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Abstract
Embedded systems and applications have recently emerged as a domain of high interest to the general public in developing 
countries. Unfortunately, these countries lack the technological infrastructure for the design, testing, and implementation 
of projects in the domain. This paper presents a Very Simple Programming Kit (VSPK) for Embedded Systems suitable for 
practical training, project design, and testing in the domain for use in developing countries. The microcontroller-based system 
makes it easy to test, teach and train in various areas of embedded systems including programming, communication, signal 
acquisition and processing, remote control, and domotics. A VSPK prototype has been produced and is used for real-time 
simulation of Embedded applications. This operation involves the VSPK, the PIC programmer, the PC and the application 
program to be tested progressively and the displays observed on the LCD and LEDs. The debugging process is easily per-
formed and errors are detected and corrected. The main features of VSPK are low production cost, low power consumption, 
flexible peripheral pin selection, integrated LCD module, and simple hardware and software environment. Unlike similar kits 
available for educational purposes, VSPK possesses some advantages such as an integrated graphic color LCD, a configur-
able internal oscillator, numerically controlled oscillators, testing LEDs, testing buttons, and complete access to multiple 
programming languages. Two experimental and simple tests for validation of VSPK have been carried out, and the results 
show that VSPK performs satisfactorily.
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1 Introduction

As electronic research is growing in the modern world, 
embedded systems (ES) are becoming more interesting 
to the general public and especially to computer, electri-
cal, and electronic engineers who can design and build a 
wide variety of systems, such as robots, automated sys-
tems, signal processing systems, etc. There are numerous  
advantages of using embedded systems kits in design and 
testing. Designers can ensure the performance of neces-
sary tasks for a wide range of applications with less cost 
than building personalized solutions. This is rightly true  
for devices that will be produced in large numbers. Choos-
ing an embedded system rather than acquiring discrete  
components and spending time designing and building a 
device to perform the equivalent task can save significant 
time and financial resources. Embedded modules are also 
reliable and easy to incorporate into other devices. Classi-
cal examples of devices with ES include smartphones, tab-
lets, digital cameras, TV setup devices, automotive control 
devices, traffic control, security systems, domotic systems, 
personal robots, and biomedical equipment [18, 19].

Many Technology Colleges offer introductory courses  
on microcontroller-based modules and embedded systems 
programming using various training kits to design and test 
the prototypes. Most of these kits are useful for training in 
several domains, namely: programming language, digital sys-
tem (hardware descriptive language), and basic signal/image  
processing [8]. A significant number of ES kits with built-in  
systems based on the intensive utilization of software are now  
available online and can not be purchased by students inter-
ested in the field. Among these kits, we can name a few, such  
as Rapid Embedded Systems Design Education Kit (RES-
DEK) [2]; 8051 Embedded Distance Learning Kit (7EDLK),  
Arduino Mega 2560R3 Board (AMB) based on ATmega2560  
microcontroller and Velleman kit (USB VM112-K8055). The  
RESDEK program covers the main principles necessary to  
improve the development of ES and rapidly prototype various  
ES applications. Its aim is to train students who can design, 
build and program Arm-based ES using commercial appli-
cation programming interfaces (API) [5]. The 7EDLK is a  
program for students to learn 8051 ES from the basics through  
distance education in seven days [17]. Some ES projects 
involve application platforms, such as the Open Platform for  
Engineering of Embedded Systems (OPEES) which are avail-
able online to ease access to universal approaches in creative  
learning environments and information management [14, 15]. 
The objective of OPEES is to offer a long-term availability of  
innovative engineering tools and real-time solutions for ES  
that are suitable for domotic, emergency, and security sys-
tems [7]. But most of those applications, including supporting  
e-services, require network connectivity, display support, and  

graphic or video capabilities. Unfortunately, these require-
ments are not easily met in developing countries [13]. There-
fore, the motivation of this work is to develop a low-cost 
embedded system for educational purposes that is well-suited  
to developing countries, where access to networks and other  
equipment is not always possible. The main objectives of this  
paper among others are: to design, build, and present a testing  
and educational Kit named Very Simple Programming Kit 
(VSPK) for embedded systems off-line; To motivate students 
to learn about design, implementation, programming, and test-
ing of embedded systems using the proposed low-cost kit.  
The kit has low power requirements, a flexible peripheral pin 
selection, and an integrated color LCD and provides a friendly  
hardware/software environment adapted for developing coun-
tries such as those in Sub-Saharan Africa.

1.1  Main Contributions

• A new electronic kit suitable for embedded systems 
design and testing has been developed.

• This tool is useful for pedagogic purposed and cost-
effective for students in developing countries to learn 
more about the design, implementation, programming, 
and testing of embedded systems.

• The kit has low power requirements, a flexible peripheral 
pin selection, an integrated color LCD and provides a 
friendly hardware/software environment

• VSPK is multiple language-compatible: MicroPascal, 
MicroBasic, and various C compilers.

1.2  Structure of the Paper

The paper is organized into seven sections: structure and 
design of the proposed kit in section 2, prototype execution 
and main features of VSPK in section 3, comparative study 
of VSPK and Arduino Uno Board in section 4, embedded 
systems courses overview and challenges in section 5, exper-
imental setup and testing with VSPK in section 6, economic 
evaluation of the cost in section 7 and a conclusion, in which 
we provide some remarks on VSPK and directions for future 
work in section 8.

2  Structure and Design Process 
of the Proposed Kit

The various components, passive, active, and integrated 
were chosen through a methodical process involving elec-
tronic calculations, application notes from manufacturers, 
reference designs, environmental parameters (tempera-
ture) and electrical parameters (voltage, current, power, 
accuracy response time) [12]. Application notes from the 
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manufacturer helped a lot in understanding the functioning 
of a circuit and many times tested electronic components 
rating was also provided, which reduces design errors. Some 
manufacturers have also provided a lot of other resources 
like industry-specific reference design, and software tools to 
help us to evaluate the performance of the electronic com-
ponent as per our own configurations before even designing 
anything. This heavily reduced the development time and 
chances of failure.

The block diagram of VSPK is shown in Fig. 1 and con-
sists of microcontroller 16LF18856 and peripheral units 
which are USB (Universal Serial Bus)/UART (Universal 
Asynchronous Receiver transmitter)link & PC connection, 
ICSP (In-Circuit Serial Programming) link for PIC Program-
mer and Inter-Integrated Circuit (I2C) communication port. 

Interfacing the various components of the kit by taking into 
consideration all the specifications and possible constraints 
was the greater challenge in the design process. Therefore, 
the application notes of these components were consulted 
and exploited to design and build a functioning device with 
good performance.

The electronic diagram of the proposed system is shown 
in Fig. 2.

2.1  Microcontroller and Selection Criteria

The 8-bit microcontroller 16LF18856 has been selected for 
the proposed kit, based on three considerations: first, its low 
cost compared to 32-bit controllers; second, availability in 
the local market and suitability for small-scale applications 
especially for educational purposes in developing countries; 
and third, pertinent relevant features presented in its data-
sheet; such as a configurable internal oscillator, low volt-
age supply (1.8V to 3.6V) and low power (800mW) com-
pared to (2.3V to 5.5V) and (1000mW) of PIC16F18856, 
respectively.

Some electrical specifications of 16LF18856 are quite 
interesting for embedded systems design [11]:

• Voltage on pins with respect to Vss: on VDD pin 
(−0.3V to + 4.0V) , on Vpp/MCLR pin (−0.3V to + 9.0V) , 
on all other pins (−0.3V to VDD + 0.3V)

• Maximum current on VDD pin: 250 mA when the ambient 
temperature (TA) is −40 ◦C < TA < +85 ◦C

• Maximum current on any standard I/O pin: ±20mA

Fig. 1  Block diagram of the proposed kit

Fig. 2   Electronic diagram of the proposed kit
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• Total power dissipation ( PDIS ) which is 800 mW is cal-
culated as follows [11]: 

 where IDD is the supplying current, IOH the current of an 
output pin at the higher level voltage, IOL the current of 
an output pin at the lower level voltage, VOH the higher 
level voltage of an output pin, and VOL the lower level 
voltage of an output pin.

This 8-bit microcontroller is part of the PIC(L)F1885X/7X 
family characterized by core independent and communica-
tion peripherals, combined with eXtreme Low-Power (XLP) 
technology for a wide range of general purpose and low-
power applications [11]. This family is suitable for safety-
critical applications targeting both industrial and automo-
tive products (IEC61508 and ISO26262 [11]) such as the 
proposed kit. The 16LF18856 is equipped with three 8-bit 
timers, and four 16-bit timers (7 timers in all). It is equipped 
with a good capacity memory: 256 bytes-EEPROM, 2kB-
SRAM, 28kB-Flash memory; with interrupt capabilities 
(all pins have configurable interrupts on rising and falling 
edges); multiple signal sources; five Capture/Compare/PWM 
(CCP) modules, two 10-bit PWMs; and a Numerically Con-
trolled Oscillator (NCO). The controller can generate true 
linear frequencies with high resolution. Other interesting 
features of microcontroller 16LF18856 are found in the 
datasheet [11].

2.2  Interfacing USB/UART Link & Computer 
Connection

The USB link has an onboard connector and four pins. Two 
pins for power supply (5V and ground) and two for data 
communication (D+ and D-). The USB to UART interface 
is realized using the CH340G circuit. This circuit is essen-
tially a USB adapter that is used not only to provide common 
modem signals but also to allow adding UART devices to 
computers and/or convert existing UART devices to USB 
interfaces [1]. Use of the CH340G circuits entails the instal-
lation of a USB-UART driver such as CH341SER for PC 
connectivity. The USB/UART subsystem is built around the 
CH340G integrated circuit as shown in Fig. 2. During opera-
tion, CH340G requires a clock signal. This clock signal is 
provided by connecting a crystal oscillator and load capaci-
tance between X0 and X1 pins. The load capacitance is the 
circuit equivalent capacitance looking at the circuit system 
from the two wire leads of crystal. This is the capacitance 
the crystal will see in the circuit and operate at the specified 

(1)

PDIS =VDD[IDD −
∑

IOH]

+
∑

[(VDD − VOH)IOH]

+
∑

VOIIOL

frequency. Therefore, the operation frequency in the circuit 
is defined by load capacitance and crystal

where C5 and C8 are Capacitors that are connected, and Cstray 
the stray capacitance such as patterns and IC I/O capaci-
tance. The value is about 5pF. Parallel resonant crystals are 
used in oscillator circuits that contain reactive components, 
like C5 , and C8 . A load capacitance (CL) must be specified 
for the crystal to operate at parallel resonant mode. The val-
ues of capacitors ( C5 = C8 = 15pF ) and frequency of the 
crystal oscillator (12MHz) have been chosen according to 
applications note obtained from the manufacturer [1].

2.3  Interfacing ICSP and I2C Communication Ports

Two serial communication ports are used for VSPK opera-
tion: ICSP and I2C.

The In-circuit Serial Programming (ICSP) link found in 
Fig. 2 enables the user to program or reflash the VSPK’s firm-
ware by connecting to the PIC programmer. ICSP gives access 
to programs without disconnecting the microcontroller from the 
circuitry. ICSP can be activated through a simple 5-pin connec-
tor and a standard PICmicro programmer supporting the Serial 
Programming model. The five ICSP pins include a program data 
(PGD) pin, a program clock (PGC) pin, a Vpp (MCLR) pin, a 
Vdd-5V (power) pin, and a Vss (ground) pin. The MCLR/VPP 
pin is normally connected to an RC circuit ( R27C4 ). This circuit 
can affect the operation of ICSP depending on the size of the 
capacitor since the VPP voltage must be isolated from the rest of 
the circuit. A pull-up resistor ( R26 ) is tied to Vdd and the capaci-
tor ( C4 ) is tied to the ground. The Microchip programming speci-
fication states that the device should be programmed at 5V. Spe-
cial considerations have been made by using a regulator LM1117 
to produce the necessary 3.3V to supply the programming of 
the microcontroller and other external circuits. The values of the 
resistor ( R28 = 100Ω ), capacitor ( C4 = 100nF ), and the pull-up 
resistor ( R26 = 4.7kΩ ) have been chosen according to specifica-
tions from ICSP design guide [10].

Inter-Integrated Circuit (I2C) communication port is a syn-
chronous, multi-master, multi-slave, packet-switched, single-
ended, serial communication bus, widely used for attaching  
lower-speed peripheral ICs to processors and microcontrollers  
in short-distance, intra-board communication. It is a widely used  
protocol for short-distance communication, also known as the  
Two Wired Interface(TWI). The I2C uses the DS1307 serial  
real-time clock (RTC) which is a low-power, full binary-coded  
decimal (BCD) clock/calendar plus 56 bytes of NV SRAM. The  
internal oscillator circuitry of the RTC is designed for opera-
tion with a crystal having a specified load capacitance (CL) of  

(2)CL =
C5C8

C5 + C8

+ Cstray
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12.5pF. The suitable crystal oscillator (32.768kHz), and the val-
ues of pull-up resistors ( R7 = R8 = 4.7kΩ ) have been selected  
according to these specifications obtained from the DS1307 
datasheet [9]. According to these specifications, the maximum  
pin capacitance for SCL and SDA is 10pF and the maximum 
Rise Time ( tR ) of Both SDA and SCL Signals is 1000ns. There-
fore, the maximum value of the time constant obtained with  
( R7 = R8 = 4.7kΩ ) is :

This inequation shows that the components for the I2C bus 
are well selected for the good performance of VSPK.

2.4  Interfacing Input & Output Peripherals

The VSPK is equipped with input and output peripherals, 
which are LEDs, push buttons and LCD. For the three LEDs, 
the corresponding resistors ( R5,R6 and R19 ) are calculated 
and selected according to the following condition:

Therefore, R5 = R6 = 1kΩ and R19 = 100Ω have been cho-
sen to interfacing the LEDs. The smaller value of R19 per-
mits obtaining a high blinking light during the program-
ming. According to the electrical specifications, the values 
of resistors R1 = R2 = R10 = 100Ω are suitable to connect 
the push buttons. Four push buttons are used: BP1 is the 
reset button connected to the MCLR pin while the other 
three buttons (BP2, BP3, BP4) serve for user control pur-
poses; and are mapped to RA3, RA4, and RA5, respectively.

The LCD is a (128x160 pixel) color display with an inter-
nal controller, ST7735R. Three serial peripheral interfaces 
(SPI) pins (SCK, MISO, MOSI) of 16LF18856 mapped to 
RC1, RC2, and RC0, respectively, are used for communica-
tion with the ST7735R. The VSPK possesses a series of 
three LEDs (D1, D8, D9) which serve as output displays and 
are connected to RB7, RC6, and RC7, accordingly.

3  Prototype Execution and Main Features 
of VSPK

In order to achieve the goal of producing the prototype in real-
time and to prevent fatal events that may occur in the develop-
ment process, the various parts of the kit were tested for perfor-
mance evaluation before their integration to form the kit [16]. 
The bottom and the from views of the Kit are presented in Fig.3a 
and b respectively. On the bottom view the microprocessor in 
black color is well visible at the center, followed by the periph-
erals components including LEDs, functional circuits, pins,... 
while the bottom view presents the LCD and push buttons. 

(3)𝜏SDA = 𝜏SCL = 470ns < 1000ns

(4)Ri >
Vdd − VLED

IIOmax

The main features of the proposed Kit are given below:

• eXtreme Low-Power (XLP) technology PIC16(L): the 
PIC16LF18856 with the necessary elements for its functioning 
already connected (oscillator, Reset circuit, power supply, etc.).

• C Compiler Optimized RISC Architecture with 16-Level 
Deep Hardware Stack.

• 24 I/O externally accessible and the connectivity to PC 
through USB port.

• a Real Time Clock/Calendar (RTC) with I2C protocol 
connected.

• Four push buttons and three LEDs already connected; a 
Graphic color LCD connected (128x160) pixel display 
which accepts texts, color pictures, shapes and is a draw-
ing surface for any waveform.

• Power supply: The VSPK is powered by USB cable or 7V 
to 9V external DC source and is stable while functioning.

• The VSPK is compatible to C compilers( XC8-IDE MPLABX, 
MicroC Pro for PIC, CCS compiler), to MicroPascal for PIC 
(pascal language) and to MicroBasic for PIC(Basic language).

• The VSPK can be used for prototyping projects, design-
ing and developing code-based control projects automa-
tion systems and basic control circuits.)

4  Comparative Study of VSPK and Arduino 
Uno Board

In this section, a comparative study between VSPK and 
Arduino Uno board is presented. The Arduino Uno is an open-
source microcontroller board based on ATmega328 which 
includes 14 digital I/O pins, a power jack, 6 analog pins, a 
16MHz crystal oscillator, a USB connection, a Reset button, 
and an ICSP header [4]. The software architecture is based on 
Arduino Integrated Development Environment (IDE) which 
includes a code-writing editor, a message area, and a toolbar 
with common function buttons [3]. The Arduino IDE is a 
cross-platform application written in Java [16]. Arduino Uno 
uses its own programming language (Embedded C or Arduino 
C), which is similar to C++. However, it’s possible to use 
Arduino with other languages such as ArduBlock (visual pro-
gramming with a snapped-together list of code blocks), and 
Snap4Arduino (based on the drag-and-drop visual program-
ming language that permits a seamless interaction with almost 
all versions of the Arduino board). We conclude that Arduino 
Uno can be programmed using several programming envi-
ronments (including the Atmel studio, now Microchip Studio 
for AVR devices) which are mostly for visual programming 
languages. Therefore, Embedded C remains the only language 
with written codes used by Arduino Uno.

On the other hand, the VSPK developed in this work pre-
sents some advantages, such as graphic color LCD, config-
urable internal oscillator, more than five PWM pins; flex-
ible peripheral pin select; DAC that allows conversion of 
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numeric values to analog signals; configurable logic cell; 
signal measurement timer; numerically controlled oscillator; 
testing LEDs and testing buttons. The comparison between 
the VSPK kit and Arduino Uno board is shown in Table 1. 
The VSPK offers additional features to the ADC such as 
an 8-bit acquisition timer, Hardware capacitive voltage 
divider, automatic repeat, and sequencing; auto-conversion 
trigger, averaging and low pass filter, reference comparison, 
two levels threshold comparison, and selectable interrupts. 
The majority of the modules on the VSPK are remappable, 
giving the possibility to easily prototype, multiplex, and 
extend its capabilities. The VSPK is suitable for practical 
programming with or without the soldering of components. 
There is a means to display, use testing buttons, count time 
and calculate mean values for remote control applications. 
Furthermore, the VSPK can be widely used for attaching 
lower-speed peripheral ICs to processors & microcontrollers 
for intra-board communications and within short distances. 
Finally, VSPK is compatible with well-known C compilers 
(IDE MPLABX, MicroC Pro, CCS), to MicroPascal (pas-
cal language), and to MicroBasic (Basic language) while 
Arduino Uno is more compatible with visual programming 
environments (ArduBlock, Snap4Arduino, Atmel studio).

5  Embedded Systems Courses Overview 
and Challenges

From an educational point of view, ES courses are developed 
on several platforms. For instance, the RESDEK aim is to train 
students who can design, build and program Arm-based ES 
using commercial application programming interfaces. The 
7EDLK is a program for students to learn ES through distance 
education. The OPEES are available online to ease access to 

universal approaches in creative learning environments and 
information management. Some of these educational plat-
forms (OPEES,7EDLK) operate only online while the others 
such as the RESDEK operate offline but remain unaffordable 
to students in developing countries. The higher cost of these 
applications including supporting, e-services, and network 
connectivity are requirements that are not easily met in devel-
oping countries [13]. Therefore, the VSPK becomes suitable 
for offline efficient teaching activities of ES to undergraduate 
students at low cost. A course based on the VSPK provides 
students with basic knowledge and skills that can be used in 
designing digital control units, industrial automation, telecom-
munication systems, etc. The summary of some course contents 
that can be carried out using the VSPK is shown in Table 2 
where some theoretical and practical works are listed. The 
C language is used for programming in many ES platforms, 
because of some characteristics: code efficiency, readability, 
development time, and access to low-level control. Thus, it is 
essential for students to have some knowledge of C language, 
Assembly language, or other languages according to learning 
objectives, in order to implement their assignments and group 
projects. Learners can later develop individual projects starting 
from those proposed by their lecturers [19].

There are three essential steps that are necessary for 
progressive ES learning skills [8]. In the first step, students 
experience knowledge of hardware design using ES con-
cepts, design components, and design procedures. The aim 
of the second step is to prepare students for the effective use 
of existing tools or kits such as the VSPK or other kits for 
ES design and programming development. Then, in the third 
step, students are involved in experimental learning, includ-
ing simulation and practical. Since engineering practice is 
important in ES learning, high-level synthesis engineering 
experiential training is necessary for students who complete 

Fig. 3  a Bottom view of VSPK. 
b Front view of VSPK with 
LCD
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designs with strict respect to hardware design and embedded 
system e-programming methods.

In the future, there are several outstanding challenges 
in ES education that must be addressed. The growing 

importance of artificial intelligence (AI) and machine learn-
ing in various ES applications must be included in emerg-
ing ES curricula (Data-driven and AI-based systems). Real 
engineering skills such as the ability to debug complex 

Table 1  Comparison between 
VSPK and Arduino Uno board

Features Arduino Uno VSPK

Operating voltage 5V 3.3V
Recommended input voltage 7-9V 7-12V
Number of digital I/O pins 14 24
Number of analog I/O pins 6 24
Microcontroller ATmega328 16LF18856
Configurable oscillator no yes
External interrupt on pins 2 24
DAC 0 yes (5bits DAC)
Flash Memory 32kB 28kB
SRAM 2kB 2kB
EEPROM 1kB 256bytes
Clock speed 16MHz 32MHz
CCP/PWM 6 7
Peripheral pin select no yes
Configurable Logic Cell (CLC) no yes(4)
CRC and memory Scan no yes
Signal Measurement Timer (SMT) no yes
Complementary Waveform Generator(CWG) no yes(3)
Digital Signal Modulator (DSM) no yes(3)
Timers 2-8bits, 1-16bits 3-8bits, 4-16bits
LCD module no 128x160 pixels
USB port yes yes
SPI module 1 2
I2C module 1 2
Testing LEDs 3 3
RST button yes yes
Testing buttons no 3
Real time debugging capability no yes (with MPLAB X IDE)
Visual Code Configuration no yes (with MPLAB code conf.)
Visual programming languages several no
Written programming languages 1 several (Basic, C, Pascal)
Physical structure of the board very good to be improved

Table 2  Contain of ES courses Topics Theoretical Practical

Introduction to ES Design & program an ES
ES programming Pointers Accessing memory locations

Serial communication SW/HW implementation
Image processing SW/HW implementation
Multiple interrupts SW/HW implementation
LCD interfacing and program SW/HW implementation
A/D conversion SW/HW implementation
D/A conversion SW/HW implementation
generate a sine wave SW/HW implementation

Fundamental of control Interfaces and protocols HW/SW control
Executive automation Control systems SW/HW implementation
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hardware and software components in industrial sub-systems 
is another future challenge. Systems engineering integration 
is the challenge of managing the development of complex 
technical systems in aerospace, defense, transportation, and 
energy grid industries. Ethical engineering is an important 
emerging challenge [6]. Many examples of negative social 
impacts of technology, such as facial recognition software 
that discriminates against people of color exist. As Embed-
ded Systems become an integral part of human daily life, 
playing a significant role in social relations, there is a need 
to train future ES designers on the societal implications of 
technology, and to promote ethical thinking as they develop 
algorithms [6].

6  Experimental Setup with VSPK

The functioning of the proposed kit has been tested using 
multiple tutorial experiments on basic practical works possi-
ble with VSPK. Explanations on how to program the VSPK 
and use it to debug program code are given in the tutorial. 
Some essential works are equally presented in Table 3. Two 
illustrations from this pedagogical document are presented 
in this section.

6.1  First Test: Interrupt Service Routine System 
with Blinking LEDs

For the first test of the VSPK, we have considered a case 
study of the blinking LED controlled by a timer interrupt 
and push buttons with data transmission to a PC. The con-
nection of VSPK to the PC needs a terminal program to 
be installed (Terminal20141030) and a USB-UART driver 
(CH341SER). The test program code performs many tasks in 
parallel, using the advantage of interrupt routines. It blinks 

a LED at a modifiable frequency (1Hz) which doesn’t affect 
the other routines. It checks the buttons and performs the 
user’s predefined task just the moment the user presses a but-
ton. It permanently receives any data available on the serial 
port, regardless of the main process. It samples channel 0 
of ADC every 500ms, converts the content into a string, 
displays the result on the LCD, and subsequently sends the 
result to the PC through a USB-UART connection. The flow-
charts of the main program and interrupt service routine of 
this case study are depicted in Fig. 4a, b respectively.

6.1.1  Results of the First Test

This first experimental test has demonstrated some opera-
tions performed by the VSPK: LED blinking, interrupt-
based LED or push button ON/OFF, count & Display, and 
data transfer over a serial bus (USB) to a PC for storage and 
further analysis. Figure 5 presents the data collected and 
displayed through the USB-UART connection to a PC while 
Fig. 6 shows the same data displayed on the LCD simultane-
ously. In these figures, N represents the numeric value from 
the Analog to Digital Converter (ADC) after reading from 
pin RA0(AN0), and A represents the value of the voltage at 
pin RA0(AN0) after the conversion of the numeric value N 
in Volt. It can be noticed that the value of A displayed on 
the PC terminal remains constant with time and this can be 
seen as a demonstration that the VSPK operates with stable 
parameters. The detailed program code of this first test is 
shown in Appendix A.

6.2  Second Test: Automatic Change‑over System

For the second test, we have considered the application 
of VSPK for an automatic change-over system. In most of 
developing countries, the electricity supply for industrial, 
commercial, and domestic use is highly unstable. This gives 

Table 3  Some basic practical 
works with VSPK

Title Aim External material needed

Led blinking Blinking Led in main loop None
Led ON/OFF Blinking Led using timer interrupt None
Led ON/OFF Blinking Led using timer interrupt None
Interrupt based Led ON/OFF Use a button to turn OFF/ON None
Blocking delay Realize a delay in the main loop None
IR remote control Control lamps using an IR remote IR remote
IR remote control Control lamps using an IR remote IR remote
Count,format & Display count, extract digits & display None
UART report/control Send data, control loads USB connect.& UART Term.
Digital Clock Set time using RTC None
Digital Voltmeter Use ADC to set voltage Potentiometer
Digital thermometer Use ADC to set temperature LM35 or ds18b20
Change-over system Selection of a suitable source Interface, voltage sensors
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rise to the frequent use of alternative sources of power sup-
ply to meet up with energy demands. The introduction of 
these alternative sources of supply brings forth the challenge 
of switching smoothly and timely between the main supply 
and the alternative sources whenever there is a failure on 
the main source. There is also the need to reduce drudgery 
from switching between the three sources which are Grid 
utility, Solar PV, and Fuel generator on the human side. The 
Automatic Voltage Change-over automatically switches 
over from the Grid utility to the other sources of power sup-
ply (solar supply and fuel generator) and provides a timer 
to switch between the sources. In case of low voltage, the 
switching follows the sequence from Grid to Solar, and from 
solar to Generator. It equally switches over back to the grid 
when power is restored and turns off the solar and generator 
sources automatically. The automatic voltage change-over 
links the load, the main supply, and the alternative supplies 
together. The functioning of the change over system is sum-
marized in the flowchart diagram presented in Fig. 7.

(a) (b)

Fig. 4  a Main flow chart. b Interrupt service routine flow chart

Fig. 5  Terminal on PC
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6.2.1  Results of the Second Test: Automatic Change‑over 
System

When the system is put on, it checks the status of the three 
sources and displays them on the screen, then it switches on 
the source according to the priorities. If the grid utility (ENEO) 

set point is met, that is above 190V, ENEO comes on, irre-
spective of the other sources. The next priority is given to the 
Solar source, followed by the fuel generator. Our final circuit 
is able to switch automatically to alternative power sources 
when there is a power failure in the main supply. The most 
important part of this application was to design the interface 
and the voltage sensors module. This bloc is used to sensor 
the three-voltage coming from the various sources and give 
the value of each voltage at the output to the VSPK for him to 
compare them, and decide which of them will be considered 
as a priority. The LCD output of the change over in Fig. 8 
presents the results displayed in the case of generator selected 
as the active source. In this case, the state of the generator is 
high, while the two other alternative sources are low.

7  Economic Evaluation of the Cost

An economic evaluation of the VSPK’s cost has been 
performed based on the following elements: local cost 
of components, welding cost, PCB cost from Wonderfull 
PCB (HK) Ltd (China), debugging and testing cost, Added 

Fig. 6  LCD output

Fig. 7  Flowchart of change-over system
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Value, Tax on the added value. The method used to obtain 
the cost of a single VSPK board consists of evaluating the 
economic cost of the series of thirty VSPK boards, then 
deducing the one of a single module. This is therefore 
compared to the cost of an Arduino Uno board purchased 
online. The evaluation method is summarized in Table 4 
where the cost for a single VSPK module is estimated at 

$25 which is lower than the cost for Arduino Uno board 
ATMega328p Estimated at $27. This cost was obtained 
online from a commercial website (www. aliba ba. com).

8  Conclusion and Future Work

In this paper, an integrated low-cost (less than $25) kit 
suitable for Embedded Systems testing and education in 
developing countries such as Sub-Saharan Africa has been 
developed. Despite the similarities between the proposed 
testing kit and the existing ones, the VSPK possesses sig-
nificant features such as an integrated graphic color LCD,  
a configurable internal oscillator, more than five PWM 
pins, numerically controlled oscillators, testing LEDs,  
testing buttons, and multiple programming languages 
(various C compilers, MicroPascal, MicroBasic,...). The  
majority of the modules on the VSPK are remappable, giv-
ing the possibility of an easy prototype, multiplex, testing,  
and extension of its capabilities. The VSPK is suitable 
for practical programming and testing with or without the 
soldering of components. There is a means to display, use 
test buttons and perform remote control operations with 
the kit. The VSPK can be readily used for attaching lower-
speed peripheral ICs to processors & microcontrollers in  
short-distance and intra-board communications. some  
case studies for the experimental test of VSPK have been 
carried out to practically validate the VSPK operations. 
The results obtained show that VSPK operates satisfac-
torily and provides good performance. Nevertheless, the 
need for enhancements concerning performance experi-
ments and metrics to evaluate power consumption is really 
necessary to be investigated in the future development of 
this work and also to improve the prototype with more 
functionalities.

Fig. 8  LCD output of change-over system

Table 4  Price evaluation of the kit

Description Cost 
for 30 
boards

Local components $180
PCB cost from Wonderfull PCB (HK) Ltd (China) $150
Welding $80
Debugging and testing $100
Added value $200
TAV 20% $40
Total $750
Cost for a single VSPK module $25
Estimated Cost for Arduino board ATMega328p $27

Appendix A. C Language Code of Interrupt 
Service Routine System

http://www.alibaba.com
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