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ABSTRACT

This paper presents the design and implementation of an Application-Specific Integrated Circuit (ASIC)
for a vending machine tailored specifically for dispensing blood pressure medication. Hypertension, or
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high blood pressure, is a prevalent health concern globally, necessitating the need for efficient and
accessible distribution of medication. The proposed ASIC-based vending machine offers a novel
solution to address this need by providing a convenient and automated system for patients to obtain their
prescribed blood pressure medication. The vending machine design leverages ASIC technology to
achieve compactness, low power consumption, and high reliability. The system architecture comprises
several key components, including a user interface for interaction, and a medication dispensing
mechanism. This medication dispensing mechanism provides three different medicines (0.5mg, 5mg,
and 50mg) for blood pressure relaxation. The proposed chip of the vending machine is implemented
using Verilog HDL on the Xilinx ISE design suite. Three different FPGAs (Virtex 5, Spartan 3E,

and Spartan 6) are used for the synthesis of the proposed circuit.

1. INTRODUCTION

High blood pressure, or hypertension, is a prevalent
cardiovascular condition affecting millions worldwide [1]-
[4]. Effective management of hypertension often necessitates
regular medication intake. However, accessing prescribed
medication can sometimes pose challenges, particularly for
individuals with busy schedules or limited mobility. In
response to this issue, innovative solutions leveraging
technology have emerged to streamline the dispensing process
and improve medication adherence [5]- [7]. The traditional
process of obtaining medication often involves visiting a
pharmacy, which can be time-consuming and inconvenient,
especially for individuals with mobility issues or those
residing in remote areas. Furthermore, adherence to
prescribed medication regimens poses a significant challenge,
with studies indicating suboptimal adherence rates among
patients with chronic conditions such as hypertension [8]-
[11]. Factors contributing to medication non-adherence
include forgetfulness, complex dosing schedules, and
difficulty accessing pharmacies.

One such solution is the Application-Specific Integrated
Circuit (ASIC)--based vending machine tailored for
dispensing blood pressure medication. This vending machine
represents a convergence of healthcare and engineering,
offering a novel approach to medication distribution that
prioritizes  convenience,  accessibility, and patient
empowerment [12]- [16]. The ASIC-based vending machine
presents a promising solution to address these challenges. By
leveraging custom semiconductor technology, the vending
machine offers a streamlined and user-friendly platform for
patients to access their blood pressure medication
conveniently. Equipped with advanced features such as user
authentication,  prescription  verification, and dose
customization, the vending machine ensures accuracy and

safety in medication dispensing while empowering patients to
take control of their healthcare journey [17]- [23]. Moreover,
the integration of secure payment processing modules enables
cashless transactions, enhancing the efficiency and security of
the dispensing process. Additionally, remote monitoring
capabilities allow healthcare providers to track medication
adherence remotely, providing valuable insights into patient
behavior and enabling timely interventions when necessary.

The development and implementation of an ASIC-based
vending machine for blood pressure medication signify a
paradigm shift in healthcare delivery, where technology plays
a central role in promoting patient-centric care and improving
health outcomes. By combining engineering expertise with
medical knowledge, this innovative approach holds the
potential to revolutionize medication access and management,
ultimately leading to better health outcomes and enhanced
quality of life for individuals with hypertension.

By leveraging ASIC technology in the implementation of a
vending machine for blood pressure medicine, manufacturers
can achieve a highly optimized and reliable solution tailored
to the specific requirements of the healthcare industry.
Customized control, sensor interfaces, motor control,
communication, security, power management, and form
factor optimization are key aspects where ASICs can provide
significant advantages over generic off-the-shelf components.

In the subsequent sections of this paper, we delve into the
technical aspects of ASIC design, system architecture,
functionalities, implementation challenges, and evaluation
methodologies associated with the vending machine for blood
pressure medicine. Section 2 includes comprehensive
analysis, experimentation, and implementation of machines
with the aim to elucidate the efficacy and feasibility of this
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novel healthcare technology, paving the way for its adoption
in clinical settings and beyond. FPGA-based synthesis and
simulation results of the designed Vending machine are
presented in Section 3. Section 4 concludes the work and
suggests the future scope of the work.

2. Proposed Design of Vending Machine

The ASIC implementation of a vending machine for blood
pressure medicine demands a structured methodology
encompassing various stages, each critical for ensuring
functionality, efficiency, and regulatory compliance [24]-
[29]. |Initially, comprehensive requirement analysis is
conducted, delineating functional necessities such as
medicine types, user interface specifications, and payment
processing mechanisms, alongside non-functional aspects like
power consumption limits and regulatory obligations.
Following this, the system architecture is meticulously
designed, outlining the interconnection of major components
and interfaces with external systems, like payment networks
and inventory management. Fig. 1 depicts the complete
process of implementation of a Semi-Custom chip for a
Vending machine.

With the architectural blueprint in place, the ASIC design
planning commences, determining crucial factors such as
technology nodes, performance metrics, and resource
allocation. The subsequent phase entails the digital logic
design, where hardware description languages like Verilog
HDL are employed to develop the intricate logic required for
vending machine functionalities. This design is then validated
through simulation to ensure it meets the specified
requirements and adheres to industry standards and regulatory
frameworks.

Requirement Design for
Znal sis Physical Design Testability
i (DFT)
System . -
: Synthesis and Post-Silicon
Architecture PP .
. Optimization Validation
Design
ASIC Design Verification Documentation
Planning and Validation and Release
Digital Logic . Deployment
Design RTL Coding and Support

Fig. 1 Steps involed in ASIC implementation

Upon successful verification, the RTL (Register Transfer
Level) code undergoes synthesis, transforming it into a gate-
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level netlist optimized for timing, power, and area.
Concurrently, physical design tasks, including floor planning,
placement, and routing, are executed to generate the layout of
the ASIC, addressing challenges such as clock distribution and
signal integrity [30]- [36]. Design for Testability (DFT)
techniques are integrated to facilitate manufacturing testing and
fault diagnosis, ensuring the ASIC's robustness and ease of
maintenance.

The methodology for ASIC implementation of a vending
machine for blood pressure medicine involves several key
steps in the design, verification, synthesis, and testing phases.
Following the completion of physical design, prototype ASICs
are fabricated for post-silicon validation, where functionality,
performance, and reliability are verified through rigorous
testing and compliance assessments [37]- [43].
Comprehensive documentation detailing the design process,
verification results, and implementation specifics is prepared,
culminating in the release of the ASIC design for
manufacturing. Finally, support is extended for the
deployment of the vending machine ASIC, encompassing
ongoing maintenance, updates, and technical assistance to
ensure its seamless integration and operation in real-world
environments. Through adherence to this structured
methodology, ASIC designers can navigate the complexities
inherent in vending machine implementations, delivering
robust, efficient, and compliant solutions tailored to the unique
requirements of blood pressure medicine dispensing.

Fig. 2 shows the flow chart of the Vending machine
specification for blood pressure medicine. This flow diagram
depicts how the state diagram of blood pressure medicine
Vending works. Based on higher blood pressure (Systolic)
and lower blood pressure (Diastolic) values, the vending
machine provides medicines and the status of the patient's
condition is normal or not. When the range of higher blood
pressure (Systolic) value is lower than 130 and lower blood
pressure (Diastolic) value is greater than 70 and less than 130,
no medicine is required. Similarly, When the range of higher
blood pressure (Systolic) value is greater than or equal to 130
and lower than 140 and lower blood pressure (Diastolic) value
is greater than 70 and less than 130, 0.5mg medicine is
required. When the range of higher blood pressure (Systolic)
value is greater than or equal to 140 and lower than 150 and
lower blood pressure (Diastolic) value is greater than 70 and
less than 130, 5mg medicine is required. When the range of
higher blood pressure (Systolic) value is greater than or equal
to 150 and lower than 160 and lower blood pressure
(Diastolic) value is greater than 70 and less than 130, 50mg
medicine is required.
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Fig. 2 Flow chart of ASIC implementation of vending machine for Blood pressure Medicine.




1433

t] CD screen displaying
message

Dispensed Medicing
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Fig. 3 Presupposition Diagram of the proposed vending machine.

Fig. 3 represents the presupposition diagram of the proposed
blood pressure vending machine. Specification requirements
for the blood pressure medicine vending machine are
Medication Dispensing, User Interface, Authentication and
Prescription Verification, Payment Processing, and Inventory
Management. Accurate dispensing of blood pressure
medication in prescribed dosages. Compatibility with various
medication formulations (e.g., tablets, capsules). Ability to
dispense multiple medications if needed. Ensuring tamper-
proof packaging to maintain medication integrity like intuitive
and user-friendly interface for patients of all ages and abilities,
Touch screen display with clear instructions for medication
selection and dosage customization, Option for audio
instructions or accessibility features for visually impaired
users, Language options to accommodate diverse user
populations, Support for various payment methods, including
cashless transactions (credit/debit cards, mobile payments),
Secure payment processing protocols compliant with industry
standards (e.g., PCI-DSS), Option for insurance billing
integration to facilitate reimbursement for medication costs,
Automated monitoring of medication stock levels to prevent
stockouts. Alerts and notifications for low inventory levels or
expired medications. Ability to track medication usage and
refill history for inventory management purposes.

3. Result and Discussion

The RTL coding of the proposed blood pressure medicine
vending machine, Verilog hardware description language
(HDL) is used in this work. Synthesis of the proposed work
has been done on commercially available FPGA (Virtex 5,
Spartan 3E, and Spartan 6). Xilinx ISE design suit is used in
this work for simulation and synthesis of proposed work. Fig.
4 presents the schematic diagram of the proposed vending

Available Medicines

» e

Machine

Blood Pressure
displayed here

Systolic ( higher BP)

Diastolic ( lower BP)

Blood pressure reading

machine. Fig. 5 shows the detailed schematic diagram of the
proposed Vending machine. Fig. 5 shows the detailed
schematic diagram of the proposed Vending machine.

BP Machine
4 b

BP_H(7:0) LED
BP_L(7:0) M_N
M_0_5
clk
M_5
rst M_50

A A
BP_ Machine

Fig. 4 Schematic Diagram of Vending Machine.

Creating a Register Transfer Level (RTL) schematic for the
ASIC implementation of a vending machine for blood pressure
medicine involves detailing the digital logic design at a low
level. It includes the representation of state transitions and
control logic using FSMs and, the representation of storage
elements such as registers and flip-flops.

Signals line in schematics diagram represents the unique
meaning: BP_H: Higher Blood pressure (Systolic), BP_L:



Lower Blood pressure (Diastolic), CLK: Clock Signal, RST:
Reset, LED: Indicates LED Screen, M_N: No medicine
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required, M_0_5: Medicine required of 0.5 mg, M_5: Medicine
required of 5mg and M_50: Medicine required of 50mg.

BPF_Machine:1

am et | T ] fdr
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=l =]
3 1]
LED
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or2 fdr
..__T\ — o Q Bl
M_0_5_or0000_imp_M_0_5_or0000 4
[
G |
M_MN
fdr
=] (=] >
£ b
5 ]
M_0_5
gnd "
HXST_GND
M_=0
|

BP Machine

Fig. 5 Detailed Schematic Diagram of VVending Machine.

The RTL schematic serves as a blueprint for the digital logic
design of the vending machine ASIC, guiding the
implementation process and facilitating verification and
synthesis. It provides a detailed visualization of the system
architecture and operation, enabling designers to understand
and refine the design efficiently.

The technology schematic for an ASIC implementation of a
vending machine for blood pressure medicine is shown in Fig.
6. It involves specifying the semiconductor fabrication process
and the physical layout of the integrated circuit. Here's an
overview of what the technology schematic might include:
Details of the process node and specific manufacturing
techniques employed and a representation of the layout of
transistors and interconnects on the silicon wafer. Allocation
of logic gates and macroblocks on the silicon die
Implementation of clock distribution networks to deliver clock

signals to various parts of the ASIC. The technology schematic
provides a detailed representation of the physical
implementation of the ASIC, guiding the fabrication process
and ensuring that the design meets performance, power, and
area requirements. It serves as a blueprint for semiconductor
fabrication engineers and helps ensure the successful
manufacturing of the ASIC.

Fig. 7(a) to Fig. 7(d) show the simulation waveform with
different time instants of the proposed vending machine for
high blood medicine. The signals line in simulation waveform
represent the unique meaning BP_H: Higher Blood pressure
(Systolic) reading, BP_L: Lower Blood pressure (Diastolic)
reading, CLK: Clock Signal, RST: Reset, LED: Indicates to
display the status on LED Screen, M_N: No medicine required,
M_0_5: Medicine required of 0.5 mg, M_5: Medicine required
of 5mg and M_50: Medicine required of 50mg.
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Fig. 6 Detailed Technology Schematic Diagram of Vending Machine.
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Fig. 7 Simulation waveform (a) to (d) of a Vending machine with different time scales.

Simulating the ASIC implementation of a vending machine
for blood pressure medicine involves running tests to verify
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the functionality and performance of the system. Here's a
breakdown of what the simulation results might entail.



Table 1 presents the synthesis report of the proposed blood
pressure medicine vending machine corresponding to three
different FPGASs: Virtex-5, Spartan-3E, and Spartan-6. This
table also compares the hardware performance in terms of
utilized area (in terms of Slices, LUTSs, and FFs) and timing
performance (critical path delay) corresponding to three
different FPGA:s.

Therefore, the Designed ASIC chip of the blood pressure
medicine vending machine integrates with an advanced sensor
that enables personalized medication dispensing and real-time
health monitoring capabilities. This design can collaborate
with healthcare professionals and regulatory authorities is
crucial to ensure compliance with industry standards and
regulations governing medical devices.

Table 1: FPGA synthesis result of the proposed vending
machine.

FPGA Board
Virtex-5 Spartan Spartan 6
(XC5VLX20 | 3E (XCBSLX
T-2FF323) (XC3S100 | 4-
E- 3TQG144
5VQ100) )
Slice 9 - 11
LUTs
Slices - 7 -
4-input - 12 -
LUTs
Flip 5 5 5
Flop/latch
es
Delay 2.826ns 4.040ns 3.597ns

4. CONCLUSION
The ASIC implementation of a vending machine for
dispensing blood pressure medicine represents a significant
advancement in healthcare technology, offering patients
greater accessibility to essential medications while
streamlining the medication distribution process. Through a
systematic methodology encompassing requirement analysis,
design, verification, synthesis, and validation, ASIC designers
can develop robust and efficient solutions tailored to the
unique requirements of medical vending machines. This
vending machine ASICs can ensure patient safety, data
security, and operational reliability. It also represents a
convergence of technology and healthcare, empowering
patients with greater access to vital medications and fostering
a more efficient and patient-centric healthcare delivery system.
Therefore, the future scope for ASIC implementation of
vending machines for blood pressure medicine is promising,
with several avenues for integration with the healthcare
ecosystem, and expanded medication options. Vending
machines can be integrated into the broader healthcare
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ecosystem, facilitating seamless communication with
electronic health records, pharmacy systems, and telemedicine
platforms. This integration enables healthcare providers to
access patient medication history, prescribe medications
remotely, and monitor treatment outcomes. The proposed
vending machines have the potential for global adoption,
particularly in underserved areas with limited access to
healthcare facilities. Future efforts should focus on making
these vending machines affordable, scalable, and adaptable to
different healthcare contexts and regulatory environments.
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