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ABSTRACT  

The following is a report on the progress achieved this semester Hemo within the framework of 

capstone as a paramount component of the BSCSC requirements. Hemo is intended to fulfill the 

urgent need for optimization of the blood management system in countries with low blood 

donation rates. Often, patients and donors are required to physically look for facilities on their 

own and make requests the old-fashioned way. This can be inconvenient and very dangerous in 

critical situations where one should choose the fittest center quickly. The medical procedure will 

process much more quickly if an app that allows for easy access to information is developed. 

Hemo can help mitigate the impacts of low donation rates by improving the administration of the 

resources held by blood banks, as well as encouraging more individuals to donate by giving 

information on their nearby local facilities. The first section introduces Hemo’s rationale and 

motivations in addition to a global view of the bloodstock situation, in developing countries in 

general, and Morocco in particular. We will see what issues can be identified from the current 

setting under which the blood donation system operates. Afterwards, the literature review will 

include a breakdown of the situation based on two articles presenting data and statistics for the 

Moroccan framework. Also, the review explores the technical level concerning how the donation 

process and blood handling work. This will help us better understand the requirements and set 

the right parameters for each module of the system. In the feasibility section, we assess the 

practicality of implementing Hemo given its functional requirements, time constraints, and 

financing. In the fourth section, we will run the STEEPLE analysis on Hemo in order to look at 

how it essentially interacts with the external environment and in which ways is it affected by it. 

Requirements specification is another milestone in which what the software must necessarily 

provide for all the stakeholders in terms of services, and under which constraints should it 

operate. In the next section, a thorough discussion of the technology stack will take place, and 

how those enablers work best for the setting under which the capstone is carried on. More on the 

implementation details will be discussed in the succeeding section, where we will exhibit a few 

test cases and simulations. In the system architecture section, we explore the database design 

decisions, as well as hardware and software constraints. Also, the use case diagrams and 

descriptions will assist us in the process of understanding the various scenarios Hemo users can 

fall into. Finally, I will present the main limitations we encountered while developing Hemo as 

well as the potential work that can done in the future to upgrade the app. 



RÉSUMÉ 

Dans le cadre du projet de fin d’études, ce qui suit est un rapport sur les progrès réalisés ce 

semestre en tant que composante primordiale des exigences BSCSC. Hemo a pour objectif de 

répondre au besoin d'optimisation du système de gestion du sang dans les pays ayant un faible 

taux de don de sang. Dans la majorité des cas, les patients et les donneurs doivent chercher les 

centres et faire des demandes par eux même. Cela peut être très mal placé et dangereux dans des 

situations critiques où il faut choisir rapidement le centre le plus adéquat. Or, la procédure 

médicale sera traitée beaucoup plus facilement si une application permettant un accès rapide aux 

informations nécessaires est développée. Hemo pourrait diminuer les effets des faibles taux de 

don en améliorant l'administration des ressources détenues par les banques de sang, et aussi en 

encourageant davantage le don de sang en fournissant des informations sur les centres locaux les 

plus proches. La première section du rapport livre les objectifs principaux d'Hemo et la vision 

globale de la situation des stocks de produits sanguins dans les pays en voie de développement 

en général et particulièrement au Maroc. Ainsi nous élaborons les problèmes majeurs qui 

peuvent être identifiés en ce qui concerne le fonctionnement du système de don de sang. Par la 

suite, la revue de littérature comprendra l’état de la situation à partir de deux articles présentant 

des données et des statistiques effectuées au Maroc. De plus, le contrôle explore le niveau 

technique concernant le fonctionnement du processus de don et de la manipulation du sang. Cela 

nous aidera à mieux comprendre les exigences et nous aidera à définir les paramètres exacts pour 

chaque système. Dans la section de viabilité, on trouve une examination de la faisabilité de la 

mise en œuvre d'Hemo tout en tenant compte de ses exigences fonctionnelles, de ses contraintes 

de temps et de son financement. La quatrième section sera consacrée à l’exécution de l'analyse 

STEEPLE sur Hemo afin d'examiner comment celle-ci interagit avec l'environnement externe et 

à quelle point il l’affecte. La selection des besoins est une étape importante dans laquelle le 

logiciel doit fournir les services et les contraintes dans lesquelles il doit fonctionner. La section 

suivante sera à propos d’une discussion approfondie sur la pile technologique et de la manière 

dont elle fonctionne le mieux dans le cadre du projet. Plus de détails sur la mise en œuvre seront 

discutés dans la section suivante, où nous présenterons quelques cas de test et simulations. Dans 

la section sur l'architecture du système, nous explorons les décisions de conception de la base de 

données, ainsi que les contraintes matérielles et logicielles. De plus, les diagrammes de cas 

d'utilisation et les descriptions nous aideront à comprendre les différentes contraintes aux quelles 



les utilisateurs d'Hemo peuvent faire face. Enfin, nous explorons la présentation des limitations 

et obstacles principaux rencontrées lors du développement d'Hemo et aussi le travail potentiel 

qui peut être fait dans le futur pour mettre à jour l'application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. INTRODUCTION 

Hemo, as a software solution, is an environment for blood banks, health care professionals, and 

potential donors/patients to optimize communication between all the parties for better decision 

making. Often, patients and donors are required to physically look for facilities to access 

information and handle requests. This can be inconvenient and very dangerous in critical 

situations where one should choose the fittest center in timely fashion. The expected objectives 

of this project are providing real-time updates on a center’s resources upon a query, managing 

requests for all blood components for a center, and finding the best-fit blood banks for a given 

request by a patient/donor. Hemo offers other services such as visualizations of blood reserves 

given a period of time, setting a threshold for which an alert can be sent to registered donors, and 

prioritizing need-based blood reserves distribution. According to official data from the World 

Health Organization website, high-income countries that constitute 16% of the population are 

correlated with 40% of blood donations. In other words, the issue of low blood donation rates is 

significantly prevalent in developing countries. Ideally, the WHO recommends a minimum of 

3% of a country’s population to donate regularly to respond adequately to the healthcare system 

needs. Unfortunately, in Morocco the number is only a third of the minimum recommended at 

0.9% on average. After thorough research, I have found a lack of a robust blood resources 

management system, which leaves the donation rate disparities unresolved. Healthcare facilities 

are unable to communicate with each other or update their information in real time, and they are 

also prone to experience a shortage of donations while another center’s resources are expiring 

soon. Because of these issues, people who need blood transplants for medical emergencies 

cannot get the help they need with a reasonable amount of ease. In order to resolve these issues, 

Hemo will allow all the stakeholders including blood banks, donors, and medical centers to 

coordinate using accounts with different privileges within the app. Administrators will be able to 

log their incoming and outgoing resources in a detailed fashion, and these updates will show in 

real time among all parties. Moreover, blood centers will be able to send alerts either manually or 

automatically by setting a threshold for each blood component. The alerts are sent by email to all 

registered donors within a certain radius. For donors, they will be able to see their donations 

history for better tracking purposes and look at the impact they had on their society. 

 

 



2. LITERATURE REVIEW 

  For the purpose of having better leads and statistics that explain the blood donation 

system performance in Morocco, a paper entitled ‘Blood donation in Morocco: a 20-year 

retrospective study of blood collection in the Rabat blood center’ describes best the situation. 

Blood donations in Morocco do not cover the country's high transfusion needs, and various 

regional blood banks still depend on family/replacement donors, which on a big scale is 

inconvenient and inefficient. Rabat's regional blood transfusion center (CRTSR) is facility with 

an overall collection that accounts for about 25% of the national supply, which makes it the 

primary direction for patients with urgent complications, follow-ups, continuous treatment. 

Therefore, in addition to the two issues of low blood reserves and the inconvenience of 

family/replacement donation protocol, patients will need to continuously have to commute long 

distances wasting time and money due to the regional disparities of blood reserves. 

  During the current pandemic of Covid-19, the blood reserves situation got more 

alarming in Morocco as resources depleted and the Health and Social Protection Ministry 

declared that blood transfusion centers only have enough bloodstock for two days. The WHO 

recommendations stand at seven days of bloodstock at minimum to guarantee stability. In her 

paper ‘BLOOD DONATION Statistics and issues in Morocco’ published in the African Scientific 

Journal, Prof. Messaoudi spots the critical rates of growth both consumption and donations are 

pacing. Unfortunately, in the period ranging from 2012 to 2019, the consumption has increased 

by 23% whilst the donations increased by 10% only. The short period of bloodstocks triggered a 

call for donors; however, these calls are outdated and do not make use of the technology we 

interact with today. For instance, the Health Ministry made use of its convention with the interior 

Ministry to call for various security departments personals to donate. This procedure is not 

efficient and cannot be the ultimate solution as we need involvement from all the community. 

The process of donation can be complicated sometimes, for instance, if a potential donor must 

meet height and weight requirements and a history check of their vaccination records, dentist 

visits, and medical procedures. Therefore, in order to avoid the frustration of patients getting 

rejected at blood centers Hemo must have an automated filter based on a survey to check their 

eligibility. Another key factor in bloodstock management is the life expectancy of each blood 

component; red blood cells, plasma, and platelets can be stored for up to 40 days, 365 days, and 

5 days, respectively.  



3. FEASIBILITY STUDY 

To study the feasibility of the project I needed to estimate the temporal constraints and look up 

the software tools I will be using. Based on the research I made, a few tools were found to be 

best fit for designing and implementing Hemo functionalities: 

➢ ArgoUML: an open-source software tool for software design to visualize the relationships 

among the software components using UML. 

➢ Python: this choice is backed with the several advantages Python offers to the user including 

its libraries, suitable to realize machine learning tasks with the data, its support for object-

oriented programming, and writability. More on the libraries used within Python in the 

Technology Stack section. 

➢ Cassandra NoSQL Database 

Regarding temporal constraints, I have estimated the design and implementation time based on 

the several projects I worked on previously. Given the time allocation for the capstone and my 

availability for this semester, the realization of the project requirements within the time limit 

seemed feasible. As a primary source of data, I consulted online sources to get acquainted with 

the different rules that govern the handling of blood bags e.g., the lifetime of each blood 

component and other parameters measuring adequacy of reserves. 

 

3.1. Technology Enablers: 

 

➢ OOP 

➢ Python 3.7 

➢ Tkinter 

➢ Pandas 

➢ Seaborn 

➢ Pickle5 

➢ Cassandra DBMS 

 

 

 



4. STEEPLE ANALYSIS 

STEEPLE is an analysis tool used for assessing the external factors that can affect a project or a 

business in the following aspects: Societal, Technological, Economical, Environmental, Political, 

Legal, and Ethical. The following is a STEEPLE analysis of Hemo: 

4.1. Societal Impact: 

Hemo has great potential of improving the Moroccan healthcare system statistics and benefit 

society members in need for or willing to donate blood. Moreover, Hemo will reduce regional 

disparities and promote a blood donation culture when its credibility and efficiency is 

established. With all these changes, Hemo is expected to bring an added value to the Moroccan 

healthcare system especially with the rising needs for resources. In fact, with the expected 

popularization of social security for all Moroccan citizens, it is the right time to think of a digital 

solution to handle the national bloodstock. 

4.2. Technological Impact: 

Although Hemo does not address or improve a particular technology, but upon success it can 

trigger more programmers to build new libraries facilitating the future conception of similar 

software. Hemo presents several technical challenges due to the nature of how blood 

management works, and even more difficulties when it comes to how to efficiently handle it. 

Ideally, we would like Hemo to be an open-source project that developers from all around the 

world can contribute in to build stable, bug-free, and robust versions. 

4.3. Economic Impact: 

Hemo is a cost-efficient solution that saves the burden of making phone calls to coordinate, 

receiving patients to inquire about availability, and optimizing the usage of blood components. 

As discussed in the literature review, many Moroccan citizens must commute and travel long 

distances to the capital Rabat on a regular basis to access blood resources. This is often life-

threatening and makes patients incur costs that could have been easily avoided. Moreover, given 

that Hemo has a goal of expanding the donating community, the public healthcare system can 

expect more blood resources such as plasma, that is used extensively in the manufacturing of 

several medications. 

 

 

 



4.4. Environmental Impact: 

Hemo is an environmentally friendly project for its software nature and low-energy 

consumption. Moreover, it reduces the need of unnecessary travel for individuals which in return 

not only has economic benefit but also mitigates our carbon footprint. Many blood centers have 

initiatives such as planting a tree for each donor received, which can be considered as a payback 

to the community. For instance, Stanford Blood Center shares all the carbon offset data with the 

donors to showcase their real impact. 

4.5. Political Impact: 

Hemo’s assumption is that the blood donation policies prohibit compensations for donors. The 

assumption is valid in Morocco, but in countries like the United States Hemo’s design is 

incompatible because how donations work (usually donors get financially compensated for their 

service). The Moroccan law prohibits any blood center from selling/buying blood under any 

circumstances. As a part of future work on Hemo, one should think of a way to abide by this law, 

such as flagging any user that has been convicted with that. 

4.6. Legal Impact: 

The project does not engage in any illegal activities under the Moroccan law, which mainly is 

about prohibiting profit from blood donations. Hemo is just replicating the interaction between 

all the stakeholders and does not make any legal assumptions by itself. 

4.7. Ethical Impact: 

Hemo might fall into ethical dilemmas such as when two requests with same priority and other 

parameters have arrived and the resources are enough to respond to one only. However, such 

situations are unavoidable and should not stop us from seeing the positive outcomes of the 

software. 

 

 

 

 

 

 

 

 



5. REQUIREMENTS SPECIFICATION 

 

5.1. Functional Requirements: 

The system shall provide real-time updates on the resources of registered facilities. 

• The system shall provide a table of appropriate centers. 

-Inputs: maximum distance from user center, blood component requested, general data 

structure containing all centers 

-Output: table corresponding to input parameters 

• The system shall sort the table using the expiration dates of resources 

-Input: an unsorted table 

-Output: a table sorted by expiration dates 

The system shall provide a management system for reservations. 

• The system shall process requests for batches of specific blood components. 

-Inputs: blood component, amount of blood, purpose of request, center of interest 

-Output: full request in priority queue sent to center 

• The system shall allow modification of requests. 

-Inputs: request ID, updated information 

-Output: updated request in priority queue sent to center 

The system shall account for a bank’s total resources and level of need. 

• The system shall exhibit the banks with low availability of resources. 

-Inputs: location of bank, level of need, blood component in question 

-Output: a table corresponding to the input parameters 

• The system shall suggest centers convenient to donors. 

-Inputs: exhibition table, parameters provided by user 

-Output: suggested centers 

Blood bank administrators – 

 Inputs: 

 -Identification of bank 

 -Resource type (ex. blood, plasma, etc) 

 -Resource subtype (ex. blood/plasma type) 

 -Amount donated 



 -Donor 

 -Date of donation 

 -Expiration date of donated resources 

 Outputs: 

 -All variables listed above (utilized through a search function) 

 

Donors – 

 Inputs: 

 -Location of donor 

 -Donor ID 

 -Resource to be donated 

 -Blood/plasma type 

 Outputs: 

 -Location of nearest blood bank 

 -Distance of blood bank from donor’s location 

 -Estimated travel time 

 -Blood bank with greatest need 

 -IDs of listed bank(s) 

 

Medical professionals – 

 Inputs: 

 -Location of medical facility 

 -ID of medical facility 

 -Resource(s) needed 

 -Blood/plasma type needed 

 -Amount needed 

 -Purpose of request 

 -Request ID (if modifying an established request) 

 Outputs: 

 -Location of blood bank that best fits request (prioritized by resource expiration) 

 -ID of listed bank(s) 



 

Summary Table: 

Functional Requirements Sub-Functions Input Output 

 

 

 

 

 

Realtime updates on the 

resources of registered 
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Provide a table of 

the appropriate 

centers. 

 

1. Maximum 

distance from 

user center. 

2. Blood 

component 

requested (Red 

blood cells, 

platelets, etc.) 

3. The general 

data structure 

containing all 

centers.  

 

 

 

1. Table 

corresponding 

to the input 

parameters. 

 

 

Sort the table 

using the average 

expiration date. 

 

 

1. Unsorted 

table. 

1. Sorted table 

by threshold 

expiration date. 

 

 

 

 

 

Management system for 

requests/donation. 

 

 

 

Request a batch 

of a certain blood 

component. 

1. Blood 

component. 

2. Amount of 

blood. 

3. Purpose of 

request. 

4. Center of 

interest. 

 

 

 

 

1. Full request 

in the priority 

queue sent to 

the center. 

 1. Request ID. 



Modify a request. 2. Updated 

information. 

 

Exhibit centers with low 

blood reserves. 

 

Exhibit the 

centers on low 

availability. 

 

1. Location. 

2. Level of 

need. 

3. Blood 

component. 

1. 

Corresponding 

table. 

 

Suggestion 

centers best 

convenient for 

donors. 

 

 

1. Exhibition 

table. 

2. User’s 

parameters. 

 

 

1. Suggested 

centers based on 

user’s 

parameters. 

 

 

5.2. Non-Functional Requirements: 

 

➢ Performance: The program should work on most devices, which with Python is doable 

after installing the dependencies from the requirements file. Unfortunately, at this current 

state we can only estimate the expected simultaneous users. To estimate the number of 

concurrent users we would need information on the hosting server we would likely use 

for the app, and the average time for a page request. With Hemo we will be able to set a 

max range in which a user can check for blood requests, and this is how we can limit the 

amount of information to be handled so users cannot overload the system. It is expected 

that about 90% of the clients request to be processed in less than 1 second.  

➢ Reliability: The estimate is that Hemo will be up and running for 90% of the time at 

launch. With proper testing and usage circumstances, the Hemo system should only have 

a few major failures. If there are any significant failures, the number should be between 

one and three during the first few months of operation, with an optimal average 

downtime of six to ten hours for maintenance. As issues are fixed after launch, the 



average time between major failures should be higher than 1.5 weeks. Because defects 

and major failures are likely to be identified at a faster rate in the initial few months, 

engineers will be required to devote more time to system maintenance. With these factors 

in mind, the availability of the system is expected to have an average uptime of 85 to 90 

percent for the first month. 

➢ Availability: We expect the Hemo system to have a high uptime of around 90% therefore 

it should be exceptionally available as it will be an application that can be accessed from 

many different devices. With the right checkpoint mechanism in place, the user should be 

able to relaunch with little data loss. Because this is an app that should be accessible at all 

times, it will run 24 hours a day, seven days a week until a scheduled maintenance 

period. To guarantee that everything is up and operating correctly, rigorous testing will 

be implemented. 

➢ Security: Methods to dissuade malicious actors will be adopted to safeguard the security 

of our users. Obviously, abstraction will be the most important aspect. Users will only be 

able to search and filter for different blood banks. Engineers will also be proactive, doing 

their utmost to detect and address possible security vulnerabilities before they become a 

problem. To ensure that there are no unnecessary data breaches, data for medical 

professionals and blood banks will be stored on separate databases. This allows the data 

that is relevant to each to be accessed on a case-by-case basis. Medical professionals of 

varying titles will have varying access depending on the jurisdiction of their licensure. 

All of this will be done as well as:  

- Specific classes and attributes will be set to private or protected. 

- Proper abstraction will be implemented. 

- There will be vigorous testing of the system 

 

 

 

 

 

 

 



6. TECHNOLOGY ENABLERS 

6.1. OOP: 

Object-oriented programming (OOP) is a programming paradigm that emphasizes the usage of 

objects and classes. Its goal is to use programming to create real-world concepts like inheritance, 

polymorphisms, and encapsulation. The primary idea behind OOPs is to combine data and the 

functions that operate with it into a single unit such that no other parts of the code may access it. 

The process of OO Programming makes it easier to create a robust, scalable system with 

especially using the right design decisions. 

Class Attributes 

 

class BloodBank 

centerName: str, phone: str, centerAddress: str, centerZip: 

int, centerCity: str, patentNumber: int, plasmaReserve: list, 

plateletsReserve: list, rbcReserve: list 

class Donor: fName, lName, address, donorZip, donorCity, phone, bloodType 

class Plasma: nUnits, defaultExpiration 

class Platelets: nUnits, defaultExpiration 

class RBC: groupUnitMapping, defaultExpiration 

 

6.2. Python 3.7: 

I have used the latest Python version, which is widely used in the software industry as it supports 

various paradigms including the OOP. Python offers significantly more built-in functions than 

Java, although the former is slower in terms of runtime because of its dynamically typed and 

interpreted nature. The main drive for this choice is the development speed Python offers, in 

addition to the libraries it offers for data analysis and visualizations. Python portability feature 

gives it an advantage over other languages as it can run on multiple systems. 

6.3. Tkinter: 

Tkinter is a Python library that offers the graphical user interface toolkit to programmers. It is 

Python's standard GUI however it comes with various modules such as Tcl, Tk, and Ttk. Hemo 

uses both the main Tkinter module and the Themed Tk (Ttk) module for specific widgets. 

6.4. Pandas: 

Pandas is an open-source data handling and analysis software package for Python programming 

language. It includes data structures and methods for analyzing numerical tables and time series 

in an efficient manner as it is mainly implemented using C and Cython. The nomenclature is 



derived from "panel data", which is an econometrics term. The library offers many features 

among which Hemo uses, such as, integrated indexing for DataFrames, data alignment and 

missing data handling, time series, and data filtration.  

6.5. Seaborn: 

Seaborn is a Python data visualization that is implemented over matplotlib. It provides a high-

level interface to plot data in more user-friendly ways than matplotlib. 

6.6. Pickle5: 

Pickle is a Python module under the Pickle5 library, generally used in Python to serialize and 

deserialize objects including user-defined object types. To put it another way, it's the process of 

transforming a Python object into a byte stream in order to save it to a file with a pkl extension 

with the goal of retaining program state between runs or send data over the network. Unpickling 

the pickled byte stream allows you to re-create the original object hierarchy which is similar to 

object deserialization in Java. 

6.7. Cassandra DBMS: 

Cassandra is a distributed, wide-column, NoSQL database management system that can handle 

volumes of data across multiple servers while maintaining high availability and avoiding single 

points of failure. As Cassandra is a distributed database, it follows the CAP theorem (Brewer’s 

Theorem) which states that any distributed database can only provide two of the three properties 

at any time: Consistency, Availability, and Partition Tolerance. Typically, Cassandra is designed 

as an AP-System (Availability and Partition Tolerance), which sacrifices consistency. In Hemo, 

availability is highly important as we need data to be always available for reading to be used bt 

the software. 

 

 

 

 

 

 

 

 

 



7. IMPLEMENTATION DETAILS 

 

7.1. Adequacy Criteria 

 

ID 
Requirements 

Description 
Use Case 

Test 

Cases 

Adequacy Criterion 

1 Center locator Find donation 

center 

TC_1 The requirement is met when the program can 

consistently locate & display donation centers for 

users with same zip code correctly. 

2 Blood availability per 

location 

Identify blood 

availability per 

location  

 

TC_2 The requirement is met when a blood donation 

center can post their supply availability and that 

information can be read from a patient/donor 

account. 

2.1 Cassandra Database Identify blood 

availability per 

location  

 

TC_2.1 The requirement is met when necessary data can 

be stored and read by qualified sources for use in 

the main software interface. 

3 Donation center 

prioritization 

Donation center 

priority 

detection  

 

TC_3 The requirement is met when multiple donation 

center’s may display their supply and have that 

supply be compared to other centers for 

prioritization. The center with a supply soon to 

expire will be prioritized. 

4 Personal information 

input 

Input personal 

information  

 

TC_4 The requirement is met when a registered user’s 

data can be read and pulled to identify their 

information with little to no errors. 

4.1 Refer to ID 2.1 Identify blood 

availability per 

location  

 

TC_2.1  

5 Resource request Request 

resources  

 

TC_6 The requirement is met when qualified users can 

send requests to donation centers for resource 

information. Perhaps to retrieve or collaborate on 

supply. 

 
 

 

 

 

 

 

 

 

 

 



 

7.2. Test Cases: 

Test Case Test 

Purpose 

Test Steps Expected 

Result 

Actual 

Result 

Pass/Fail 

Information 

Request type: Blood Resources 

Inquiry 

Resource type: Plasma 

Resource amount: 15 bags 

Maximum Radius: 500 Zip 

Points 

Requesting Client: Greenwood 

Center. 

This test has 

a goal of 

providing the 

best choice 

for the client 

center to 

make 

respond to its 

needs. 

Parametrizing 

the search 

function with 

the given 

input. 

- Creating a 

subgraph of 

the centers 

that meet the 

criteria. 

- Running a 

search 

algorithm  

- Exhibiting 

the best-fit 

center 

information. 

Center 

name: 

Vital 

Blood 

Bank. 

Requested 

Resource 

Balance: 

21 Bags. 

Radius: 

900 Zip 

Points 

Center’s 

name: Vital 

Blood Bank. 

Requested 

Resource 

Balance: 21 

Bags. 

Radius: 400 

Zip Points 

Pass: as the expected 

result meets the actual 

one, this functionality 

has been partially 

verified. 

Request type: Blood Resources 

Inquiry 

Resource type: Platelets 

Resource amount: 4 bags 

Maximum Radius: 500 Zip 

Points 

Requesting Client: Blood for 

Life. 

It is a second 

assessment 

to the main 

function the 

program 

performs, 

which is 

finding the 

best-fit 

center. 

- 

Parametrizing 

the search 

function with 

the given 

input. 

- Creating a 

subgraph of 

the centers 

Center 

Name: 

P&R 

Blood 

Reserve. 

Requested 

Resource 

Balance: 

23 Bags. 

Center’s 

name: Vital 

Blood Bank. 

Requested 

Resource 

Balance: 15 

Bags. 

Radius: 400 

Zip Points 

Fail: We have a 

mismatch of the actual 

result with the 

expected one. After 

additional debugging, 

we came to the 

conclusion that there 

must be an issue with 

the subgraph creating 

function. 



that meet the 

criteria. 

- Running a 

graph search 

algorithm  

- Exhibiting 

the best-fit 

center 

information. 

Radius: 

500 Zip 

Points 

Request type: Suggestion’s 

request  

Resource type: Plasma + Red 

Blood Cells 

Requesting Client: PlasmaX 

Center. 

Number of centers: up to 5 

This test is to 

assess how 

effective is 

the 

suggestion 

system we 

built to print 

out the 

potential 

blood banks 

to make a 

request from. 

- Setting a 

radius by 

default to 500 

Zip Points. 

- Creating a 

table that 

contains all 

the centers 

within that 

radius. 

- Scoring each 

row in the 

table using a 

coefficient 

that uses 

radius, days 

left to expire, 

amount of 

resource 

requested. 

- Exhibiting 

the best-fit 

Center 

Name: 

P&R 

Blood 

Reserve. 

Center 

Name: 

Vita 

Center. 

Center 

Name: 

Sanguis 

Reserve 

Center Name: 

P&R Blood 

Reserve. 

Center Name: 

Vita Center. 

Center Name: 

Sanguis 

Reserve 

Pass: as the expected 

result meets the actual 

one, this functionality 

has been partially 

verified. 



centers’ 

names. 

Request type: Suggestion’s 

request  

Resource type: Platelets 

Requesting Client: Vita Center. 

Number of centers: up to 2 

 

For further 

investigation 

of the 

suggestions 

system, we 

run another 

test with a 

different 

number of 

centers. 

- Setting a 

radius by 

default to 500 

Zip Points. 

- Creating a 

table that 

contains all 

the centers 

within that 

radius. 

- Scoring each 

row in the 

table using a 

coefficient 

that uses 

radius, days 

left to expire, 

amount of 

resource 

requested. 

- Exhibiting 

the best-fit 

centers’ 

names. 

NONE Center Name: 

P&R 

Reserve. 

 

Fail: While the 

program should have 

printed out NONE, 

given no center meets 

within the default 

radius. The bug could 

be originating from 

am implementation 

error in the scoring 

function. 

 

7.3. Transactions Simulations: 

For testing purposes, I had to simulate transactions between blood centers and donors/patients. 

Therefore, I initially designed a CSV file for donors/patients and blood banks to be populated 

with random data. The total number of records is 5000 for donors and 90 for blood centers. 



Using both CSV files, I ran the simulation module to generate 40,000 random blood transactions 

that are written to the Cassandra database under hemo keyspace. 

 

Figure 1: Sample of Random Blood Transactions for CSL Plasma Center. 

This table is crucial as it takes record of all the history of transactions and each blood bank object 

uses it to retrieve its history data for plotting and trend detection. 

 

Figure 2: O-Blood Reserve Vs. Time for National Blood Testing Cooperative / LifeSouth 

Center 



 

Figure 3: Plasma Reserve Vs Time for Cobb Red Cross Blood Donation Center 

 

 

Figure 4: Platelets Vs Time for Blood Assurance Center 

 

7.4. Suggestion System: 

The suggestion system works in two different scenarios where a donor is considering making a 

blood donation, or when a patient needs to consume a blood component. Ideally, we would like 

to minimize the waste, as in a lot of times a center ends up receiving a sudden, huge number of 

donors, which results in their resources expiring (especially platelets and RBC) due to relatively 

lower demand. Therefore, upon a blood component X request, we would like to suggest a 

relatively nearby center with the soonest-to-expire blood component X. 



To solve this problem, I thought of a multi-filter system, which first filters in the centers that are 

nearby by giving the user an option to choose how far can the centers be. This input is not a 

distance but rather a value among the following degrees: very close, close, neutral, far, all. 

Based on that choice, the program expands the search options by 150 points of increments in 

terms of zip code. The assumption is the smaller the absolute value of the difference between the 

patient’s zip code and the center’s zip code, the smaller the distance. This assumption might not 

be true in practice, but it serves to prove a point. An alternative to this can be connecting to 

Google Maps API and retrieve the user’s current location to generate an array of distances 

between the patient and all the centers of the same patient’s city. However, I avoided this 

strategy as it requires time for data entry and will make it harder to populate the database. 

The second filter uses a method within the class BloodCenter to compute the number of blood 

units under expiring in less than a specific threshold. The limits are set to be 2 days, 10 days, and 

30 days for platelets, red blood cells, and plasma, respectively. 

Sample Input/Output 1: 

 

 

 

 Fayetteville Blood and Platelet Donation Center has 88 red blood cells units of type AB 

that will expire under 10 days, and it is within the radius (very close based on zip code) 

chosen by Willene Mccormick. 

 

 



 

Sample Input/Output 2: 

Upon clicking on My History as a donor: 

 

 

Sample Input/Output 3: 

 

 

 



Sample Input/Output 4: 

Upon clicking My History as a blood center. 

 

 

7.5. Data Persistence: 

To avoid repetitive hydration of the objects, all data frames containing information for each 

blood bank’s history, all blood banks latest information, each donor’s history, and all donors’ 

latest information is stored in pickled files that get are loaded to RAM from the hard-drive in 

every new session. The instances of BloodBank and Donor classes are also stored in the same 

fashion.  

 

 

8. SYSTEM ARCHITECTURE 

8.1. UI/UX Design 

 

Figure 5: Hemo - home page 



 

Figure 6: Hemo registration page for blood banks 

 

Figure 7: Hemo registration page for donors and patients 



 

 

 

Figure 8: Hemo login page upon successful credentials. 

 

 

Figure 9: Hemo Dashboard for donors and patients. 

 



 

 

 

Figure 10: Hemo Dashboard for blood banks. 

8.2. Database Design: 

 

Figure 11: Hemo keyspace and relationships between tables. 



 

8.3. Use Case Diagram: 

 

Figure 12: Use case diagram for donors and blood banks. 

8.4. Use Case Descriptions: 

 

Use Case Name Find donation center 

 

Use Case Description will contain necessary information such as the nearest locations of 

donation centers, phone numbers, hours of operation, and the 

volumes of all the blood components for all groupings. 

 

Pre-Condition the user’s current location or the zip code in which the user is 

looking to donate 

Post-Condition a map that dynamically updates to show the donation centers in a 

particular area 

Scenarios 1) Enter current location (or Zip Code) 

2) Location is validated  

3) Location is queried against available centers 

4) Display results on page 



 

 

 

 

Use Case Name Identify blood availability per location 

 

Use Case Description allows users and centers alike to know the blood availability of any 

participating center  

 

Pre-Condition The input needed for this activity is the data provided by a 

participating donation center on a backend-oriented database 

 

Post-Condition the correct data is displayed on an easy-to-read page 

 

Scenarios 1) Choose blood type to query for 

2) Information is validated 

3) Query is compared to database 

4) Database returns results 

 

 

 

Use Case Name Donation center priority detection 

 

Use Case Description features that will help individual users or organizations find the 

centers that require more donations of a specific type. For instance, 

six columns (plasma_exp_30d, platelets_exp_2d, 

o_exp_10d, a_exp_10d, b_exp_10d, ab_exp_10d) are retrieved 

from the transactionshistory table to be used a sorting parameter. 

 

Pre-Condition The input required for this activity will be solely provided by the 

participating donation center’s database inputs 

 

Post-Condition The output will be known to be functional once the information can 

be properly displayed on an easy-to-read page 

 

Scenarios 1) Backend data is pulled 

2) System compares blood supply data of one center vs 

another 

3) Center with higher priority criteria is highlighted 

4) Centers are sorted 

5) Results are displayed 

 

 

 

 

 



 

 

 

 

 

 

Use Case Name Input personal information 

 

Use Case Description Common personal data is stored of each user  

Pre-Condition User’s understand and enter personal data  

 

Post-Condition User information is stored and displayed  

 

Scenarios 1) Enter personal information 

2) Fields are validated 

3) Valid fields are stored 

4) Public data is displayed on profile 

Extensions:  

2a)  Invalid fields show error messages 

 

 

 

Use Case Name Organize and Optimize blood resources 

 

Use Case Description Organize a donation center’s current resources 

Pre-Condition Any information the organizations deem crucial 

 

Post-Condition A page or data sets for participating centers to view and interact 

with 

 

Scenarios 1) Blood center enters resource data 

2) Resource data is validated 

3) Resource data is stored 

4) Data is sorted by importance 

5) Public data is shared across secure network 

6) Private data is stored behind private/encrypted 

database 

7) Public data is displayed on page 

 

 

 

 

 

 



 

 

 

 
Use Case Name Request/Donate resources 

 

Use Case Description Request/Donate to a donation center’s current resources 

Pre-Condition Any information the organizations deem crucial 

 

Post-Condition A page or data sets for participating centers to view and interact 

with 

 

Scenarios 1) User enters resource data 

2) Security clearance is validated 

3) Resource data is validated 

4) Resource data is retrieved 

5) Data is sorted by importance 

6) Private data is retrieved from private/encrypted 

database 

7) Data is displayed on secure page 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9. LIMITATIONS AND FUTURE WORK 

 

    The main limitations I encountered were mostly related to my lack of knowledge in the 

medical field and how the blood transactions must be handled. I have tried to make the most 

realistic assumptions while dropping unnecessary complexities such as the plus or minus 

grouping of blood. Another issue was the lack of data for both blood centers and donors/patients, 

which I had to generate in a randomly unweighted fashion. Because of that, the graphs exhibiting 

a sinusoidal behavior are due to randomness instead of an actual population behavior. However, 

collecting actual data from real-life users can help us spot patterns and identify trends for data 

analysis purposes, behavior prediction, anticipating shortages, and making better decisions. From 

my perspective, this is an interesting task to work on if ever a Hemo-like system is deployed on a 

large-scale. Another impracticality I have encountered, is to what extent is it useful to have a 

booking system, especially with the donation paperwork only taking a small portion of the 

donation process. However, if proven in the future that a booking system will be useful due to 

high wait times, it should not be a hassle to scale up Hemo to handle it. 

There is a lot of room for improvement in Hemo. In fact, the app should not be a desktop one for 

both ends (blood banks and users). Ideally, the first type of users (including donors and patients) 

should be on a government-backed mobile app to facilitate their access. They should be able to 

receive notifications such as alerts from nearby blood banks to donate or access the information 

of the best-fit blood banks when in urgent situations and away from their laptops. On the other 

end, blood bank administrators should be on a desktop app to accommodate their work setting. 

 

 

 

 

 

 

 

 

 

 



 

10. CONCLUSION 

 

In terms of achievements, Hemo has now the ground base to operate on an entry-level. In my 

design, I have tried to prioritize abstractions to allow for an easier-scale up. In terms of the initial 

specifications, I believe most of them were successfully implemented. However, a better idea 

would be to find a collaboration with a real-life center to elicit any changes in the future or add-

ons. For now, Hemo successfully handles suggestions for both donations and requests, exhibiting 

the history of donations/requests for donors and blood banks, and plotting the changes in each 

blood component reserve. Another interesting tasks that I did not have enough time to work on is 

sending alerts and calls for donation. The main factors halting me from implementing it are 

missing requirements for the thresholds to send alerts, the means by which alerts must be sent, 

and to whom specifically shall we send them. 

To conclude, this capstone project has a been a great learning experience, and I definitely see 

myself working towards more improvements in my spare time. 
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