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Abstract

Design of Water quality checking product

The chemical department of IIT Bombay has developed a
biosensor which works on conducting polymers.These type
of sensor can check the presence and quantity of various
elements in a liquid.Media Lab Asia took this project for
further development and appointed people from various
department like Electrochemistry, Microelectronics,
Biomedical,industrial design centre of IIT Mumbai and people
from media lab Asia. | took this project under Guidance of
Prof .Munshi of IDC ,IIT Bombay.The projects main aim was
to do research in water quality checking. On every Friday a
meeting is used to held in Chemistry department where all
the people in group meet and discuss on various

issues of design at various levels of sensor design.Group
looks on to the progress of every person. Inputs are given
from experts in different people which are used in design of
the product.

The projects main aim to develop a water quality
checking product which can be carried in
fields,outside the laborotary.Each and every
technical issue is discussed in meeting and solu—
tion for problems were finalized by consulting with

the people.

The effort is to make such a product which is useful to people
who are doing research in this field.Exploration for

design ideas was done in many ways.At every level of
design concepts were evaluated and then carried forward .



Introduction
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The chemistry department of IIT Bombay has
recently developed a biosensor which can sense
presence and quantity of elements in liquid. Media
lab Asia ,sister concern of Media lab USA took
the project to develope a product using this
technology. The project is an interdisciplinary
course where people from various departments of
IIT work together. The people from chemistry
department develope the sensor and look for its
sensitivity and other related problems. The
electronics department will develop the PCB and
sensor cartridge . The IDC will design the product
by combining the internal circuits and related
usability , functionality issues . There was no
product developed on this technology and also
which liquid is to be tested was not clear. Then
first we concentrated on water for checking its
parameters.The biosensors are very compact and
small in size .They work on the principle of
change in electrical conductivity as compared to
other ion exchange based products which are
available in global market .All the sensors
available in market are based on some other
techniques of sensing elements not big work has
been done in the area of biosensors 10 years ago.

Recently some researchers has done great work
and they have come up to stage of using this
technology effectively as product .Biosensors have
not been used in large numbers to check the
liquids likewater,blood,urine,milk,chemical

mixtures etc.The biosensors have very wide use in
the field of food technology and beverages where
they are used to taste the quality of the beverages
and to check the food for any type of poisoning
from microorganisms. Now the same biosensor
can be used to check water quality, to check the
blood constituents ,milk fat contents ,urine for
glucose.

Amongst blood, water and milk we started our work
with water quality checking .We focused our work
with water so that it can form base knowledge to
go for higher complexity. If we see the present
water quality checking products ,they are based on
the ion exchange methods. They mostly come
from other countries like Japan as such India is not
making any sensor which can sense more than
one parameters .



Project justification
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If we see the present water quality checking
products ,they are based on the ion exchange
methods .They mostly come from other countries
like Japan ,as such India is not making any sensor
which can sense more than one parameters .The
water quality checking in India is done by
government labs on District and taluka level. They
use very old techniques like titration ,calorimetric
which are very time consuming .Recently in some
government organization in urban area they started
buying some instruments to check some param-
eters .The water quality checking in rural areas is
done by primary health care department . The
samples are taken from villages and are sent to
district level for water quality checking. There are no
sophisticated labs available at taluka level as the
cost is very high. The reports take lot of time to
come from district level .If we can make a product
at low cost affordable to government .The total time
can be brought down and decision making can take
place immediately .The instruments are foreign
make so they are very costly in the range of 110 1.5
lacks .Now the biosensor technology developed in
India is used to make the product the cost of the
product may come down to 20 to 30 thousands.
The size of present sensors is also major
consideration because the sensors are very big in
size as they use ion exchange methods. So they
are difficult to carry to the field But the biosensors is
very compact it's like small electronic PCB
measuring the parameters. There is lot of scope in
making the product compact, portable using the
biosensors

Advantages of biosensors

1 They are very compact

2 The cost range as compared to other
technologies is cheap

3 The Reading given is instant

My main focus in this project is to come up with a
product which can check water quality in the field.
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The biosensor is analytical device incorporating a
biological or biologically derived material either
intimately associated or integrated within a physio
chemical transducer. The aim to produce an
electronic response that is proportional to the
concentration of analyte .The change in electronic
conductivity of conducting polymers in response to
change in pH has been made use of in fabricating
sensors from biomolecules. Specificity to desired
molecule can be achieved by immobilizing the
appropriate enzyme into the polymer matrix.The
sensor is having bread/butter/jam configuration .1t
consists of two platinum disks shielded in epoxy
and separated by a gap 8 micrometers.Polyanniline
was deposited on platinum (bread) and grown to
sufficient to bridge the gap between the electrodes.
Now the element specific enzyme (jam) will be
immobilized on the polyanniline .So for every
element there will be specific enzyme to be immobi—
lized on polymer.




Water
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In nature water is 100% pure when it comes from
clouds that is condensation from vapour to water
droplets .But there is no such thing as Opurell water
on ground all of it contains gases or minerals .Water
is polluted by both nature and the activities of
human beings .In most cases the

pollution is hardly severe and is not

particularly detrimental to health .However a few
substances that are health hazardous do occur in
water and can cause illness or even death .

Impurities present in water

Dissolved impurities :

Dissolved impurities of water include
dissolved inorganic salts,organic
salts &gases.The examples of dissolved salts
include sulphates,chlorides,
carbonates & bicarbonates ,nitrates, nitrites of
calcium,sodium,iron,potassium,
magnesium etc .Dissolved gases include gases like
oxygen,carbondioxide,nitrogen oxides and traces of
ammonia & hydrogen sulphide .

Suspended impurities :

Suspended impurities of water include
suspended inorganic matter and suspended organic
matter.The examples of suspended inorganic matter
include clay and sand .Suspended organic matter
includes oil globules and vegetables and animal
decay products .

collidal impurities :

Colloidal impurities of water include finely
diveded clay and silica ,ferric
hydroxide ,aluminium hydroxide,humic acids,organic
waste products,colouring matter and complex
protein aminoacids .

Bacterial impurities:

Bacterial impurities of water include bacteria
other micro—organisma and other forms of animla
and vegetable life found in water .



Water pollution
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Sources of water pollution

precipitation:

Moisture collect around minute particles in the
atmosphere until a droplet forms and grows to such
a size and weight that it falls. The nucleus of droplet
may consist of particle of ice ,dust blown from
fields, ash emitted during volcanic eruption or
crystals of salt evaporated from sea spray. The air
also contains many gases .Carbon dioxide in air
combines with water to form cabonic acid ,hydrogen
sulphide forms hydrosuplhonic acid .

Ground water pollution :

water moves slowly through the ground , remaining
in contact with soil and rocks for a long time .
Therefore various elements are dissolved from the
enclosing soil and rocks causing the water to
increase in mineral content.

Human induced pollution

pollution of rain :

Present day atmosphere contains a diver—
sity of extraneous and common place materials .It
steadily absorbs a wide range of solids , liquids and
gases resulting from human acitivities. These
elements then go into rain to pollute the rain water .

Surface water pollution :

Disposal of industrial , municipal and
domestic wastes directly into streams has bees a
major source of water pollution.

Pollution of ground water :

The quality problems of human influenced
ground water are most commonly related to water
soluble products that are placed on land surface and
in streams substances that are deposited or stored
in the ground above the water table
Disposal, storage or extraction of material below the
water table.

Accidental spills of hazardous materials:

Many kind of toxic and hazardous materials
are transported throughout world by ship,truck,
railand aircraft.Accidental spills do occur in such
situations which are unavoidable .

Industrial wastes :

Many industries like chemical, petrochemi-
cal, leather, power plants, fertilizers and many more
release there hazardous waste directly into water,
streams,rivers,lakes,sea to pollute them .

10



Significance of water quality constituents
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An examination of water analyses clearly shows that
the major dissolved substance in water comprise a
small number of elements,usually in ionic form.
These include the ions of calcium,magnesium,
sodium,bicarbonate,sulphate, chloride. Although it
rarely happens in water sample these substances
can combine to form a total of nine dissolved
chemical compounds.There may be several other
compounds in water but they are generally in much
smaller quantities.Mineral substances found in low
concentrations include iron ,magnesium ,silica,
nitrate and fluoride as well as trace elements .Even
minor concentration of some of these substances
can produce undesirable taste,colour,odour or
staining or can even adversely affect health .
Water contains lot of dissolved constituents which
are small in number and usually in ionic form .They
include the ions of calcium , magnesium ,sodium,
bicarbonates ,sulphate&chloride .They may be
several other compounds in water but they are
generally in much smaller quantities .

Even minor concentration of some of these
substances can produce undesirable
taste,odour,colour or staining or can even adversely
affect health.

Dissolved solids:

Dissolved solids denote the concentration of
mineral constituents dissolved in water.
Dissolved solids do not include gases, colloids or
sediments but consists chiefly of carbonates,
biocarbonates, chlorides,sulphate, phosphate
&nitrites of calcium,magnesium,sodium,potassium
with traces of iron , manganese few others .

Sodium:

The major source of sodium in natural water is from
weathering of feldspar, evaporates & clay .All
natural waters contain some sodium concentrations
of which range from less than 0.5 mg/l in brines.
Sodium is not especially important in water for
domestic use but it can affect the persons with an
abnormal sodium metabolism .Sodium in excess of
500 mg/I when combined with chloride produces a
salty taste.

Potassium:

Common salts potassium are very soluble & not
easily from water. concentration normally less than
20 mg/l is natural water may be as much as 100
mg/l is hot springs & exceed 2500 mg/l in brines.
Potassium is essential nutrient but large
concentrations are laxative .

Calcium:

Calcium is derived from nearly all rocks the greatest
concentration is derived from limestone, dolomite
gypsum & gypsiferous shale. Concentration of
calcium in natural water range between 10 & 100
mg/I .Calcium increases hardness of water so it is
required to put limit on calcium .Calcium
concentrated water also causes problem to boilers &
other heat exchange

equipment.

11
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Magnesium:

Sources of magnesium include Ferro magnesium
minerals in igneous and

metamorphic rocks and magnesium

carbonate in limestone & dolomite .Human require
about 350mg/I of magnesium daily. Magnesium is
non-toxic but it gives bad taste to water.

Bicarbonates and carbonate:

Bicarbonate (HCO3) & carbonate (CO3) are com-
monly reported as causing alkalinity, the capacity to
neutralize acids . The recommended range of
alkalinity for public water supplies is 30 mg/l to 400
mg/.

Concentration less than 100 mg/l are desirable for
domestic water.

Sulphate :

Sulphate produces a detectable taste at concentra—
tion of 300 to 400 mg/l and a medicinal or bitter
taste if the

concentrations exceed 500mg/l.

Chloride :

Chloride forms a major dissolved substance in some
natural water .In sea water the average chloride
concentration is 19300mg/l & inland concentrations
generally decrease to less than 1mg/Il .In water
chloride concentrations in excess of 250 mg/l may
impart salty taste excess may be physiologically
unsafe.

Iron:

Iron concentration in natural water is generally less
than 5 mg/I .Water with low pH usually contains
more than alkaline water. Concentration in excess of
0.3mg/l will cause staining of laundry& utensils .It
adversely affects the food processing, dying, and
bleaching .Iron more than 0.3 mg/l in water can
cause aesthetics

qualities such as taste & odour.

Manganese:

Concentrations of manganese in natural waters are
generally 0.02mg/l or less .Safe limit of manganese
in drinking water is 0.05mg/I.More concentration
affects the odour & taste.

Nitrate:

Nitrate in water supplies comes from atmosphere,
legume plants , plant debris, animal excrement &
sewage as well as nitrogenous fertilizers & some

industrial wastes.

Fluoride:

Fluoride occurs in just few types of rocks. Higher
concentrations do occur in aquifiers in a few areas
and certain insecticides, chemical wastes &
airborne particles & gases from aluminum smelting
plants .The element fluoride is utilized by animals
including humans in the structure of bones and teeth
.Large concentration of fluoride are toxic.

12
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pH:

The pH solution describes its hydrogen ion activity
.The pH scale ranges between 0 and 14 .Water with
pH 7 is neutral & less than 7 is acidic a pH greater
than 7denotes a basic solution .The pH of drinking
water in itself has no affect on health on the other
hand corrosion is associated with pH less than 6.5.

Trace elements

They normally occur in concentration less than 1mg/
| .Many trace elements are essential to human
beings but in some cases there is only a small
safety range between requirement & toxicity.

Arsenic:

Toxicity of arsenic is well known, it

accumulates in the body & causes arsenosis.Safe
limit is only 0.05mg/I

Barium:
Barium has possible toxic effects on the heart,
blood vessels & nerves. Safe limit is 1mg/I

Cadmium:

Cadmium collects in the liver, kidneys, pancreas&
thyroid of humans & other animals .Safe limit is
0.01mg/lin water.

Chromium:
Chromium is neither beneficial nor essential to the
body .Safe limit is 0.05mg/l.

Lead:
Lead is another poison which accumulates in body
,Safe limit is 0.05mg/l .

13
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1 Datacoliection

1 Getting all information about the biosensor
from chemical and electronics department.

2 Existing world wide options in this area
checking out parallel technologies.

3 visiting the water quality checking labs to
know about present methods and
instruments of checking the parameters.

4 visiting other places like water treatment
plants to know the importance of water
quality checking .

5 Visiting village to know about the user
profile

3 Developing product brief

2 Dataanalysis

Project justification based on above

information and analysis

1 Formulate the problem in solution
neutral terms and

2 Coming up with key requirement

list

Data is processed , analyzed, assimilated for

identifying the problems in the current process of

water quality checking

1. Listing down various parameters required
checking drinking water

2. making a matrix of applications and the

respective parameters
3. Choosing the areas of application
4. Listing down the user profile

14



Design methodology

4 Concept development

1.Developing the concepts

* identifying the problems of existing systems and
trying to solve them in design

*Finalizing the layouts of internal components and
fixing the dimesions of them . -
*Finalising the connectors and PCB design by dis— 5 cﬂncenl Evaluation
cussing with people from other departments
*listing down the usability and functional issues
and solving them independently.

*considering various approaches for design like
dipping sensor in water or putting drop on sensor
and developing the concepts oniit .

*considering the user and minimizing the activities
to be done by user.

In light of different
constraints ,requirement list,
Mockup models

6 Final design selection

Selected concept is refined through
step by step , iterative evaluation
and development.Detailed dimen-
sioned drawings and specifications
to quantify whatever abstract and
ambiguous.

1 Execution

Final model making
after doing dimensioned

drawings for the model making and n -
finishing to the last detail. B ocumentation

Report and presentation

Design of Water quality checking product 15



Worldwide options

pPH meter

Portable instrument

é The pH meter is widely used in

: various industries for checking the
, - acidity or basisity of water and other

various chemical solvents .
/‘

Sentron pH meter Analyticon information systems USA

They are very compact can be carried
in your pocket some of them have
electrode inbuilt and others have
electrode separate from the
instrument.

Bio solids products

The forms are also very straight to
ease the storage and its portability.
The switches are feather touch in

Bio world laborotaries many cases to achieve the water

model-HI98114 proofness. Milwaukeemeters australia

pH 40 model

Hach instruments USA Sedico limited Pike agri lab supplies

Design of Water quality checking product 16



Worldwide options

pH meter

Portable instrument

The new forms are coming in pH
meter .They are becoming more and
more ergonomic.The colours used are
also attractive .The forms are no
longer straight but they are different.

Tri—esssciences products Camlab uk Korean product

the main problem with all these
instruments is the elctrodes and wire.
The electrodes are big in size for just
one parameter that makes the
instrument big not so compact.

i - -

e

North central labs
Pike agri lab supplies

i
Spectra pure water quality
instruments

General scentific Instrument
services model 2000

Sentron pH meter

Design of Water quality checking product 17



Worldwide options

Table top laborotary instru—
ment

Environmental laborotary

model 320

some of the pH meters are table top
instruments .They have one
insturment,stand,electrode.The
electrodes need the calibration so one
standard solution is always provided.
The electrodes are dipped in
electrolyte to maintain its

sensitivity when not in use .

Thermo Russell products orion pH meter model 330

Model RL-100

CONSORT

@ L

L e

Knick industries model765 Tamar industries—Israel Analyticon information systems USA

Design of Water quality checking product

Thermo Russell products
Model RL-150

John morris scientific
instruments
A

18



Worldwide options

Turbidity meter

Hach instruments

Hach instruments

Turbidity is measured using the
principle of scattering of light .The
light is passed through sample and
then from other side the amount of
light received is measured which
gives the amount of particles present
in water.So these instruments are not
portable they all are used in laborato—
ries or some of them are in the form of
kit .

The instrument is from Hach
instruments It is provided alongwith
six bottles of standard solution used
for calibration .

The kit is portable and it contains all
the accessories required for
measurement and calibration.

Design of Water quality checking product

technika instruments

ICM meters

ICM meters

sigrist photmeter

19



Worldwide options

Multi parameter instruments

The Hanna instruments can
check pH —-TDS-temp at a time
.Very compact instrument.

Design of Water quality checking product

The multiparameter instruments can check more
than one parameters at a time .They range from two
to six paramaters at the most eight in some
cases.The instruments are very costly .They are
very sophisticated .

The horiba instrument is very useful in drinking
water quality checking as it checks six paramaters
at a time such as temp,pH,conductivity, TDS,
dissolved oxygen,chloride.The instrument is
portable. Special casing is provided along with it .

Horiba instruments

20



Worldwide options

Multi parameter kits Hach instruments

Design of Water quality checking product

The multiparameter kits provided with all the acces-
sories to check the parameters .Everything is
packed in bag .So they may contain the

instrument or different instruments to check the
parameters.The standard liquids are also provided
in different bottles.

The kit contains various instruments
and liquids .so the whole setup
becomes portable.But the difficulty
is arranging the instrument and
bottles inside .The leakage
problems are also there .

21



Visits to places

1 District health laborotary—Thane

The district health lab in thane
comes under the thane municipal
corporation .The area covered
by this lab is thane district. They
mainly check the quality of
drinking water .In that they have
two aspects

1 biological safety of water .

2 chemical safety of water.

Design of Water quality checking product

Chemical safety of water

In this the samples are brought from village in
thane district .The primary health workers from all
taluka s in district collect sample in five liters cans
and send them to district labs .

The present instruments and methods used are
very old .they use titration ,calorimetry to calculate
various parameters which normally take very long
time .

The instruments used

They have newly purchased a instrument from
thermo orion company .As seen from picture side it
is table top instrument .It can check two
parameters fluoride and nitride .The two
parameters have two different electrodes .The
instrument needs calibration every day.

The lab checks total 13
parameters

pH

Chloride

free ammonia
nitrate

flouride

hardeness total
alkalinity

nitrite

Oxygen absorption
Total solids
albuminoid ammonia .

22



Visits to places

1
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District health laborotary—Thane

Biological safety of water

The water contains pathogens

which are harmful to human health

.so as long as you check water
biological quality alongwith chemi—
cal quality the water will not be
called as potable water.

The samples are brought from
the villages in small containers
with all the details like name of
place , time , date to the district
labs . Then the samples are
tested with MPN test .Normal
MPN test takes two days .

This instrument shown in the
side is called as incubator.

This instrument is called as
water bath in which the samples
are heated .

Problem identified

1 Old methods
2 instruments require
manual calculations
3 Problems in Thermo Orion
—costly instrument for just
two parameters
—for each ion there is
separate electrode.
—setup is time consuming.

23



Visits to places

2  Pollution control Laborotary—Thane

The pollution control laboratory in Thane
is checking water from Nalas , gutter
running in industrial zone . Also they
check the well,bore well,lake,river,creek
water for any type of pollution .It comes
under the Thane municipal corporation
so it also checks the water from the
Thane city for contamination .

The following is the parameter table for different applications

Ca,Na,K,F,Ar,Cd,Fe

Well/Bore well/lake Creek Nala sludge industrial effluents
PH, Turbidity, TOS pH pH CcOD pH
Conductivity,DO C TSS BOD SS

Total hardness BOD COD NO2 DO

Chloride SS BOD Phosphate COD
Alkalinity,nitrate DO S N BOD
Sulphate,nitrite, Salinity DO Ph oil & grease
Phosphate, COD N Hg,Cr,Pb

BOD Cd

Design of Water quality checking product
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Visits to places

2  Pollution control Laborotary—Thane
Various instruments used in laborotary Problem identified

-For metal ions Costly machinery
is used

-Tedious calibration procedure

-The test requires qualified
personnel.

Problems in Horiba U-10
-Costly instrument.
-Not water proof
-Difficult for one person to
handle.

Atomic adsorption spectrophotometér Flame photometer( Ca,K,Na,Li)

Spectrophotometer UV-spectrophotometer

Design of Water quality checking product



Visits to places

3

Design of Water quality checking product

Water treatment plant —-Bhiwandi

The treatment plant in Bhiwandi-
Thane is having capacity of
250MLD.It is the main treatment
plant which supplies water to thane
city .They have their own water
quality checking lab .Where they
check pH,turbidity,chloride on hourly
basis.For pH they use universal
indicator method which is a visual
test .They have table top Ph meter
but it is out of order.The turbidity is
measured by instrument from Hach
which is good ,sophisticated machine.
The chloride is checked by

Hach turbidimeter

Universal pH indicator

Problem identified

Visual tests used.

Non portable instrument.

Report from district lab takes very long time .
Instruments are not user friendly — require
specialized personnel.

26



Visits to places

4  Taluka place shahapur-Thane District

The main aim to visit shahapur village
was to understand the water quality
checking procedure in villages ,the
flow of water samples from villages to
district place and also to know the
awareness of people about water
quali ty and its importance.

| visited total five places in
Shahapur village
Grampanchayat office
Gramin Rugnalaya
Panchayat samiti
Gotheghar water treatment plant
Tahsildar office

abhwn =

Design of Water quality checking product

All the places were visited and the flow of Problems identified
samples was analysed throughly.Then 1
people were interviewed to identify the

loop holes and flaws in procedure of

sending the samples to district. 2

The tap water and water from

elevated reservoirs is to be on weekly
basis ,but the reports take long time .
PHC workers carry samples from
villages to labs which is time
consuming.

3 Important parameters like
hardness,flouride,arsenic are not
checked on field .

4 The decision making is not possible

on site .

In the case of epidemic it becomes

5
Flow diagram to show the procedure of flow of more difficult to find out the source
samples .

Water treatment
plant
r'y

Samples to
thane

Does the pH,turbidity,
chloride test

Water
samples

From surrpunding
villages,padas,taps in
villages

Gramin
Rugnalaya

O.T. Test, Bacteriological
test

Primary health
care Dept.

Panchayat
samiti office

Gram
panchayat

27



Need for new product
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8

9

Results from district take very long time to come to the taluka level which
makes the whole process of water quality checking very lengthy.
Heavy metal ion checking like lead,cadmium is done by very costly machines
in labs so again it makes inconvenient to check them at taluka level.
Heavy metal ion checking is very costly and cannot be done on site itself
which is absolutely necessary in some cases.
The instruments used in labs are not portable and mostly they are very
specialized for parameters means for one or two parameters there are
separate instruments.
Old methods like titration,calorimetry require graphs to be drawn after taking
reading and then you get your results from graph.
Mostly the instruments work on ionic methods so they have big electrodes to
check the parameters that makes them again non portable.The
maintenance is cumbersome.
The electrodes need to be dipped in standard solution all the time to maintain
the sensitivity an protection from outside environment .
The samples are taken from all villages and sent to district level which
involves complex procedure of maintaining them .
Present portable products can check at the most parameters mostly
combination of two parameters is observed.

10 The products are very costly for Indian market .They cost between 1.5 lacs

to 2 lacs .

11 The procedures in libratory are very old and they require manual calculations

so they take time .

28



Areas of application

Functions of various organisations Chart showing the areas of application
Grampgznchayat and panchayat samiti bublic Personal
Weekly river data o
Weekly chlorination of well and lake. *Municipal corporation * Household application
Checking for heavy metals if suspect is there. ePanchayat samiti & PHC lab eTrekkers and hikers
Monitoring small water treatment plant. ePollution control lab eTravelers
River water suitable for fishes. «Industrial effluent control eFarmers

) . ° oGl tent i |
Municipal corporation Water treatment lab Glucose content in blood
To maintain the water data Industry
Water testing on request eBoiler feed water
Check industrial pollution in nala,sewage water. «Food and drinking product analysis

Regular check of tap water and E.S.R.

. e eChemical plants
Monitoring specific ions. P

eElectroplating industry

| am concentrating the use of-Biosensor In public secotrwhere it is Used
foIIowing areas Water treatment lab Pollution control lab

Other areas of application

Industrial application
Boiler feed water checking Biosensor
Textile industry
Electroplating industry
Soft drink industry

Personal product Potable water District health lab
Household application to check the quality of water
Trekkers and hikers Ospring water
Travelers—water in road side hotels
Farmer—differentiate water as irrigation, cattle etc.

Design of Water quality checking product



Deciding the parameters

Identifying the various applications
and then noting down the
parameters required for checking.
Then a matrix is made with the
applications on in the rows and the
parameters in the columns .Then
the parameters checked by the
biosensor presently is cross
checked with the matrix and

six parameters were decided to

be checked by the instrument .
Following parameters were identified
1 pH

2 Conductivity

3 Flouride

4 Potassium

5 Urea(ammonia)

6 Chloride

Design of Water quality checking product
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User identification and profile

Design of Water quality checking product

The knowledge about the users was gathered from the field visits .| have
visited the village shahapur to understand the user .Using that data user
profile was determined .The present user is Primary health acre depart—
ment worker who goes around the villages and collect samples and give
it to the gramin rugnalaya or send them to district level laboratory
checking.According to survey in shahapur village there are 350 villages
and around 250 workers moving around to collect the samples.while col-
lecting they are also supposed to do chlorination of the well weekly .These
workers are 12th passed out so they are familiar with new products such
as television, radio etc.

The pollution control lab attendant or incharge move to the field
in industrial area to collect the sample .So the user here is either 12 th
passout or Bsc qualified.They have one portable product so they know
the sofesticated technology .

We have to consider the PHC worker who moves around the villages and
collects the samples .The user can do the testing of river water, spring,
tap water, well water, lake water so he has to move in all types of terrains
and environments.
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Product Brief

Design of Water quality checking product

To design UPortable water quality checking
productl

Technology

Biosensor technology in which conducting polymer
polyanniline will be immobilized in between two
electrodes. The presence and quantity of elements
present in water will be noted by change in con-
ductivity.

Sensor

The array of sensors for parameters is arranged
on epoxy PCB cartridge .The cartridge will be used
for predefined number of use and then it will be
changed by new one. The size of sensor is
4cm*5cm.The sensor should to be scratched.

Sensor cleaning
The water on the sensor should be cleaned to
avoid contamination.

Connector for sensor
PCB mounted edge connector with 18 points is
used.lt should be protected well from the water.

Electronics

The electronics used has the average area of 120
square cm.For compact arrangements the PCB is
divided into two parts.

Batteries

Batteries are used to make the instrument portable
.Four batteries of 1.5 V are required.

Display
Five line LCD display is preferable.

Buttons

Total six buttons are necessary.
Power on/off, calibration1, calibration2,
regeneration, rinse, test.

Standard liquids

To maintain the sensor sensitivity calibra—
tion is required so along with the instru-
ment two calibration liquids are to be
carried. In between two test regeneration
of sensor is necessary so regeneration
liquid is to be carried. The calibration
liquid deposits salt layer on sensor so to
remove that rinse liquid is also required.
Total four liquids will be carried along with
product.

Measurement

The water sample can be taken in sepa—
rate container or dropper which ever is
suitable .The contamination should be
avoided.

Parameters to be checked

Total six parameters to be checked
pH, conductivity, chloride, potassium,
fluoride, conductivity.
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Product Brief

Design of Water quality checking product

Usage

The product is going to be used in fields so it may
be near to river, well, tap water in villages so
product should be rugged and compact .The user
educational qualification is 10 th pass out so the
product should simple in use .The activities done
by user to carry out the test should be minimal.
The training time should be very less. The product
is to be carried to long distances .The user may
travel by bus, cycle, motorbike or by walk so
product should fit in all these scenarios

User profile

The user in most cases is primary Health care
worker who moves around the villages and padas
to collect the water sample. The user's educa-
tional qualification is 10 th pass out and the lab
attendant in cities or taluka level is Bsc pass out.

Form characteristics

Form follows functionl

The form should not be just a box enclosing the
internal things .It should evolve from the basic
arrangements of elements like electronics, batter—
ies, sensor, connector etc. The form should
consider the grip arrangements .Ultimately it
should not be obvious form some visual interest
should be brought up.

Look

The technology is very sophisticated .The product
should show some characteristics of high tech
product.
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Activity analysis

Flow chart

Instrument from storage

Power on

Calbration 1

Regeneration

Calbration 2

Regeneration

Rinse

Preparation phase

calibration phase

Design of Water quality checking product

Testing

Recording data

Regeneration

Rinse

Power off

Back to storage

Testing phase

End phase
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Activity analysis

Digramatic representation

1 Calibration1-Regeneration
2 Regeneration—Calibration 2
3 Calibration2—Regeneration
4 Regeneration—-Rinse

5 Rinse-testing

6 Testing—Regeneration

7 Regeneration—Rinse

Calibration loop . .
1231 Calibration1 } E Calibration 2

Testing loop

B o5

@

@ Regeneration }\

f Testing
.

|
J
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Concept Development

Design of Water quality checking product

The data collected in user study and data collection
was used in generating the concepts .Keeping in
mind the product brief all the time concept were
generated.

* Noting down all the functionality and usability
issues .Generating alternatives for each problem
separately.Analysing them for list of attributes
and filtering best alternatives .

* Analyzing different situations and scenarios
different ways of carrying the product were also
studied & concepts developed for the same.

* Two alternative approaches were considered
—Dipping sensor in water.
—Putting drops of water onto the sensor.

* In both approaches there are again three different
direction were considered.

1 Integrating all the liquids ,instrument and probe
containing sensor in one product

2 Completely separating all the parts

3 Integrating the sensor probe and liquids together
forming cluster and keeping the instruments
separate.

* Different layouts were considered for the
arrangements of elements like electronics
and batteries.Then the layouts were
compared with list of parameters and one
layout was chosen for further
development.
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What my product is ??7?

Design of Water quality checking product

Its a family of total eight elements

Instrument :
containing the electronics, batteries, display,
buttons

Probe :
containing the sensor.

Note pad :
to note down the readings.

Calibration liquid1:
Mixture of High concentration of all parameters to
be checked.

Calibration liquid 2:
Mixture of low concentration of all parameters to
be checked.

Regeneration liquid:
To gain the configuration of sensor back after
coming in contact with calibration or test liquids.

Rinse liquid:
To wash the salts deposited on sensor after
coming in contact with regeneration liquid.

Sample collector
Sample is either taken in separate in beaker or it is
taken by dropper in case of drop type.

37



Functional issues

Design of Water quality checking product

The product is contains various elements.

The elements have to placed in much defined
arrangement .Their dimensions and usage is fixed.
The sensor is thin PCB on which different elec—
trodes with polymer and proper enzymes are
deposited. The sensor is very sensitive to changes
in environment .They are also sensitive to touch and
scratch. A small scratch can change its configura—
tion or altogether damage the sensor. So there are
various functional issues are associated with sensor
and listed down .Then each

problem was taken separately and for that solutions
were developed independently. After that a table
was created in which the respective concepts were
evaluated against defined attributes .Each idea was
evaluated on scale of zero to nine. The idea having
maximum marks was chosen.

Functional issues

1 How to connect the sensor to electronics

2 How to replace sensor.

3 How to protect sensor

4 How to note down the data shown on
display.

5 How to prevent the leakage of liquids to
be carried.
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Functional issues

1 How to connect the sensor to electronics

1 using slot and projection

2 Using spring type connections
which also holds sensor by friction

3 Using male and female joint

Design of Water quality checking product

The sensor will have a slot in the side and the body
where the sensor is to be connected will have
respective spring loaded projection. So when you
want to slide the sensor just push the projection and
leave when the sensor is in.

The joint is like male female joint where the sensor
cartridge and connector have respective projections
and holes.

The connector contains spring arrangement which
actually gives pressure when the sensor is in the
connector. The lever on the side of connector just
lifts up all the points and allows the sensor to be
changed. The sensor is hold tightly by the spring
pressure.
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Functional issues

1 How to connect the sensor to electronics

4 Tight fit friction joint.

> Giving snaps on sensor

The tight fit mechanical friction joint can be used to
hold the sensor tight . The connector available in the
market work on the same parallel principle. Where
they have contact points in the form springs and the
sensor is sided in to the points to make connection
.All the computer PCB connector are of same type.

The sensor is embedded in the plastic cover at the
bottom .The plastic part has got small snaps which
just fits in the connector .

independent evalugtion Concepts | 1 2 3 n m
The concepts for first
functionality issue were analysed Gripon |6 7 5 7 6
against attributes.The rating was sensor
done as per the scale shown and
then total was done.Concept Manactu | 5 6 6 7 7
having maximum marks has ey
been used in further product
development. Easein |6 8 7 6 5
operation
Rugged 6 5 6 7 6
Total 23 26 24 27 24
Scale used
1 worst 3 ‘ Bad 5 T)Od 7 Very Good

Design of Water quality checking product

9 ExTeIIent
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Functional issues

1

How to connect the sensor to electronics market survey for connectors

Connectors are the main connections 2 D-type connectors 4 Edge connectors
between the sensor and the

electronics.The sensor can be pushed in

and pulled out of the connectors.The

instrument checks totally six parameters

for that it requires 16 points to connect with

the electronics. There is one more connec—

tor required to connect wire coming out '

from probe to the electronics.Connectors in _,—%T' '
the electronic market are of various

types.Each one has specific advantages

and disadvantages. They come with nice cover for the wire coming out These are most compact of all

and also very rugged as the female part is direct connectors.They come upto 9 points
PCB mounted.The avilable points are 15 and 25.

1 Modem connectors 3 PCB Edge connectors

fE |
very compact in size but available upto 9
points

Mostly these connectors are used in computers to connect the different cards to the mother
board.They are available in multiples of 2.They are most rugged of all options

Design of Water quality checking product
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Functional issues

2 How to replace sensor

1 Arms on side of connector

2 Giving dimple on the front end

The connector can have to arms coming out from
sides so when the sensor is pressed inside the
connector ,the arms come inside locking the sensor
in connector.When you want to replace just pull out
the arms that actually pushes the sensor out .The
normal port connectors in computers have the same
kind of connectors.

The sensor cartridge is fixed in connector by a
mechanical friction joint and the sensor has got
small dimple in front end which actually can be used
to pull out the sensor .

Concepts ! 2 independent evaluation
The concepts for second

Ease In operation | 7 7 functionality issue were analysed
against attributes.The rating was
done as per the scale shown and

Grip 5 7 then total was done.Concept
having maximum marks has
been used in further product
development.

Simplicity in design | 7 8

Availability of parts | 5 7

Total 24 29 Scale used

1 worst 3 Bad 5 TOd 7 Very Good

9 ExTellent

Design of Water quality checking product
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Functional issues

3 How to protect sensor

1 Giving a folding cap The sensor should not be touched or scratched .The
cap over it prevents it from any touch and dust while
in use.The cap is folding so when you want to use L;,/
the sensor for testing open the cap take reading and ) -—l/
then close cap to protect it. [ —

wf"*‘{

o
#l
-' K .-'-I:J"-'
.-’x_ ___-' f’
2
.

2 Giving a base cap for sensor A plastic cap is attached to the base of sensor .The -
sensor is slided into the base plastic cap.The base
cap protects the sensor from shocks and coming in
direct contact of other materials also holds it tight.

3 Giving a hinged base cap In this idea the base cap holding the sensor can be
hinged to the main instrument .To use sensor open
the cap and close the cap after use .The closing
cap serves two purposes one is holding the sensor
and second is protecting it from dust and other
shocks.
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Functional issues

3 How to protect sensor

independent evaluation

The concepts for third
functionality issue were analysed
against attributes.The rating was
done as per the scale shown and
then total was done.Concept
having maximum marks has
been used in further product
development.

Design of Water quality checking product

Concepts 1 2 3
Simplicity in 7 7 6
design
Ease in 7 6 7
operation
Contact with 8 6 6
sensor
Total 22 19 19
Scale used
1 worst 3 Bad 5 Good

7 Very Good

9 ExTellent
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Functional issues

4  Recording o data shown on screen

1 providing a diary and pen

2 Giving webcam

3 Giving sound recording.

Design of Water quality checking product

The data shown after taking reading is projected on
display screen .This data is to be stored
somewhere.Alongwith the data we have to store
date,time and place name to keep track on to the
waterbody.This can be achieved by giving a dairy
alongwith the product.User uses his dairy to note
down date,place ,time and reading.Diary can be
easily integrated with the interface.Pages are loose
pages having clip to hold them.

Electronics can be modified to store the data .Each
reading can be separately stored if we add
microcontroller to the circuit.Data can be stored in
chip but the place details cannot be stored for that
product has to have text input.To avoid that a small
webcam can be given with the product.Webcam
takes the image of place where user has done the
checking .Afterwards the images can be correlated
with data stored.

Instead of giving webcam which is an expensive
instrument sound recording can be given .After
taking each reading user speaks out the place
details in the mike provided on the instrument.The
data can be retrieved in the office by connecting to
the computer.
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Functional issues

4  Recording o data shown on screen

4 Stylus and digital screen

5 GPS system

Text input becomes easy when we use stylus and
digital screen.The user can enter data about the
place in his own words using stylus.The screen also
can have graphics to support the text entry.lt is just
like simputer screen.

The problem of text entry can altogether be solved
by GPS system.When the user presses the save
option on interface,Chip inside saves the
parameters and respective to that GPS system
saves the latitude and longitude of the place.End of
the day with the help of computer data can be
retrieved.

Concepts 1 2 3 4

5 independent evaluation

Ease in noting 7 6 5 6

The concepts for fourth
functionality issue were analysed
against attributes.The rating was

Steps followed by 7 6 6 6
user

done as per the scale shown and
then total was done.Concept
having maximum marks has

Cost 8 6 6 6

been used in further product
development.

Access to info after 8 7 7 7
use

User control 7 7 6 7

Scale used

Total 37 32 30 32

33

1 worst 3 Bad 5 T,od

7 Very Good

9 Ext]ellent
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Functional issues

5  Preventing the leakage of bottles

1 Dropper bottles

2 Dropper bottles with flexible cap

3 Rubberbush

Design of Water quality checking product

Dropper bottles are standard and easily available in
market .Bottles have sprout through which drops
can be put on sensor.Bottles are very flexible and
can be easily squeezed.Cap on the top prevents it
from leakage.

The same above bottles can have flexible caps
which snap fits in the holes at the top.Caps are very
easy to pull out and then drops can be put on the
sensor.Also cap is integrated with bottle so there is
no problem of misplacing cap.

In medical field the saline bottles used to have
same detail as shown in the exaggerated view.The
rubber flaps are like springs and placed against
each other.When user pushes the sensor inside the
cap rubber flaps depart away and spring back when
sensor is removed.Reverse is not possible

J
i

47



Functional issues

5  Preventing the leakage of bottles

4 Capsules

5 Nonreturn valve principle

6 Bottles with screw caps

Design of Water quality checking product

Medicine is available in the form of capsules.Same
technique can be used ,all liquids are enclosed in
capsules.At the time of use cut the capsule water
comes out and falls on sensor .The capsules
altogether solves the problem of leakage and to
some extent saves the space for storage ,problem
of orientation change problem.Capsule can have thin
membrane at the opening so when user squeezes
capsule the membrane breaks of and water comes
out.

Bottles have a non return valve at the opening .That
eliminates the cap.Spring allows water to go out
when bottle is squeezed but does not allow water to
come out when in storage.

Standard bottles with screw caps can be
used.Technique is very simple which cost very
less.The leakage proof can be achieved almost
100%.
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Functional issues

5  Preventing the leakage of bottles

4 Capsules

5 Non return valve principle

6 Bottles with screw caps

Design of Water quality checking product

Medicine is available in the form of capsules.Same
technique can be used ,all liquids are enclosed in
capsules.At the time of use cut the capsule water
comes out and falls on sensor .The capsules
altogether solves the problem of leakage and to
some extent saves the space for storage ,problem
of orientation change problem.Capsule can have thin
membrane at the opening so when user squeezes
capsule the membrane breaks of and water comes
out.

Bottles have a non return valve at the opening .That
eliminates the cap.Spring allows water to go out
when bottle is squeezed but does not allow water to
come out when in storage.

Standard bottles with screw caps can be
used.Technique is very simple which cost very
less.The leakage proof can be achieved almost
100%.




Functional issues

5  Preventing the leakage of bofttles

independent evaluation

The concepts for fifth
functionality issue were analysed
against some attributes.The
marking was done as per the
scale shown and then total was
done.Concept having maximum
marks has been used in further
product dvelopment.

Design of Water quality checking product

Concepts 1 2 3 4 5 6
Operation 7 6 6 6 7 6
Cap 6 7 7 8 7 5
Reliability 6 6 6 7 6 7
Orientation change | 5 6 5 8 6 7
Manufacturing 7 6 5 6 5 7
Total 31 31 29 35 31 32
Scale used
1 worst 3 Bad 5 (Tood 7 Very Good 9 ExTeIIent




Usability issues

Design of Water quality checking product

The sensor needs calibration to maintain its configu—
ration .The calibration is step by step procedure in
which the first the sensor is made contact with low
concentration solution and then higher concentration
solution .The life of sensor is also short which can
be say for 10 uses and then you have to through the
sensor. When you change the sensor calibration is
needed.After contact with each liquid the sensor
characteristic changes so it needs regeneration
.Regeneration is nothing but mixture of
electrolytes.During regeneration specific current is
passed through sensor to regain the properties.After
regeneration the sensor is deposited with layer of
salts so to remove it needs rinse solution.The
liquids containing the high and low concentrations,
regeneration, rinse are to be carried all the time.Now
as the product is to be carried in field there are
various issues related to use of sensor and liquids.
They are listed down and same methodology was
used as in the functional issues.

Usability issues

1 How to use sensor and liquids together

2 Number of swithes and activities to be performed
3 Storage and carrying of liquid.



Usability issues

1 sensor and liquids together

1 Rotating and swiveling sensor

integrated with bottles.

2 Sensor with vertical slide and
rotating arm.

Design of Water quality checking product

Therearetotal 4 liquidsto be carried along with
sensor . The sensor is contained in an probe which is
mounted on central rod .The horizontal armis hinged
to the central rod so that sensor can swiveled or it
can rotated . The aim isto integrate the liquids and the
sensor .While changing the liquid lift the sensor from
liquid by rotating and then swiveled to the second
liquid for second measurement. The system is complex
and involveslot of manufacturing details.

The sensor is mounted on horizontal arm and thearm
is mounted on vertical slide .The sensor has two
motions oneis vertical up and down .Second oneis
rotating motion .So when one reading is over lift the
sensor up rotate it and keep it in second bottle .The

al



Usability issues

1 sensor and liquids together

3 probe slide and sensor vertical
spring adjustment

4 Selectve arrangement

Design of Water quality checking product

In theview of minimizing the steps carried out by user
new idea of probe sliding in achannel is developed. The
sensor has vertical spring loaded adjustment. Bottles are
kept below slide and probe can be slided horizontally to
change the bottles. The sensor is vertically adjusted with
oneknob to facilitate the horizontal slide. The mechanism
is easy to use for user but it increases the

complexity of probe.

To eliminate the step of lifting up the sensor from
one bottle and then putting in other bottle, idea of
selective measurement is tried.Here the bottles are
arranged in cylinder.Cylinder can be divided in four
compartments diametrically.each compartment has
one hole .Just below the sensor is ring containing
only one hole .The ring can be rotated in whatever
position you want.the cylinder is joined with the
compartment containing sensor on which water from
top copmartment falls.after taking up the reading the
whole assembly is turned upside down so that liquid
falls back to original compartment.The system is
very useful in eliminating the steps done by
user.But it has serious problems of contamination
and quantity of liquid required.



Usability issues

1 sensor and liquids together

5 Injection syringe

Design of Water quality checking product

This idea is generated by taking inspiration from
injection syringe.The sensor is inside a syringe.The
bottles are kept in the form of clusters.The reading
is taken by suckin in the water from respective
bottle after use either liquid can be thrown or put
back in bottle.Here same contamination problem is
unavoidable.




Usability issues

2 Number of switches and activities to be performed

06

Regen

According the activity analysis the interface design was done .Their are
total 5 main activities calibration 1,calibration2,rinse,regeneration,
testing.The activities are shown on the display screen aslist. The
buttons are in the form scroll buttons and enter button for choice.The
function of users choice is selected by scrolling up and down.The
values appear on the screen which can again be accessed by scroll
button.The interface requires less number of buttons but requires
training and involves more chances of confusion and mistakes done by
user.

Design of Water quality checking product

HE

The second option is developed to give simple steps followed by
user.Instead of giving the option list on screen ,separate button is
gievn for each option.The user is ot doing now scroling but he is using
separate buttons this would be easier for the user considering his
educational levels.The interface needs more number of buttons but the
system is simple, requires less training.



Usability issues

3 storage and carrying of liquid

As said earlier my product is family of
several elements.To carry all these
elements together there has to be some
kind of enclosure.The enclosure is not only
a box but it is systematic arrangement and
grouping of elements.

Totally three different arrangement were
considered.In the first one all the elements
are arranged horizontally.The form of bag is
also so designed that it follows one
language allover.

Thesecond option was developed from
taking inspiration from match box to make
it compact.Alos it allows some kind of
grouping to be done in elements.The
FE instrument is kept in one compartment and
the elements are kept in second
“!T compartment on otherside.The elements

k \ 4 are accessed by sliding out
\;’_—. — thecompartments.

elements vertically so that the orientation

'\.T Tl Lol . The third concept is to keep all the
L and leakage problem of liquid is minimized.
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Concepts—Dipping sensor in water

1 All elements separate

Design of Water quality checking product

Following are the separate elements

1 Instrument containig electronics

2 Probe containing connector for sensor

3 Bottles

4 Storage and usage of all these elements
First

Instrument design

The instrument is element which comes in contact
with the user for most of the time

First the instrument was taken for design as it is the
major part of whole system .It contains PCB and
batteries.The electronics circuits takes care of all
calculations and calibrations to be done.After
discussing with people from microelectronics
department of iit mumbai the dimensions of PCB
required was finalised.The area required was 120
square cm approximately.

After that various layouts of PCB and batteries were
generated.Each layout has some specific advantage
for compactness or size or form.According to grip
and shape each layout adds some properties.
Layouts were then analysed for attributes,two of
them were selected for further development.

The tow layouts were used for further
exploration in form and .The main aim is to
facilitate the ergonomic grip and easy
accessibility to switches.For each layout
three different forms were generated
keeping in mind all the basic configuration
.The user should get some idea about
what the product is used.Then proper
arrangement of displays and swithches
was necessary to avoid confusion in
use.The visual elements were developed
by taking

inspiration from other hightech products
like mobile,cdplayer,tv remote.The curves
outlining the form was developed to give
the same image of modern product.All the
time though the form are very organic
some basic rules of manufacturing were
followed.

The next step was to evaluate the
concepts and come up with one concept to
further work on.For the chosen concept
was again three more alternatives were
generated.The three alternatives were
following the visual language of the parent
form but they were different in the curves.



Concepts—Dipping sensor in water

1

All elements separate

Layout 1

The whole electronics is divided into two PCBs ,one on top of other.the
four batteries are kept horizontal and parallel to width

The dimensions are

PCB1=7.5cmX6 cm=45 cm squ.

PCB 2=13 cmX6 cm=78cm squ.

Total=123 cm squ.

The product becomes lengthwise smaller and becomes compact in that
direction.

Design of Water quality checking product

Layouts

Layout 2

The batteries are space consuming so this concept was developed to
conserve the space lengthwise and the heightwas increased by one
battery dimension.One of the PCB was made inclined to neutralize the
effect of height increasing.

The dimensions are

PCB1=11cmX6cm=66¢cm squ.

PCB2=8cmX6cm=48cm squ.

total=114 cm squ.

This layout allows to get some new form and slim arrangement in front.



Concepts—Dipping sensor in water

1 All elements separate Layouts

Layout 3 Layout 4

The batteries are clustered at the back . This arrangement becomes Here the attempt was to follow the curve of hand .That adds to the
more compact. The weight is concentrated downwards so it stands well ~ ergonomic grip .The instrument just fits in users hand.The battery

with support. The PCBs are arranged parallelone above other. cluster is kept at the bottom and the two PCBs are kept at the top.The
PCB1=12cmX5cm=60 squ cm height increases but the form becomes more curvacious.and follows
PCB2=12cmX5cm =60 squ cm the curve of hand very well.

Total=120 squ cm
The width becomes advatage for very good grip ,very good ergnomic
forms can be generated out of this layout.

Design of Water quality checking product



Concepts—Dipping sensor in water

1 All elements separate

Layout 5

The batteries areplaced parallel to the length.the lower PCB is arranged

as per thebatteries .the top PCB gives connection for display and
switches.

PCB1=15cmX5cm=75 squ cm

PCB2=5cmX5cm+10cmX2cm=45 squ cm.
Total=120squ cm.

Design of Water quality checking product

Layouts

The arrangement is such it gives just enough space for grip and the
display area is like part projecting out.The grip is easily idetifiable.
PCB1=6cmX7cm=42 squ cm

PCB2=6cmX7cm+10cmX4cm=82 squ cm

Total=124 squ cm.



Concepts—Dipping sensor in water

1 All elements separate Evaluation of Layouts
Layout 1 2 3 4 5 6 Chosen layouts
Ease in 8 6 6 7 6 7
manufacturing

1
Fixing details 8 6 7 8 7 6
Accessibility to 8 7 8 8 7 6
inside
4
Display and switch | 7 5 8 8 6 8
fixing
Weight distribution | 8 6 7 7 7 8
Grip,form,copactne | 8 6 8 8 8 5
ss
Total 47 36 44 46 41 40
Scale used
1 worst 5 neutral 9 Best
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COTT =) 5 B g Chosen | ayout s
~osIm B g g g
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Scal e used

1 worst 5 neutral 9 Best
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(oncept s- O ppi ng sensor i N wat er

Toget thefeel of voluneinitia explorationwas doneinthernoca e. The
vi sual el enents and the curves | ook very different in3-das conpared
tosketchthat clarity was obtai ned fromt her nocol e nodel s.

Al nodel s were studiedandinitia basewas nadetogenerate fornsin
next stage.

Design of Water quality checking product

Intid edadaim

Al the thernocol e nodel s were nade t o t he scal e. Oh songe nodel s
visual el enentswerea sotried.
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate concept s for | ayout 1

1 Formissuchthat it fol | ows sone ki nd of
rhythmthe el enent s are grouped and t hen
arranged . Thesidecurvesthat it niceyfits
inhand. Asoontheback sideit has stand
vhichisfo dabl e That all ows i nstrunent to
stand on tabl e. So i nst runent becones
handhel d as wel | as tabl et op.

2 Inthe second optiontheinspirati omvas
takenfromatvrenote . Hreal sothe
bul gi ng el enent s on t he si de have sone
kind of repetationbut they are not exactly
sane . They fol | owsone | anguage but t hey
have asymmet ry i n t hemwhi ch nakes t he
interest. The wre connectionfor the probe

isfromthetoptoavoidthe hinderance wth ’j

hand vhi | e i n use.

S

N
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate

3 Inspiraionvastakenfromkite Kitehasgot tail andwnglikestructure
sane type of formwas devel oped on basi c grid of Layout deci ded
earlier.Interfaceis al so surrounded by a pat ch goi ngwththe formThe
formi s slimso easy to hol d. Negati ve scoop on t he si de al so creat es
sone i nterest.

4 Atenpt hereistocreateinterest informby creating pl ay of negative
and posi tive surfaces. The swtchesisontothe convex surfacethat is
onthebul ge negative curve onthe back isgiventocreateinterest in
the curve.

Design of Water quality checking product

concept s for | ayout 1
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate

5 Herei triedtonergethe back handlewththeformthe Back handlei s
used when the product is usedastabletopinstrunent. It a so gives
sone i nterest by creating the space bet ween t he handl e and
body. Partinglineis al so goi ng snoat hl 'y al ong t he cur ves.
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concept s for | ayout 1
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(oncept s- O ppi ng sensor | n wat er

1 Al éelenents separate

1 The second | ayout is devel oped for the ergonomic grip. The form
devel oped fol | ows curve of hand very wel| soit gives very good grip
whi | e neasuri ng. H enent s added on t he i nt er f ace pl ays a very i npor -
tant roeincreatinginterest. Svtches are pl aced onthe rai sed surface
giving easy access. Partinglineisa sofdlowngthecurveat the
bottom

2 Formisstraight forward. Negative curves on sides plus onthe sides
hel psingood grip. Interfaceis encl osed onrai sed surface, boundary of
whi ch fol | ons sone rhyt hmi n cur ves.
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concept s for | ayout
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate

Qut of thetotal seven concepts for the

| ayout s two were shorl i sted . Then conput er
renderingwas triedinthat the concept no 1
o layout oreisfindizedfor further details

concept 1 -1 ayout 1

Design of Water quality checking product

Eval uation for concet ps

concept 2- | ayout 2
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate \ariation of chosen concept

The chosen concept has sone repetitioninthe curves. The vi sual 2
el enents al so repeat i nthemsel ves. The vari ati on shown asi de fol | ow

basi ¢ | anguage of repetitionsine enents. Al of themared fferent in
curves and vi sual el enents.
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate

Variation of chosen concept

Qurves are repeating but the conpl exi ty was i ncreased by creating The out er formal so shows sone repetitiveness and the interface
negat i ve i n-between t he posi ti ve bul ge. Thi s adds | i nes on t he surface el enent boundary al so pl ays very i nportant roleinnaintai ningthe

cregtinginerest. originality of concept.Sone of swtchesareonthebulgeat thecentre
whi ch nakes t he concept di fferent fromot hers.
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(oncept s- O ppi ng sensor i N wat er

Al thethreevariations were conparedfor
sone set of paraneters|ike grip, newness
informvisua el enents, Repetativeness in
curves variationlvasfinaizedasfind for
i nstrunent .
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F nal concept for i nstrunent
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate Probe for sensor

Sensor isthin PRBof sizedcmdemit fits [nitia skatches
inthe connector . The probei s encl osure for
these el enent s. To desi gn t he probe

fol | ow ng par anet er s wer e consi der ed
1Gip

2 Conpact ness

3 Wreoutl et

4 Manufact uring

Design of Water quality checking product
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(oncept s- O ppi ng sensor | n wat er

1 Al éelenents separate Probe for sensor

F nal designfor probe.

Initia sketches were baseonthe gripand
ease inuse. Qut of that one concept was
takenfor further devel opnent. Probeis al so
oneof theinportant part of product , it
shoul d f ol | owt he sane | anguage as t he

i nst runent . Chosen concept was furt her
devel oped t o get t he sane | anguage.
Accordi ng to the basi ¢ di nensi ons of
connect or sensor probe was desi gned. Then
series of thernocol e nodel s were
generated and testedto get thefina shape
as showninfigure Sensor isslidedinone
plastic base andthe pl astic baseis
connect ed t o probe. Sensor i s protected
fromout si de by havi ng transparent cover
whi chjust fits outsidetoconnector.
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(oncept s- O ppi ng sensor | n wat er

1 Al elenents separate Soragefor al e enents

I nst runent, probe, i qui ds,wreto connect theprobetoinstrunent hasto be carriedby the user tothe
field.User nay go by any neans of transport sothe casi ng nust be suchthat it encl oses al | such
things careful ly inmninal space.Hrst stepwas to anal yse i n hownany ways person can carry

i nstrunent on hi s body. Every positi on was anal yzed . Each posi tion has got sone advant ages and
di sadvant ages whi | e carryi ng.

Fbw nany ways person can carry i nstrunent on hi s body

Cross beld Nowmal beuts Suspendes
or bask on gtk | Front—

on shouldex

Design of Water quality checking product
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(oncept s- O ppi ng sensor | n wat er concept - 1

1 Al elenents separate Soragefor all el enents

Glibrationprocedureisrequiredafter 8hours
or vhenthe sensor cartridgeis repl aced. The
user hastodonainly test, rinse, regenerati on

i naday. The | ayout of bag was deternined

w th proper groupi ng of el enents.Bagis
carried on back whil e not i nuse. User goes to
thefieldandthenkeepsit onthe ground for
further use. Toprotect thebagfromsoil andto
gi ve approxi nate paral | €l surface snal |

bushes can be attached at t he bottom The
different el enents are kept i nfoambody whi ch
negat i ve spaces to hol d t he el enents

tight. The bag option hereis conpact in
thickresshu littlelonger inlength &

s

Design of Water quality checking product



(oncept s- O ppi ng sensor | n wat er

concept -2

1

Design of Water quality checking product

Al el enents separate

Second opt i on was devel oped t o nake t he
bag very conpact. Both t he fl aps of bags
areused.Inoneflapthebottles are kept
hori zontal ly. Second fl api s used for

keepi ng the i nstrunent and probe. Bagi s
very conpact i nlength and can be easily
carriedonback . Li qui dbottles here need
tigt sedingastheir orientationisgongto
be changed of t en. Nyl on can be used f or
bagasit isavailad einvarious ca our
shades, textures. |nside el enents can be
againput infoamfixingtoget holdon

el enent s. The sl ot gi ven ont he si de of
ligudbattlesareusedfor testing Qesla
isusedtokeeptheprobeandother slot is
used t o keep t he sanpl e beaker . Test

vat er i s taken sanpl e beaker and sensor
isdppedinit totakereading.Radingis
not ed down on not e book provi ded

al ongw ththe product.

Soragefor al e enents

jns+7um er){—
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(oncept s- O ppi ng sensor | n wat er

concept - 3

1 Al elenents separate

Thi rd concept vas devel opedtofacilitate
theuse of product inany terrain. The
product islike conpact cylinder.G/linder
hasthreelegslikeatripod.Thelegs can
be adj usted i n hei ght pl us they can be
swvelledsoif therearerocks near to
wat er to be checked , user can keep
product onground easily. Qe spirit | evel
canbegivenonthe product tolevel it
parall el . The cyl i nder cut opens intwo
portions. Each hal f has got the respecti ve
el enent s. The centre of cylinder can be
used to keep the bottl e and probe for
checking. Ater uselegscanbenicelyfod
and nerge wth the cyl i nder to nake the
product even conpact than|ast two
concept s.
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Soragefor all el enents

Proo e
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onecept s- D ppi ng sensor | n wat er

concept - 4

1 Al elenents separate

Anot her way of carrying product on body
isnear tovaist.|f everythingis conpacted
insnall boxthenit cangonear to

vai st. Bottl es can be grouped and ar r anged
invertical fashioninoneflapof box.
Instrunent isfixedinanother flapwththe
probe . The whol e box goes near to wai st
hel d by a bel t . Wien user opens box fl ap
containinginstrunent isseen. Readingis
taken by hol di ng t he probe i n hand . The
vhol e procedur e can be done whi | e user is
standi ng sothat elimnates the conpl ex
tri pod nechani sns and al so nakes
product useful inany terran

Design of Water quality checking product

Soragefor al e enents
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(oncept s- O ppi ng sensor | n wat er

concept -5

1 Al elenents separate

The readi ngs shown onthe screen are to

Soragefor al e enents

be not e sonewhere. One option was to
gi ve save option ontheinstrunent where
al theread ngswerestoredinthechipin
electronics. Theplacedetailswil betaken
insnall dairytobecarrieda ongwth
product. But while di scussingwth Qher
nenters inthe project theideaof storing
dataindigita nenorywas dropped. Soto |
reduce the probl emof carryingdairy fifth ’,
concept was devel oped. Accordingto
statistics avail abl ewth nethe approxi - L
nate cal cu aionisthat user wil deat the '
nost fivereadingsinaday.Soprovide i
extra4denpty containers alongwththe M ——
product. Nowthereis noneedtothrow '
sanpl e af ter every use. The pl ace detai | s L
and readi ngs canbe wittenonthe § \
container itself. Thi s can save sone L=

“ThsT RUMENT

PROBE

space. The probeis kept horizontal which
istheninsertedinparticu ar cotai ner. The
whol e cont ai ner can be kept on ground for
neasur enent .
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(oncept s- O ppi ng sensor | n wat er

concept -5

1 Al elenents separate

Ther nocol e nodel

Soragefor al el enents

Design of Water quality checking product
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(oncept s- O ppi ng sensor | n wat er

concept - 1

2 Integrationof bottles and probe keepi ng i nst runent separ at e.

I nst ead of keepi ng the el enent s separ at e
they vereintegrated wth each other the
i ntegration nay be 100 %or nay be
inerned ate. Thepartid integrationis
possi bl e. The bottl es and probe are used
frequently wth each ot her sothey can be
i ntegrated. Gncept s were devel oped
consi dering the user and hi s confiort.

Bottlesarearrangedincl uster al ongwth
the probe. Wsingthe anal ysis doneearlier
theproduct iscarriedonacross belt
runni ng over chest. The product has got a
hinge near toits base sowhen user wants
tousethe product hejust opensit and
instrunent cones infront of him The
bottles aretied near towai st onthe sane
belt .Qnebottleat atinecanbe taken out
for readi ng and put back i n the si de pocket
onwvaist. Inthiswhd eactivity the user
donot have tohol d instrunent i nhand so
hisonehandis freetodoactivities such
as ho ding probeand takingout, placingin
batles.
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(oncept s- O ppi ng sensor | n wat er

concept - 1

3 Alintegratedintoone

The best way toelinmnatethe storage for
product isintegrateal | e enentsintoone
The probeis attached tothe product by a
wrelikeinprevious exanples. Al the
liqudhatlesarekent infront, integated
w ththe product. Gaps can open fromone
si de. Wser hol ds product onthe si des of
theinterfaceandthe bottl es coneinfront.
Thereis openingfor the bottl es fromsi des
sotheycanslideinandout for refilling
The test bottle can be taken out in sane
vay and | i ke ot her bottles. As the product
i s bigandheavy gripis enhanced by
givingslight bu geontheside

Design of Water quality checking product
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(oncept s- O ppi ng sensor | n wat er

Wiy do drop t he i dea of sensor di ppi ng i n vat er ??

Design of Water quality checking product

N -

The liquidbottles becone cunbersone whil e carryi ng. There are | eakage probl ens.

Wi | e taki ng readi ngs the sensor istobe pushedintoliquidbottlesandtakenout and put into
other battle. Sothereis prob emof spillage of vater.

Vet er al ways sticks tothe sensor . The sensor areais al solarge 20squ cmsothereis water
lossall thetine. Thestandardliquidismxtureof ionssoit isnot advi sabl etol oose so nuch
ligudat oneusethat nay increasethe quantity of liqudtobecarried. Inturnit increasesthe
space requi red.

Wi [ e transferring sensor fromone bottletoother water drops nay fall ontheinstrunent or
cont ai ner

Al thetinethe caps fromthebottlearetoberenoved sothisis added activity andif theuser is
doingthe activity standingthenit becones nore troubl esone for them.

The nost i nportant probl emi s the contaminati on of |iquids.Sensor istransferredfromone
bottletoother battlesoliquidgetstransferredfromone bottletoaother, that contamnates
liquid The concentrations are changed whi ch adversel y af fects t he readi ngs.

Li qui d bott! es have sone constraint onorientation,it cannot be changed frequently. Thislints
its arrangenent incontai ner bag.

Gnnect or shoul d be kept apart fromvwater , water shorts all the connections finaly affectingthe
readi ngs. So when user di ps probe i nwater there nay be chance that wat er cones i n cont act
wth connector.it reguires proper seal i ngwhi chincrease the conpl exity.
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(oncept s-put ti ng drop on sensor .

concept 1

Al el enents separat e

Rutting drop on sensor al toget her sal ves
the probl emof contaninati on of

liquds. Liqudiscotanedinthesnall
dropper bottles. Asthesensor is not

di pped si ze of bottles becones very
snal | . The cont ai ner al so becones very
conpact . The user carries t he bag on back
when i n use he keeps it on ground . Qne
snal | platformis provideda ongwththe
probe whi chi s taken out and kept on
ground . The probei s kept onthat platform
. Fewdrops are properly kept over sensor
totakereadings .for renoving vater from
sensor surface user cannot use sponge or
blotting paper asit nay danages t he
sensor. Soonlywayisgvingjerkto
sensor or blowngair over it. Jerk nay not
be the good i dea f or connector and w res
connectingtoit. Rushingair onsensor is
better i deato renove vater.
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(oncept s-put ti ng drop on sensor .

concept 2

Al elenents integrated

Inthe previ ous exanpl e the i dea of the
putting drops fromcont ai ners have the
sane probl ens as i nthe di p type sensor.
Thi s probl emcan be sol ved t o | ar ge ext ent
by usi ng capsul es. The capsul es contai n
the required anount of |iquid,the capsul e
canberuptured by cuttingit or puncturing
it.Incuttingoperationhbl adehastobe
suppl i ed whi ch i s dangerous. The needl e
poi nt can be gi ven at the centre of RBas
showninfigure. Gapsuleisjust kept over
needl e poi nt whi ch punctures it. The RCB
i s designed suchaway that it has snal |
vel | around the active around. Thi s hel ps
inkeepingwater onlyinactivearea The
slidingcover isusedtoprotect the sensor
fromdust alsoit protectsit whennot in
use. Another optionisto use using hi nged
captoprotect sensor. The slide cap
obtains|ot of spaceandit i s conplicated
structure
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(oncept s-put ti ng drop on sensor .

concept 2

Al elenents integrated

The concept of cl osi ng the sensor by a
sliding cap and usi ng capsul es to carry

|'i qui ds can be convertedinto very
conpact product as shown i n sket ch.
The di spl ay and P(B, batteri es can be
acconmodat e i nthe upper flap. The
Bottompart contains al | the connector and
sensor portion. The sensor part can be
det ached f romt he nai n body whi ch al | ons
sensor tobereplaced after itslifeisover.
The bl over for the sensor water can be

pl aced i nthe back portion of sensor
conpart nent .
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(oncept s-put ti ng drop on sensor . concept 3

Al the el enents are coni ned i nto one product. FHrst stepwas
tofindizeal thed nesionbl ocks requiredfor al e enents. The bl ocks
idetifiedare

1 D splay and sw t ches

2 Dary &pen

3 CGapsul es

4 Sensor & Dr opper

5 Ar bl over.

Then consi deri ng i nportance of each el enent andits functional ity
different | ayouts were generated in autocadtothe di nensi on. Then
out of whi ch nost functional and user friendy | ayout was chosen.
Formwas bui I d over it. The caps for capsul e and sensor open from
the top sothey donot hi nder to nuchinoperation. Sensor is slided
infromtop end and t he bl ower bl ows ai r fromt he si de. The bl over
islikebellowwicharestandard parts avail abl einnarket. The
layouts for inner RBand batteriesis used as decidedearlier.
Extrabatteries canbe provided a ongwth product. The whol e
product isprotected bygvingbigflapover it .
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(oncept s-put ti ng drop on sensor . concept 3a

Al elenentsintegrated

In previous concept all thesurfaceisflat sothereis probl emvhen
user holdsit . He hol ds product wth sone angl eto seethedisplay,
that causes thewater onthe sensor tofall downto connector. This
nay af f ect the readi ng and t he connector al so. Thi s probl emcan be
sol ved by slight changesinit. The capsul e bl ock can be brought
down and the di splay i s shifted up to accoomodat e t he dai ry. G ving
bigflaptocover everythinggiveslot of loadonhingeandit is

troubl esone. Sotheflapisdvidedinparts.Thedairyin previous
concept isdisturbingoverall form.It istopromnent el enent. Qe
flap over di splay can be usedto containthe dai ry. Thi s serves two
purpose, oneisit protects screenandit gives very conpact | ook pl us
itavodsthebigflap. Ar budbeisshiftedfromtoptotheright ndd e
portionwhichnorelogical asit isveryeasytopressit by thunb.
Gipisnicelybl endedwthformvhichcanfacilitate bothright and

I eft handed grips. Sone nore work i s neededinthe detailing of

hi nges for sensor and capsul e caps.
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H nal Gnecept

The final concept was nade consi deri ng user anal ysi s, acti vity anal ysi s and er gononics.
Frst thelayouts for RBand batteries werefinalisedandthenother el enents vere
arranged accordingtoit. Sensor and capsul es are kept on one si de wher eas t he di spl ay,
buttons and di ary are kept on other side. Thus theinput and output side are kept different.
Onbothsidesgripsaregiventofascilitated fferent grips reduci ng fati gue onuser. \ilen
vat er drops are put on sensor strip and appropri ate buttons are pressed user gets

readi ng on di splay i nthe formval ues wth proper units. Asthe user i s novi ng fromone
placetoanother place hehastokeepthetrack of readings soonediaryisprovidedto
notedown al | detailslikepl ace nane, day, date, tineetc. Thediaryis nade up of two
conpart nents one ontop of ot her. The di ary can be sw vel ed at the center. when one
readi ngi s taken user presses the di ary bottomend and t hen put s t he paper back. Thi s
arrangenent avoi ds use of spiral bound di ary. The dropper and bl ower bubbleisin

bet ween two conpart nents. Dropper is requiredtotake sanpl e wat er and put drops on
sensor vhi | e the bl over is usedtothrowout water drops fromsensor. Qver is attached
to nai n body wit h doubl e hingewhichal lows theit toturn around and go bel owbase.
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H nal Goncept

Design of Water quality checking product

The final nodel was done i n one to one scal e.

Mbst of the parts of nodel were nade by fabrication
t echni que. Renai ni ng parts wer e nade by vaccum
formng. The two pi ctures to t he si de showhowt he
product istobeheldandwhat aredifferent grips.
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H nal ncept

Top cover

Batteries

Main body

Sensor store
Bottom Plate

Base Connector Bellow

Product is nade up three parts . The upper nost
part i s cover vhichis attaached tothe nai n body
by doubl e hi nged cover. The Mddl e oneis the
inportant part containingal interface. The battom
nost part hol ds RB battery and connct ors.
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