their integration in the product/service

10

are correctly addressed.
Feasibility

It would be feasible to put the solution into practice

10

Creativity

The proposed solution addresses the problem from an

5

imaginative unexplored point of view.
Over-

The team went beyond expectations and prototyped

performing

the system with greater detail in some of the aspects

5
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