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Range of Co mpl ex Probl e m Sol vi ng 

  Attri bute Co mpl ex Probl e m   

1 
Range of conflicting 

require ment s 
Invol ve wi de-rangi ng or conflicting techni cal, engi neeri ng and ot her issues.  

2 Dept h of anal ysis required 
Have no obvi ous sol uti on and require abstract t hi nki ng, ori ginalit y i n anal ysis 

t o for mul ate suitable models. 
 

3 Dept h of knowl edge required 

Requires research-based knowledge much of whi ch is at, or infor med by, t he 

forefront of the professi onal disci pli ne and whi ch all ows a funda ment als-

based, first pri nci ples anal ytical approach.  

 

4 Fa miliarity of issues Invol ve i nfrequentl y encount ered issues  

5 Ext ent of applicabl e codes 
Ar e outsi de probl e ms enco mpassed by standards and codes of practice for 

professi onal engi neeri ng.  
 

6 

Ext ent of stakehol der 

invol ve ment and level of 

conflicting require ment s 

Invol ve di verse groups of stakehol ders wit h wi del y varyi ng needs.   

7 Consequences Have si gnificant consequences in a range of cont exts.  

8 Int erdependence Ar e hi gh level probl e ms i ncl udi ng many component parts or sub-probl e ms  

Range of Co mpl ex Probl e m Acti vities 

  Attri bute Co mpl ex Acti vities  

1 Range of resources 
Invol ve t he use of di verse resources (and for this purpose, resources i ncl ude 

peopl e, money, equi pment, mat erials, i nfor mati on and technol ogi es).  
 

2 Level of int eracti on 
Require resol uti on of si gnificant probl e ms arisi ng from i nteracti ons bet ween 

wi de rangi ng and conflicti ng techni cal, engi neeri ng or ot her issues. 
 

3 Innovati on 
Invol ve creati ve use of engi neeri ng 

pri nci ples and research-based knowl edge i n novel ways.  
 

4 
Consequences t o societ y and the 

environment  

Have si gnificant consequences i n a range of cont exts, characteri zed by 

difficult y of predi ction and mi tigati on.  
 

5 Fa miliarity  
Can ext end beyond previ ous experi ences by appl yi ng pri nci ples-based 

approaches.  
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Abstract 

There have been many concerns i n t he healt hcare fiel d about t he difficulties in precisel y 

identifyi ng vei ns for medical procedures, particul arly i n cases i nvol vi ng t oddl ers, ol der 

peopl e, peopl e wit h dark or hairy ski n, hypovol e mia, or s wollen ski n. It' s import ant t o 

pi npoi nt the vei n because doi ng so can speed up medi cal treat ment considerabl y. A 

suggest ed i nstrument system uses a ca mera and infrared li ght t o take photos of vei ns 

that are t hen processed by a comput er t o address thi s issue. The real-ti me projecti on of 

the processed i mages onto t he patient' s ski n or on any screen uses i mpr oved contrast t o 

make it easier t o see veins. A non-i nvasi ve bl ood pressure monit ori ng modul e is also 

incl uded i n t he devi ce to qui ckl y gauge bl ood flow rat es, especi ally i n e mer gency 

scenari os. The bl ood sugar level det ecti on module i n t his syste m, it should be not ed, 

calls for i nvasi ve techni ques. Healt hcare wor kers can gai n from i mpr oved vein locati on, 

sped-up treat ments, and effecti ve bl ood fl ow eval uati on by combi ni ng t hese 

technol ogi es. 
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Chapter One 

 

 

1 I NTRODUCTI ON 

The entire proj ect' s initial phase is covered i n this chapt er, al ong wi th a brief 

introducti on, the probl em t hat was sol ved, t he key goals, document conventi on, 

intended audi ence, readi ng suggesti ons, assumpti on and dependenci es, broader i mpact, 

and a feasi bility anal ysis. 

1. 1.  Docu ment Convention 
 

Thi s secti on deals wit h the compl ex ter ms i nvol ved i n writi ng t his document and put 

defi niti ons t o ease the reader’s mi nd.  

1. 1. 1.  Defi niti ons 

Here are some defi niti ons t hat are required for t his document: 

Vei n Locat or: A device or syste m t hat utilizes i nfrared technol ogy and i mage 

pr ocessi ng al gorithms to enhance t he visi bility of vei ns, ai di ng i n the accurat e 

localization of vei ns for medi cal procedures. Infrared (I R)  

Ca mera: A t ype of ca mera that det ects i nfrared radi ati on, all owi ng it to capture i mages 

of vei ns t hat are ot her wi se not visi bl e t o t he naked eye.  

I mage Processi ng Al gorit hms: Al gorit hms or mat he matical techni ques used t o 

anal yze and mani pul at e digital i mages, such as enhanci ng contrast, detecting edges, or 

extracti ng specific feat ures.  

Bl ood Pressure: The force exerted by t he bl ood agai nst the walls of the arteries, 

typi call y measured i n mi lli met ers of mercury ( mmHg), i ndicati ng t he pressure duri ng 

bot h t he contracti on (systolic) and relaxati on (di astoli c) phases of t he heart.  

Bl ood Pul se Rate: The nu mber of ti mes t he heart beats per mi nut e, indi cating t he heart 

rate and provi di ng i nformati on about t he rhyt hm and regul arit y of t he heartbeat.  
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Bl ood Gl ucose Level: The concentration of glucose (sugar) i n t he bloodstrea m, 

measured i n milli gra ms per deciliter ( mg/ dL) or mi lli mol es per liter ( Mmol/L), servi ng 

as an indi cat or of bl ood sugar levels.  

Non-Invasi ve: Referri ng to medi cal procedures or techni ques that do not require t he 

inserti on of i nstruments or devi ces i nt o t he body, mi ni mi zi ng discomf ort and reduci ng 

the risk of compli cati ons.  

Invasi ve: Referri ng t o medi cal procedures or techni ques that invol ve t he inserti on of 

instruments or devi ces i nto t he body, t ypicall y t hrough i ncisi ons or punct ures.  

Hypovol e mi a: A condi tion charact erized by a decrease in t he vol ume of bl ood 

circul ati ng i n t he body, leadi ng t o l ow bl ood pressure and reduced bl ood fl ow t o organs 

and tissues.  

Prot otype: A wor ki ng model or i nitial versi on of a syste m or devi ce, used for testi ng 

and eval uati on purposes before full-scal e production or i mpl e ment ati on.  

Ardui no: An open-source electronics pl atfor m based on easy-t o-use hardware and 

soft ware, desi gned for creati ng i nteracti ve proj ects and prot ot ypes.  

Ardui no I DE (Integrated Devel opment Envi ronme nt): A soft ware applicati on used 

for writi ng, compiling, and upl oadi ng code t o Ar duino boards, provi di ng a user-friendl y 

interface for progra mmi ng Ar dui no mi crocontrollers.  

Ras pberry Pi: A credit-card-sized si ngl e-board co mput er t hat can be used for vari ous 

applications, offeri ng a low- cost and versatile platfor m for electronics projects.  

Operati ng Syste m ( OS): Soft ware that manages comput er hardware and soft ware 

resources, provi di ng an interface for users and applicati ons to i nteract wit h t he 

comput er syste m.  

Li nux OS: An open-source operati ng syste m specificall y desi gned for Raspberry Pi, 

pr ovi di ng a Li nux-based environment opti mi zed for t he Raspberry Pi hardware.  

Ardui no Progra mmi ng Li brari es: Collecti ons of pre- written code t hat ext end t he 

functi onalit y of Ar dui no, provi di ng ready-t o-use functi ons and modul es for vari ous 

tasks and components.  
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Pyt hon Li brari es: Modul es or packages in t he Pyt hon progra mmi ng language t hat 

pr ovi de additi onal functionalit y for specific tasks or components, all owi ng for easi er 

devel opment and i ntegration wit h ot her syste ms.  

Mi crocontroller: A s mall comput er on a si ngle int egrat ed circuit (I C) t hat cont ai ns a 

pr ocessor, me mor y, and input/ out put peri pherals, often used for e mbedded syst e ms and 

control applicati ons.  

Anal og-to- Di gital Converter ( ADC): A devi ce or circuit that converts analog si gnals, 

such as voltage or current, int o di gital data t hat can be processed by a di gital syst e m, 

such as a mi crocontroller.  

Sensor: A devi ce that det ects and responds t o physi cal or environmental changes, 

converti ng t he m i nt o measurable si gnals or dat a, commonl y used i n applicati ons such 

as te mperat ure sensi ng, moti on det ecti on, or light sensi ng.  

CSI Port: The Ca mera Serial Interface port is a dedi cat ed i nterface on t he Raspberry 

Pi for connecti ng ca mera modul es. 

Thonny: Thonny is a Python Int egrated Devel opment Environment (I DE) t hat provi des 

a user-friendl y i nterface for writi ng and executi ng Pyt hon code.  

OpenCV: OpenCV ( Open- Source Co mput er Vision Li brary) is a popul ar open-source 

comput er visi on and machi ne learni ng soft ware li brary used for i mage and vi deo 

pr ocessi ng.  

Ti me: The ti me modul e in Pyt hon provi des functi ons for wor ki ng wit h ti me-rel at ed 

operati ons, such as sleep and ti mi ng measure ments. 

Nu mPy: Nu mPy is a Pyt hon li brary t hat stands for ' Nu meri cal Pyt hon' . It provi des 

support for large, multi-di mensi onal arrays and mat rices, al ong wit h a collecti on of 

mat he matical functi ons to operate on t hese arrays.  

Pi Ca mera: This is a modul e is a Pyt hon li brary that all ows easy access t o t he 

Raspberry Pi ca mera modul e, enabli ng capt uri ng images and vi deos.  

cv2: ' cv2'  is the alias commonl y used t o refer t o the OpenCV li brary when i mporti ng it 

in Pyt hon.  
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Gaussi an Bl ur: Gaussi an bl ur is a filteri ng operati on used t o reduce i mage noise by 

averagi ng t he pi xel val ues i n t he nei ghbor hood using a Gaussian kernel.  

Sharpen Filter: A sharpen filter is a kernel or matri x applied t o an i mage to enhance 

the edges and det ails, increasi ng t heir visual prominence.  

Canny Edge Detecti on: Canny edge det ecti on is an i mage processi ng al gorit hm used 

to i dentify t he edges in an i mage based on changes in i ntensity. It is wi dely used for 

feat ure extracti on and i mage segment ati on.  

CLAHE: CLAHE st ands for Contrast Li mit ed Adapti ve Hi st ogra m Equalization. It is 

an i mage enhance ment  techni que t hat i mpr oves t he contrast of an i mage by 

redistri buti ng t he pi xel i ntensities based on t he local hist ogra m.  

Negati ve I mage: A negati ve i mage, also known as an inverted i mage, is an i mage 

where t he col ors or i ntensities are i nverted. It is obtai ned by subtracti ng t he pixel val ues 

from t he maxi mu m val ue (e. g., 255 for an 8-bit i mage). 

BGR: BGR is an acronym f or Bl ue, Green, and Red, whi ch are t he pri mar y col ors used 

in many col or i mage representati ons. In OpenCV, the default col or order for readi ng 

and mani pul ati ng i mages is BGR.  

Fra me Truncati on: Frame truncati on refers t o the process of discardi ng the current 

fra me dat a from t he ca mera' s buffer, all owi ng it to capt ure a fresh fra me for furt her 

pr ocessi ng.  

Keyboard Interrupt: A keyboard i nt errupt occurs when a user presses a specific key 

or combi nati on of keys on t he keyboard, resulti ng in t he ter mi nati on of t he pr ogra m or 

a specific acti on.  

Break State ment: The break state ment is used in l oops t o exit the l oop pre mat urel y. 

In t his project’s pyt hon progra m,  it is used t o break out of t he conti nuous capt ure l oop 

when t he user presses t he ' q' key.  

FPS: FPS stands for Frames per Second. It refers to t he number of i ndi vi dual fra mes or 

i mages displ ayed or captured per second i n a vi deo or ani mati on. Hi gher FPS val ues 

result in s moot her moti on and more flui d visuals.  
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Resol uti on: Resol uti on refers t o t he number of pixels or dots t hat make up an i mage or 

di spl ay. It is typi call y represent ed by t he wi dt h and hei ght of t he i mage or screen i n 

pi xels. Hi gher resol uti ons result in sharper and more det ailed i mages.  

Sl eep Ti me: Sl eep ti me refers t o t he durati on of a pause or del ay i ntroduced i n a 

pr ogra m. It is commonl y used t o control t he timi ng or synchroni zati on of different 

pr ocesses. In t he gi ven cont ext, the sleep ti me is used t o i ntroduce a s mall delay of 0. 1 

seconds before starti ng the i mage processi ng l oop. 

Contrast: Contrast refers t o t he difference i n bright ness bet ween different parts of an 

i mage or displ ay. It is a measure of t he range of int ensit y val ues present in an i mage. 

Increasi ng contrast enhances the disti ncti on bet ween li ght and dark areas, maki ng t he 

i mage appear more vi vi d and det ailed.  

1. 2.  Intended Audi ence and Readi ng Suggestions 
 

Thi s cont ent is intended for di verse audi ence i nvol ved i n t he fiel d of healt hcare and 

medi cal research and technol ogy devel opment. Enlisted are t he groups of audi ence 

whi ch can foll ow t his document for t heir research purposes:  

a.  Healt hcare Professi onals 

All doct ors, nurses and ot her medi cal personnel fall int o t his cat egory who are 

responsi bl e for t he care and monit ori ng of t heir patients dail y. They will find t his text 

hel pful i n det er mi ni ng t he pot ential i mpact and capabilities of t his syste m.  

b.  Researchers and Acade mi cs 

Indi vi duals who are i nvol ved i n healt hcare research facilities and academi a will t his 

docu ment hel pful in advanci ng and conti nue hi ghlighti ng key research areas. 

c.  Bi o medi cal Engi neers and Technol ogists 

Pr ofessi onals who are entitled to desi gn, devel op and i mpl e ment medi cal devi ces t hat 

benefit patients and t he professi onals  

d.  El ectri cal, El ectroni cs and Co mputer Engi neers 

Engi neers from relevant fiel d can take t his research as a starti ng poi nt for more 

sophisticated and state of the art modificati ons as fut ure wor ks for i mpl e menti ng more 

compl ex researches.  
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e.  Deci si on Makers and Ad mi ni strators 

All hospital admi nistrat ors, policy makers and leaders of healt hcare organizati ons will 

fi nd t his document val uabl e for understandi ng the benefit of an i ntegrated patient 

monit ori ng syste m.  

1. 3.  Assumpti on and Dependenci es 

 

1. 3. 1.  Assumpti ons 
 

 Foll owi ng are t he assumpti on t o be made while impl e menti ng t his proj ect: 

 In t he hospital setti ng for whi ch we are creati ng t his syste m, it is expected that 

all facilities, necessary i nfrastruct ure, incl udi ng power suppl y, and physi cal 

space, are present.  

 For t he next fi ve years, it is assumed t hat t he system i s compati bl e wit h t he 

maj orit y of t he current gadgets, sensors, and communi cati on pr ot ocols.  

 All required patient dat a is presumed t o be prot ected.  

 It is expected t hat t he system compli es wit h all applicabl e laws, rules, and 

regul ations governi ng healt hcare i nfor mati on pri vacy, security, and dat a 

exchange. To safeguard patient pri vacy and dat a securit y, the necessary 

measures will be taken.  

 

1. 3. 2.  Dependenci es 

Successful i mpl e ment ation of t he integrated patient monit ori ng syste m depends on t he 

enlisted fact ors: 

 The proj ect depends on cooperati on and coordinati on bet ween a variety of 

stakehol ders, such as healt hcare professi onals, admi nistrat ors, I T staff, and 

syste m devel opers. 

 The availabilit y of hardware ele ments, incl udi ng as sensors, moni tors, 

mi crocontrollers, and communi cati on devi ces, is a prerequisite for t he syste m' s 

depl oyment. Additi onally, it is reliant on t he accessi bility of soft ware ele ments 

incl udi ng fir mware, and user i nterfaces.  

 The techni cal proficiency of t he devel opment team i s essential for t he syste m' s 

successful i mpl e ment ation. Their expertise and understandi ng i n fields 
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incl udi ng sensor i ntegrati on, soft ware devel opment, dat a processi ng,  and 

net wor k confi gurati on are essential. 

 The effecti veness and perfor mance of t he syst e m are dependent on meti culous 

testi ng and vali dati on methods.  

 

1. 4.  Bri efi ng 
 

It has been a conventi on that when doct or or nurses needs t o i nject in t he body usi ng 

syri nge, they first have to st op t he bl ood fl ow i n the ar m i n order t o get vi si bilit y of 

vei ns. Nor mall y i n patients t his techni que is very easil y done however accessi ng t he 

vei n i n case of el derl y peopl e whose bl ood vessels and vei ns are squeezed due t o age, 

infants whose vei ns are very s mall, dark ski n toned peopl e, peopl e wit h conditi ons of 

hypovol e mi a, peopl e i n critical sit uati ons wit h s welled ski n.  

For t hese peopl e t he medi cal professi onals get int o troubl e fi ndi ng t he vei ns for 

injecti ng t he medi ci ne. Here the conventi onal method fails for utilizati on. We need t o 

devel op a devi ce in order to foresee the vei ns i nsi de t he such sit uati onal skins and ease 

the process for t he professi onals. In a si milar way i n critical sit uati ons, it takes much 

ti me for measuri ng t he blood pressure and bl ood gl ucose levels. So, we are goi ng t o 

add t hese s mall syst e ms are well in order t o make this devi ce multi purpose.  

 

1. 5.  Probl e m State ment  

The existi ng met hods for vei n localizati on, bl ood pressure monit ori ng,  and bl ood 

gl ucose level det ecti on in medi cal procedures present several challenges, particul arl y 

when deali ng wit h el derly i ndi vi duals, infants, indi vi duals wit h dark ski n tones, 

hypovol e mi a, and critical sit uati ons wit h s welled ski n. The conventi onal techni ques are 

often ti me-consumi ng, costly, and may lack user-friendl y int erfaces for bot h healt hcare 

pr ofessi onals and laymen.  

Therefore, there is a need t o devel op a l ow-cost, effecti ve, multipurpose, and user-

friendl y internati onal syste m t hat addresses t hese challenges. This syste m shoul d 

incorporat e a vei n locat or for precise vei n visualizati on, a bl ood pressure monit ori ng 

modul e for qui ck and reliabl e measure ments, and a bl ood gl ucose level det ecti on 

modul e for non-i nvasi ve monit ori ng. By devel oping such a syste m, we ai m to enhance 
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medi cal procedures, i mprove patient care, and provi de an accessi bl e sol ution t hat can 

be utilized by healt hcare pr ofessi onals and non-professi onals ali ke.  

 

1. 6.  Introducti on and Background 
 

Bef ore provi di ng i njections, medi cal practitioners have traditi onall y depended on t he 

pr ocedure of mo ment arily st oppi ng bl ood fl ow i n the ar m t o identify vei ns. Whi l e most 

patients respond well to thi s techni que, there are so me patients who present difficulties, 

incl udi ng t he el derl y wit h narrowed bl ood vessels, infants wit h s mall vei ns, peopl e wit h 

dark ski n tones, those with hypovol e mi a, and people i n critical conditi ons with s woll en 

ski n. These circumst ances make it challengi ng for medi cal practitioners to precisel y 

pi npoi nt vei ns for admi nisteri ng medi cati on,  maki ng t he traditi onal appr oach 

ineffecti ve. 

It is urgentl y necessary t o creat e a speci alized equip ment t hat can see vei ns wi t hi n t hese 

particul ar ski n probl e ms in order t o get around these restricti ons and make i nj ecti on 

pr ocedures easier for medi cal experts. The difficulties are furt her exacerbat ed i n 

e mer gency scenari os by the ti me-consumi ng met hods for checki ng bl ood pressure and 

bl ood gl ucose levels. We i ntend t o address t his by devel opi ng a flexi bl e syste m t hat 

incl udes these extra feat ures, maki ng it a compl et e sol uti on.  

Our technol ogy will function as a versatile t ool for medi cal experts by i ntegrati ng vei n 

vi sualizati on capabilities wit h bl ood pressure monit ori ng and bl ood gl ucose level 

measure ment. This cutting-edge met hod will increase vei n locati on effici ency and 

accuracy, hasten vital si gn assess ment, and event uall y enhance patients' overall 

healt hcare experiences.  

In many forei gn hospitals and medi cal i nstitutions, the use of cutti ng-edge medi cal 

equi pment has become standard practice i n t he fiel d of healt hcare. However, i n 

Pakistan' s largest healt hcare facilities, conventi onal techni ques conti nue to be used. 

Hi gh prici ng, i mport taxes, frequent changes in the dut y rate, and t he high cost of 

insurance for expensi ve package deli veries from abroad are some of t he reasons why 

moder n products are not wi del y availabl e i n t he nati on.  

Thi s proj ect i ntends t o devel op a novel medi cal gadget t hat addresses a particul ar issue 

in order t o i ncrease its affordability and accessi bility t o a larger popul ati on. The vei n 
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locat or i n questi on enables medi cal practitioners to qui ckl y find vei ns for a number of 

pr ocedures, such as bl ood sa mpl e and i ntravenous cannul a i nserti on.  

In order t o i mpr ove vei n visi bility, hospitals typicall y ti ghten t he ar m using a belt or 

strap. However, this procedure takes a l ong ti me, especi ally i n e mer gency situati ons. It 

is also inappropriate for patients wit h certai n conditi ons.  

There is a need for a quick and effecti ve procedure utilizi ng engi neeri ng knowl edge t o 

address t hese restricti ons. Vei n locati ng devi ces are already availabl e, but because t hey 

are mai nl y i mport ed i nto Pakistan, they are expensi ve and less wi del y availabl e. 

AccuVei n AV500 (650, 000 - 833, 000 PKR), Ai mVei n Pro (490, 000 - 572,000 PKR), 

Hell ovei n Max (1, 041, 088 - 1, 041, 609 PKR), and Vei neye (500, 000 PKR) are some 

not ewort hy i mport ed vein l ocat or brands and t heir associ ated costs i n Pakistani Rupees 

(PKR).  

 

Fi gure 1. 6. 1: Expensi ve Vei n l ocat or devi ces 

By creati ng a l ocall y produced vei n l ocat or system,  we hope t o overcome the current 

dra wbacks and provi de a practical re medy t hat can be used i n a range of healt hcare 

facilities, such as cli nics, hospitals, and even as a component of home first ai d kits. In 

or der t o alter and opti mi ze t he gadget and make it availabl e t o healt hcare professi onals 

and peopl e from all wal ks of life i n Pakistan, this pr oj ect will make use of engi neeri ng 

expertise and mar ket analysis. 

1. 7.  Broad Based Objectives 

The goals of t his research are t o i mpr ove accessi bility and affordabilit y whil e 

addressi ng t he difficulties t hat currentl y exist in vei n-l ocalization and medi cal 

monit ori ng. The precise goals consist of: 
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 Cr eat e a vei n locat or syste m t hat can accurat el y and effecti vel y visualize veins, 

especi all y i n difficult cases such t hose i nvol vi ng peopl e wit h dark ski n tones, 

el derl y patients, babies, peopl e wit h hypovol e mi a, or t hose wit h s wollen skin.  

 Add non-i nvasi ve bl ood sugar level monit ori ng to t he gadget t o i mpr ove its 

overall useful ness and adapt abilit y. This will allow for quick and conveni ent 

gl ucose level checks without t he need for i nvasi ve treat ments.  

 Incl ude a t horough system f or measuri ng bl ood pressure and pulse rate, enabli ng 

medi cal personnel t o get rapi d, precise vital sign readi ngs in urgent sit uati ons.  

 Ma ke sure t he product is accessi bl e t o a larger range of healt hcare facilities, 

incl udi ng hospitals, cli nics, and even sit uati ons where healt hcare is provi ded at 

ho me.  

 Co mpet e wit h products sol d on forei gn mar kets by suppl yi ng a competiti ve and 

cutti ng-edge equi pment  that satisfies gl obal perfor mance, reliabilit y, and 

usability criteria. 

 Desi gn a user-friendl y i nterface t hat is easy t o use and produces accurat e results 

for bot h healt hcare experts and peopl e wit hout a medi cal backgr ound.  

 By attai ni ng t hese goals, we hope t o transfor m medi cal practices, enhance 

patient care, and advance healt hcare technol ogy i n our area and beyond.  

 

1. 8.  Bri ef Feasi bility Anal ysis 
 

A bri ef feasi bility anal ysis is written i n order t o shed li ght on t he poi nts t hrough whi ch 

we can map t he product wort h wit h respect t o some fact ors. In our case we are 

cat egorizi ng t he product wi t h t hree fact ors, its econo mi c fact or, operati on and techni cal 

fact or and t hey are elaborat ed bel ow:  

1. 9. 1.  Econo mi c Feasi bility 
 

The part on econo mi c vi abilit y assesses t he proj ect's fi nanci al components, such as cost 

anal ysis, ret urn on i nvestment, and prici ng strategy. The proj ect' s fi nancial vi abilit y and 

pot ential profitability are thoroughl y exa mi ned.  
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Cost Anal ysis:  

To deter mi ne whet her t he proj ect is fi nanci ally feasi bl e, a det ailed cost st udy must be 

perfor med. This i ncl udes calculati ng t he costs rel ated t o manufact uri ng,  marketi ng, 

di stri buti on, and component acquisiti on, manufacture, and research and devel opment.  

Any additi onal costs associ ated wit h getti ng t he required certificati ons and adheri ng t o 

regul at ory standards shoul d be taken i nt o account in t he cost anal ysis. A reasonabl e 

assess ment of t he proj ect' s total cost can be made by taki ng i nt o account t he pri ces of 

parts like t he I R ca mera, Raspberry Pi, Ar dui no Uno, Max 30100 sensor, and gl ucose 

test stri ps. 

Ret urn on i nvest ment: 

For t he purpose of det ermi ni ng t he proj ect' s fi nanci al sust ai nabilit y, it is essenti al t o 

forecast the ti me it will take t o see a ret urn on invest ment. Anal yzi ng t he predi ct ed 

mar ket de mand of i nternati onal devi ces as mentioned above, t he price we appr oach 

shall be very l ow compared t o t he m (1 lac). An esti mati on of t he ti me needed t o ret urn 

the initial invest ment can be made by anal yzi ng the mar ket pot ential and competiti ve 

environment whi ch shall be done when t he syst e m is introduced i n t he market. 

Pri ci ng Strategy: 

To ensure profitability and competition, a proper prici ng strategy must be devel oped. 

The cost of manufact uri ng, mar ket de mand, ri valry, and t he product' s percei ved val ue 

shoul d all be consi dered when det er mi ni ng t he price strategy. A prici ng strategy t hat 

stri kes a bal ance bet ween affordabilit y for prospecti ve cust omers and guaranteei ng a 

sufficient profit margi n for t he busi ness can be devel oped by perfor ming mar ket 

research and exa mi ni ng the prici ng strategi es of co mparabl e devi ces. To meet vari ed 

mar ket de mands, it may also be consi dered t o offer several prici ng tiers or bundl es for 

specific client categori es. 

 

1. 9. 2.  Techni cal Feasi bility 

The suggest ed vei n finder syste m wit h integrated medi cal feat ures is eval uat ed for its 

capabilities, dependability, and prospecti ve relevance i n t he techni cal feasi bilit y 
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secti on. It assesses t he syst e m' s techni cal components t o det er mi ne whether it can be 

successfull y devel oped and i mpl e ment ed.  

The soft ware al gorithms of t he syste m perform real-ti me pi ct ure anal ysis and 

pr oj ecti on, enabli ng medi cal practitioners t o s wiftl y and accurat el y fi nd vei ns. The 

syste m' s capabilities are furt her enhanced by t he functi ons for measuri ng bl ood pressure 

and det ecti ng bl ood gl ucose levels, whi ch enabl e thorough patient monit oring.  

The healt hcare sect or has a l ot of potential for t he proposed syste m. The devi ce can 

si gnificantl y i ncrease the precisi on and speed of medi cal procedures by gi vi ng 

healt hcare practitioners a dependabl e, non-i nvasi ve, and effecti ve tool for vei n 

localization. This is especi ally hel pful when wor king wit h patients who have difficult 

vei n access, in e mer gencies, and i n urgent sit uati ons.  

 

1. 9. 3.  Operati onal Feasi bility 

The secti on on operati onal viability l ooks at the useful ness and practicabilit y of t he 

suggest ed vei n locat or syste m wit h built-i n medi cal feat ures. It focuses on maki ng sure 

that the syste m is bot h affordabl e and easy t o use for bot h medi cal professi onals and 

non- medi cal peopl e.  

The syst e m is made t o be si mpl e to use and i nt uitive, maki ng it suitabl e for bot h t hose 

wi t h and wit hout medi cal backgrounds. Wit h basic, uncomplicat ed i nstructi ons and 

visual cues t o lead users t hrough t he vei n locati on procedure, bl ood pressure 

measure ment, and bl ood gl ucose level monit ori ng,  the user i nterface will be easy t o use.  

Co mprehensi ve instructional progra ms and support mat erials will be creat ed t o promot e 

the syst e m' s accept ance and use. Medi cal experts will attend trai ni ng sessi ons t o 

beco me fa miliar wit h t he feat ures and functi onality of t he syste m. Users wi ll also have 

access t o user manuals and onli ne t ools t o hel p t hem utilize and troubl eshoot the syste m.  
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Chapter Two 

 

 

2 LI TERATURE SURVEY 

 

The literat ure revi ew of this proj ect provi des a comprehensi ve anal ysis of existi ng 

research, st udies, and publicati ons related t o vei n det ecti on, vital sign moni tori ng, and 

wearabl e medi cal devi ces. It ai ms t o i dentify t he current state of t he art, research gaps, 

and pot ential opport unities for i nnovati on, ulti matel y infor mi ng t he develop ment and 

advance ment of t he proposed vei n locat or syste m.  

2. 1 Moti vati on of Work  
 

The moti vati on behi nd this proj ect is to address t he li mit ations of existi ng vei n 

identificati on met hods by creati ng a cost-efficient, faster, and user-friendly sol uti on. 

The goal is to strea mli ne the process of vei n identification, maki ng it multi-pur pose and 

suitabl e for vari ous healthcare setti ngs. By leveragi ng advanced technol ogi es and 

aut omati on, t he proj ect ai ms t o i mpr ove efficiency, reduce costs, and enhance patient 

care i n t he fiel d of vei n identification.  

In recent ti mes, there has been si gnificant research conduct ed by vari ous organi zati ons 

and compani es expl ori ng the fiel d of vei n pattern bi ometric technol ogy. This research 

has pri marily focused on anal yzi ng vei n patterns i n different parts of t he body, i ncl udi ng 

the face and hand. The idea behi nd t he vei n pattern anal ysis ca me from the Infrared 

I magi ng (FI R) and t he ther mal i magi ng. More detail is in t he later secti on.  

2. 2 Syste m Anal ysis 
 

2. 2. 1.  Techni que for Dat a Gat heri ng 
 

The first step i n tackli ng any probl e m st ate ment is to acquire t he perti nent dat a from a 

variet y of sources. This ent ails conducti ng i ntervi ews wit h professi onals i n t he 

healt hcare i ndustry, exami ni ng present practices (revi ewi ng existi ng technol ogi es), 
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conducti ng onli ne surveys, st udyi ng onli ne research papers, journals and onli ne 

syste ms.  

Aft er ext ensi ve i nvesti gation, we arri ved at the concl usi ons through web research and 

interviews wit h hospit al prof essi onals regardi ng the current syste m i n Pakistan, whi ch 

has been i n use. This chapt er will conti nue with a det ailed expl anati on of why a 

sophisticated syst e m we have discussed before are so expensi ve and how the syst e m 

wi ll be made cost efficient. 

2. 2. 2.  Anal ysis of Existi ng Technol ogi es 
 

Ever y ot her body t hat cont ai ns heat i nsi de it radiates certai n wavel engt h of i nfrared. 

Sa me goes for t he human body and t he bl ood vessels and vei n whi ch cont ai n heat i nsi de 

it and t hus radi ate certain (very negli gi bl e a mount) wavel engt h of i nfrared. Whi ch 

radiate out and attenuat e accordi ng t o t he infrared trans mittance spectrum of 

at mosphere. This was first anal yzed usi ng a t her mal ca mera that records t he te mperat ure 

infor mati on of face and hence often referred t o as a face t her mogra m [ 1]. 

Hu man vei ns on t he surface are war mer than t he tissues around t he m, accordi ng t o 

scientific i nvesti gati ons. In order t o i dentify users, Mac Gregor and Welford devel oped 

a devi ce that perfor med a hand vei n scan while t he hand was clenched [2]. The British 

Technol ogy Gr oup and Ca mbri dge Consultants Ltd t hen wor ked t oget her t o investi gat e 

hand vei n patterns, leading t o t he creati on of Veincheck, a commercial technol ogy 

displ ayed at a symposi um i n Sept e mber 1993 [3]. 

Despite t he product' s modest commercial success, the i dea attract ed a l ot of scientific 

attenti on. Acti ve infrared i magi ng was used by t he Australian Instit ute of Securit y and 

Applied Technol ogy [4] and a Korean research tea m [5] t o record vei n patterns on t he 

back of t he hand. Fujitsu Laborat ori es also investi gat ed vei n patterns on t he hand' s pal m 

si de [6]. 

Due t o t he lack of a st udy of t he ele ments i mpacti ng t he qualit y of t he vei n pattern 

i mages i n t hese earlier studi es, it took ten years of research and testi ng t o impr ove t he 

I R i magi ng syste m usi ng technol ogi es li ke ultrasound [6] and near i nfrared [7]. The 

i magi ng met hod has now been refi ned wit h near-infrared i magi ng, i n whi ch t he subj ect 

is illumi nated wit h NI R and reflected li ght is measured [8][9]. A portabl e hand vei n 

finder syste m usi ng non-invasi ve i nfrared technology is de monstrated in their wor ks. 
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The epi der mi s is abl e t o absorb NI R radiati on, whereas deoxyhe mogl obi n-venous bl ood 

cannot. As a result, the image creat ed by reflected and scattered li ght exhibits dazzli ng 

ski n surface and dark li nes (vei ns). 

Monit ori ng bl ood pressure and sugar levels is essential for mai nt ai ni ng peopl e' s healt h, 

especi all y for t hose who have chroni c diseases like di abet es and hypertension. A l ot of 

research has been done on non-i nvasi ve bl ood pressure measure ment met hods wit h t he 

goal of creati ng reliable and practical tools for everyday monit ori ng. Nu mer ous 

strategi es, such as Oscillo metric [10], phot o pl ethys mography (PPG) [11], and pulse 

transit ti me (PTT) met hodol ogi es [12], have been investi gat ed.  

These met hods det er mi ne bl ood pressure charact eristics i ncl udi ng syst olic and di ast olic 

pressure usi ng vari ous sensors and al gorithms. The devel opment of portabl e bl ood 

pressure monit ors t hat are si mpl e to wear on t he wrist or upper ar m has also been 

facilitated by i mpr ovement s i n wearabl e technol ogy, offeri ng conveni ence and 

accessi bility for routi ne monit ori ng.  

Si mil ar t o t his, it is cruci al for peopl e wit h diabet es to recogni ze and monit or their bl ood 

sugar levels. Invasi ve techni ques, incl udi ng finger pricki ng for bl ood gl ucose 

assess ment [13], are used i n conventi onal approaches. Non-i nvasi ve met hods, on t he 

ot her hand, t hat provi de pai nl ess and conti nuous monit ori ng are gai ni ng popul arit y.  

Nu mer ous strategi es have been i nvesti gat ed, includi ng el ectroche mi cal sensi ng [14], 

i mpedance spectroscopy [15], and optical met hods based on near-i nfrared spectroscopy 

( NI RS) [16]. These techni ques try t o measure certai n physi ol ogi cal alterations or 

charact eristics linked t o the body' s concentration of gl ucose, such as light absorpti on or 

el ectrical i mpedance, in or der t o det er mi ne gl ucose levels.  

So here consi deri ng t he cost mi ni mi zi ng fact or and faster results we need to stick t o 

such met hods whi ch provide instant results. Gl ucose/sugar level det ecti on wi ll be done 

invasi vel y. 

2. 2. 3.  Dra wbacks of Existing Models 

Foll owi ngs are t he drawbacks in t he existi ng techniques:  

 Li mit ed accuracy i n vei n identificati on due t o manual i nterpretation.  

 Di fficult y i n visualizi ng deep or s mall vei ns.  
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 Inabilit y t o adapt t o variations i n patient anat omy and ski n tones and condition.  

 Lack of consistency i n vein visi bility under different lighti ng conditi ons.  

 Li mit ed usability or compl exit y i n operati on such as critical conditi on of body.  

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

 

2. 3 Anal ysis fro m t he Current Syste m 
 

 Vei n pattern recogniti on technol ogy is gai ni ng attenti on for bi ometric syste ms.  

 Di fferent i magi ng techniques li ke acti ve infrared imagi ng and t her mal i magi ng 

are utilized t o capt ure vein patterns.  

 Vei n pattern recogniti on has applications in access control, identit y verification, 

and medi cal diagnostics. 

 Ongoi ng research and devel opment efforts are focused on i mage processi ng 

al gorithms, hardware opti mi zati on, and usabilit y impr ove ments.  

 Vei n pattern recogniti on syste ms can be i ntegrat ed wit h ot her technol ogi es and 

devi ces. 

 Conti nued advance ments can lead t o i mpr oved accuracy and wi der adopti on of 

vei n recogniti on syst e ms.  

 PPG met hod and t he system or sensor usi ng PPG for anal yzi ng t he heart rat e 

whi ch i n t urn can hel p us monit or bl ood pressure. 

 Invasi ve met hod for bl ood gl ucose level is the only way for fast measure ment 

of sugar levels i n bl ood.  

 

2. 4 The Outco me of the Li terat ure Survey 

Foll owi ngs are t he out comes we consi der from t he literat ure survey:  

 Vei n det ecti on technol ogies are bei ng devel oped for cannul ati on wit h the goal 

of i ncreasi ng accuracy, usability, and patient comf ort. Vei n visualizati on has 

been i nvesti gat ed usi ng a variet y of met hods, incl udi ng ultrasound, near-

infrared spectroscopy, and i nfrared i magi ng.  

 Met hods for non-i nvasi vel y measuri ng bl ood pressure, such as cuff less and 

conti nuous monit ori ng syst e ms, have grown i n popul arit y. These techniques 

have t he pot ential to provi de more practical, in-the- mo ment bl ood pressure 

readi ngs, increasi ng patient compliance and overall monit ori ng precisi on.  
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 The devel opment of non-i nvasi ve gl ucose monitori ng t ools has advanced; 

however, the cost issue still re mai ns. So accordi ng t o our use case we have t o 

consi der t he fi nger stick met hod.  

 Mobil e healt h technol ogy and wearabl es have showed a l ot of promi se for 

re mot e monit ori ng and indi vi dualized healt hcare. These tools make it possi bl e 

to conti nuousl y monit or vital si gns and gl ucose levels, gi vi ng users t he abilit y 

to better control t heir health. 

 The accuracy and i nt erpret ation of medi cal dat a may be i mpr oved by combi ni ng 

nor mal dat a wit h i mage processi ng. However, for t he fut ure wor ks machi ne 

learni ng and artificial intelli gence woul d allow for t he earl y i dentificati on of 

pr obl e ms and t he devel op ment of tail ored treat ment plans.  
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Chapter Three 

 

 

3 PROPOSED SYSTE M 

 

In t he sphere of medi cal care, the suggest ed syste m pr ovi des a ground- breaking sol uti on 

for vei n locati on, bl ood pressure monit ori ng, and bl ood gl ucose level detecti on. This 

multifuncti onal syste m promi ses t o i mpr ove efficiency, accuracy, and accessi bilit y i n 

healt hcare setti ngs by fusing cutti ng-edge technol ogi es and user-friendl y desi gn.  

3. 1 Obj ecti ves  

The obj ecti ves of t he proposed syste m are as follows:  

1.  Cr eat e a vei n locat or syste m t hat can rapi dl y and accurat el y l ocat e vei ns i n patients, 

especi all y i n difficult circumst ances li ke el derl y patients, newbor ns, people wit h 

dark ski n tones, and patients who have hypovol e mia or s wollen ski n.  

2.  To enabl e effecti ve and prompt monit ori ng of patients' cardi ovascul ar healt h, 

particul arl y i n urgent sit uati ons, integrat e a bl ood pressure measure ment modul e.  

3.  Incl ude a bl ood gl ucose level det ecti on modul e for non-i nvasi ve bl ood sugar level 

monit ori ng, whi ch will gi ve patients wit h diabetes or ot her met abolic diseases 

critical infor mati on.  

4.  Ma ke t he syst e m affordabl e so t hat healt hcare facilities wit h ti ght budgets and 

resource restricti ons can use it. 

5.  Kno wi ng t he level of technol ogi cal expertise, medi cal professi onals should have no 

troubl e usi ng t he syste m because t o its user-friendly i nterface and si mpl e operati on.  

6.  Devel op trust and confidence i n t he syste m' s perfor mance by ensuring its 

dependability and accuracy i n gi vi ng real-ti me measure ments of bl ood pressure, 

bl ood gl ucose levels, and vei n place ments.  

7.  I mpr ove patient comf ort and speed up medi cal operati ons by hel pi ng patient s fi nd 

their vei ns qui ckl y, requiring fewer needl e i nsertions overall. 
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8.  Enabl e easy i nterface with current medi cal equip ment and healt hcare syst e ms, 

enabli ng t horough patient monit ori ng and dat a sharing.  

9.  Enabl e tele medi ci ne and re mot e monit ori ng applications, all owi ng medi cal 

personnel t o eval uat e patients' conditi ons re mot el y and deli ver prompt 

interventi ons.  

10.  Cr eat e a modul ar and adapt able syst e m architect ure t o lay t he groundwor k for fut ure 

additi ons and changes. Thi s will enabl e t he introducti on of more feat ures and 

functi onalities i n upcomi ng iterations.  

 

3. 2 Syste m Proposal  

Thi s secti on outli nes t he key components and technol ogi es utilized, al ong wit h their 

integrati on, t o creat e a reliabl e and versatile healthcare sol uti on.  

I. Vei n Locator 

 
 Utilize an I R ca mera and Raspberry Pi t o devel op a vei n locat or syste m 

 Emit i nfrared li ght t o hi ghli ght vei ns on t he ski n surface 

 Empl oy i mage processi ng al gorithms t o enhance visi bility and accurat el y 

identify vei n locati ons 

 

II. Bl ood Pressure/ Heart Rate Detector 

 
 Incorporat e a heart rate sensor 30100 and Ar dui no UNO for bl ood pressure 

and heart rate measure ment  

 Enabl e real-ti me monit oring of patients' cardi ovascul ar healt h 

 Pr ovi de accurat e and ti mel y readi ngs of bl ood pressure and pulse rate. 

III. Sugar Level Detection 

 
 Integrate test stri ps and a preprocessi ng circuit with Ar dui no Uno for sugar level 

det ecti on 

 Utilize speci alized chemi cal coati ngs on test stri ps t o convert gl ucose int o 

measurabl e si gnals 

 Offer non-i nvasi ve measure ment of bl ood gl ucose levels for effecti ve di abet es 

manage ment  
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Not e: Each syste m is further elaborat ed wit h additional i nfor mati on and det ails i n t he 

upco mi ng secti on of t his thesis. 

3. 3 Mai n Syste m Di agra m 

The mai n syste m di agra m provi des a visual represent ati on of t he interconnect ed 

components and t heir functi onalit y wit hi n the proposed syste m. This diagram ill ustrat es 

the integrati on of t he required modul es, showcasing how t hey wor k t oget her t o enhance 

medi cal procedures and strea mli ne patient care.  

 

 

 

 

 

 

 

Fi gure 3. 3. 1: Mai n Syst em Di agra m 

3. 4 Benefits 
 

3. 4. 1 Real Ti me Monitoring and Di spl ay 

Wi t h t his syste m we get to have a syste m whi ch can act uall y show a real time displ ay 

of t he vei ns underneat h the ski n of any ki nd of person wit h any ki nd of conditi on. 

Mor eover, it can be very hel pful for t he ne w medical professi onal who are practici ng 

and don’t want t o do errors wit h patients.  

3. 4. 2 I mproved Vei n Vi sibility 

The vei n locat or system i mpr oves vei n visi bility, maki ng it easier for medi cal 

pr ofessi onals t o l ocat e and access vei ns for procedures li ke i njecti ons and bl ood 

sa mpli ng, especi all y i n tricky sit uati ons wit h el derly patients, infants, people wit h dark 

ski n, peopl e who have swoll en ski n, and patients who have hypovol e mi a or s woll en 

ski n.  

Vei n Locat or 
Bl ood Pressure/ Heart 

Rat e Det ect or 

Sugar Level 

Det ect or 

Patient’s Ar m/ Hand Patient’s Fi nger Patient’s Bl ood 

Ras pberry Pi & 

I R Ca mera 

 

 

Ardui no Uno – Heart Rate Sensor – Gl ucose 

Test Stri ps 
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3. 4. 3 Enhanced Efficiency 

The met hod makes it possi bl e t o l ocat e vei ns more qui ckl y and effecti vel y, cutti ng 

down on t he ti me needed for medi cal treat ments and enhanci ng patient fl ow i n 

healt hcare facilities. This may result in i ncreased out put and shorter wait ti mes for 

patients. 

3. 4. 4 Increased Accuracy 

 
The devi ce increases vein identificati on accuracy by utilizi ng cutti ng-edge i magi ng 

technol ogy and al gorithms, reduci ng t he possi bility of mi stakes or difficulties duri ng 

medi cal procedures. 

3. 4. 5 Mul ti purpose Functionality 

The syste m i ncl udes modul es for measuri ng blood pressure, heart rate, and bl ood 

gl ucose level det ecti on in additi on t o vei n locati on. Wit h t his mul tifuncti onal 

functi onalit y, a si ngle gadget offers compl et e health monit ori ng capabilities.  

3. 4. 6 Cost Efficient  

The proposed met hod provi des a reasonable substit ute for pricey i mport ed 

technol ogi es, enhanci ng accessi bility for healt hcare professi onals and facilities wit h 

li mited resources t o vei n locati on and healt h monitori ng.  

3. 4. 7 User- Fri endl y 

The syst e m' s user-friendly i nterface makes it si mple t o use for bot h peopl e with medi cal 

backgr ounds and t hose wi t hout t he m. Reduced trai ni ng require ments and efficient 

operati on are made possibl e by clear i nstructi ons and easy controls.  

3. 4. 8 Port abl e and Versatile 

The syste m is light wei ght and portabl e, maki ng it si mpl e to move bet ween vari ous 

healt hcare facilities. Because of its adapt ability, it can be used i n healt hcare setti ngs 

such as hospitals, cli nics, and even at home, offering ease and conti nuit y of care.  

3. 4. 9 Ho me Nursi ng Kit 

Mor eover, due t o bei ng a user-friendl y devi ce it can be used by non- medi cal 

pr ofessi onals as well who want t o take care of t heir fa milies at home.  
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3. 4. 10 Potenti al for Fut ure Devel opment  

The proposed syst e m lays t he groundwor k for future technol ogi cal gai ns in healt hcare, 

openi ng t he door t o develop ment s i n non-i nvasi ve di agnostics and patient monit ori ng.  

3. 5 Constrai nts and Limi t ati ons 

Thi s secti on outli nes t he shortcomi ngs i n t his syste m; however, these can be consi dered 

later for t he fut ure reco mmendati ons and advance ments for t he ne w researchers. 

Enlisted are: 

3. 5. 1 Dependency on Environment al Factors 

The effecti veness of t he vei n l ocat or syste m may be i nfl uenced by external fact ors such 

as a mbi ent lighti ng conditi ons and patient-specific charact eristics like ski n t one, 

hairi ness, or s welli ng. These variabl es may affect vei n visi bility and cl arit y, whi ch may 

i mpair vei n localizati on accuracy.  

3. 5. 2 Fal se Positi ve/ Negative Results 

Alt hough t he syst e m e mpl oys advanced al gorithms for vei n identification, there is still 

a possi bility of false positi ve or false negati ve results. Fact ors such as move ment 

artifacts, occl usi ons, or variati ons i n vei n visi bility can affect the accuracy of vei n 

det ecti on.  

3. 5. 3 Li mi ted Dept h of Vei n Detecti on 

The syste m may have limi t ati ons i n det ecti ng deeper vei ns or vei ns l ocated i n areas 

where t he infrared li ght penetration is i nadequat e. This may require additi onal 

techni ques or devi ces for successful vei n locati on in such cases.  

3. 5. 4 Indi vi dual Vari ati ons  

The syst e m' s perfor mance may vary a mong i ndi viduals due t o anat omi cal differences, 

ski n charact eristics, or underl yi ng medi cal conditions. Fact ors such as skin t hickness, 

pi gment ati on, and vei n dept h can affect the syst em' s ability t o accurat el y locat e vei ns.  

3. 5. 5 Cali brati on and Mai ntenance 

The syste m may require peri odi c cali bration t o ensure opti mal perfor mance. Regul ar 

mai nt enance and updat es to t he soft ware, hardware, and al gorithms may be necessary 

to address any issues or impr ove syst e m functi onality. 
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3. 5. 6 Invasi ve Bl ood Gl ucose 

Whil e t he vei n locat or and bl ood pressure modul es are non-i nvasi ve, the bl ood gl ucose 

level det ecti on component requires t he use of i nvasi ve test stri ps. This may li mit t he 

comf ort and conveni ence for i ndi vi duals who prefer non-i nvasi ve met hods for gl ucose 

monit ori ng.  

3. 5. 7 Absence of IoT  

The syste m does not i ncorporat e Int ernet of Things (IoT) capabilities, li miti ng its 

pot ential for re mot e monitori ng, dat a connecti vit y, and real-ti me anal ytics. 

3. 5. 8 Absence of multi-sensors 

The syst e m l acks the int egrati on of multisensor y, li miting its ability to capt ure 

additi onal physi ol ogi cal para met ers or provi de a more comprehensive healt h 

assess ment.  
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Chapter Four 

 

4 METHODOLOGY 

 

The procedure utilized for prot ot ype anal ysis can be compared t o t he met hods stated i n 

this paper. We construct a functi oni ng prot ot ype for t his i nvesti gati on. The met hods 

used by t hese attachments are descri bed i n some of the subheadi ngs.  

4. 1 Desi gn Met hodol ogy  

Thi s proj ect' s desi gn is composed of hardware and soft ware i mpl e ment ation. In t his 

chapt er, we provi de an overvi ew of t he components, proj ect functi onalit y, and present 

a generalized bl ock di agra m and fl owchart diagram t o illustrate t he syste m' s operati on. 

Hence here are t he list for all the hardware components we will be usi ng and t he soft 

wares we will be usi ng for compl eti ng our proj ect: 

Hardware: 

i. Raspberry Pi 3B+ 

ii. Ar dui no Uno 

iii. Ar duca m I R Ca mera 

iv. Ma x 30100 Heart Rat e Sensor 

v.  Gl ucose Test Strips 

vi. 5v Adapt er 

vii. LCD 16x2 

viii. L M358 and LF356 

ix. Pr oj ect or Cabl e 

x.  Pl astic Box 

Soft ware: 

i. Raspberry Pi OS 

ii. Thonny – Pyt hon I DE 

iii. Ar dui no I DE 
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4. 2 Project Deli verabl es 
 

4. 2. 1 Co mpl ete Prototype 

 A f ull y functi onal prot otype t hat de monstrates the capabilities of t he vei n 

locat or, bl ood pressure det ect or, and sugar level det ect or.  

 Pr oj ect i n t he for m of an accessi bl e kit for peopl e from all wal k of life.  

 Integrati on of sensors t o ensure s moot h dat a collecti on and communi cati on 

 

4. 2. 2 Co mpl ete Syste m Document ati on 

 A det ailed document ati on coveri ng each perspective of t his proj ect  

 A det ailed literat ure revi ew t o spect ate t he data gat heri ng, objectives, 

met hodol ogy, outcomes, results and concl usi ons.  

 A co mpl et e desi gn of t he syst e m i nsi de t he docu ment for research purpose, 

suggesti ons and recommendati ons for enhanci ng this syste m functi onalit y and 

pot ential devel opments. 

 

4. 2. 3 Source Code 

 Co mpl et e functi onal progra m  

 Source code must be inside t he document and ot her platfor ms de manded by the 

instit ute. 

 Co mpl et e descri pti on of each progra mmi ng li brary used.  

 

4. 3 Project Worki ng 
 

The proj ect wor ki ng i nvol ves t he sea ml ess i ntegrati on and synchroni zati on of t he 

mi crocontrollers and sensors t o measure the vital signs, and provi de real-ti me feedback.  

4. 1. 1 Phase I – Syste m Initi alizati on & Set up 

 Tur n on t he Raspberry Pi and related Ar dui no devi ce t o start the vei n l ocati on 

syste m.  

 Ma ke sure t he proj ect or is cali brated and confi gured correctl y before connecti ng 

it to t he syst e m.  
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 To t urn on t he Ar dui no-connected syst e m and make t he necessary connecti ons, 

turn on t he heart-rate sensor. 

 

4. 1. 2 Phase II – Vei n Locati on processes & Vi tal Si gns Measuri ng 

 To ensure appropriate alignment for precise vei n detecti on, pl ace t he arm or 

hand under t he I R ca mera' s fiel d of view.  

 Set t he I R ca mera t o "on" so that it will shi ne infrared li ght ont o t he subject' s 

ski n and take pi ct ures. 

 Utilize t he al gorithm built insi de the Raspberry Pi to process t he collect ed 

i mage.  

 Pl ace your fi nger on t he heart rate sensor t o start the readi ng process and wait 

for synchroni zati on at the sa me ti me.  

 The heart rate sensor det ects t he bl ood vessel pulsations and cal culates t he heart 

rate after bei ng synchronized.  

 A s mall amount of bl ood shoul d be drawn from t he fingerti p and pl aced on the 

sugar stri p t o det er mi ne the bl ood sugar level. 

 The preprocessi ng circuit and t he Ar dui no-associ ated syst e m anal yses t he 

che mi cal reacti on on t he stri p and measure the sugar level. 

 

4. 1. 3 Phase III – Results Di spl ay and Presentati on 

 Pr oj ect the i mage ont o a suitabl e surface or t he proj ect or screen t o displ ay the 

vei n l ocati on results. 

 Di spl ay t he sugar level and heart rate readi ng on an LCD or ot her visual displ ay 

for si mpl e interpretation.  

 Cr eat e a user-friendl y i nterface t o clearl y and compl etel y show t he results.  

 Ma ke sure t he results are si mpl e to read and comprehend for bot h i ndi vi duals 

wi t h medi cal backgrounds and t hose wit hout. 

 Incl ude t he proper visual alerts or i ndicat ors to draw attenti on t o unusual 

readi ngs or potential probl e ms.  
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4. 4 Bl ock Di agra m 

The proposed syst e m' s overall desi gn and parts are depi ct ed i n t he bl ock di agra m. It 

offers a hi gh-level illustrati on of t he connecti ons bet ween vari ous modul es and 

subsyst e ms necessary to deli ver t he desired functionalit y. The bl ock di agram hi ghli ghts 

each component' s function and relati onshi p wit hin t he syste m by hel pi ng to visualize 

the fl ow of dat a and si gnals bet ween different parts.  

 

 

 

 

Fi gure 4. 4. 1: Bl ock Di agra m 
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4. 5 Syste m Fl owchart 

The fl owchart illustrates how acti ons and decisions move t hrough t he syst e m i n a 

sequential manner. The syste m' s l ogical sequence of acti vities, procedures, or 

al gorithms is represent ed visuall y. The fl owchart acts as a road map, layi ng out t he 

or der of procedures and prerequisites t o be met when t he syst e m is bei ng used. It hel ps 

to comprehend t he behavior of t he syst e m, pi npoi nt control routes, and guarant ee proper 

synchroni zati on and coordi nati on bet ween vari ous modul es and components.  

 

Fi gure 4. 5. 1: Syst e m Fl owchart – Bl ood Pressure & Sugar Level Det ect or 
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Fi gure 4. 5. 2: Syst e m Fl owchart – Vei n Locat or 
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Chapter Fi ve 

 

 

5 HARD WARE COMP ONENTS 

 

Thi s chapt er provi des an in-dept h anal ysis of the essential ele ments used i n the wirel ess 

power transfer syste m, highli ghti ng each ele ment' s uni que functi ons and contri buti ons 

to t he syste m' s overall perfor mance.  

5. 1 Ras pberry Pi Model  3B+ 
 

The Vei n finder system' s pri mar y i mage processi ng processor is a si ngl e-boar d 

comput er t he size of a credit card called t he Raspberry Pi 3B+. It offers a practical and 

affordabl e sol uti on for a range of uses, incl udi ng image processi ng.  

The Raspberry Pi 3B+ is utilized i n t his proj ect t o pr ocess t he visual dat a obtai ned from 

the I R ca mera usi ng certai n al gorithms for vei n det ecti on. A Br oadco m BCM2837B0 

pr ocessor, 1GB RAM,  and a number of connecti vit y choi ces are i ncluded i n its 

architect ure. 

Runni ng on t he Raspberry Pi 3B+ is t he Raspberry Pi OS, a Li nux-based operati ng 

syste m creat ed especi ally for Raspberry Pi gadgets. It has a user-friendl y i nterface and 

supports a variet y of devel opment packages and fra me wor ks.  

 

Fi gure 5. 1. 1: Raspberry Pi 3B+ 
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Runni ng on t he Raspberry Pi 3B+ is t he Raspberry Pi OS, a Li nux-based operati ng 

syste m creat ed especi ally for Raspberry Pi gadgets. It has a user-friendl y i nterface and 

supports a variet y of devel opment packages and fra me wor ks.  

Usi ng its GPI O ( General Purpose Input/ Out put) pi ns, the Raspberry Pi 3B+ can be 

connected t o sensors and act uat ors. These pi ns pr ovi de i nteracti on wit h the physi cal 

worl d by allowi ng for t he i nterface wit h vari ous co mponents i ncl udi ng sensors, LEDs, 

mot ors, etc. 

Pyt hon is a progra mmi ng language t hat is ext ensivel y supported on t he Raspberry Pi 

pl atfor m and may be used t o progra m t he Raspberry Pi 3B+. You can creat e and run 

Pyt hon code directl y on the Raspberry Pi t hanks to t he Pyt hon i nt erpret er that is pre-

installed on t he Raspberry Pi OS.  

You must make sure t hat an I R ca mera is compati ble wit h t he Raspberry Pi and 

compli es wit h t he necessary interface standards before you can connect it to t he 

Raspberry Pi 3B+. Typicall y, a ri bbon cabl e is used t o connect t he camer a t o t he 

Raspberry Pi' s CSI ( Ca mera Serial Interface) port. 

Usi ng t he Thonny Pyt hon compiler, you woul d creat e Pyt hon code t hat made use of t he 

ca mera modul e and pertinent libraries t o do i mage processi ng wit h an I R ca mera. The 

code woul d take pi ct ures wit h t he I R ca mera, process t he m wit h Pyt hon libraries li ke 

OpenCV or PI L, and carry out tasks li ke vei n recogniti on. On t he Raspberry Pi, 

Thonny' s i ntegrat ed development environment (I DE) makes it si mpl e to write, run, and 

debug Pyt hon code.  

5. 2 Ardui no Uno 
 

In t his proj ect, the sugar level and heart rate det ect ors are controlled by a 

mi crocontroller board called t he Ar dui no Uno. Due t o its si mplicit y and usabilit y, it is 

a preferred opti on for e mbedded syst e m devel opment and prot ot ypi ng.  

The Ar dui no Uno is used in t his proj ect t o communi cat e wit h t he sensors and act uat ors 

needed t o det ect the bl ood sugar level and heart rat e. It collects i nfor mati on from t he 

sensors, makes the appropriate comput ati ons, and then adj usts t he out put devi ces.  
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The At mega328P mi crocontroller, whi ch powers the Ar dui no Uno architecture, has 14 

di gital input/ out put pi ns, 6 anal ogue i nput pi ns, a 16 MHz quartz crystal oscillat or, and 

a number of communi cation ports. 

You creat e code i n t he Ar dui no progra mmi ng language t o control t he Ardui no Uno. 

Set up and l oop procedures i n t he code are used to i nitialize t he necessary pi ns, set up 

the sensors, read dat a, run cal culati ons, and manage t he act uat ors.  

One of t he di gital or anal ogue pi ns of t he Ar duino Uno shoul d be connect ed t o t he 

out put pi n of a heart rate sensor, such as t he Heart rate sensor 30100. Typi call y, t he 

heart rate sensor uses optical sensors t o det ect the pulse on a fi nger. The sensor' s out put 

may be read by t he Ar duino code, whi ch can t hen pr ocess it to det er mi ne t he heart rate. 

 

Fi gure 5. 2. 1: Ar dui no Uno 

You woul d require extra parts for t he gl ucose test stri p, like a preprocessi ng circuit t o 

handl e t he electrical si gnals from t he test stri p. The Ar dui no Uno may be used t o 

connect t he circuit, and code can be written to process t he anal ogue readi ngs from t he 

circuit and det er mi ne t he bl ood sugar level usi ng pre-established met hods.  

In order t o provi de heart rate and bl ood sugar level det ecti ng functi onalities, t he 

Ar dui no Uno serves as a central controller, coll ecting dat a from t he sensors, carryi ng 

out comput ati ons, and regul ati ng t he out put devi ces.  

5. 3 Arduca m I R Ca mera 

A s mall ca mera modul e called t he Ar duca m I R Camer a was creat ed specificall y t o take 

infrared (I R) pi ct ures. For t he vei n locat or capabilit y i n t hi s proj ect, it uses i nfrared 

technol ogy t o visualize the vei ns on a patient' s arm or hand.  
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In t his proj ect, the patient' s ar m or hand is phot ographed usi ng an i nfrared ca mera, and 

the resulti ng i mages are processed t o i dentify and l ocat e vei ns. The Raspberr y Pi 

recei ves t he collect ed phot os and processes t he m for furt her research.  

Ar duca m I R Ca mera' s architect ure is made up of an i mage sensor, lens, IR filter, and 

control electroni cs. It is made t o take pi ct ures i n the i nfrared range, maki ng it possi bl e 

to see vei ns under t he skin more clearl y.  

There is no proprietary operati ng syste m or fir mware for t he Ar duca m I R Ca mera. It is 

essentiall y a piece of hardware t hat interfaces with t he Raspberry Pi t o take and process 

pi ct ures. 

 

Fi gure 5. 3. 1: I R Ca mera 

Usi ng t he ca mera interface on t he Raspberry Pi board, you may connect the Ar duca m 

I R Ca mera t o t he computer. The ca mera modul e attaches t o t he Raspberry Pi' s specific 

CSI ( Ca mera Serial Interface) connect or, ensuri ng a dependabl e and qui ck dat a fl ow 

bet ween t he ca mera and the comput er. 

Pyt hon is one of t he many progra mmi ng languages that can be used t o create progra m 

for t he Ar duca m I R Ca mera. Ar duca m or Raspberry Pi libraries and APIs are used i n 

this proj ect to access and control t he ca mera usi ng Pyt hon progra mmi ng. Setting up t he 

ca mera, taki ng pi ct ures, and sendi ng t he m t o the Raspberry Pi for processi ng all can be 

done wit h Pyt hon code.  

In general, the Ar duca m I R Ca mera is a cruci al part of getti ng i nfrared pi ctures of t he 

patient' s vei ns. The Raspberry Pi is linked t o it, and t he proj ect' s i mage processi ng 

techni ques are used t o anal yze and l ocat e vei ns i n the acquired phot os.  
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5. 4 Max 30102 Heart Rate Sensor 

 
The MAX30102 is a s mall sensor modul e for measuri ng heart rate and bl ood pressure. 

It incorporat es a phot odetect or, LEDs, and si gnal pr ocessi ng t ools. The MAX30102 is 

attached t o t he Ar dui no Uno i n t his proj ect and placed on t he patient' s fi nger. It e mits 

light, detects variati ons in light absorpti on brought on by pulsatile bl ood fl ow, and 

comput es t he heart and pulse rates. 

 

Fi gure 5. 4. 1: Max 30102 Heart Rat e Sensor 

Its architect ure consists of phot odetect ors, light sources, and di gital signal pr ocessi ng. 

The I2C prot ocol is used for communi cati on wit h the Ar dui no Uno. To confi gure t he 

sensor, read raw data, and extract pulse rate and heart rate i nfor mati on, it is progra mmed 

usi ng Ar dui no li braries. The sensor is initialized by t he Ar dui no code, whi ch also reads 

dat a and displ ays or transmi t s t he esti mat ed heart rat e.  

5. 5 Gl ucose Test Stri ps 

Di abet es sufferers can measure their bl ood gl ucose levels wit h gl ucose test stri ps, whi ch 

are si ngl e-use stri ps. These stri ps have enzymes that i nteract wit h t he bl ood sa mpl e' s 

gl ucose t o generat e an electrical si gnal. The Ar dui no Uno is used i n t his proj ect t o det ect 

and quantify t he bl ood sugar level usi ng gl ucose test stri ps. On t he Ar dui no boar d, t he 

test stri p is placed i nt o the appropri ate sl ot or connect or.  

The bl ood sa mpl e and t he enzymes on t he stri p i nteract che mi call y i n t he architect ure 

of gl ucose test stri ps. Due t o t his response, an electrical si gnal t hat reflects t he bl ood 

gl ucose level is produced. Based on t he hardware layout of the Ar dui no boar d, 

particul ar pi ns or connections are utilized t o connect t he gl ucose test stri p t o the Ar dui no 

Uno.  
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Fi gure 5. 5. 1: Gl ucose Test Stri ps 

Ut ilizi ng li braries and code t hat connect wit h the gl ucose test stri p is part of 

pr ogra mmi ng t he Ar dui no Uno. The test stri p i nteracti on, electrical signal readi ng, and 

comput ati ons necessary to ascertai n t he bl ood sugar level are all direct ed by t he 

Ar dui no code t o t he board.  

5. 6 Po wer Suppl y 

The Raspberry Pi 3B+ and Ar dui no Uno mi crocontrollers are bot h powered by t he 5V 

adapt or, whi ch is a power source. It guarantees a steady and dependabl e power suppl y, 

enabli ng t he appropriate operati on of t he mi crocontrollers and t he components li nked 

to t he m. However, for energi zi ng t he whol e syste m you can even attach a multi-port 

power bank wit h the proj ect whi ch can power the syste m separat el y and make it 

portabl e. 

 

Fi gure 5. 6. 1: Power Suppl y 
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5. 7 LCD 16x2 

 
In t his proj ect, the measured heart rate and bl ood sugar levels are shown on t he LCD 

16x2 modul e. It offers consumers a si mpl e and legi bl e i nterface via whi ch t hey can 

monit or t he fi ndi ngs in real ti me. Usi ng t he GPI O pi ns, the LCD 16x2 modul e is 

connected t o t he Ar dui no. It needs a power source, a ground connecti on, and dat a 

connecti ons so t hat commands can be sent and data can be shown. Di gital pi ns are used 

by t he Ar dui no t o read/ write dat a and control the LCD usi ng a parallel interface.  

 

Fi gure 5. 7. 1: LCD 16x2 

 

5. 8 Projector Cabl e 

The Raspberry Pi is connected t o t he proj ect or syste m usi ng a proj ect or cable. It acts as 

a conduit for t he proj ector t o recei ve and displ ay the processed vei n i mage creat ed by 

the Raspberry Pi. The project or recei ves t he vi deo signal from t he Raspberry Pi t hrough 

the cable, whi ch enabl es vi sualizati on of t he vei n image on a surface.  

 

Fi gure 5. 8. 1: Proj ect or Cabl e 
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5. 9 Pl astic Box 

All of t he syste m' s components are housed i n a prot ecti ve casi ng made of black pl astic. 

It gi ves t he mi crocontrollers, sensors, and ot her electroni c components a safe and well-

or gani zed pl ace t o be mount ed. To provi de proper exposure and contact wit h t he 

patient' s ar m or hand and to enabl e reliabl e readi ngs and measure ments, the sensors are 

sit uat ed outsi de the body. The body' s dark col or ai ds i n reduci ng i nt erference from 

outsi de li ght and uphol ding i deal conditi ons for sensor perfor mance.   

 
Fi gure 5. 9. 1: Pl astic Box 

5. 10 L M358 and LF356 Operati onal Amplifiers 

Operati onal a mplifiers (op-a mps) li ke t he LM358 and LF356 are frequentl y utilized i n 

el ectrical circuits and si gnal processi ng applicati ons. A dual op-a mp wit h low- power 

and l ow- voltage operati on is t he LM358. It has a wi de i nput voltage range,  a hi gh gai n, 

and is i ntended for general-purpose applicati ons. The LM358 is frequentl y utilized as a 

comparat or i n many electroni c syste ms as well as i n audi o applicati ons and volt age 

a mplificati on circuits. 

 

Fi gure 5. 10. 1: LM358 and LF356 
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Chapter Si x 

 

 

6 HARD WARE & SOFT WARE 

I MPLE MENTATI ON 

 

In t his t he whol e i mple ment ati on process is di scussed al ong wit h the progra m 

cont ai ni ng t he pyt hon script desi gn, libraries and al gorithm used, i mage pr ocessi ng, 

desi gni ng t he heart rate sensor Ar dui no program and also t he sugar level det ect or 

pr ogra m.  

6. 1 Set up of Raspberry PI  

Initiall y we need t o i nstall the OS for t he raspberry pi. For t hat you need t o have a SD 

card wit h mi ni mu m of 64 GB me mor y. You can use me mor y of 32 & 16 GB as well. 

Next you need t o i nstall Bal ena soft ware on your wi ndows devi ce and t hen downl oad 

the Raspbi an OS from t heir official website.  

 

Fi gure 6. 1. 1: Li nux OS Inst allati on 
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Aft er t he i nstallati on file, you need t o i nstall the OS by i nserti ng t he SD card i nt o t he 

SD card reader and t hen attach it to t he wi ndows devi ce and by usi ng Bal ena, inst all t he 

Li nux for raspberry pi on t he SD card. Re me mber that you have t o wait for compl et e 

installati on of t he OS with no errors at the end as well. Ot her wi se, your Linux will run 

but will not perfor m desirabl y when you are usi ng it for compili ng.  

Aft er compl et e i nstallation of t he Li nux on your SD, now you need t o i nsert t he SD 

card int o the Pi and also connect the Pi t o any power source. It will start to boot for t he 

first ti me. You need t o co mpl et e t he process by settli ng t he opti mu m configurati ons. 

Once done t he mai n desktop will be l oaded i n front of you as shown i n t he fi gure bel ow.  

 

Fi gure 6. 1. 2: Raspberry Pi Deskt op 

6. 2 Post Install ati on Necessary Co mmands  

Aft er i nstallati on of t he OS we know we have t o use pyt hon i n t he proj ect so first we 

have t o updat e t he termi nal, pyt hon package,  OpenCV, ti me and Nu mPy. The 

commands are listed bel ow st ep by step wit h description.  

Do wnl oad package i nformati on from all confi gured sources 

sudo apt update 

Check current versi on of Pyt hon i nst alled 

pyt hon --versi on 

Updati ng pi p  

pyt hon3 - m pi p i nstall –upgrade pi p 
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Updati ng pyt hon 

Pyt hon - m pi p i nstall –upgrade pyt hon 

Inst alli ng OpenCV 

sudo apt i nstall pyt hon3- opencv 

Updati ng OpenCV 

sudo apt upgrade pyt hon3- opencv 

Inst alli ng Ti me and NumPy  

pi p3 i nstall ti me numpy 

 

6. 3 Setti ng up I R ca mera 

You may use a Raspberry Pi and t he foll owi ng i nstructi ons to set up an I R ca mera:  

 Connect t he I R ca mera t o the Raspberry Pi' s CSI port. Verify t he security of the 

connecti ons. 

 The Raspberry Pi' s ter mi nal wi ndow shoul d be opened.  

 Run t he commands listed bel ow t o updat e t he Raspberry Pi' s fir mware:  

sudo apt update 

sudo apt upgrade 

sudo rpi- update 

 Enabl e t he ca mera i nterface by runni ng t he command:  

sudo raspi-confi g 

 Sel ect “i nt erfaci ng Opti ons” and t hen “Ca mera”.  

 Choose “Yes” t o enabl e the ca mera i nterface.  

 Sel ect “Fi nsi h” and reboot t he Raspberry Pi. 

 Test ca mera by capt uri ng an i mage. Run t he foll owi ng command:  

raspistill -o test_i mage.jpg 
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 Thi s command capt ures an i mage and saves it as “test _i mage.j pg” i n t he current 

direct ory.  

 Check t he capt ures i mage t o verify it the I R ca mera is wor ki ng correctl y.  

6. 4 Pyt hon Scri pts 

No w we onl y need t o write the whol e pyt hon script for t he i mage processing t o make 

the vei n locat or part of t he proj ect. We have attached a compl et e source code i n t he end 

of t he thesis as well. However, the scri pt needs to be expl ai ned a little wit h a vi sual step 

by step understandi ng.  

from pi ca mera i mport PiCa mera 

from pi ca mera. array i mport Pi RGBArray 

i mport cv2 

i mport ti me 

i mport numpy as np 

 

These li nes i mport the libraries required t o operate wit h t he ca mera modul e for t he 

Raspberry Pi, OpenCV, ti me, and Nu mPy.  

ca mera = Pi Ca mera() 

ca mera.resol uti on = (848, 480) 

ca mera.fra merat e = 24 

rawCapt ure = Pi RGBArray(ca mera, size=( 848, 480)) 

cv2. na med Wi ndow(' Precis Vei ne' , cv2. WI NDOW_AUTOSI ZE)  

ti me. sleep(0. 1) 

 

The Pi Ca mera obj ect is initialized t oget her wit h its resol uti on (848, 480) and fra merat e 

(24 fra me per second (fps)) in t hese li nes. To collect ca mera fra mes, use t he 

rawCapt ure obj ect. The processed i mage is displ ayed i n a wi ndow called 

"Precis Vei ne" t hat is creat ed by t he cv2. na med Wi ndow() functi on. To ensure correct 

ca mera initializati on, t he ti me. sleep ( for 0. 1 second) functi on i nserts a s mall del ay.  

for fra me i n ca mera. capture_conti nuous(rawCapture, for mat ="bgr", 

use_vi deo_port =Tr ue):  

i mage = fra me. array 
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b, g, r = cv2. split(i mage) 

i mage = cv2. cvt Col or(i mage, cv2. COLOR_BGR2GRAY)  

 

Thi s starts a for l oop t hat will conti nuousl y take pict ures wit h t he ca mera. Each fra me 

is recorded by t he ca mera. capt ure_conti nuous() functi on, whi ch st ores it in t he i mage 

variabl e. The i mage is divi ded i nt o its indi vi dual col our channels ( B, G, and R) usi ng 

the cv2. split() function. Usi ng t he cv2.COLOR_ BGR2 GRAY flag, t he 

cv2. cvt Col or() functi on tur ns t he i mage t o grayscale.  

Not e: B G R i n t he above code represents Bl ue Green Red. CV2 means comput er visi on 

II. However, these are menti oned i n abbrevi ati ons and t he defi niti on portions.  

bl urred = cv2. GaussianBlur(i mage, (3, 3), 1) 

sharpen_filter = np. array([[-1, -1, -1], [-1, 9, -1], [-1, -1, -1]]) 

sharp_i mage = cv2.filter2D( bl urred, -1, sharpen_filter) 

 

These li nes carry out procedures for i mage processi ng. The cv2. Gaussi anBl ur() 

functi on bl urs t he i mage wi t h a Gaussi an filter t o decrease noise. cv2.filter2D() applies 

the sharpen_filter, a kernel for sharpeni ng t he pict ure, on t he bl urry i mage t o get a 

sharp_i mage.  

cl ahe = cv2. creat eCLAHE( cli pLi mit =30, tileGri dSi ze=( 4, 4)) 

cl 1 = clahe. appl y(sharp_image) 

 

The cv2. createCLAHE( ) functi on is used i n t his secti on t o creat e a contrast-li mit ed 

adapti ve hist ogra m equalisation ( CLAHE) obj ect. The sharp_i mage i mpr oved contrast 

as a result of appl yi ng CLAHE i s st ored i n t he cl1 variabl e. 

 

cv2.i mshow("Precis Vei ne", cl 1) 

rawCapt ure.truncat e(0) 

key = cv2. wait Key( 1) & 0xFF 

if key == ord("q"): 

    break 
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These li nes e mpl oy cv2. i ms how() t o displ ay t he edited i mage i n t he "Precis Vei ne" 

wi ndow.  To make room for t he followi ng fra me, t he rawCapt ure.truncate(0) functi on 

del et es t he currentl y captured one. If the key pressed is "q, " t he cv2. wait Key() functi on 

st ops its loop and causes the progra m t o ter mi nate.  

6. 5 I mage Process of Vei ns 

For t he overall i mage conversi on pattern is shown bel ow al ong wit h a bullet for m st ep 

by step conversi on of t he ori gi nal i mage i nt o the final for m.  

 Convert the capt ured frame t o grayscal e.  

 Appl y Gaussi an bl ur t o reduce noise.  

 Appl y a Medi an filter (sharpeni ng filter) to enhance i mage det ails. 

 Cr eat e a Contrast- Li mit ed Adapti ve Hi st ogra m Equalization ( CLAHE) object. 

 Appl y CLAHE t o enhance i mage contrast. 

 Di spl ay t he processed i mage i n real-ti me.  

 

 

 

Fi gure 6. 5. 1: I mage Processi ng Steps 

6. 6 Set up Ardui no Environment and I mporti ng li brari es  
 

Ar dui no environment is ter med wit h int egrated devel opment environment (I DE) 

that Ar dui no offers for creati ng, compiling, and upl oadi ng code t o Ar dui no 

boards. It makes it simpl e t o progra m and communi cat e wit h Ardui no 
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mi crocontrollers because it comes wit h a code edit or, compil er, and uploader. 

Thi s I DE is quite si mpl e to i nstall and set up by j ust downl oadi ng and i nstall.  

Ho wever, after this you first need t o i mport certai n libraries for hel pi ng t he 

pr ogra m run i n an opti mu m way. Foll owi ng are the list of t he li braries we need:  

 

 Wi re. h  

Thi s li brary' s " Wi re. h" file cont ai ns t he I2C communi cati on-related functions. 

It enabl es I2C prot ocol communi cati on bet ween t he Ar dui no and many 

peri pherals, incl udi ng sensors, LCD screens, and ot her devi ces.  

 Li qui dCrystal _i 2c. h 

The I2C i nterface-based LCD screens are managed by t his library. It offers 

opti ons for cursor positioni ng, pri nti ng text, controlli ng t he li ghti ng, and 

initializi ng t he displ ay. The li brary makes it easier for t he Ar dui no and LCD 

displ ay t o communi cat e. 

 Max30105. h 

For the MAX30102 sensor modul e, this library was creat ed specifically. It 

offers ways t o communi cat e wit h t he sensor, incl udi ng t he abilit y t o i nitialize it, 

set the pulse a mplit ude, read t he I R val ue, and enabl e te mperat ure measurement. 

The li brary abstracts t he nitt y gritty of i nteracting wit h the sensor, maki ng 

pr oj ects easier t o use.  

 heart Rate. h 

Thi s library is utilized t o det er mi ne t he heart rate usi ng i nfor mati on from pul se 

sensors or ot her comparabl e devi ces. It has features for det ecti ng heart beats, 

fi guri ng out beats per mi nut e ( BP M), and gi vi ng the average BP M.  Devel opers 

may now concentrate on mor e challengi ng challenges for t heir proj ects because 

the li brary makes the process of gat heri ng and analyzi ng heart rate dat a si mpl er.  

6. 7 Ardui no Progra m Desi gn 
 

#i ncl ude < Wi re. h> 

#i ncl ude <Li qui dCr yst al_I 2C. h> 

Li qui dCr yst al _I2C lcd(0x27, 16, 2); 
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#i ncl ude < Wi re. h> 

#i ncl ude " MAX30105. h" 

#i ncl ude "heart Rat e. h" 

The necessary li braries for I2C communi cati on, LCD displ ay, MAX30105 sensor, and 

heart rate cal cul ation are incl uded i n t his secti on.  

MAX30105 particleSensor; 

const byte RATE_SI ZE = 4;  

byt e rates[ RATE_SI ZE];  

byt e rateSpot = 0; 

long last Beat = 0; 

fl oat beatsPer Mi nut e; 

int beat Avg;  

fl oat temperat ure; 

fl oat vref = 3. 3; 

fl oat resol uti on = vref / 1023;  

int ccc = 1;  

 

The MAX30105 sensor obj ect, variabl es for calculati ng heart rate, temperature, voltage 

reference, and resol uti on are a mong t he obj ects and variabl es decl ared i n t hese li nes.  

voi d set up() { 

  Serial. begi n(9600); 

  lcd. begi n(); 

  lcd. backli ght(); 

  lcd.set Cursor(0, 0); 

  lcd. pri nt(" HEALTH MONI TORI NG");  

  lcd.set Cursor(0, 1); 

  lcd. pri nt("SYSTE M. ......"); 

  if (!particleSensor. begi n( Wi re, I2C_SPEED_FAST)) { 

    Serial. pri ntl n(" Heart Beat sensor not found"); 

    while (1); 

  } 

Serial. pri ntl n("Pl ace your index fi nger on t he sensor. "); 

  particleSensor. set up(); 

particleSensor. set PulseAmplit udeRed( 0x0A);  

  particleSensor. set PulseAmplit ude Green(0); 

  del ay(2000); 

} 

 

At  t he begi nni ng, t he set up() functi on is onl y called once. It also sets the pulse 

a mplit ude and i nitializes t he LCD displ ay,  MAX30102 sensor, and seri al 
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communi cati on. Additi onall y, it checks that t he heart rate sensor is properly connect ed 

and shows a notificati on on t he LCD.  

voi d l oop() { 

  for (i nt i = 0; i < 500; i ++)  

    Heart _Beat(); 

  Serial. pri nt("BP M="); 

  if (beatsPer Mi nut e > 20 && beatsPer Mi nut e <= 70) { 

    beatsPer Mi nut e = 70;  

  } 

  if (beatsPer Mi nut e > 120) { 

    beatsPer Mi nut e = 120;  

  } 

  lcd. clear(); 

  Serial. pri nt(beatsPer Mi nut e); 

  Serial. pri nt(", Avg BPM=");  

  Serial. pri nt(beat Avg); 

  Serial. pri ntl n(); 

  lcd.set Cursor(0, 0); 

  lcd. pri nt("BP M="); 

  lcd. pri nt(beat Avg); 

  particleSensor. set up(0); 

  particleSensor. enabl eDIETE MPRDY();  

  int temperat ure = particleSensor.readTe mperat ure(); 

  Serial. pri nt("te mperat ureC="); 

  int t = te mperat ure; 

  lcd.set Cursor(0, 1); 

  lcd. pri nt("T="); 

  lcd. pri nt(t); 

  Serial. pri ntl n(t); 

  if (t > 39) { 

    Serial. pri ntl n("Te mp is hi gh"); 

  } 

  else { 

  } 

} 

 

The l oop() functi on is used numer ous ti mes. To deter mi ne heart rate, 500 calls are made 

to t he Heart _Beat() function. The heart rate val ue is then checked and modified. The 

LCD is cleared, and t he heart rate is pri nted and shown on t he LCD. Additionall y, it 

det er mi nes whet her t he temperat ure is hi gh by reading the te mperat ure from the sensor, 

di spl ayi ng it on t he LCD.  

voi d Heart _Beat() { 

  particleSensor. set up(); 

  particleSensor. set PulseAmplit udeRed( 0x0A);  
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  particleSensor. set PulseAmplit ude Green(0); 

  long ir Val ue = particleSensor. getI R(); 

  if (checkFor Beat(ir Val ue) 

 

Thi s above code is t he functi on Heart_Beat and it calls the functi on particleSensor t o 

obj ect t o confi gure t he sensor, sets t he pulse amplit ude of t he red green LEDs of 

particleSensor. set Pul seAmplit ude Red & particleSensor. set PulseAmplitude Red.  

Lat er t he i nfrared reads val ue usi ng getI R function and assi gns to t he value i rVal ue. 

Lastl y t his val ue is passed as an argument t o t he if stat e ment as a check wit h the functi on 

checkForbeat.  

6. 8 I mpl e ment ati on of Sugar Level Detecti on 

The i mpl e ment ati on of t he gl ucose Level Det ecti on is a little si mpl er. We need t o have 

certai n components we have menti oned earlier t hrough t he m we need t o creat e a circuit 

of operati onal a mplifiers whi ch coul d enhance t he current generat ed by the test stri p 

and deli ver it to t he circuit. Lat er after enhanced val ue, that needs to be taken i nput by 

the anal og pi n of Ar dui no and upon certai n cal culati on and range esti mati on displ ay on 

LCD 

 

Fi gure 6. 8. 1: Sugar level det ecti on circuit 

 

6. 9 Prot otype Devel opment 

The overall syste m hardware i mpl e ment ati on is shown i n t he bel ow fi gure, this shows 

a di agra m for t he connections of t he raspberry pi wi t h t he I R ca mera and secondl y t he 

Ar dui no wit h LCD 16x2 and Max 30102 sensor.  
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 Fi gure 6. 9. 1: Ar dui no Connecti ons 

 

Bl ack Pl astic Box: A bl ack pl astic box cont ains t he syst e m' s parts, incl udi ng t he 

Raspberry Pi and Ar duino. The box hel ps organize the set up and offers a prot ect ed 

encl osure for t he components. 

 

Fi gure 6. 9. 2: Bl ack Pl astic Box 

Ardui no and Raspberry Pi: The pl ace ment of Ar dui no and Raspberry Pi is t he mai n 

fact or i n adj usti ng all other sensors and components. These have t o ri ghtly adj ust i n 

or der t o manage t he space i nsi de the box.  
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Fi gure 6. 9. 3: Embedded Devi ces Pl ace ment  

Po wer Connecti on: The Raspberry Pi and Ar dui no have specified cut outs or 

connect ors i n t he box for power connecti ons. These cut outs provi de t he syste m wit h a 

safe and conveni ent power suppl y.  

 

Fi gure 6. 9. 4: Power Connecti on 

 

LCD Di spl ay & Max 30102: A 16x2 LCD display is positi oned i n t he cent er of t he 

box, out doors and ri ght besi de it the max 30102 sensor is attached.  

 

Fi gure 6. 9. 5: LCD and Sensor Adj ust ment  

Test Stri p Connector: 

The test stri p connect or has its own spot i n t he protot ype. The syste m may co mmuni cat e 

wi t h speci alized test stri ps t hrough t his port to perfor m extra medi cal measure ments.  
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Fi gure 6. 9. 6: Test Stri p pl ace ment  

I R ca mera 

The Raspberry Pi is connect ed t o t he I R ca mera wi re t hat is fastened i nside t he box. 

The wire is then re moved from t he box t o make the ca mera handhel d so that doct ors 

can use their left hand easily. By usi ng t his set up, doct ors may operat e t he syst e m and 

inject a syri nge wit h their ri ght hand at the sa me ti me, resulti ng i n mi nimal patient 

move ment. 

 

Fi gure 6. 9. 7: Ca mera 
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Fi nal Look 

 

 

 

Fi gure 6. 9. 8: Overall Syste m 
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Chapter Seven 

 

 

7 SYSTE M TESTI NG & ANALYSI S 

 

For a syste m t o be reliable and functi oni ng, testi ng and anal ysis are essential. They ai d 

wi t h fi ndi ng and fi xi ng any probl e ms or flaws before t o t he syste m' s depl oy ment. We 

may make sure t hat t he syste m satisfies t he criteria and perfor ms as int ended by 

thoroughl y testi ng and eval uati ng its perfor mance. Thi s approach enabl es us to i mpr ove 

the syste m' s perfor mance, creat e a dependabl e product t hat satisfies user needs, and 

opti mi ze it. 

7. 1 Syste m Testi ng & Strategi es 
 

The syste m testi ng met hods e mpl oyed i n t his proj ect are essential for spotti ng pot ential 

issues, verifyi ng t he needed syste m behavi or i n a variet y of scenari os, and ensuri ng t he 

syste m' s dependabilit y and correct ness i n real- world healt hcare setti ngs.  

7. 1. 1.  Mo dul e Testi ng 

 
The hardware modul es are assessed i ndi vi duall y t o confir m i ntegrati on and 

functi onalit y. This i nvolves conducti ng extensi ve repetitive testi ng on each modul e t o 

identify any specific issues, vali dat e i nputs and out puts, and ensure effecti ve inter-

modul e communi cati on. The obj ecti ve is to ensure t he modul es functi on properl y and 

sea ml essl y i nteract wit h one anot her. 

7. 1. 2.  Functi onal Testi ng 

 
Functi onal testi ng is conduct ed t o vali dat e t he efficiency of bot h hardware and 

application modul es i n the comat ose patient monitori ng syst e m. It invol ves assessi ng 

the mi crocontroller' s data gat heri ng, processi ng, notificati on generati on, and real -ti me 

monit ori ng capabilities. The hardware component is tested t hrough input/ out put 

eval uati on, sensor calibration, and experi ment ati on wit h represent ative values.  
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7. 1. 3.  Us ability Testi ng 
 

Usabilit y testi ng ai ms t o identify and enhance any usability issues i n t he user interface. 

Ho wever, the syst e m is desi gned t o be user-friendly and strai ghtfor war d. With mi ni mal 

set up require ments and cl ear pict orial instructi ons for attachi ng certai n sensors t o 

patients, the syste m ensures ease of use. Even i ndi vi duals wit hout a techni cal 

backgr ound can achi eve t he desired usage outcome by foll owi ng t he provi ded 

instructi ons. 

7. 1. 4.  Overall Syste m Testi ng 
 

The overall syste m t esting strategy ai ms t o vali dat e t he syst e m' s perfor mance, 

reliability, and compatibilit y. This i ncl udes scenari o-based testi ng and syst e m 

integrati on testi ng t o ensure opti mal functi onalit y. Once all stages of syste m testi ng and 

debuggi ng are compl et ed successfull y, the project shoul d exhi bit optimal results, 

indi cati ng t he syste m' s efficiency and effecti veness.  

7. 2 Testi ng I R Ca mera on Difference Body Parts 
 

A l ot may be learned about t he I R ca mera' s capability t o precisel y det ect and visualize 

vei ns i n vari ous ski n tones, text ures, and dept hs by testi ng it on vari ous body parts, such 

as t he ar m and hand. This proj ect' s I R ca mera has a fi xed focus. Therefore, it is vital t o 

hol d t he ca mera agai nst the subj ect at a certai n distance i n order t o achieve the best vei n 

vi si bility.  

By mai nt ai ni ng t he proper distance, it is possi bl e to proj ect an adequat e number of I R 

rays ont o the subj ect' s skin and see their vei ns clearl y. Poor i mage qualit y coul d result 

from i nadequat e I R li ght reachi ng t he subj ect if the ca mera is hel d too cl ose t o it. On 

the ot her hand, hol di ng the ca mera too cl osel y can produce an excessi ve quantit y of I R 

light, bl urri ng t he i mage that is bei ng present ed.  

7. 3 Testi ng on Nat ural Lo w and Hi gh Li ght 
 

In hi gh nat ural light conditi ons, the visi bility of vei ns wit h t he I R ca mera may be 

reduced due t o i nterference from strong li ght sources. In contrast, low nat ural li ght 

conditi ons can enhance the visi bility of vei ns as there is less i nterference from a mbi ent 
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light. It is i mportant t o consi der lighti ng conditi ons duri ng testi ng and use t o ensure 

opti mal perfor mance of the vei n locat or wit h t he IR ca mera.  

7. 4 Fra me per Second 

An I R ca mera used i n vein locat or applicati ons typi call y has a maxi mu m fra me rate 

per second (fps) that falls bet ween 15 and 30 fps. Dependi ng on t he a mount  of nat ural 

light, the fps can change. The fps may drop due to t he necessity for l onger exposure 

peri ods in l ow nat ural light sit uati ons where the ca mera depends more on its own 

infrared li ghti ng. The l onger exposure ti me enabl es t he ca mera t o capt ure an i mage wit h 

enough li ght. 

The fps, on t he ot her hand, may i ncrease under high nat ural light circumstances where 

there is a l ot of a mbi ent light because t he ca mera can use t he availabl e li ght for fast er 

i mage acquisiti on. However, it' s cruci al to establish t he appropriate bal ance because t oo 

much nat ural light can lead t o overexposure, whi ch can i mpair vei n visi bilit y and 

negati vel y affect i mage qualit y. It is cruci al to change ca mera setti ngs, incl udi ng 

exposure durati on and gai n, and t o provi de proper illumi nati on wit hout leadi ng t o 

overexposure in order t o pr oduce t he best vei n visibilit y. 

Ho wever, as a general rule of t humb, 100 to 300 l ux of ambi ent li ght mi ght be t hought 

of as i deal for getti ng t he best out comes. It is cruci al to re me mber that t his is onl y an 

appr oxi mat e esti mat e, and fi ne-t uni ng can be necessary dependi ng on t he sensiti vit y of 

the particul ar ca mera and the desired vei n visi bility.  

7. 5 Appropri ate Range of Vi ew 
 

An I R ca mera used as a vei n locat or often has a range of view t hat is measured i n 

centi met ers or i nches rather t han feet. This is due to t he fact that in order to get cl ear 

pi ct ures of t he vei ns, the ca mera needs t o be pl aced cl ose to t he subj ect' s skin' s surface.  

The i deal distance from the subj ect' s ski n can range from a few centi meters t o a few 

deci met ers (a few i nches to a few feet), alt hough it is nor mall y wit hi n these para met ers. 

A vei n l ocat or' s recommended fiel d of view is nor mall y bet ween 2 and 30 centi met ers 

(5 and 12 i nches) from t he subj ect' s ski n.  
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7. 6 Heart Rate Sensors on Multi pl e Units 
 

Due t o t he abundance of bl ood arteries cl ose to the ski n' s surface where the sensor is 

put on t he finger, readi ngs are often reliabl e and accurat e.  

The sensor may still deliver reasonabl y accurat e readi ngs when pl aced on the wrist, but 

it may be ha mpered by moti on artefacts and a weaker si gnal t han when placed on t he 

finger. As fewer bl ood vessels are l ocat ed near t o the ski n' s surface on t he wri st, si gnal 

qualit y may be a little worse and readi ngs may be less precise.  

In comparison t o t he fi nger or wrist, the sensor may provi de less precise readi ngs when 

pl aced on t he earl obe. Less bl ood vessels and a thi nner ski n layer i n t he earl obe may 

affect the sensor' s capacity t o record a pot ent and reliabl e si gnal.  

 

7. 7 Perfor mance Issues Overvi ews 
 

Factors Out co mes Descri pti on of the Issue Opti mu m Perfor mance 

Suggesti on 

Fra me Rate Ma xi mu m: 15-30 fps The fra me rat e at whi ch 

the I R ca mera capt ures 

and displays i mages.  

Ensure t he ca mera 

supports t he desired 

fra me rat e for real-ti me 

monit ori ng.  

Lo w Nat ural 

Li ght I mpact 

Poor out put of the 

vi deo – Decreased 

visi bility of vei ns 

Reduced perfor mance i n 

low nat ural li ght 

conditi ons due t o 

decreased fps. 

Increase a mbi ent li ght or 

adj ust ca mera settings for 

opti mal visi bilit y & 

wor ki ng.  

Hi gh Nat ural 

Li ght I mpact 

Poor out put of the 

vi deo - Pot ential 

overexposure 

Excessi ve nat ural light 

causi ng overexposed 

i mages resulting i n vei ns 

invisi bilit y 

Control light i nt ensit y t o 

avoi d overexposure and 

ensure clear i mages.  

Opti mu m 

Nat ural Li ght 

Reco mmended: 300-

500 l ux 

The i deal li ght i nt ensit y 

for balanced 

perfor mance.  

Mai nt ai n li ght levels 

wi t hi n t he reco mmended 

range for opti mal 

visi bility. 
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Heart Rate 

Sensor 

Perfor mance 

Fi nger: Hi ghl y 

accurate  

Wr i st: Reasonabl y 

accurate  

Earl obe: Sli ghtl y less 

accurate 

The heart rate sensor' s 

perfor mance on different 

body parts. 

For accurate readi ngs, use 

the sensor on t he fi nger or 

wri st. 

 

Tabl e 7. 8: Perfor mance Overvi ew  

7. 8 Results 

For t he result we need t o show t he out puts we are getting from our syst e m. The opti mu m 

results concl ude t his project and gi ves a successful cl osure. In t he fi gures 8.1. 1 & 8. 1. 2 

bel ow see that Vei n Locator is showi ng vei ns i n t he wrist and t he knuckl es of t he hand. 

Si mil arl y for t he bl ood pressure part we have displayed t he results for t he Bl ood pulse 

measure ment and t he average bl ood pulse per mi nut e (fi gure 8. 1. 3). Al ong wi t h t his is 

shown t he body te mperature as well. Lastl y, we can see the results for t he glucose level 

in t he bl ood i n t he fi gure 8. 1. 4 

 
 

Fi gure 7. 8. 1: Wrist side vei ns 
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Fi gure 7. 8. 2: Knuckl es side vei ns 

 

 

 
 

Fi gure 7. 8. 3: Bl ood pulse measure ment  

 

 

 
 

Fi gure 7. 8. 4: Gl ucose Level  
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Chapter Ei ght 

 

 

8 ENVI NRONMENTAL I MPACT 

We' re dedi cat ed t o putting sust ai nability first and reduci ng our proj ect' s ecol ogi cal 

i mpri nt. We want t o save t he environment for co mi ng generati ons by impl e menti ng 

eco-friendl y techni ques.  

8. 1 Sustai nabl e Devel opme nt Goals 

Pr omoti ng easil y available healt hcare servi ces, measures for disease preventi on, and 

ment al well-bei ng progra ms are all part of our commit ment t o good healt h and 

well bei ng. In order t o promot e eco-friendl y practices, we encourage i nnovati on i n 

industry and i nfrastruct ure.  

We oppose i nequalit y and fi ght t o ensure t hat everyone has access t o equal possi bilities 

through soci al servi ces and econo mi c devel opment. In order t o promot e a safe and 

equitabl e soci et y, we also place a hi gh pri orit y on peace, justice, and strong instit utions. 

We wor k t oget her wit h stakehol ders t hrough Part nershi ps for Goals to achi eve 

collective sustai nabl e devel opment and open t he door t o a more prosperous and j ust 

worl d.  

8. 2 Broader I mpact of SDGs  

Thi s proj ect has potential to contri but e t o several goals of t he United Nati ons 

Sust ai nabl e Devel opment Goals [1] (SGDs). Followi ng are t he target ed sustai nabl e 

devel opment goals and their pot ential mappi ng i n the next t wo parts.  

8. 2. 1.  Targeted SDGs  

Thi s i ntegrated comat ose patient monit ori ng syste m comes under t he do mai n of 

healt hcare t o enhance t he qualit y of treat ment of patients and t heir well-bei ng. Listed 

are t he SGGs t his proj ect targets: 

 SGD 3 ( Good Healt h and Well-bei ng) 

 SGD 9 (Industry, Innovation and i nfrastruct ure) 
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 SGD 10 ( Reduced i nequalities) 

 SGD 16 ( Peace, Justice and Strong Instit utions) 

 SGD 17 ( Part nershi ps for Goals) 

8. 2. 2.  Potenti al Mappi ng 
 

In order t o assess t he impact of t he proj ect on the target ed SGDs, a checklist is 

devel oped for each SGD bel ow:  

a SGD 3 – Good Healt h and Well-bei ng 

 Enhanci ng healt h outcomes for patients care 

 Reduci ng healt hcare related compli cati ons and risk 

 Fast &Ti mel y monit ori ng of critical conditi ons 

 

b SGD 9 – Industry, Innovati ons and i nfrastruct ure 

 Innovati ve technol ogi es for creati ng l ow-cost devices 

 Har dware and soft ware int egrati on for s moot h operati ons 

 Sust ai nabl e devel opment  infrastruct ure for healt hcare syste ms  

 

c SGD 10 – Reduced i nequalities 

 Access t o advance monitori ng syste m for all ki nds of patients 

 I mpr oved syst e m for underserved popul ation and areas.  

 

d SGD 16 – Peace, Justice and Strong Institutions 

 Pr omoti ng care for patient and mi ni mi zi ng room for error 

 Safeguardi ng li ves of peopl e 

 

e SGD 17 – Part nershi ps for Goal s 

 Coll aborati vel y devel oped wit h healt hcare provi ders and technol ogy experts. 

 Kno wl edge shari ng i nitiatives 

 Est ablishi ng part nershi ps to leverage resources and expertise for sust ai nabl e 

sol uti ons 
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Chapter Ni ne 

 

 

9 CONCLUSI ON & FUTURE 

RECOMMENDATI ONS 

 

The mai n concl usi ons from t he vei n finder syste m' s exa mi nati on and testi ng are briefl y 

summarized i n t his section. This det ailed revi ew of t he fi ndi ngs and revelati ons made 

duri ng t he st udy ill ustrates t he devi ce' s functi onality, useful ness, and reco mmended 

advance ments needed t o enhance t he syst e m.  

9. 1 Concl usi on 
 

Concl usi on Re mar ks: The vei n locat or syste m de monstrates promi si ng results i n 

accurat el y i dentifyi ng and visualizi ng vei ns for medi cal procedures. It offers i mpr oved 

vei n det ecti on, real-ti me monit ori ng, and user-friendl y operati on. However, cert ai n 

perfor mance li mitations in l ow nat ural light conditions and variati ons i n vein visi bilit y 

across different body parts shoul d be consi dered.  

Fut ure enhance ments, such as wireless and portabl e capabilities, integrati on wit h 

machi ne learni ng, and collaborati on wit h ot her healthcare syst e ms, can furt her enhance 

the syst e m' s functi onalit y and expand its potential applicati ons. Overall, the vei n locat or 

syste m shows great potential to i mpr ove veni punct ure procedures and enhance patient 

care. 

9. 2 Fut ure Works 

Thi s secti on exa mi nes options for i mpr ovi ng mobility, combi ni ng cutti ng-edge i magi ng 

technol ogy, utilizi ng machi ne learni ng met hods, and enhanci ng user experience i n vei n 

locat or devi ces.  
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9. 2. 1.  Integrati on wit h ot her Advanced Syste ms 

To strea mli ne dat a exchange, i mpr ove mobility, enabl e re mot e consultati ons, enhance 

i mage processi ng capabilities, and maxi mi ze workfl ow effecti veness, the vei n locat or 

syste m can be i ntegrated wit h El ectroni c Medi cal Records ( EMR),  Hospit al 

Infor mati on Syst e ms (HI S), tele medi ci ne pl atfor ms, mobile applications, i mage 

anal ysis soft ware, and wor kfl ow manage ment systems.  

9. 2. 2.  Machi ne Learni ng Integrati on 

I mpr ove vei n recogniti on and aut omat ed vei n tracki ng capabilities by using machi ne 

learni ng and artificial intelli gence techni ques. Possi bl e wor k can be t o trai n accurat el y 

recogni ze and segment vei ns, depl oyi ng ML models [17] on t he vei n locator devi ce t o 

enhance visi bility, reduce noise and i mpr ove overall qualit y, i ntroduci ng ML 

al gorithms t hat can match capt ure vei n patterns wit h existi ng vei n databases for 

identificati on and lastl y forci ng t he models t o perfor m adapti ve al gorithms t hat can 

change t he conditi ons such as li ght eni ng controls and ot her fact ors dist urbi ng t he 

vi si bility. 

9. 2. 3.  Wi rel ess and Portable Desi gn 

Cr eat e wireless, portabl e, tiny vei n locat or devi ces for i mpr oved portability in a range 

of healt hcare environments. It can be introduced wi t h usi ng rechargeabl e batteries for 

cordl ess operati on and l onger usage ti me, i ncorporating Bl uet oot h Wi - Fi for sea ml ess 

connecti vity wit h s mart phones, tabl ets or lapt ops for wireless dat a transfer and ot her 

for any ot her reason and ensuri ng a reliabl e and ext ended wireless range.  

9. 2. 4.  Mul ti – Modal I magi ng 

To provi de a more t horough understandi ng of veins and i ncrease accuracy, combi ne 

infrared i magi ng wit h ot her i magi ng modalities li ke ultrasound or near-i nfrared 

spectroscopy [18]. 

9. 2. 5.  Vei n Mappi ng and Dat abase  

Cr eat e a di gital vei n dat abase for each patient usi ng i ntegrated vei n mappi ng technol ogy 

[19] t o make it easier to quickl y and precisely i dentify vei ns duri ng subsequent 

treat ments. 
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9. 2. 6.  Aug mented Reality ( AR) Vi sualizati on 

Investi gat e t he applicati on of augment ed realit y technol ogy [20] t o real-ti me vei n 

targeti ng by overlayi ng vei n i mages ont o t he patient' s ski n. Si mil arl y, to devel op 

intelligent glasses or AR googl es t hrough whi ch professi onal can see through t he ski n 

directl y t hrough gl asses.  

9. 2. 7.  Vei n Healt h Assessme nt  

Cr eat e feat ures t o measure vei n healt h, such as bl ood fl ow vel ocit y anal ysis, vei n 

abnor mality i dentification, or vei n di a met er measure ment, to hel p in t he diagnosis and 

monit ori ng of vascul ar disorders [21]. 
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