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Range of G nplex Proble mSol vi ng

Attribute Conmplex Problem
Range o conflidting Invol ve wde-ranging or conflicting technical, engineering and o her issues.
requirements

Depth of anal ysis required

Have no obvi ous sd uion and require abstract thinking originalityinanal ysis
tofor mulate sutable nodels.

Depth of know edge required

Requires research-based knowledge nuch of whichis a, o infor med by, the
forefront of the professional discipine and which allows a fundanentals-
based, first principles anal ytical approach

Fanliarity of issues

Invol ve i nfrequently encountered issues

Extent of applicable codes

Are outside problens enconpassed by standards and codes of practice for
professional engi neering

Extent of stakehol der
invdlvenent and level of
conflicting require nents

Invol ve d verse groups of stakehol ders wth wdel y varyi ng needs.

Consequences Have significant consequences inarange of contexts.

I nterdependence Are highlevel problens including nany conponent parts or sub-proble ns
Range of Gonplex Prode mActivities

Attribute Co nplex Activities

Range of resources

Invol ve the use of diverse resources (and for this purpose, resources incl ude
people, noney, equiprent, naterids, infor nati on and technol ogi es).

Level of interaction

Require resd uion of significant problens arising frominteractions bet ween
wi de rangi ng and conflicting technical, engineering or a her issues.

I nnovati on

Invol ve creati ve use of
principles and research-based know edge in novel ways.

engi neering

Consequences tosaciety and the
environment

Have significant consequences in a range of contexts, characterized by
difficuty of prediction and nitigation

Faniliarity

Can extend beyond previous experiences by applying principes-based
approaches.




Abstract

There have been nany concerns inthe healthcare fiel d about the dfficultiesin precisely
identifying veins for nedical procedures, particularlyin cases invol vingtoddl ers, d der
people, people wth dark or hairy skin hypovolemia o swollenskin It'simportant to
pinpoi nt the vein because doing so can speed up nedical treat ment considerably. A
suggested instrunent systemuses a canera and infrared light totake photos of veins
that are then processed by a conputer to address this issue. The real-ti ne prgection of
the processed i nages onto the patient's skin or onany screen uses i nproved contrast to
make it easier to see veins. Anon-invasive blood pressure nonitoring nodule is also
included in the device to quickly gauge bood flowrates, especialy in energency
scenarios. The blood sugar level detection nmodule inthis system it should be nated,

calls for invasi ve techni ques. Healthcare wor kers can gai nfromi nproved veinlocation,

sped-up treat nents, and effective bood flow evaluation by combining these
technol ogi es.



Undertaki ng
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Chapter One

1 INTRODUCTION

The entire prgect's intid phase is covered in this chapter, dong wth a brief
introduction the problem that was soved the key goals, docunent convertion,
intended audi ence, readi ng suggestions, assunption and dependencies, broader i npact,

and a feasi bility anal ysis.

11 Docunent Gnvention

This section deals wththe conplexter ns invdved in witing this document and put

definitions to ease the reader’s mnd.

111 Defintions

Here are sone definitions that are required for this docunent:

\Vein Locator: A device or systemthat uilizes infrared technology and i nage
processing agorithns to enhance the wsihility of veins, adng in the accurate
localization of veins for medical procedures. Infrared (1R

Canera: Atype of canerathat detectsinfraredradiation alowngittocapturei nmages
of veins that are ather wse nat visidetothe naked eye.

| mage Processing Agorithns: Agorithns or nathenatical techniques used to
anal yze and nmanipulate digtal i nages, such as enhancing contrast, detecting edges, o

extracting specific feat ures.

B ood Pressure: The force exerted by the blood against the walls of the arteries,
typically neasured in mlli neters of nercury (nmHg), indcating the pressure during
bat hthe contraction (systolic) and relaxation (dastdic) phases of the heart.

B ood Puse Rate: The number of ti nes the heart beats per nanute, indcatingthe heart
rate and provi ding informati on about the rhythmand regul arity of the heartbeat.



B ood GQucose Level: The concentration of ducose (sugar) in the Hoodstream
measuredin mlligrans per deciliter (ng/dD) or mlli noles per liter ( Mol/L), serving

as anindicator of b ood sugar levels.

Non-1nvasive: Referring to nedical procedures or techniques that do nat require the
insertion of instrunents or devices intothe body, m ni mzing dsconfort and reducing

the risk of conmplications.

Invasi ve: Referring to nedical procedures or techni ques that invol ve the insertion of
instrunents or devices intothe body, typicallythroughincisions or punctures.

Hypovolema: A condition characterized by a decrease in the voume of Wood
circuatinginthe body, leadingtolowbl ood pressure and reduced bl ood flowto organs

and tissues.

Prototype: A working model o intia version of asystemor device, used for testing

and eval uati on purposes before ful-scale production or i npl e nentati on

Ardui no: An open-source electronics platfor mbased on easy-to-use hardware and

soft ware, designed for creating irteractive prgects and prot a ypes.

Arduino | DE (Integrated Developnent Environment): Asoft ware application used
for witing conpiling and upl oadi ng code to A duino boards, provid ng a user-friendy
interface for programming Aduino mcrocontralers.

Raspberry H: Acredit-card-sized sing e-board conputer that can be used for various

applications, offering alow cost and versatile gdatfor mfor electronics prgects.

Operating System ( O5): Soft ware that manages conputer hardware and soft ware
resources, providing an interface for users and applications to irteract wth the

conputer system

Li nux GB: An open-source operating syste mspecifically designed for Raspberry A,
prowvi ding a Li nux-based environnent opti mzed for the Raspberry A hardware.

Arduino Programmng Libraries: Collections of pre-witten code that extend the
functionality of Aduino, provid ng ready-to-use functions and nodules for various

tasks and conponerts.



Python L braries: Mdules o packages inthe Python programm ng language that
provide additional functionality for specific tasks a conponerts, alowng for easier

devel opent and integration wth a her systens.

M crocontraler: Asnall conputer on asingle integrated circuit (1Q that contains a
processor, nemory, andinput/ out put peripherals, often used for e nbedded syste ns and
contrd applications.

Anal og-to- Dgtd onverter (ADQ: Adevice or drcuit that converts anal og signals,
such as voltage or current, irnto dgital datathat can be processed by a digtal system

such as a microcontrdler.

Sensor: A device that detects and responds to physical o environnental changes,
convertingtheminto neasurable signals or data, commonly used in applications such

as tenperat ure sensing, motion detection or light sensing

CSI Port: The Carera Seria Irterface port is adedicated interface onthe Raspberry
Pi for connecting canera nodul es.

Thonny: Thonnyisa Python Integrated Devel opment Environnent (I DE) that prowvi des
a user-friend y irterface for witing and executi ng Pyt hon code.

OpenCV. uenCV ( Qpen-Source Computer Msion Library) is a popul ar open-source
conputer vision and machine learning soft ware library used for i mage and video

processi ng

Ti ne: The tine nodule in Python provides functions for working wth ti ne-related

operations, such as sleep and ti mng neasure nents.

NumPy: NunPy is a Python library that stands for ' Nunerical Pythori. It prowvides
support for large, multi-di nensional arrays and matrices, dong wth a collection of

mat he matical functions to operate onthese arrays.

P Ganera: This is a module is a Python library that alows easy access to the

Raspberry A camera nmodul e, enabling capt uring images and vi deos.

cv2: 'cv2 isthe dias commonly usedtorefer tothe QpenCV library when i nporting it
in Python.



Gaussian Bur: Gaussian bl ur is a filtering operation used to reduce i nage noise by
averaging the pixel val ues inthe nei ghborhood using a Gaussian kernel.

Sharpen Flter: Asharpen filter is a kernel or natrix applied to ani nage to enhance

the edges and details, increasing their visual prominence.

Canny Edge Detection: Canny edge detectionis ani mage processing al gorithmused
toidentify the edges in an i nage based on changes inintensity. It is wdely used for

feat ure extraction and i mage segnentati on

CLAHE: CLAHE stands for Contrast Li mted Adaptive Hstogram Equalization It is
an inage enhancenent technique that inproves the contrast of an inage by
redistributing the pixel intensities based onthe local histogram

Negative | mage: A negative i nage, adso known as an inverted i nage, is an i nage
wherethe cd ors or intensities are inverted It is obtai ned by subtractingthe pixel val ues

fromthe maxi mumval ue (e g, 255 for an 8 hit i mage).

BGR BGRisanacronymfor Bue, Geen and Red, which arethe pri nary cd ors used
in many color i nage representations. In QpenCV, the default cdor order for reading

and nani pul ating i nages is BGR

Frame Truncation: Fame truncation refers tothe process of dscarding the current
frame data fromthe camerds buffer, dlowng it to capture a fresh frame for further

processi ng

Keyboard Interrupt: Akeyboardinterrupt occurs when a user presses a specific key
or comnbi nation of keys onthe keyboard, resutinginthe ter mnation of the programor
a specific action

Break State nent: The break statenent is used in loops to exit the loop prenaturely.
Inthis prgject’s python program it is usedto break out of the continuous capture | oop
when the user pressesthe'd key.

FPS: FPS stands for Frames per Second. It refers tothe nunber of ind vidual frames or
i nages displayed or captured per second in a video or ani nation Hgher FPS val ues
resut insmoother notion and nore flud visuals.



Resol ution: Resd utionreferstothe nunber of pixels or dotsthat nake upani mage or
display. It istypicaly represernted by the wdh and height of the i nage or screenin

pi xels. Hgher resd uwions result insharper and nmore detailedi nages.

Sleep Tine: eep ti ne refers to the duration of a pause or delay introduced in a
program It is comnonly used to contrd the tinmi ng or synchronization of different
processes. Inthe gven context, the sleepti ne isusedtoirntroduce asnall delay of 0.1

seconds before starting the i mage processing | oop.

Contrast: Contrast refers tothe difference in bright ness bet ween different parts of an
i mage or display. It is anmeasure of the range of intensity val ues presert in an i nage.
Increasi ng contrast enhances the dstinction bet ween light and dark areas, naking the

I nage appear nore vividand detailed

12 Intended Audience and Read ng Suggestionrs

This cortent is intended for dverse audience invol ved inthe field of healthcare and
medical research and technol ogy devel oprent. Enlisted are the groups of audience

whi ch can fdlowthis docunent for their research purposes:

a Healthcare Professionals

Al doctars, nurses and aher nedical personnel fall irto this category who are
responsi e for the care and nonitoring of their patients daily. They will find this text
hel pful in deter mning the patertial i mpact and capahilities of this system

b. Researchers and Acade mcs
Individuals who are invol ved in healthcare research facilities and acadenm a wll this
docurnent hel pfu inadvancing and corntinue highlighting key research areas.

c. Bonedca Engineers and Technol ogists
Professionals who are entitled to design devel op and i nplement nedical dewvices that
benefit patients and the professional s

d Hectrica, Hectronics and Gonputer Engi neers
Engineers fromrelevant fidd can take this research as a starting point for nore
sophisticated and state of the art nodifications as future works for i nple nenting nore

conpl ex researches.



e. Decision Mikers and Ad m nistrators

Al hospital admnistrators, paicy nakers and leaders of healthcare organizations wil
find this docunent valuable for understanding the benefit of an irtegrated patient

monitoring syste m

13 Assunption and Dependencies

1 31 Assunptions

Followng are the assunptionto be nade while implenmentingthis prgect:
Inthe hospital setting far which we are creating this system it is expected that
all facilities, necessary infrastruct ure, includi ng power supply, and physical
space, are presert.

For the next five years, it is assumed that the systemis conpatible wththe
maj ority of the current gadgets, sensors, and communication praocals.

Al required patient datais presunedto be pratected

It is expected that the systemconplies wth all applicable laws, rues, and
regul ations governing healthcare infor mation privacy, security, and data
exchange. To safeguard patient privacy and data security, the necessary

measures wll be taken

1 32 Dependencies
Successful i nple mentation of the integrated patient nonitoring syste mdepends on the

enlisted factors:

The prgect depends on cooperation and coordination bet ween a variety of
stakehol ders, such as healthcare professionals, admnistrators, IT staff, and
syste mdevel opers.

The availability of hardware elenents, including as sensors, nonitas,
m crocontrdlers, and communi cation devices, isa prerequisite for the syste ms
depl oy ment. Additionally, it isreliant onthe accessihility of soft ware ele ments
including fir mnare, and user interfaces.

The technical profidency of the devel opnent teamis essertial for the syste ms

successfu i nplenentation. Their expertise and understanding in fields



including sensor irtegration software developnent, data processing and
net wor k confi guration are essertial.

e The effectiveness and perfor nance of the systemare dependent on neticul ous
testing and validation nethods.

14 Briefing

It has been a convertion that when doctor or nurses needs toinject inthe body using
syringe, they first have to stop the blood flowin the ar min order to get visihility of
veins. Nor mally in patients this technique is very easily done however accessing the
veinin case of el derly people whose b ood vessels and veins are squeezed due to age,
infants whose veins are very snall, dark skintoned people, people wth conditions of

hypovole ma, peopleincritical situations wthswelled skin

For these people the medical professionals get irto trouble findng the veins for
inectingthe nedicine. Here the convertional nethod fails for uilization W need to
devel op a device in order toforesee the veins inside the such situational skins and ease
the process for the professionals. Inasi mlar way in critical situations, it takes much
ti ne for neasuring the blood pressure and bl ood gl ucose levels. So we are going to

add these small systens are well inorder to make this device multipurpose.

15 ProblemState nent

The existing nethods for vein localization Wood pressure nonitoring and bl ood
glucose level detectionin nedical procedures present several challenges, particularly
when dealing wth elderly indviduals, infants, indviduals wth dark skin tones,
hypovol e ma, and critical situations wthswelled skin The conventional techni ques are
oftenti ne-consumng, costly, and nay lack user-friend yirnterfaces for bothhealthcare

professi onal s and lay nen.

Therefore, there is a need to devel op a lowcost, effective, multipurpose, and user-
friendy international system that addresses these challenges. This syste m shoul d
incorporate a vein locator for precise vein visualization a blood pressure monitoring
module for quick and reliable neasurenents, and a bood ducose level detection

modul e for non-invasi ve monitoring By devel oping such a system we ai mto enhance



medical procedures, i nprove patient care, and provide an accessible sd ution that can
be uilized by healthcare professi onals and non- professi onals alike.

16 Introduction and Background

Before providng injections, nedical practitioners have tradtionally depended on the
procedure of nonentarily stopping bl ood flowinthe ar mtoidentify vei ns. While nost
patients respond well tothis techni que, there are sone patients who present difficulties,
includingthe el derly wth narrowed bl ood vessels, infants wthsnall veins, people wth
dark skintones, those wth hypovolema, and peopleincritical conditions withswollen
skin These circunstances nake it challenging for nedical practitioners to precisely
pinpoint veins for admnistering nedication naking the traditional approach

i neffecti ve.

Itis urgently necessaryto create a specialized equip nent that can see veins wit hinthese
particdar skin problens in order to get around these restrictions and nake injection
procedures easier for nedical experts. The dfficulties are further exacerbated in
e mer gency scenari os by the ti me-consumng net hods for checking bl ood pressure and
bl ood ducose levels. W irntend to address this by developing a flexible syste mthat

includes these extra features, nakingit a conplete sd uion

Qur technol ogy wil function as a versatiletod for nedical experts by integrating vein
visualization capabilities wth bood pressure nonitoring and blood g ucose level
measurenent. This cuiting-edge nethod wll increase vein location efficiency and
accuracy, hasten wita sign assessnent, and eventually enhance patients overall

healt hcare experiences.

In many foreign hospitals and nedical instituions, the use of cuting-edge nedical
equiprment has becone standard practice in the field of healthcare However, in
Pakistaris largest healthcare facilities, conventional techniques corntinue to be used
H gh pricdng inport taxes, frequent changes inthe duty rate, and the high cost of
insurance for expensive package deliveries fromabroad are sone of the reasons why

modern products are not wi del y availabl e inthe nation

This prgject intends to devel op a novel nedical gadget that addresses a particul ar issue

in order toincrease its affordability and accessihbilityto a larger popul ation. The vein
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locat or in question enables nedical practitioners to quickly find veins for a nunber of
procedures, such as bl ood sanple and irtravenous cannul a i nsertion

In order toinprove vein usihility, hospitals typicallytighten the ar musing a belt or
strap. However, this procedure takes alongti ne, especiallyinenergency situations. It

is alsoinappropriate for patients wth certai n conditions.

Thereis a need for a quick and effective procedure uilizing engi neering know edge to
address these restrictions. \&inlocating devices are already available, but because they
are mainly inported ino Pakistan they are expensive and less wdely availabe.
Accu\kin AV500 (650,000 - 833 000 PKR), A m\ein Pro (490,000 - 572,000 PKR),
Hellovein Mx (1,041 088 - 1,041,609 PKR), and \&ineye (500,000 PKR) are sone
noteworthy i nported vein locator brands and their associated costs in Pakistan Rupees

(PKR.

. -
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Hgure 161 Expensive Veinlocator devices

By creating alocally produced vein locator system we hope to overcone the current
drawbacks and provide a practical renedy that can be used in a range of healthcare
facilities, such as dinics, hospitals, and even as aconponent of hone first aid kits. In
order to ater and opti mze the gadget and nake it available to healthcare professionals
and people fromall wal ks of lifein Pakistan thisproect wll nake use of engi neering

expertise and mar ket anal ysis.

17 Broad Based (hjectives
The goals of this research are to inprove accessihlity and affordability while
addressing the dfficuties that currently exist in wvein-localization and nedical

monitoring The precise goals consist of:



Create a veinlocator systemthat can accuratel y and effectivel y visualize veins,
especialy in difficut cases such those involving people wth dark skin tones,
el derly patierts, babies, people wth hypovolema, or those wthswollen skin
Add non-invasive blood sugar level monitaring tothe gadget to i nprove its
overall usefulness and adaptability. This wll alow for quick and convenient
glucose level checks wthout the need for invasi ve treat nents.

I ncl ude athorough systemfor neasuring bl ood pressure and pulse rate, enabling
medical personnel to get rapid precise vital signreadings in urgent situations.
Make sure the product is accessible to a larger range of healthcare facilities,
including hospitals, dinics, and even situations where healthcare is provi ded at
ho nre.

Conpete wth products sol d on foreign narkets by suppl yi ng a conpetitive and
cutting-edge equipnent that satisfies gobal perfor mance, reliability, and
usahility criteria

Design a user-friend yirterface that is easyto use and produces accurate results
for bath healthcare experts and people wthout amedical background

By attaining these goals, we hope to transfor m nedical practices, enhance
patiert care, and advance healthcare technol ogy in our area and beyond

18 Brief Feasillity Analysis

A brief feasihility anal ysis is wittenin order to shed light onthe points through which

we can nap the product worth wth respect to sone factors. In our case we are

categorizingthe product withthree factors, its economc factor, operation and technical

factor and they are elaborated bel ow

191 Economc Feasihlity

The part on econom ¢ vability assesses the prgect's financial conponents, such as cost

anal ysis, recurn oninvestrent, and pricing strategy. The prgect's financia viability and

patertial profitability are thoroughly examned
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Cost Anal ysis:

To deter mne whether the prgect is financially feasible, a detailed cost study nust be
perfor med. This includes calcuaing the costs related to nmanufacturing narketing

distribution and conponent acquisition nanufacture, and research and devel op rent.

Any additional costs associated wth gettingthe required certifications and adhering to
regul atory standards shoul d be taken irnto account inthe cost analysis. Areasonable
assess nent of the prgect'staa cost can be nade by taking into account the prices of
parts like the I Rcamera, Raspberry A, Aduino Uno, Mx 30100 sensor, and gl ucose
test strips.

Return oninvest nent:

For the purpose of determ ning the prgect's financial sustainability, it is essertial to
forecast the ti me it wil take to see a return on invest ment. Anal yzing the predicted
market denmand of international devices as nentioned above, the price we approach
shall be verylowconparedtothem(1lac). An esti nation of the ti ne needed toreturn
the initia invest nent can be nade by anal yzing the narket patential and comnpetitive

environnent which shall be done whenthe systemisirtroduced inthe narket.
Pricing Strategy:

To ensure profitahility and conpetition a proper pricing strategy nust be devel oped
The cost of manufacturing, narket demand, rivalry, and the product's perceived val ue
shoul d all be considered when deter mining the price strategy. Apricing strategy that
strikes a balance bet ween affordability for prospective custoners and guaranteeing a
sufficent profit nargin far the business can be developed by perfor mng narket
research and examning the pricing strategies of conparable devices. To meet varied
mar ket de mands, it nay also be consideredto offer several pricingtiers or bundles for

specific client categories.

192 Technica Feasihlity
The suggested vein finder system wthintegrated medical features is eval uated for its

capabilities, dependability, and prospective relevance in the technical feasihility
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section It assesses the systems technical conponents to deter mne whether it can be

successfully devel oped and i nple nented

The software adgorithms of the system perform real-tine picture analysis and
proection enabling nedical practitioners to swiftly and accurately find veins. The
syste ms capabilities are furt her enhanced by the functions for neasuring bl ood pressure

and detecting bl ood d ucose levels, which enable thorough patient nonitoring

The healthcare sector has a la of potential for the proposed system The device can
significantly increase the precision and speed of nedical procedures by giving
healthcare practitioners a dependable, non-invasive, and effective tool for vein
localization This is especialy hel pfu when working wth patients who have dfficult

vei n access, inenergencies, andin urgent situati ons.

193 Operational Feasihlity

The section on operational vahility looks at the usefu ness and practicability of the
suggested veinlocator systemwth built-in nedical features. It focuses onmaking sure
that the systemis bath affordable and easy to use for bath nedical professionals and

non- nedical people

The systemis nade to be si nple to use and intutive, making it sutable for baththose
with and wthout nedical backgrounds. Wth basic, unconplicated instructions and
visual cues to lead users through the wvein location procedure, Hood pressure

measure nent, and bl ood gl ucose level nonitoring the user interface wll be easyto use.

Co nprehensi ve instructional prograns and support naterials wll be createdto pronote
the systems acceptance and use. Mdical experts wll atend training sessions to
becorne famliar wththe feat ures and functionality of the system Wers wll aso have

accessto user nanuals and onlinetoadlsto hel pthem utilize andtroubl eshoot the syste m

12



Chapter Two

2 LI TERATURE SURVEY

The literature reMew of this prgect provides a conprehensive anal ysis of existing
research, studies, and publications related to veindetection wta sign nonitoring and
wearable nedical devices. It ai ns toidentifythe current state of the art, research gaps,
and patertia opportunities for innovation uti nately infor mng the developnent and

advance ment of the proposed veinlocat or system

21 Mbtivation of Wirk

The notivation behind this prgect is to address the li mtaions of existing vein
identification nethods by creating a cost-efficent, faster, and user-friendy sal uion
The goal istostreaninethe process of veinidertification makingit multi-purpose and
suitable for various healthcare settings. By leveraging advanced technol ogies and
automation the prgect ai ns toi nprove effidency, reduce costs, and enhance patient
careinthe field of vei nidentification

Inrecent ti nes, there has been significant research conducted by various organi zati ons
and conpanies expl oring the field of vein pattern bi onetric technol ogy. This research
has pri narilyfocused onanal yzi ng vei n patterns in dfferent parts of the body, includi ng
the face and hand. The idea behind the vein pattern anal ysis cane fromthe Infrared
Imaging (AR andthe ther mal i naging Mre detail isinthe laer section

22 System Anal ysis

221 Technique for Data Gat hering

The first stepintacking any proble mstate ment is to acquire the pertinent data froma
variety of sources. This ertails conducting intervews wth professionals in the
healthcare industry, exam ning present practices (reMewng existing technol ogies),
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conducting online surveys, studying online research papers, journals and online
systens.

After extensi ve investigation we arrived at the concl usions through web research and
interviews wth hospita professionals regard ng the current syste min Pakistan, which
has been in use. This chapter wll cortinue wth a detailed explanation of why a
sophisticated system we have discussed before are so expensive and how the system
will be nade cost effident.

2.2 2 Analysis of Existing Technol ogies

Every ather body that contains heat inside it radiates certain wavelength of infrared
Sa e goes for the hunan body andthe bl ood vessels and vei n whi ch contai nheat inside
it and thus radiate certain (very neglighe anmount) wavelength of infrared Wich
radae ou and atenuate accordng to the infrared transmttance spectrum of
at mosphere. This was first anal yzed using ather nal canerathat records thete nperature

infor mation of face and hence often referredto as a face ther nogram| 1].

Hunman veins on the surface are war mer than the tissues around them according to
scierntificinvestigations. In order toidentify users, McQegor and Vélford devel oped
a device that perfor ned a hand veinscan whilethe hand was clenched [2]. The British
Technol ogy G oup and Canbridge Consultants Ltd then workedtoget her toinvestigate
hand vein patterns, leading to the creation of \&incheck a commercia technol ogy
displayed a asynposiumin Septenber 1993 [3].

Despite the product's nodest comnercia success, the idea atracted ala of scierntific
attertion Active infrared i naging was used by the Australian Institute of Security and
Applied Technol ogy [4] and a Korean researchteam|[5] torecord vein patterns onthe
back of the hand FujitsulLaborat ories alsoinvestigated vei n patterns onthe hand s pal m

side [6].

Due tothe lack of a study of the elements i npacting the quality of the vein pattern
i mages inthese earlier studies, it took ten years of research and testingtoimprove the
I Ri maging syste m using technol ogies like utrasound [6] and near infrared [7]. The
i magi ng net hod has now been refined wth near-infraredi naging, in which the sulyject
isillumnated wth N Rand reflected light is neasured [8][9]. A portable hand vein

finder syste musing non-invasive infrared technology is de nmonstrated intheir works.
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The epider msisadetoabsorb N Rradiation whereas deoxyhe nogl obi n-venous bl ood
cannot. As aresut, theinage created by reflected and scattered light exhibits dazzling

skin surface and dark lines (veins).

Monitoring bl ood pressure and sugar levels is essential for nai ntai ning peopl € s health
especially for those who have chronic dseases like diabetes and hypertension. Ala of
research has been done on non-invasive bl ood pressure neasure nent nethods wththe
goal of creating reliable and practical tods for everyday nonitoring. Nimerous
strategies, such as Gscillonetric [10], phato plethys nography (PPQ [11], and pulse
transit ti ne (PTT) nethodol ogies [12], have been investigated

These nethods deter nine Hood pressure characteristics including systdicand diastdic
pressure using various sensors and agorithns. The developnent of portable bl ood
pressure nonitors that are si nple to wear on the wist or upper ar mhas also been
facilitated by inprovements in wearable technology, offering convenience and

accessi hility for routi ne monitoring

S mlartothis, itiscrucial for people wth diabetestorecognize and nonitor their bl ood
sugar levels. Invasive techniques, including finger pricking for Hood ¢ ucose
assess nent [13], are used in conventional approaches. Non-invasive nethods, onthe
ot her hand, that prowvi de pai nless and continuous monitoring are gai ning popul arity.

Nu erous strategies have been investigated including electroche mcal sensing [14],
i npedance spectroscopy [15], and optical nethods based on near-i nfrared spectroscopy
(N RS) [16]. These techniques try to neasure certain physidogical alteraions or
characteristics linked tothe body s concentration of g ucose, such as light absorption or
electrical i npedance, inorder to deter mne g ucose levels.

So here considering the cost mini mzing factor and faster resuts we need to stick to
such nethods which provide instant results. G ucose/sugar level detectionwll be done

i nvasi vel y.

2.2 3 Drawbacks of Basting Mbdels
Follow ngs are the drawbacks inthe existingtechniques:

e Li mted accuracy in veinidertification due to manual irterpretation

e [Difficutyinvisualizing deep or snall veirs.
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Inabilityto adapt to variations in patient anat ony and skintones and condition
Lack of consistency in veinusihility under different lighting conditions.
Li mted usability or conplexityin operation such as critical condition of body.

Lack of real-ti me feedback for precise cannul ati on gui dance.

2.3 Analysis fromthe Qurrent System

Vi n pattern recognition technol ogy is gai ni ng attertion for bionetric syste ns.
O fferent i nmagi ng techniques like active infrared imaging and ther nal i naging
are uilizedto capture vein patterns.

\fei n patternrecognition has applications inaccess contrd, identity verification,
and nedical dagnostics.

Ongoing research and devel opnent efforts are focused on i nage processing
al gorithns, hardware opti mzation and usability improve nents.

Vi n pattern recognition systens can be irtegrated wth a her technol ogies and
dewvi ces.

Continued advance nents canleadtoi nproved accuracy and wder adoption of
Vel n recognition syste ns.

PPG nethod and the systemor sensor using PPG for anal yzing the heart rate
whichinturncan help us nonitor blood pressure.

Invasive nethod for bood gl ucose level isthe only way for fast neasure ment

of sugar levelsin bl ood

24 The Qutcone of the Literature Survey

Follow ngs are the outcomes we consi der fromthe literature survey:.

Vein detection technol ogies are being devel oped for cannulation wththe goal
of increasing accuracy, usahility, and patient confort. \ein vsualization has
been investigated using a variety of nethods, including utrasound, near-
infrared spectroscopy, and infrared i magi ng

Met hods far non-invasively neasuring blood pressure, such as cuff less and
continuous monitoring systens, have grown in popul arity. These techniques
have the patertia to provide more practical, inthe- nonent bood pressure

readi ngs, increasing patient conpliance and overall nonitoring precision
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The developnent of non-invasive gucose nonitaring tods has advanced;
however, the cost issue still remains. So according to our use case we have to
consi der the finger stick met hod

Mobile health technol ogy and wearables have showed a la of promse for
renmote monitoring and individualized healthcare. These tods nake it possibe
to continuously nonitor vital signs and g ucose levels, gving users the ability
to better contrd their health

The accuracy and interpretation of nedical data may be i nproved by conbini ng
nor mal data wth image processing However, for the fuure works nachine
learning and artifiaal intelligence would allow for the early idertification of
problens andthe devel opnent of tailored treat nent plans.
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Chapter Three

3 PROPOSED SYSTEM

Inthe sphere of nedical care the suggested syste mprovides a ground- breaking sol uti on
for vein location Wood pressure nonitoring and Hood ducose level detection This
multifunctional systempromses toi nprove efficiency, accuracy, and accessihlityin
healt hcare settings by fusing cutting-edge technol ogi es and user-friend y desi gn

3.1 Objectives

The obyjectives of the proposed syste mare as fal ows:

1 GQreateawveinlocator systemthat canrapidy and accuratel ylocate veins inpatients,
especially in difficudt drcunstances like el derly patients, newborns, people wth
dark skintones, and patients who have hypovolemia or swollen skin

2 To enable effective and pronpt nonitoring of patients cardiovascular health
particdarlyin urgent situations, irntegrate a bl ood pressure neasure nent nodule.

3. Include a Hood d ucose level detection nodul e for non-invasive bl ood sugar level
monitoring which wll give patients wth dabetes or ather netabolic diseases
critical infor mation

4. Make the system affordable so that healthcare facilities wth tight budgets and
resource restrictions can use it.

5 Know ngthe level of technol ogical expertise, nedical professionals should have no
troubl e using the syste mbecause toits user-friendy interface and si npl e operati on

6. Develop trust and confidence in the systems perfor nance by ensuring its
dependability and accuracy in gwving real-ti ne measurenents of bood pressure,
bl ood gl ucose levels, and vein place nents.

7. I nprove patient confort and speed up nedical operations by hel ping patients find

their veins quicky, requiring fewer need e insertions overall.
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8 Enable easy interface with current nedical equipnment and healthcare systens,

enabling thorough patient nonitoring and data sharing

9. Enable telenedicine and renote nonitoring applications, dlowng nmedical

personnel to evaluate patients conditions renotely and deliver pronpt
interventions.

10. Greate a nodul ar and adaptabl e syste marchitect ure tolaythe groundwor k for future

additions and changes. This wll enable the introduction of nore features and

functionalities in upcomng iterati ons.

3.2 SystemProposd

This section outlines the key conponents and technol ogies uwilized, along wth their

integration tocreate areliable and versatile healthcare sa ution

\ei n Locator

Uilize an I Rcamnera and Raspberry A to devel op a veinlocator system
Enmt infrared light to highlight veins onthe skinsurface
Enpl oy i mage processing al gorithns to enhance visibility and accurately

identify vei nlocations

B ood Pressure/ Heart Rate Detector

Incorporate a heart rate sensor 30100 and Aduino UNOfor b ood pressure
and heart rate neasure ment
Enable real-ti me nonitoring of patients card ovascular health

Prowvi de accurate and ti el y readi ngs of bl ood pressure and pulse réate.
Sugar Level Detection

Inegratetest strips and a preprocessing circuit wth Aduino Uho for sugar level
detection

Uilize specialized chemical coatings on test strips to convert gucose irno
measurabl e signals

Offer non-invasive neasurenent of bl ood g ucose levels for effective di abetes
manage ment
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Note: Each systemis further elaborated wth additional infor mation and details inthe
upcom ng section of this thesis.

3.3 Muin SystemDagram

The main system diagram provides a Mvisual represertation of the irterconnected
conponents andtheir functionality wthinthe proposed system This dagramill ustrates
theintegration of the required modul es, showcasing howt hey wor k toget her to enhance

medical procedures and streanbine patient care.

/ Ras pberry A &\ /Ardui no Uho — Heart Rate Sensor — Gucose\

IR Canera Test Strips
\Vein Locator B ood Pressure/ Heart Sugar Level
Rate Detector Detector
1 1 1 ~
Patient’s A mi Hand Patient’s Hnger Patient’s Bood

FHgure 331 Min System Oagram

3.4 Benefits

341 Real Tine Mynitoring and Dsday

Wththis systemwe get to have a syste m which can actually showa real time display
of the veins underneath the skin of any kind of person wth any kind of condition
Moreover, it can be very helpfu for the new nedical professional who are practicing
and don’t want to do errors wth patients.

342 Inproved \ein Vsibility

The vein locator system i nproves vein wvsihlity making it easier for nedical
professionals to locate and access veins for procedures like injections and Wl ood
sanpling especialyintricky situations wth el derly patierts, infants, people wth dark
skin people who have swollen skin and patients who have hypovolema or swollen
skin
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3.4.3 Enhanced Hfidency

The nethod makes it possibe to locate veins nore quickly and effectively, cutting
down on the tine needed for nedical treat nents and enhancing patient flow in
healthcare facilities. This nay resut inincreased output and shorter wait ti nes for

patients.

344 Increased Accuracy

The device increases vein idertification accuracy by uilizing cutting-edge i maging
technol ogy and al gorithrrs, reducing the possihility of mistakes or dfficulties during

medical procedures.

3.4.5 Multipurpose Functionaity
The systemincludes nodules for neasuring bood pressure, heart rate, and bl ood
glucose level detection in addition to vein location Vith this multifunctional

functionality, asingle gadget offers conplete health nonitoring capabilities.

346 Cost Bfident
The proposed nethod provides a reasonable substitue for pricey i nported

technol ogies, enhancing accessibility for healthcare professionals and facilities wth

li nted resources to veinlocation and health nonitoring

347 Wer-Friendy
The syste ms user-friendly interface nakes it si npleto use for bath people with nedical

backgrounds and those without them Reduced training requirenents and efficent

operation are made possible by clear instructions and easy contrds.

3.4 8 Portabe and \ersatile

The systemis light weight and portable, naking it sinple to nove bet ween various
healthcare facilities. Because of its adaptability, it can be used in healthcare settings
such as hospitas, dinics, and even & hone, offering ease and continuity of care.

349 Hone Nursing Kt

Moreover, due to being a user-friendly device it can be used by non- nedical
professionals as well who want totake care of their famlies a hone.
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3.4.10Potentid for Future Devel opnent

The proposed syste mlays the groundwor k for future technol ogical gains in healt hcare,
openi ng the door to develop nents in non-invasi ve diagnostics and patient nonitoring

35 Constrants and Limtations

This section outlines the shortcomngs inthis syste m however, these can be consi dered
laer for the fuure recomnendations and advancements for the new researchers.
Enlisted are:

351 Dependency on Environnenta Factors

The effectiveness of the veinlocat or syste m nay be i nfl uenced by external factors such
as anbient lighting conditions and patient-specific characteristics like skin tone,
hairiness, or swelling These variables nay affect vein visihility and darity, which nay

i npair veinlocalization accuracy.

352 False Positive/ Negative Resuts

Although the syste me npl oys advanced al gorithns for vei nidentification, thereis still
a possihility of fase positive or false negative resuts. Factors such as nove nent
artifacts, occlusions, or variaions in vein vsihlity can affect the accuracy of vein

detecti on

353 Li mted Depth of \&in Detection
The system nay have limtations in detecting deeper veins or veins located in areas
where the infrared light penetration is inadequate. This nay require additional

techniques or devices far successful veinlocation insuch cases.

354 Indwvdua \ariations

The systems perfor mance nay vary anmong individuals due to anatomecal differences,
skin characteristics, o underlying nedical conditions. Factors such as skin thickness,

pignentation and vein depth can affect the systems ahilityto accuratel y locate veirs.

3 55 Calibration and Mintenance
The system nay require periodic calibration to ensure opti mal perfor mance. Regular
mai ntenance and updates tothe soft ware, hardware, and al gorithns nay be necessary

to address any issues or impr ove syste mfunctionality.
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3.56 Invasive Bood G ucose

Whilethe veinlocator and bl ood pressure nodul es are non-invasi ve, the bl ood gl ucose
level detection conponent requires the use of invasive test strips. This nay li mt the
confort and convenience for indviduals who prefer non-i nvasive nethods for g ucose

monitoring

3. 57 Absence of 10T

The system does nat incorporate Internet of Things (1oT) capabilities, li mting its
potertia for renmote nonitaring data connectivity, and real-ti ne anal ytics.

358 Absence of multi-sensors

The system lacks the integration of multisensory, li miting its ability to capture
additional physidogical parameters o provide a nore conprehensive health
assess ment.
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Chapter Four

4 METHODOLOGY

The procedure uilized for praaype anal ysis can be conparedtothe nethods statedin
this paper. V¢ construct a functioning pratatype for this investigation The nethods
used by these attachnents are described insone of the subheadi ngs.

4.1 Design Mt hodol ogy

This prgect's design is conposed of hardware and soft ware i nplenentation Inthis
chapter, we provide an overview of the conponents, prgect functionality, and present
a generalized bl ock dagramand flowchart dagramtoillustrate the syste ms operation
Hence here are the list for al the hardware conponents we wll be using and the soft

wares we WIll be using for conpl eting our prgect:
Hardware:

i. Raspberry A 3B+
ii. Arduino Uho
iii.  ArducamIR Ganera
iv. Max 30100 Heart Rate Sensor
V.  Qucose Test Srips
vi. 5v Adapter
vii. LCD 16x2
viii.  LMB58 and LF356
iXx Prgector Gible
X Plastic Box

Soft ware:

I.  Raspberry A C5
ii.  Thonny — Python | DE
iii.  ArduinolDE
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4.2 Project Deliverabes

4.2 1 Conpl ete Prototype
e A fuly functional praotype that denonstrates the capabilities of the vein

locator, K ood pressure detector, and sugar level detector.
e Prgectinthe for maof anaccessible kit for people fromall val k of life

e Integration of sensorstoensure snooth data calection and communi cation

4.2 2 Co npl ete Syste m Docunentation

e A detailed docunentation covering each perspective of this prgect
e A detailed literature review to spectate the data gathering, objectives,

met hodol ogy, outcones, resuts and concl usi ons.

e A conplete design of the systeminside the docunent for research purpose,
suggestions and recommendations for enhancing this syste mfunctionality and

potertia devel oprents.

4.2 3 Source (de
e Conplete functional program

e Source code nust beinside the docurent and a her patfor ns de nanded by the
institue.
e Conplete description of each programm ng library used

4.3 Project Vrking

The prgect working invol ves the seantess integration and synchronization of the

mi crocontrdlers and sensors to neasure the vital signs, and provi de real -ti ne feedback

4.11 Phase | — Systemlnitidization &Setup

e Turn onthe Raspberry Pi and relaed Aduino device to start the vein location
system

e Vhke surethe prgector is calibrated and configured correctly before connecting
ittothe system
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e To turn onthe Aduino-connected systemand nake the necessary connections,

turn onthe heart-rate sensor.

4.1 2 Phase Il — \&in Location processes &Mtad Sgns Masuring

e To ensure appropriate alignnent for precise vein detection place the arm or
hand under the IRcanerds field of iew

e Set the IRcanerato "on" sothat it wll shine infrared light ontothe subject's
skinandtake pictures.

e Uilize the algorithm built inside the Raspberry H to process the collected
i mage.

e Place your finger onthe heart rate sensor to start the reading process and wait
for synchroni zation a the sane ti ne.

e The heart rate sensor detectsthe bl ood vessel pulsations and cal cul ates the heart
rate after bei ng synchronized

e Asnall amount of Hood should be drawn fromthe fingertip and placed on the
sugar stripto deter mne the bl ood sugar level.

e The preprocessing circuit and the Aduino-associated system anal yses the

chemcal reaction onthe strip and neasure the sugar level.

4.1 3 Phase Il — Resuts Dispday and Presentation

e Proect theinage ontoasutable suface or the projectar screento dsplay the
vei n | ocation results.

e Displaythe sugar level and heart rate reading onan LCD or aher visual display
for si nple interpretation

o (reate a user-friend yinterface to dearly and conpletel y showt he results.

e Ihke surethe results are si nple toread and conprehend for bath individuals
with nedical backgrounds and those withott.

e Include the proper visual aerts or indicaors to draw attertion to unusual
readings o patertia problens.
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4.4 HBock Dagram

The proposed systems overall design and parts are depicted inthe bock diagram It
offers a high-level illustration of the connections between various nodules and
subsyste ns necessarytodeliver the desired functionality. The bl ock diagram hi ghlights
each conponent's function and relationship wthin the systemby hel ping to visualize
the flow of data and signals bet ween different parts.

Displayl/Projector 16x2 LCD
A

A

Image feed - Preprocessing Test Strips
IR Camera Circuit
/
A
Raspberry Power Supply Arduino
Pi3 Uno

Max 30100-

- Heart Rate
Sensor

A

Arm / Hand Finger Blood

Patient

Hgure 441: Bock Dagram
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4.5 SystemHowchart

The flowchart illustrates how actions and decisions nove through the systemin a
sequential nanner. The systems logical sequence of actiuties, procedures, or
algorithns is represented visually. The flowchart acts as a road nap, laying out the
order of procedures and prerequisites to be net whenthe systemis being used It hel ps
toconprehendthe behavior of the system pinpoint contra routes, and guarantee proper

synchroni zati on and coordi nati on bet ween various nodul es and conponerts.

‘ Initialize ‘

microcontroller

No ol o
Y No

Sensors Operating

l

Detect Blood @

Yes Yes

¥ ¥

Processing Processing

l

End

Hgure 451 SystemHowchart — Hood Pressure & Sugar Level Detector

28



[ Start

S .
Take input (Turn
By on) '

L

IR LEDs &
Camera (On)

& i &
Image :
P —= Preprocessin
Acquistion j P g
_ L
Segmentation
. .
S . Reset - Y
Post-Processing
'ul-: . T
L . Output Image
End | :

vl |

Hgure 452 SystemHowchart — \ein Locator
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Chapter RHve

5> HARDWARE COMP ONENTS

This chapter provides anin-depth anal ysis of the essertial denents usedinthe wrel ess
power transfer system highlighting each ele nent's uni que functions and contri buti ons

tothe systems overall perfor nance.

51 Raspberry H Mdel 3B+

The \ein finder systems prinary inage processing processor is a singe-board
conputer the size of a credit card calledthe Raspberry A 3B+ It offers apractical and
affordable so uion for arange of uses, includ ngimage processing

The Raspberry A 3B+isutilizedinthis prgect toprocess the visual data obtained from
the IR canera using certain algorithns for vein detection A Broadcom BCM2837B0
processor, 1GB RAM and a nunber of connectivity choices are included in its

architecture.

Running on the Raspberry A 3B+ is the Raspberry A O a Linux-based operating
systemcreated especialy for Raspberry A gadgets. It has a user-friend y interface and
supports a variety of devel oprent packages and frane wor ks.

Hgure 511 RaspberryP 3B+
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Running on the Raspberry A 3B+ is the Raspberry A O§ a Linux-based operating
systemcreated especialy for Raspberry A gadgets. It has a user-friend y i nterface and

supports a variety of devel oprent packages and frane wor ks.

Wsing its GPl O ( General Purpose Input/ Qutput) pins, the Raspberry A 3B+ can be
connected to sensors and actuators. These pins provide interaction wth the physical
world by allowng for the irterface wth various conponerts includ ng sensors, LEDs,

mot ors, €tc.

Python is a programm ng language that is extensively supported on the Raspberry A
platfor mand nay be used to programthe Raspberry A 3B+ You can create and run
Pyt hon code directly on the Raspberry A thanks tothe Python interpreter that is pre-
installed onthe Raspberry A C8

You nust nmake sure that an IR canera is conpatide wth the Raspberry A and
conplies wth the necessary irnterface standards before you can connect it to the
Raspberry A 3B+ Typically, a ribbon cable is used to connect the camera to the
Raspberry A's CSI (CGamera Serid Interface) port.

Wsi ngthe Thonny Python conpiler, you woul d create Python code that nade use of the
camera nodul e and pertinent libraries to doi mage processing wth an IRcanera The
code wouldtake pictures wththe IR camera, process them wth Python libraries like
OpenCV or AL and carry out tasks like vein recognition On the Raspberry A,
Thonny sintegrated developnent environnent (I OE) nakes it si npleto wite run, and
debug Pyt hon code.

52 Arduino Uno

In this prgect, the sugar level and heart rate detectors are corntrolled by a
mi crocontrdler board calledthe Aduino Lho. Duetoits si nplicity and usability; it is
a preferred option for e mbedded syste mdevel opment and prat a ypi ng

The Aduino Lhois usedinthis prgect tocommunicate wththe sensors and act uat ors
needed to detect the blood sugar level and heart rate. It cdlects infor nation fromthe
sensors, nakes the appropriate conputations, and then adj usts the out put devi ces.
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The A nega328P mcrocontradler, which powersthe Aduino Uho architecture, has 14
digital input/output pins, 6 anal ogue input pins, a 16 MHz quartz crystal oscillator, and

a nunber of comnunication ports.

You create code inthe Arduino programning language to contrd the Aduino Unho.
Set up and loop procedures inthe code are used to initialize the necessary pins, set up

the sensors, read data run cal cuations, and nanage the actuators.

One of the dgta o analogue pins of the Aduino Unho should be connected to the
output pin of a heart rate sensor, such as the Heart rate sensor 30100. Typically, the
heart rate sensor uses optical sensorsto detect the pulse on afinger. The sensor's out put

may be read by the Aduino code, which canthen process it to deter minethe heart rate

FHgure 521 Aduino Uho

You woul d require extra parts for the g ucose test strip like a preprocessing circuit to
handle the electrical signals fromthe test strip The Aduino Lho nmay be used to
connect the drcut, and code can be wittento process the anal ogue readings fromthe

circuit and deter mne the bl ood sugar level using pre-established net hods.

In order to provide heart rate and biood sugar level detecting functionalities, the
Arduino Lho serves as a certral contrdler, cdlecting data fromthe sensors, carrying

out conputations, and regul ating the out put dewi ces.

53 ArducamIR CGanera

Asmall canera nodule calledthe Aducaml R Canmera was created specificall ytotake
infrared (IR pictures. For the vein locator capability inthis prgect, it uses infrared
technol ogy to visualize the veins on a patient's arm or hand
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Inthis prgect, the patient's ar mor hand is phot ographed using aninfrared camnera, and
the resuting i nages are processed to idertify and locate veins. The Raspberry R

recei ves the cdlected phat os and processes the mfor further research

ArducamIR Ganerds architecture is made up of an i nage sensor, lens, IR filter, and
contrd electronics. It ismade totake pictures inthe infrared range, naking it possible

tosee veins under the skin nore clearly.

Thereis no proprietary operating systemor fir mvare for the Aducaml R Canera Itis
essertialy a piece of hardware that interfaces wththe Raspberry A totake and process

pi ctures.

FHgure 531 IRGnera

Wsing the canerainterface onthe Raspberry A board you may connect the Aducam
IR Ganeratothe conputer. The canmera nodul e attaches tothe Raspberry Pi's specific
CSI (Ganera Seria Irterface) connector, ensuring a dependable and quick data flow

bet ween the canera and the conputer.

Python is one of the many programm ng languages that can be usedto create program
for the AducamIR Camera Aducamor Raspberry A libraries and APIs are used in
this prgect toaccess and contrd the canera using Python progra mm ng Setting upthe
canera taking pictures, and sendingthe mtothe Raspberry A for processing al can be
done wth Python code.

In general, the AducamIR Ganerais acrucia part of gettinginfrared pictures of the
patient's veins. The Raspberry A is linked toit, and the prgect's i nage processing

techni ques are used to anal yze and I ocate veins inthe acquired phaot os.
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54 Max 30102 Hart Rate Sensor

The MAX30102is asnall sensor module for neasuring heart rate and bl ood pressure.
It incorporates a phat odetector, LEDs, and signal processingtods. The MAX30102is
attachedtothe Aduino Uno inthis prgect and placed onthe patient's finger. It enmts
light, detects variaions inlight absorption brought on by pulsatile bood flow and
conputes the heart and pul se rates.

FHgure 541 Mx 30102 Heart Rite Sensor

Its architect ure consists of phatodetectors, light sources, and d gita signal processing
The 12C pratocd is used for communication wth the Aduino Uho. To configure the
sensor, readrawdata, and extract puserae and heart rateinfor nation itis programned
using Aduinolibraries. The sensor isintiaized by the Aduino code, which alsoreads

data and displays or transmits the esti nated heart rate.

55 Qucose Test Srips

O abetes sufferers can neasuretheir b ood g ucose levels with g ucose test strips, which
are singe-use strips. These strips have enzynes that interact wththe bood sanplées
glucosetogenerate an electrical signal. The Aduino Lhois usedinthis prgect to detect
and quantify the bl ood sugar level using d ucose test strips. Onthe Aduino board the
test stripis pacedintothe appropriate sla or connector.

The bl ood sanple and the enzynes onthe stripinteract chemcallyinthe architecture
of gucose test strips. Due tothis response, an electrical signal that reflects the bl ood
glucose level is produced Based on the hardware layout of the Aduino board,
particuar pins or connections are wilizedto connect the g ucose test striptothe A duino

Uno.

34



fo
F Jd

/7://,2/"

\—

Fgure 551 Qucose Test Srips

Uilizing libraries and code that connect wth the ducose test strip is part of
programm ngthe Aduino Uno. The test stripirnteraction electrical signal reading, and
conputations necessary to ascertain the bood sugar level are al drected by the

Ar dui no code tothe board.

56 Power Suppy

The Raspberry A 3B+ and Aduino Lho nicrocontrdlers are bath powered by the 5V
adaptor, whichis a power source. It guarantees a steady and dependable power supply,
enabling the appropriate operation of the microcontralers and the conponents linked
tothem However, for energzing the whole syste myou can even atach a multi-port
power bank wth the project which can power the system separately and nake it
portabl e.

Y
>

IV’
b &

Hgure 56 1. Power Supply
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5.7 LCD 16x2

Inthis prgect, the neasured heart rate and bl ood sugar levels are shown on the LCD
16x2 nodule. It offers consuners a si nple and legible irnterface via which they can
monitor the findings in real tine. Wing the GP1O pins, the LCD 16x2 nodule is
connected to the Aduino. It needs a power source, a ground connection, and data
connections sothat commands can be sent and data can be shown. Dgital pins are used
by the Aduinotoread wite data and contrd the LCD using a parallel interface.

FHgure 571 LCD 16x2

58 Projector Gable

The Raspberry H is connectedtothe projector syste musing a prgjector cable. It acts as
a conduit for the prgjector toreceive and display the processed veini nage created by
the Raspberry A. The project or recei ves the video signal fromthe Raspberry Pi through
the cable, which enables visualization of the veinimage on a surface.

Hgure 581 Prgector Cable
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59 Hastic Box

Al of the systems conmponents are housed ina protective casing nade of black plastic.
It gvesthe mcrocontrdlers, sensors, and a her electronic conponents a safe and well-
organized place to be mounted To provide proper exposure and contact wth the
patient's ar mor hand and to enabl e reliabl e readi ngs and neasure nents, the sensors are
situated outside the body. The bodys dark cdor aids in reducing interference from
outside light and uphol ding ideal conditions for sensor perfor nance.

Hgure 59 1: Hastic Box

510 L MB58 and LF356 Operational Anplifiers

Operational anplifiers (op-anps) likethe L\VB58 and LF356 are frequently uilized in
electrical carcuts and signal processing applications. Adual op-anp wth low power
and low voltage operationisthe LIVB58. It has awi de input voltage range, a high gain
andisintended for general -purpose applications. The LMB58 is frequently uilized as a
conmparatar in nany electronic systens as well as in audio applications and voltage

anplification circuits.

Hgure 510 1. LM58 and LF356
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Chapter Sx

6 HARDWARE & SOFT WARE
| MPLEMENTATI ON

In this the whole inplenentation process is discussed along wth the program
containing the python script design libraries and agorithm used, i nage processing,
designing the heart rate sensor Aduino program and also the sugar level detector

program

6.1 Setup of Raspberry PI

Intialy we needtoinstall the OS for the raspberry pi. For that you need to have a SD
card wth nminimumof 64 GB nenory. You canuse nenory of 32 &16 GB as well.
Next you need toinstall Bal ena soft ware on your wi ndows device and then downl oad

the Raspbian CS fromtheir officid website

ﬁ balenattcher

@

B Flash from file

& Flash from URL

Hgure 611 Linux OS5 Installation
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After the installation file you need toinstal the OS by insertingthe SDcardintothe
SDcardreader andthen attachit tothe wndows devi ce and by using Balena, install the
Li nux for raspberry pi onthe SDcard Rermnemnber that you have to wait for conplete
installation of the OS5 wth no errars at the end as well. Qher wse, your Linux wll run

but wll nat perfor mdesirably when you are using it for conpiling.

After conplete instalaion of the Linux on your SO now you need toinsert the SD
cardintothe A and also connect the A to any power source. It will start to boat for the
first ti nre. You need to conplete the process by settling the opti mum configurations.

Once done the nain desktop wil beloadedinfront of you as showninthe figure bel ow

FHgure 612 RaspberryPi Desktop

6.2 Post Installation Necessary Go mmands
After instalaion of the OS we know we have to use pythoninthe prgect so first we
have to update the term nal, python package, QoenC\, tine and NumPy. The

comnands are listed bel ow step by step wth description

Downl oad package i nformation fromall configured sources
sudo apt update
Check current version of Pthonimstdled
pyt hon --version
Updating pip

python3 - mp pirstal —upgrade pp
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Updati ng pyt hon
Python - mp pirstdl -upgrade python
Instaling QpenCV
sudo apt i rstal python3-opencv
Updati ng QpenCV
sudo apt upgrade pyt hon3-opencv
Instaling Ti e and NumPy

pi p3irstdl ti ne nunpy

6.3 Setting up I Rcanera

You may use a Raspberry A andthe fdlownginstructions toset up anlRcanera

e Connectthe IRcaneratothe Raspberry A's CSI port. \erifythe security of the
connecti ons.
e The Raspberry A'ster mnal wndowshoul d be opened.

e Runthe comnmands listed bel owto update the Raspberry R's fir maare:

sudo apt update
sudo apt upgrade

sudo rp-update

e Enablethe canerainterface by runningthe command:

sudo raspi-config

e Select “interfacing Options” and then “Canera”.
e Choose “Yes” to enabl e the canera interface.
e Select “Hnsih” and reboot the Raspberry H.

e Test canera by capturing ani nage. Runthe fdlow ng command:

raspistill -otest_i nage. jpg
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e This command captures ani nage and saves it as “test i nage.jpg” inthe current
directory.

e Checkthe captures i nmageto verifyitthe IRcanerais working correctly.

6.4 Python Scripts

Now we only needto witethe whole python script for the i nage processing to nake
the veinlocat or part of the prgect. V¢ have attached a conpl ete source code inthe end
of thethesis as well. However, the script needs to be explained alittle wthavisual step

by step understandi ng

frompicanerainport ACanera
frompicanera arrayi nport A RGBATrray
i nport cv2

i nport ti ne

I nport nunpy as np

These lines i nmport the libraries required to operate wth the canera nodule for the
Raspberry A, QoenCV, ti ne, and NunPy.

camera = A Ganera()

camera.resa uion =(848, 480)

camerafranerate =24

rawCapture = H RGBArray(canera, size<848 480))

cv2 named Wndow(' Precis\kine, cv2 WNDOW_AUT OSI ZE)
ti ne.sleep(Q. 1)

The H Canera object isinitializedtoget her wthits resd ution (848 480) and franerate
(24 frame per second (fps)) in these lines. To cdlect canera franes, use the
rawCapture object. The processed inage is dspayed in a wndow called
"Precis\eine' that is created by the cv2 naned W ndow() function To ensure correct

caneraintiadization the ti ne.sleep ( for O 1second) functioninserts asmnall delay.

for frane in canera capture_conti nuous(rawCapture, for mat ="bgr",
use_wvideo_port=Tr ue):

i rage =frane array
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b, g r =cv2 split(i nage)
i mage =cv2 cut Col or(i mage, cv2 COLOR_BGR2GRAY)

This starts afor loop that wil continuouslytake pictures wththe canmera Each frane
isrecorded bythe canera capture_conti nuous() function, whichstoresitinthei nage
variable. The i mage is dvided intoitsind vidual col our channels (B G and R using
the cv2sdit() function Wing the cv2COLOR_BGR2GRAY flag the
cv2 cvt Gol or() functionturns the i mage to grayscale

Note: B G Rinthe above code represents Bue Geen Red CV2 means computer vision

Il. However, these are mentioned in abbreviations and the definition portions.

blurred =cv2 GaussianBlur(i nage, (3 3, 1)
sharpen_filter =np array([[-1 -1 -1, [-1 9 -1, [-1 -1 -1])
sharp_i mage =cv2filter2 (bl urred -1, sharpen_filter)

These lines carry out procedures for i nage processing The cv2 GaussianB ur()
function blursthei magewitha Gaussianfilter todecrease naise. cv2 filter2[X) applies
the sharpen_filter, a kernel for sharpening the picdure, onthe duryinage to get a

sharp_i mage.

clahe =cv2 create CLAHE(clipLi mt =30, tileGidSize<4, 4))

cl1 =cahe appl y(sharp_image)

The cv2 create CLAHE) function is used inthis section to create a contrast-li mted
adaptive histogramequalisation (CLAHE) object. The sharp_i nage i nproved contrast
as aresut of applying CLAHE is storedinthe d1 variable.

cv2inmshow"Precis\eine", d1
rawCapt ure.truncat e( 0)
key =cv2 wait key(1) &OxFF
if key ==ord("q"):

break
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These lines enploy cv2inshow() to dsplay the edited i nage inthe "Precis\&ine"
w ndow To nake roomfor the fdlowngframe, the rawCapt ure.truncate(0) function
del etes the currently captured one. Ifthe key pressedis g " the cv2 wait Key() function

stops its loop and causes the programtoter mnate.

6.5 | mage Process of \eirs

For the overall i mage conversion patternis shown bel owal ong wth a bullet for mstep

by step conversion of the arignal i mage intothe final form

e Convert the captured frame to grayscale

e Apply Gaussian bl ur toreduce noise.

e Applya Mdian filter (sharpening filter) to enhance i nage details.

e (reate a Contrast-Li mted Adaptive Hstogram Equalization (CLAHE) object.
e Apply CLAHE to enhance i nage contrast.

e Displaythe processedi mage inreal-ti ne.

e
-

Input image

-l
. '

Display image Median filtering

Hgure 651 I mage Processing Seps

6.6 Setup Arduino Environnent and I nporting libraries

Arduino environnent ister ned wthirtegrated devel opnent environnent (I DE)
that Aduino offers for creating conpiling and uploading code to Aduino
boards. It nakes it simple to program and communicate wth Arduino
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m crocontrdlers because it comes wth a code editor, conpiler, and uploader.
This I DEis quite si nple toinstal and setup by just downl oadi ng and i nstall.
However, after this you first need to i nport certain libraries for helping the

programruninan opti mumway. Followng arethe list of the libraries we need:

Wre h
This librarys " Wre. h" file contai ns the 12C communi cati on-rel ated functions.
It enables 12C pratocol communication between the Aduino and many

peripherals, including sensors, LCD screens, and ot her devi ces.

LiqudQrystd i2c h

The 12C interface-based LCD screens are nanaged by this library. It offers
options for cursor positioning printing text, contrdling the lighting and
intiaizing the dsplay. The library nakes it easier for the Aduino and LCD
display to comnuni cate.

Max30105 h

For the MAX30102 sensor nodule this library was created specifically. It
offers ways to communicate wththe sensor, includi ngthe abilitytointialize it,
set the pulse anplitude, readthe I Rval ue, and enabl ete nperature neasurenent.
The library abstracts the nitty gritty of interacting wth the sensor, making

projects easier to use.

heart Rate. h

This libraryis uilized todeter mne the heart rate using infor nati on from pul se
sensors or aher conparable devices. It has features for detecting heart beats,
figuring out beats per mnute (BP N, and gvingthe average BP M Devel opers
may now concentrate on more challenging challenges for their prgects because
the library nakes the process of gat hering and anal yzing heart rate data si npler.

6.7 Ardu no Program Design

#include <Wre. h>
#include <LiquidQystal_12C h>
LiquidQystal 12Clcd(0x27, 16, 2);
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#include <Wre h>
#include " MAX30105. h"
#i nclude "heart Rate h"

The necessary libraries for 12C communication, LCD display, MAX30105 sensor, and
heart rate calcu ation are included inthis section

MAX30105 partideSensor;
const byte RATE_SI ZE = 4
byte rates| RATE_SI ZE];
byte rateSpat =0,

long last Beat =G

float beatsPer Ninute;

int beat Avg;

float tenperature;

float wef =33

float resd uion =wef / 1023;
intcecc =1

The MAX30105 sensor object, variables for cal culating heart rate, tenperature, voltage
reference, and resd uion are anong the objects and variables declaredinthese lines.

voi d setup() {

Serial. begi n(9600);

Icd begi n();

Icd bacKight();

Icd set Qursor(Q 0);

lcd print("HEALTH MON TORI NG");

Icd set Qursor(Q 2);

lcd print("SYSTEM......");

if ("partideSensor. begin( Wre, 12C SPEED _FAST)) {
Seridl. println(*" Heart Beat sensor nat found");
while (2);

Serial. prirtI n("" A ace your index finger onthe sensor.");
partideSensor. setup();

partid eSensor. set Pul se Amplitude Red(0x0A);
partid eSensor. set PulseAnplitude G een(0);
del ay(2000);

¥

A the beginning the setup() function is only called once. It adso sets the pulse
anplitude and intializes the LCD dsplay, MAX30102 sensor, and seria

45




communi cation Additionally, it checks that the heart rate sensor is properly connected
and shows a natificationonthe LCD

voidloop() {
for (inti =0 i <500 i+)
Heart Beat();
Serid. print("BP ME");
if (beatsPer Minute >20 && beatsPer Minute <=70) {
beatsPer Minute = 70;
¥
if (beatsPer Minute >120) {
beatsPer Ninute = 120
}
lcd dear();
Serial. print(beatsPer Ninute);
Serid. print(", Avg BPM=");
Serial. print(beat AvQ);
Seridl. printIn);
Icd set Qursor(Q 0);
lcd print(" BP ME");
Icd print(beat Avg);
partid eSensor. set up( 0);
partideSensor.enable DETE MPRDY();
in tenperature = partideSensor.readTe nperat ure();
Serial. print("te nperature C=");
intt=tenperature;
Icd set Qursor(Q 1);
led print("T=");
lcd print(t);
Serid. printin(t);
if t >39 {
Serid. printIn("Te np is high");
}
dse {
}
}

The loop() functionis used nunerous ti nes. To deter mne heart rate, 500 calls are nade
tothe Heart Beat() function The heart rate val ue is then checked and nodified The
LCDis deared and the heart rate is printed and shown onthe LCD Additionally; it
deter mnes whet her the temperature is high by readingthe te nperature fromthe sensor,
displayingit onthe LCD

void Heart_Beat() {
partid eSensor. set up();
partid eSensor. set PulseAnplitude Red(0x0A);
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partid eSensor. set Pul seAnplitude G een(0);
long ir \al ue = particleSensor. getl R);
if (checkFor Beat(ir \al ue)

This above code isthe function Heart_Beat and it calls the function particdeSensor to
object to configure the sensor, sets the pulse amplitude of the red green LEDs of
particleSensor.set PUseAnplitude Red & partideSensor.set Puse Anplitude Red
Later the infrared reads val ue using getl R function and assigns tothe value irVal ue.
Lastlythis val ueis passed as anargunent totheif state ment as a check wththe function
checkForbeat.

6.8 | nplenentation of Sugar Level Detection

The i nplementation of the gucose Level Detectionis alittle si npler. V¢ needto have
certain conponents we have nentioned earlier through themwe needto create a circuit
of operational anplifiers which could enhance the current generated by the test strip
and deliver it tothe drcuit. Later after enhanced val ue, that needs to be taken input by
the anal og pin of Aduino and upon certai n cal cuation and range esti mati on display on
LCD

||EJ
2 g
S g
5 = 14F
470 —|:
vy .] :I 2 |
S e
L M358 i
" ~400mV

1uF

GMD pin
— GMD pin =—=
& E GND pin —L

Hgure 6.8 1. Sugar level detection circuit

6.9 Prototype Devel opnment

The overall systemhardware i nple nentationis shown inthe bel owfigure, this shows
a dagramfor the connections of the raspberry pi withthe I Rcanera and secondly the
Arduino wth LCD 16x2 and Mx 30102 sensor.
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Fgure 6.9 1: Aduino Connections

B ack Hastic Box: Ablack pastic box contains the systems parts, including the
Raspberry A and Aduino. The box helps organize the setup and offers a protected

encl osure for the conponerts.

Hgure 692 Back Hastic Box

Ardui no and Raspberry A: The placenent of Arduino and Raspberry Pi isthe nain
factor in adjusting al aher sensors and conponents. These have to rightly adjust in
order to manage the space inside the box

48



Hgure 6.9 3. Enbedded Devices Hace nent

Power onnection: The Raspberry A and Arduino have specified cutouts or
connectors inthe box for power connections. These cutouts provi de the system wth a

safe and convenient power supply.

Hgure 6.9 4: Power Connection

LCD Ospay & Max 30102: A16x2 LCD display is positioned inthe center of the
box, outdoors and right beside it the nmax 30102 sensor is atached.

Hgure 695 LCDand Sensor Adj ust nent
Test Srip Gonnector:

The test strip connector has its own spat inthe pratot ype. The syste m nay co mnuni cate
with specializedtest strips through this port to perfor mextra nedical neasurenernts.
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Hgure 6.96: Test Sripplacenent

| Rcanera

The Raspberry A is connected tothe IR canera wre that is fastened inside the box
The wre isthen renmoved fromthe box to make the camera handhel d so that doctors
can use their left hand easily. By usingthis setup, doctors nay operate the syste mand
inect asyringe wth their right hand a the sane ti ne, resuting in mnimal patient
move ment.

A § 1..‘ /

Hgure 697 CGanera
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A nal Look

Hgure 698 Overall System
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Chapter Seven

7 SYSTEMTESTI NG & ANALYSI S

For a systemto be reliable and functioni ng, testing and anal ysis are essertial. They aid
with finding and fixing any problens or flavs before tothe systems depl oy ment. V¢
may make sure that the system satisfies the criteria and perfor ng as intended by
thoroughl y testing and eval uati ng its perfor mance. This approach enables us toi nprove
the systerms perfor nance, create a dependable product that satisfies user needs, and

opti mze it.
7.1 SystemTesting &Strategies

The syste mtesting nethods e npl oyed inthis prgect are essentia for spatting patertial
issues, verifyingthe needed syste mbehavi or ina variety of scenarios, and ensuring the

systems dependability and correctness inreal - world healthcare settings.

7.1 1 Mbdule Testing

The hardware nodules are assessed indvidually to confirm integration and
functionality. This involves conducting extensive repetitive testing on each nodule to
idertify any specific issues, validate inputs and out puts, and ensure effective irter-
modul e commnuni cation The objective isto ensure the nmodul es function properly and

seanesslyirnteract wthone anat her.

7.1 2 Functional Testing

Functional testing is conducted to validate the effidency of bath hardware and
application nmodules inthe conatose patient nonitoring system It invol ves assessing
the microcontrdler's data gathering processing notification generation and real -ti ne
monitoring capabilities. The hardware conponent is tested through input/out put
eval uation sensor calibration and experi nentation wthrepresentative values.
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7.1 3 Wsahility Testing

Wsabilitytesting ai ns toidertify and enhance any usabilityissues inthe user irterface.
However, the syste mis designedto be user-friendy and strai ghtfor ward Wth mni mal
setup requirenents and clear pictorial instructions for ataching certain sensors to
patierts, the system ensures ease of use Even indviduals wthout a technical
background can achieve the desired usage outcone by fdlowng the prowvided

i nstructi ons.

7.1 4 Overall Syste m Testing

The overall system testing strategy ains to validate the systems perfor mance,
reliability, and conpatibility, This includes scenario-based testing and system
integrationtestingtoensure opti mal functionality. Once all stages of syste mtesting and
debugging are conpleted successfuly, the prgect should exhibit optimal results,
indi cating the syste ms efficiency and effecti veness.

7.2 Testing IR Ganeraon Ofference Body Parts

Ala nay be learned about the IRcamneras capabilityto precisely detect and visualize
vei ns in various skintones, text ures, and dept hs by testingit on various body parts, such
as the ar mand hand This prgect's I Rcanera has a fixed focus. Therefore, it is vital to
hol dthe canera agai nst the subject a a certain distance in order toachieve the best vein

visihility.

By maintainingthe proper dstance, itis possibleto prgect an adequate number of IR
rays ontothe subject's skin and see their veins dearly. Poor i nage quality coul d result
frominadequate I Rlight reaching the subject if the camerais heldtoo close toit. O
the ather hand, hol d ngthe caneratoo cosely can produce an excessive quantity of IR
light, durringthe i mage that is being presented

7.3 Testing on Natural Lowand Hgh Light

In high natural light conditions, the vsihility of veins wth the IR canera nay be
reduced due to irnterference fromstrong light sources. In contrast, low natural light

conditions can enhance the Misihility of veins as there is less interference fromanbient
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light. It is i nportart to consider lighting conditions during testing and use to ensure
opti mal perfor mance of the veinlocator wththe IR canera

7.4  Frane per Second

An I Rcanera used in veinlocator applications typically has a naxi mumfrane rate
per second (fps) that fals bet ween 15 and 30 fps. Dependi ng onthe anount of nat ural
light, the fps can change. The fps nay drop due tothe necessity far longer exposure
periods in low natural light situations where the canera depends nore on its own
infraredlighting The longer exposureti me enablesthe cameratocapture ani nage wth

enough light.

The fps, onthe aher hand, nay increase under high natural light crcunstances where
thereis ala of anbient light because the camera can use the available light for faster
i mage acquisition However, it's crucial toestablish the appropriate bal ance because too
much natural light can lead to overexposure, which can i npair vein wisihility and
negatively affect i nage quality. It is crucial to change canera settings, including
exposure duration and gain and to provide proper illumnation wthout leadng to

overexposure in order toproduce the best vein visibility.

However, as a general rue of thunb, 100to 3001 ux of anbient light mght be thought
of asideal for getting the best outcomes. It is crucial torene nmber that thisis only an
approxi mate esti nate, and fine-tuni ng can be necessary dependi ng onthe sensitivity of

the particuar canera and the desired vei n visi hility.

7.5 Appropriate Range of Mew

An IR canera used as a vein locatar often has a range of Miewthat is nmeasured in
centi neters or inches rather than feet. This is due tothe fact that in order to get clear

pictures of the veins, the canera needs to be placed cl ose tothe subject's skiris surface.

The ideal dstance fromthe subject's skin can range froma few centi neters to a few
deci neters (afewinches toafewfeet), athoughitis nor nall y wthinthese paraneters.

A veinlocator's recommended field of iewis nor nally bet ween 2 and 30 certi neters

(5and 12 inches) fromthe subject's skin
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7.6 Heart Rate Sensors on Miltide Units

Due tothe abundance of Hood arteries close tothe skirls surface where the sensor is

put onthe finger, readings are oftenreliable and accurate.

The sensor may still deliver reasonably accurate readi ngs when placed onthe wist, but
it nay be hanpered by motion artefacts and a weaker signal than when placed on the
finger. /s fewer bood vessels are located near tothe skiris surface onthe wrist, signal

quality may be alittle worse and readings nay be less precise.

Inconparisontothe finger ar wist, the sensor nay provi de less precise readi ngs when
placed on the earlobe. Less bl ood vessels and a thinner skin layer inthe earl obe nay

affect the sensor's capacity torecord a patent and reliabl e signal.

7.7 Perfor mance Issues Overviews

Factors Outco nes Description of the Issue | Opti mum Perfor mance
Suggestion
Frame Rate Maxi mum 1530 fps The frame rate a which Ensure the canera
the IRcanera captures supports the desired
and displays i nages. frame rate for real-ti ne
monitoring
Low Natural Poor output of the Reduced perfor mancein | Increase anbient light or
Li ght I npact vi deo — Decreased lownatural light adj ust canera settings for
visi hility of veins conditions dueto opti mal visihility &
decreased fps. wor ki ng
H gh Natural Poor output of the Excessive natural light Contrd light irtensityto
Li ght I npact video - Patertia causi ng overexposed avoi d overexposure and
overexposure i nages resutingin veins ensure clear i nages.
invisihlity
Opti num Recomnended: 300- The ideal light intensity Mei ntainlight levels
Natural Light 500 I ux for balanced withinthe recomnended
perfor mance. range for opti nal
visi bility.
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Heart Rate Fnger: Hghly The heart rate sensor's For accurate readings, use
Sensor accurate perfor mance on different | the sensor onthe finger or
Perfor mance body parts. Wrist.
W ist: Reasonably
accurate
Earlobe: Jightlyless
accurate
Table 7.8 Perfor mance Qrerview
7.8 Resuts

For the resut ve needtoshowthe out puts we are getting fromour system The opti mum

results concl ude this prgject and gives a successfu dosure Inthefigures 81 1 &8 12

bel owsee that \ein Locator is showng veinsinthe wist andthe knuckl es of the hand
S mlarlyfor the b ood pressure part we have displayed the results for the Bl ood pulse
measurenent and the average b ood pulse per minute (figure 8 13). Aongwiththisis
shown the body te nperature as well. Lastly, we can seethe results for the gucose level

inthe Hoodinthe figure 814

FHgure 7.8 1: Wist side veins
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Hgure 7.8 22 Knuck es side veins

Hgure 7.8 3: Bood pulse neasure nent

Hgure 7.8 4. Qucose Level
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Chapter Hght

8 ENM NRONMENTAL I MPACT

We're dedicated to puting sustainability first and reducing our prgect's ecal ogical
inprirt. V¥ want to save the environnent for comng generations by impl e nenting

eco-friend y techni ques.

81 Sustainabe Development Goals

Promoting easily available healthcare services, neasures for dsease prevention and
mental well-being prograns are al part of our commt ment to good health and
wellbeing In order to pronote eco-friendy practices, we encourage innovation in

industry and i nfrastruct ure.

We oppose inequality and fight toensure that everyone has access to equal possihilities
through social services and econonmic devel opment. In order to pronote a safe and
equitable society, we also pace a high priarity on peace, justice, and strong institutions.
We work together wth stakehol ders through Partnerships for Goals to achieve
collective sustainable devel oprent and open the door to a nore prosperous and j ust

world

82 Broader I npact of SDGs

This prgect has potentid to cortribute to several goals of the Uhited Nations
Sustainable Developrent Goals [1] (SGDs). Followng are the targeted sustainable
devel opnent goals and their patertial mappinginthe next t wo parts.

8 21 Targeted SDG

This integrated conatose patient nonitoring system comnes under the domain of
healthcare to enhance the quality of treat nent of patients and their well-being Listed
arethe SGGs this prgect targets:

e SGD 3 (Cood Healthand Vell-being)
e SGD 9 (Industry, Innovation and infrastruct ure)
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e SGD 10 (Reduced inequalities)
e SGD 16 (Peace, Justice and Srong Instituti ons)
e SGD 17 (Partnerships for Goals)

822 Potertid Mpping

In order to assess the impact of the prgect on the targeted SGDs, a checKist is
devel oped for each SGD bel ow

a SGD 3 - God Hathand VEI-being
e Enhancing health outcomes for patierts care
e Reducing healthcare related conplications and risk

e Fast &Ii mely nonitoring of critical conditions

b SGD 9 —Industry, Innovations and infrastructure
e Innovative technol ogies for creating | ow cost devices
e Hardware and soft ware integration for s moot h operati ons

e Sustainable devel oprent infrastructure for healthcare syste ns

c SGD 10 — Reducedinequalities
e Accesstoadvance nonitoring systemfor al kinds of patients

e | nproved systemfor underserved popul ation and areas.

d SGD 16 — Peace, Justice and Strong I rstitutions
e Pronuting care for patient and mini mzing roomfor error

e Safeguarding lives of people

e SGD 17 — Partnerships for Goals

e Collaborativel y devel oped wth healthcare provi ders and technol ogy experts.

o Know edge sharing intiatives

e Establishing partnerships to leverage resources and expertise for sustai nable

sal uwions
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Chapter Nne

9 CONCLUSI ON &FUTURE
RECOMMENDATI ONS

The mai n concl usi ons fromthe vei nfinder syste ms exa m nation and testing are briefly
summarizedinthis section. This detailed remewof the findings and revelations nade
during the study illustrates the devices functionality, useful ness, and reco mnended

advance ments needed toenhance the system

9.1 Conclusion

Conclusion Renmarks: The wvein locator system denonstrates promising resuts in
accuratelyidentifying and visualizing veins for nmedical procedures. It offers i nproved
vein detection real-ti ne nonitaring and user-friendy operation However, certain
perfor mance li mtations inlownatural light conditions and variations in vein visihlity
across different body parts shoul d be consi dered

Future enhancenents, such as wreless and portable capabilities, irtegration wth
machine learning and collaboration wth aher healthcare systens, canfurther enhance
the syste ms functionality and expand its patential applications. Overall, the veinlocat or
systemshows great patentia toi nprove veni puncture procedures and enhance patient

care.

9.2 Future Wrks
This section examnes options for i nproving nobility, comnbi ni ng cutting-edge i nagi ng
technol ogy, uilizing nachine learning net hods, and enhanci ng user experience in vein

locat or dewvices.
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9.2 1 Integration wth other Advanced Syste ns

To streanhine data exchange, i nprove nobility, enable renote consultations, enhance
I nage processing capabilities, and naxi mze workfl ow effecti veness, the vein locat or
system can be irntegrated wth Hectronic Medca Records (EMR), Hospitd
Infor mation Systens (H'S), teenedicine platforns, nobile applications, inage

anal ysis soft ware, and wor kflow manage nent systens.

0.22 Machine Learn ng Integration

| nprove vein recognition and autonated vein tracki ng capabilities by using nachine
learning and artificdal intelligence techni ques. Possible work can be totrain accurately
recognize and segnent veins, deploying M. nodels [17] onthe veinlocator device to
enhance wsihlity, reduce noise and inprove overall quality, irtroducing M-
algorithns that can natch capture vein patterns wth existing vein databases for
identification and lastly forcing the nodels to perfor madaptive al gorithns that can
change the conditions such as lightening controls and aher factors disturbing the

visihility.

9.2 3 W reless and Portable Design

Create wreless, portable tiny veinlocator devices for i mproved portability in arange
of healthcare environnents. It can be irtroduced with using rechargeabl e batteries for
cordess operation and longer usage ti ne, incorporating Buetoath W-H for seantess
connectivity wth snartphones, tablets or laptops for wreless data transfer and ot her

for any aher reason and ensuring a reliable and extended wrel ess range.

9.24 Multi — Mvdal | naging
To provide a nore thorough understanding of veins and increase accuracy, conbine
infrared inaging wth other imaging nodalities like utrasound or near-infrared

spectroscopy [18].

9.25 Vein Mipp ng and Dat abase
Createadgta veindatabase for each patient usingintegrated vei n mappi ngtechnol ogy
[19] to nake it easier to quickly and precisely iderntify veins during subsequent

treat ments.
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90.26 Augnented Reality (AR Msualization

Investigate the application of augnented realitytechnol ogy [20] toreal-ti me vein
targeting by overlaying veini nages ontothe patient's skin S mlarly, to devel op
intelligent gasses or AR googles through which professional can see through the skin
directlythrough dasses.

9.27 \Vein Hath Assessnme nt

Qreate featwres to neasure vein health such as Hood flow vel ocity anal ysis, vein
abnor nalityidentification, or vein daneter neasurenent, to helpinthe dagnosis and

monitoring of vascular disorders [21].
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