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Research Title: A Prototype of Drug Vending Machine for Residential Building

Researcher: Rathachai Chawuthai, King Mongkut's Institute of Technology Ladkrabang
Faculty: Engineering, Department: Computer Engineering
ABSTRACT

Household drugs are recommended to be prepared by every family for relieving sickness.
However, as we survey, many small families living in residential buildings such as dormitories,
apartments, and condominiums do not prepare household drugs well and most families are far from
any drugstores. Due to this issue, our work proposes the prototype of a vending machine (first
version) named MeddyCall for serving household drugs to members living in residential buildings.
The system provides a mobile application for users to buy any household drugs every time when

they need.

Keywords: Vending Machine, Household Drugs, Prototype of Drug Vending Machine
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Symptom Symptom Selection
User _ Database
Selection Ul Controller
GetAllSymptoms()
GetAllSymptoms()
(___| QuerySymptoms()
Query
Data Rows
(---- -
List of Symptoms
List of Symptoms e ]
< ______ - - -
GetSymptom(symptom)
GetSymptom GétDiugsBy
(symptom) symthm
:] (symptom)
Query
Data Rows
List of Drugs €-- - -
( ----------------------
List of Drugs
( ______ -
5U# 7 Sequence Diagram UanIN15LdONENAINDINTT
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NGNENANVTDE MWL MNilA ARYN

NANIMAUITO 1811130

nauendmiulsatn Wu uavdrne
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7. naueufivaevies vinsda fastiu el

8. naueuivioady uazHuNFeus

9. nauenuvIevBIlsEIFeaY

10. ngueUTIIMoINsUINdwiile unasiasos
11. nguendmiulsan (monau evieann)

12. nguendmiulsaiaviie

13 naueninyunadadelnlve t¥hiouan

14. neuenldung eEuna

lnensideneiulsiinnsunouiaununiwsisluide  gldasrensemimuaiiunangudeya

199g I mMIBIEIIAdaNEIMITLN 1 Budsuansluuwsunmsialuil

Drug Drug Selection
User f Database
Selection Ul Controller
GetAllDrugs() \
7l | GetAllDrugs()

:] QueryDrugs()
Query
Data Rows

€ ———————————— b

List of Drugs
List of Drugs S
(____ S S ——
GetDrug(drug) S T
(drug) QueryDrug

:l (drug)
Query
Data Rows

Drug Information | [€7===="==="" §
I R SR
Drug Information
* -

U1 . 8'Sequence Diagram WamsNILdENEIINATILN1TAINLA
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Payment Coin

User Payment Ul
Controller Validator

insert a coin

Y

GetPayentStatus()

GetPayentStatus()

Count Coins

Return data

Calculate

:l Payment

Payment

Information

Payment Information
( _________________________________

=5 - L

5U# 9 Sequence Diagram wamin13913¢du

ot |73
N1SSUEUAN
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[V Y] =
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| oas £
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Dispenser ;
User Dispenser Ul Database Motor Dispenser
Controller

GetDrugldrug)

GetDrugldrue)

Validate

Payment()

Query Tray by Drug

Tray Number

Purchase Drive a motor of the fray 350 degrees

Completed ‘ |

Purchase Completed £

Pick up a drug

U 10 Sequence Diagram WaRINT3IUAUAT

N138 BﬂLLUUE'Iu‘?’J’E]S‘.‘!ﬂ

wolvinishnwemis 4 flandullanunsoasiliunisiaegnanysnidwesimsledeyasiuiu lae

dlsynevvestoyaveiliviietoyanan vie Entity Ae &1 (drug) Usznauteyaiediuen, o113

(symptom) UsznaulUseawasens, s1eussgen (tray) Wudifivieyavessisussyendmsuldlums
Fundewndeufiodesn,  gen  (machine) Hiivdeyavesddmiioen, uaz  Juiinnisdons

(transaction) ‘L%’Lﬁu%’auua‘[,umﬁmﬂwmLﬁaLﬂuaﬁﬁmaeﬁﬁwma %awﬂaaﬁas&awé’ﬂ%ﬁmmﬁwﬁué
w38 Relationship fsl] o1msifugnfuanudwusuuy many to many stz ewildadnwldnnnia
wilte1ns wazwrdernmsldenldunndwiieds mafiuelusisdmineerasduwuu one to many fie
pwildeausafivlldvarsss  wineluisesiionfivedadouidy uenanduandy
asduusv Uy wﬁaﬁﬁlﬁwmmw wazANudIRUSsEnIeenfutuinderediuiuy many  to

many FILANIVIVUA LULNUN TN Entity Relationship Diagram %38 ER Diagram Aaralul
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Select a

\,

: Select a Drug
Symptom |

JUA 13 ununmuanudunimsliusEuy

1) Select Your Symptom

Select drugs from your symptom

( Diarrhea i

[ Wound

1 Nausea and Vomiting
A N

{ Period Cramps

'

JUA 14 wihaensidenainig
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1) Select a Drug

Select only one drug from this machine

Paracetamol
to treat pain and fever
21 THB

Salol et Menthol

Mixture
to relieve stomachache
16 THB

2) Insert coins
Insert 10-Baht coins only

Paracetamol

Price : 21 THB

Your payment is

Ul 16 mihaamsuseamsy
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MeddyCall: A Prototype of Smart Household-Drug Vending
Machines for Residential Buildings

Rathachai Chawuthai

Abstract— Household drugs or home medicines are normally
nonprescription drugs that every family should prepare for
relieving sickness. However, as our survey, many small
households having 1-3 members in apartments or dormitories
do not have a well preparation of necessary household drugs,
and the worse is that some drugs have been expired. To this end,
this work proposes an approach to the development of a
nonprescription-drug vending machine in a residential building
for serving home medicine to all residents in the building. We
also introduce a smart way to order and get drugs using the
interoperability of an application, a vending machine, and a
server. The implemented prototype demonstrates that our
approach is possible and feasible to serve a better service for
accessing home medicines.

[. INTRODUCTION

Household drugs or home medicines in Thailand are
generally nonprescription drugs that are recommended to be
prepared by every family in order to treat common illnesses.
However. at the moment, many families trend to be small
households which have about 1-3 members and many of
families are living in units in residential building such as
apartments, condominiums, or mansions. Due to the situation
of small households. not many of families prepare medicines
well. As we surveyed. more than half of them cannot access
their own drugs in their residential units as described in Fig. 1.
Furthermore, as revealed in Fig. 2. we found that more than
half of them are far from their nearest drug stores. In this case.
it is not convenient for them to treat their injury or illness in
case of emergency such as having diarrhea, being faint, having
period pain, having wound, etc. It is much more problematic
especially in the night time when most pharmacies are closed.
Another worse case is that when a patient is alone in their unit,
it is hardly possible for them to go out and buy drugs from
outside their place if he or she is too ill to do this task. For this
reason, these scenarios become our motivation to design and
implement a prototype of a smart nonprescription-drug
vending machine for a residential building. and it is named
“MeddyCall™.

A vending machine is an automatic machine that provides
goods to customers after they select products and make a
payment, so it does not need to have any staffs at the store.
Since this technique reduces emplovee costs and provide
full-day operations, vending machines are widely used in
many countries around the world because it is convenient for
both customers and vendors. The market size of this business

*Research funded by the Research and Innovation Services of King
Mongkut's Institutecof Technology Ladkrabang.

Rathachai Chawuthai-is with the Faculty of Engineering, King Mongkut's
Institute: of Technalogy’ Ladkrabang: ‘Bangkok.: Thailand ~(corresponding
author to provide c-mail: rathachai.ch@kmitl.ac th)

in 2016 was valued at USD 715.6 million and it is expected to
growth significantly in the future [1]. As we can see, vending
machines are located in many places such as department
stores. road sides, schools. etc. [2-3]. In general. vending
machines provide many kinds of items such as snacks,
beverages, tissue papers. etc. However, in case of the vending
machine for phamacical services, there are several concerns;
for example some issues about how to get right medicines and
how to deal with prescription drugs [4]. In practice. some
solution still employ phamacists to be a key role in the
phamacy vending machine process in terms of prescription
validation and medicine preparation [5]. In Thailand. the
Siriraj hospital invented a robot to dispens drugs to patients in
the hospital and it provides more accuracy than human work,
but this work is operated in a hospital area and it is a part of the
hospital’s process line [6]. In addition. in other countries, there
are some companies provides phamacy vending machine
services such as InstyMeds [7], MedVail [8]. and ScriptCenter
[9]. These machines require prescriptions and a patient have to
make a conversation with doctors or phamacists via a phone or
a video conference. Although they provide complete
functions, the use of experts in the purchasing processes still
creates a cost of business. Moreover, there are some machines
such as PharmaShop24 [10] and Phamabox [11] that provide
basic functions of vending mahcine for selling general drugs
together with supplementary food, cosmetics, and energy
drinks. All of the existing machines provide basic functions
such as item selection. prescription validation, and payment;
however, their functions do not fit the requirements about the
uses of household drugs for small families who live in
residental buidings as we stated in the next section, requirment
analysis.

This work is a develempmental research. It mainly designs
and delivers phamacy vending machine’s features to order
nonprescription-household drugs from a vending machine and
an online application. Thus, the processes and system designs
expressed in this paper are related to these features, while any
general functions of vending machines are not much
mentioned here.

In order to describe and demonstrate the ability of the
MeddyCall system, the requirement analysis is provided in
Secion II. the design and development of the system are
described in Section III. results and discussions are expressed
in Section IV, and summary and future work are drawn in
Section V.

[I. 'REQUIREMENT ANALYSIS

Since this work is a developmental research: requirements
from. users are analyzed in order to. -demonstrate the
background of offered features.



A Survey

In the first step, we create questionnaires and distribute
them to users. This survey aims to find out information about
home medicine preparation, distance between a resident and
the nearest drug store, and necessary drugs based on the list of
nonprescription-household drugs listed by the Government
Pharmaceutical Organization (GPO) in Thailand.

About 80% of them are from small families who live in
residential units in  apartments. condominiums, and
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dormitories. About 53.5% of them live alone. 33.3% have 2
members, and 13.3% have more than 2 members. For the age
range, 20.2% of them are 18-22 years old. 33.1% are 22-30
vears old. 33.5% are 30-50 years old. and 13.2% are more than
50 vears old. The following survey reports are summarized

based on the according tvpe of users.

Well Preparation

il ] No drug kept
243%

Some drugs expired

Fig. 1. Survey result of household drug preparation

Firstly. the result of the survey about drug preparation is
summarized in Fig. 1. About 37.6% of users prepare
household drugs, 24.3% of users know that their drugs have
been expired, and the rest do not keep household drug. It
means that 62.4% of users cannot access any home medicines
in case of emergency.

more than | km

less than 100 m 27.4%

% 34.3% S00m- 1 km
100-S00m Vi i

Fig. 2. Survey result of distance between users™ home and nearest drug store

Next. after we asked about the distance to the nearest drug
store (including convenient stores), we found that 12.5% of
families are less than 100 m. 25.8% of them are about 100 —
500 m. 34.3% are between 500 m and 1 km. and the rest are
more than 1 km as show in Fig. 2. It means that there are
61.7% of users are far from the nearest drug stores more than
500 m.

The according survey result can infer the need of having
pharmacies located closer to their residential buildings, and
this report becomes a motivation to set up vending machines
for selling household drugs in residential-buildings.

Lastly, the :questionnaire ~inquired ., users about the
necessary of types of medicine based on the list in Thai GPO.

The result is demonstrated by the following list. It contains all
types of household drugs ordered from the highest necessary
item to the lowest one. There are drugs for (1) fever. (2)
running nose. (3) cough and phlegm, (4) dizziness, (5)
diarrhea. (6) sore throat. (7) stomachache, (8) wound. (9)
dysmenorrhea, (10) muscle pain, (11) car sick, (12) eye
diseases, (13) skin disease, and (14) burn wound. Thus. types
or drugs in the machine are selected to stored base on this rank.

Vending Machine

'/_/_,_.._———————9¥ Sclecta Drug

T Gt Drugs_e”

Z_Insen Coi

e
s Online

i
% \\\sf_(_—ir:i;rl)ru; ?n;;: ;. S

Registered User " %

Fig. 3. Usecase Diagram of the MeddvCall
B.  User Scenarios

As we reported. the survey points us to invent a vending
machine selling drug. In the next step, we had discussions with
users in order to get precise requirements. It can be
summarized that most of them understand the need of having
household drug; however, they do not need to manage by their
own effort such as buying and monitoring expired drugs. In
addition, when they have illness for example having diarrhea
or wound; cannot find any medicines in their apartment, and it
is difficult for them to go outside their place to buy drugs. As
we concluded. they accept the idea of having a vending
machine for selling drugs in their residential building which
provided services can fit the following scenarios.

- Users want to order drugs from a list of drugs or from a
list of symptoms.

- Users want to order drugs online and get them at a
near-by vending machine by themselves or another one
whom the users allow.

In fact, there are more requirements than we expressed. but
they are the common features of a vending machine. Since the
according user scenarios are advantage features that support
the need of users and they are not discussed in any vending
machines for pharmacy, this paper will emphasize on these
two scenarios as the priority.

C. Use Cases

To materialize the user scenarios, we analyze them into the
following use cases. There are two types of users: a User and a
Registered User. The User is a general user who does not have
an account-in our system and he orshe can use some functions



at the vending machine. The Registered User is a user who has
an account and can use more functions than the User
especially in functions in a mobile application. The relations
between use cases and users are depicted in Fig. 3.

At a Vending Machine

- Select a Drug: a user can choose a drug from a list of
drugs or a selected symptom.

- Insert Coins: a user can insert coins for making
payment.

- Deposit Money: a user can add money to his or her
account at a vending machine for making online
payment.

- Get Drugs: a user can get drugs from a vending
machine.

- Get Drugs from an OTP: a user can input a one-time
password (OTP) to receive drugs.from a machine. The
OTP is generated from an online order. so a registered
user can tell this OTP to another user to pick up drugs
from a machine instead of him or her.

At an Application

- Register: a user can register an account to the system.

- Login: a registered user can login into an application
using a username and password.

- Order Drugs Online: a registered user can order
drugs online by selecting drugs from a list of drugs or
symptoms. After successful payment. the user gets an
OTP for pickup a drug at a selected machine.

- Pay Online: a registered user can make a payment
online. In this version, the money is added by
depositing coins at a vending machine.

- Read Instruction: a user can read an instruction of a
drug online from a drug code. It basically shows a drug
such as a name, a company. an expired date. and how
to use.

Mobile Application

Web Services
Server

Sl P
The Internet 4[ 3

: D Central Database
Cl? - | Vending
¢ Machine
£ <3 Local
— £ | Database
|

Fig. 4. Overall of the MeddyCall system

HI.© MEDDYCALL:DESIGN AND'DEVELOPMENT

After-we analyzed-the need from -questionnaires and
requirements from users, we materialize the use cases‘into the

design and development. In this section. we describe the
overall of the MeddyCall system, the scenario of buying
medicines directly from a vending machine, the scenario of
buying medicines online. and the packaging of a drug.

4. Overall System

The overall of the system includes 3 main components: a
vending machine. a mobile application, and a web server. All
components are communicate using the Hypertext Transfer
Protocol (HTTP) through the Internet as depicted in Fig. 4.
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Fig. 5. ER-Diagram of the Database

Vending Machine

The vending machine is a main physical component for
interfacing with users as depicted in Fig. 6. It includes the
following necessary parts for a vending machine.

- A body is made from metal frames having 1806030
cm.

- A computer that is used to communicate with other
electronics devices and to control all functions of the
vending machine. In the first prototype, we use
Raspberry Pi and implement software using Python.

- A touch-screen monitor is an 1l-inch monitor for
interfacing with users.

- A coin receiver is a machine for receiving coins from
users. It is installed only in the first version of the
MeddyCall machine in order to make it be similar to
any other vending machines. In the future, when we
emphasized much more on the online payment, this
part would be removed.

- An automaric tray is used for releasing selected items.
One tray uses a stepping motor to drive the steel spiral
dispense mechanisms to push forward an item until the
item fall down.

- Alocal database is a local storage for the application at
the vending machine, The data are always replicated to
the central database as well. The local database has
similar schema as the central database as demonstrated



in Fig. 5, while it stores only data related to the
machine identifier without the User table.

Mobile Application

The first version of a mobile application has been
developed for Android devices as demonstrated in Fig. 10. A
user can use the application to make a registration, order
medicines, and read the instruction of a drug. After the order is
successful, the application gives users an OTP, and the user or
another one who know the OTP can use this token to get drugs
at a target vending machine.

Web Services Server

A web server is a main service provider for all components
over the Internet. There are several parts that are responsible
by the web server as below:

- Web services are provided from this server to end
applications for supporting all functions of use cases.

- A central database comprises of all data of the
MeddyCall system. There are tables as conceptualized
in Fig. 5. The main tables are Drug. User. and Order.
The table “Drug™ contains an information about drugs
such as a name, a description, a price. etc. A drug item
is kept in the table “Package™ that contains an expired
date of a drug in the package. The table “User™
comprises of a User ID. a username, a password, a
phone number, credit (remaining deposit money), etc.
The table “Order” is an online order for a user who
orders drugs from a mobile application. This table
contains a user, a list of drugs, and an OTP. In addition,
the central database and local tables have often
synched each other.

B. Buying Drugs from a Vending Machine

This part demonstrates how to buy drugs from a vending
machine. This scenario shows most of all functions of an
application at the vending machine. It is explained using a
flow of the following figures.

1. First. a user has to be at the vending machine as shown
in Fig. 6. In this case. the user has no need to use any
mobile devices.

2. The home screen of the vending machine comprises of

4 menu items: select a Drug. Your Symptom, OTP. and

Deposit.

The user selects a menu “Select a Drug”, and then the

screen displays a list of drugs that is available in this

vending machine as shown in Fig. 7. At this screen, the
user can select a drug.

4. After a drug is selected, the screen is redirected to a
payment page including the selected item and a total
price. At this time, the user has to insert coins
according to the total price.

5. Based on our design. the vending machine does not
return an amount of change to the user. If there is
money left. the user is recommended to transfer them
into a credit in their account by adding a mobile phone
number. The user can use this credit when he or she
makes a registration to the MeddyCall system and buys
drugs from.a mobile.application.

Ll

Fig 6. MeddyCall: An Implemented Drug Vending Machine

1) Select a Drug

Select only one drug from tnus machine

Paracetamol
to treat pain and fever
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Touch Screen at the Vending Machine

Fig. 7. Select a drug on a touch screen at the vending machine

In addition. there are two more menu items included in the
screen at the vending machine.

- Your Symptom: To find drugs related to a selected
symptom. In this case, the user has to use the menu
“Your Symptom™ as shown in Fig. 8. After that. a list
of symptoms is presented. When the user selects it. a
list of drugs related to that symptom is displayved as
similar as Fig. 7. Then, the step will begin as the
previously described flow.

- OTP: This menu item will be described together with
the scenario of the buying drugs online hereafter.

- Deposit: In case of registered users, they can deposit
more-money" by this 'menu. They have to ‘input' their
mobile number and insert coins.



1) Select Your Symptom

Select drugs from vour symptom

Diarrhea

Wound

| Nausea and Vomiting |

| Period Cramps

Touch Screen at the Vending Machine

Fig 8 Select a symptom at the vending machine

C. Buyving Drug from a Mobile Application

For buying drugs online, several components have to
communicate together as demonstrated in the sequence
diagram in Fig. 9. and the explanation is written following this
diagram.

1.

19

L

A registered user orders drugs using his or her mobile
application. This activity is also presented in Fig. 10.
The user firstly selects drugs. Then, the user selects a
target vending machine in a list of vending machines
which is ordered by distance from the user’s device.
After that, the user makes a payment using a credit in
his/her account.

The mobile application commits the order from the
user to the server. The order includes information about
the user, a created date, a list of drugs and quantities. a
target vending machine, and a payvment information.
The server verifies the order. When the order is
successfully versified, the server generate an OTP.
The OTP is sent back to the mobile application and
displayed to the user. This step is also presented in the
last step of Fig. 10. The OTP contains 4 digits of
numbers. It is a unique number under the target
machine within 2 days.

After that, the server sends the order information to the
target vending machine. At this time, the target
vending machine knows the OTP and the list of drugs.
The vending machine also waits for a user to pick up
drugs and reserves these drugs for 24 hours to
guarantee the availability of drugs for the online user.
If the registered user who creates the order cannot go to
the vending machine by oneself, he or she can tell this
OTP to another user to pick up drugs. Thus, at the
vending machine, one who knows the OTP can input
the OTP at the touch screen of the vending machine as
shown in Fig. 11.

When the OTP is completely versified, the vending
machine dispenses drugs|of the order having that OTP
to the user.

8. Lastly, the vending machine deactivates the OTP and

update the transaction to the server.
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Fig. 9. The sequence diagram for demonstrating an online order
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Fig. 10. Steps to demonstrate an online order
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Fig, 11
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D. Packaging

Since the spaces between the spiral steel in a tray are fix
but the sizes of drugs are not equal. all drugs are enclosed in
packages and put in the MeddyCall vending machine. The
package is a paper box having information of the drug. It
contains the name of the drug. the instruction describing how
to use the drug, and the expired date. In addition. there is a
Quick Response Code (QR Code) printed on the box. Users
can use the MeddyCall application to read the QR Code and
access information about that drug as well.

IV. RESULT AND DISCUSSION

The first phase of the MeddyCall system has been
developed based on the core functions. Users can select and
buy drugs using the touch screen at the vending machine, and
they can pick up drugs at there. Moreover, the users can order
drugs from a mobile application and get an OTP for receiving
drugs at the MeddvCall vending machine.

The prototype of the MeddyCall is demonstrated to
various kinds of users that are people who live in a small
household, pharmacists, and company marketing staffs for
getting discussion and feedback in various viewpoints in terms
of a usability aspect and a business aspect.

Usability Aspect

In general, users who live in residential units in residential
buildings such as apartments, condominiums. and dormitories
appreciate in the MeddyCall because they do not need to
prepare any home pharmacies in their room. Thus, they agree
to have this machine in every building where a lot of people
live. They also satisfy the feature of using a mobile application
to order drugs and use OTP to get them. In this case, when
they have diarrhea or dvsmenorrhea. they can make an online
order and ask their friends to pick up the drug from the
vending machine to their rooms. To the best of our knowledge.
this feature is newly proposed in this paper. and it is never
mentioned in some existing drug vending machines [7-11].
For further requirements, they need another convenient
payment method such as credit card or in-app purchase. In
addition, the pharmacists provide an idea to work with
prescription drugs. In this case. it needs a proper way to get
approval from a pharmaceutical system or an artificial
intelligence. Although they know that it is not possible at this
time due to the law and technology. they believe that this
approach will improve the buying process of drug and this
process can relieve human illness in a timely manner.

Business Aspect

Marketing consultants who advise many startup projects
pay attention to the MeddyCall project because vending
machines for drugs are never mentioned in Thailand before.
The idea is interesting in terms of usability but not business.
They also state that the nature of drugs is not frequently
bought items, so it is hard to get much margin when
comparing to any beverage products. They suggest that since
there are a lot of condominiums in the big cities in Thailand.
the business competitionamong, them- are very. high, The
target group should be the operators of residential building
rather- than, people -living: in|residential - units, < Thus: s the

MeddyCall system could be positioned as a part of residential
building service. In this case, the look and feel of the machine
and application should be customized to align with the design
of the building and the theme of the customer firms as well.

V. CONCLUSION

The motivation of this work is to supply home medicines
to small-household users living in a residential building by
developing a project named MeddyCall including a drug
vending machine with a mobile application. At the
application, users can make a registration, select drugs from a
list of nonprescription drugs and from a list of symptoms. get
an OTP for picking up drugs at the vending machine, and read
information about drugs from the application. At the drug
vending machine, users can select a drug from a list of
available drugs or from a selected symptom, deposit coins. and
pick up drugs. The implemented project is demonstrated to
users to show the feasibility and the possibility of the
MeddyCall approach. The discussion shows that, in terms of
usability, users satisfy the project especially in ordering online
and picking drugs using OTP: and in terms of business aspect.
it has opportunity to provide vending machines and services to
support residential building companies.

In order to enhance the usability and business advantage,
for the next step. it needs to design and implement an
application for any other platforms such as iOS. another
convenient pavment method, an expert system for
recommending drugs to users. an approach to the automatic
prescription-drug approval. and a drug inventory management
system using data analytics.
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