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CONTROL OF QUALITY AS AN IMPORTANT TOOL FOR DEVELOPMENT OF
INTERNAL CONTROL

Tatia Udesiani
Doctorate. Akaki Tsereteli State University. Faculty of Business, Law and Social Sciences. (Georgia)
Email: tata.udesiani@gmail.com

ABSTRACT

Development of internal controls is a highly important issue for the organization, especially for public institutions, because
internal control system creates mechanism to effectively utilize human, financial and time resources. Public institutions are
characterized by various risks, such as: uneconomic and unreasonable spending of budget funds, corruption, fraud and so
on. In order to reduce these and other risks, it is important that organizations have an effective system of internal control.
The internal control system in the public sector is regulatedby the relevant legislation and standards, which determines
that internal control includes: Financial management and control system. Functionally independent internal audit and
Harmonization Center. Each of them is an integral part of internal control. Their independence is the prerequisite for the
existence of an effective system. The article presents results of our research carried out by the internal audit benefit and
quality.

Keywords: Quality,Internal control, Internal audit, Efficiency, Risk, Development.

INTRODUCTION

Control is an integral part of the management of economic objects and processes. It is to observe objects in order to
check whether the condition of the object corresponds to a desirable and necessary condition, envisaged by laws,
statutory legislative acts, plans, instructions, provisions, resolutions and other subordinate acts. Control is a necessary
and final stage for any decision-making process. It is recognized as a method that ensures the implementation of the
goals set by management structures, determining the direction of improving the use of economic resources, deficiencies
and disorders and correction of their results.

By introducing the internal control system, the organization provides risk management and thus achieving the goals set.
On the other hand, it is manifested in the effective, efficient and observational performance of the institution. At the same
time, it is aimed at ensuring the assurance of attaining the goals set before the organization.

Body part
Control is an independent function through which is checkedthe compliance of functionality of the object and its

corresponding decisions. Control measures are effective if it is:

e  Appropriate;

e Consequently implementable;

e Perfect;

e Cost-effective efficiency;

e Directly connected to the control objectives.
In turn, the role of internal control in the public sector is crucial. Due to the fact that the resources in the public sector are
created based on public money and therefore they should be used in accordance with public interests. Control of the
acquisition, use and protection of resources in the public sector is very important.
As noted above, the internal audit is an integral part of the internal control system, which represents independent,
objective and advisory activities aimed at improving the activities of the institution, achieving its objectives and fulfilling its
objectives. It assesses the systematic, disciplined and organized approach and improves the effectiveness of risk
management, control and management processes. The Internal Audit assesses the financial management and control
system, the effectiveness of risk management and issues recommendations for their improvement.
Evaluation of the internal control system is important and at the same time a difficult issue. Basically its benefits and
efficiency are more visible in the longer term, since its benefits are not always expressed in the index. In addition, the
effect of effective internal control system is often revealed in the long term. It should also be noted that control of quality is
important in the assessment of the benefit of internal control.
There is standard / reference - 1300 — Quality of Assurance and Improvement Program, according to which the Audit
Manager should develop and implement a Quality of Assurance and Improvement Program that includes all aspects of
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internal audit activities. The main objective of the program is to assess the compliance of the internal audit subject with the
Code of Ethics, the internal audit definition, standards and other regulatory norms. Eventually, quality management should
be an integral part of internal audit activity, which is carried out at all stages of audit. The Quality of Assurance and
Improvement Program will consist of internal and external evaluation (see Schedule N1).

Schedule N1
Qualityof Assurance and Improvement Program

Quality of Assurance and Improvement

Program
Internal assessment: External evaluation:
v' Current assessment; v' Fully external assessment;
v' Periodic self assessment v" Self-assessment further

It is important that in the budget institutions there is a current monitoring system that consists of the following stages:

o [

[ Adaptation ] Implementation ]

y [ verification/estimation } /

The above is a part of the Qualityof Assurance and Improvement Program and is an ongoing monitoring of the quality
control cycle stages.

As for external evaluation, standard / reference - 1312 - "external evaluation” explains that external evaluations should be
carried out at least once every five years by a qualified independent columnist or reviewer group.

Also, it is important to note that in the budgetary institutions, the reporting phase should be based on the Standard /
Reference -1320 - "Report of Quality Assurance and Improvement Program Results". This standard implies that the audit's
head must submit to the higher management and board the information on the results of the Quality Assurance and
Improvement Program.

We conducted a qualitative research conducted in public institutions, in the format of in-depth interviews. In addition to the
need for internal audit internal quality control, research shows that its significance is due to other factors, namely that the
ongoing processes in the organization are constantly changing and dependent on legislative amendments, international
commitments, challenges in the country, public intelligence Resources, new approaches, etc. Consequently, the internal
audit needs constant improvement and quality assurance, which quality control can provide. It is interesting to note that in
some cases the respondents direct attention to have certain steps in organization. It should also be noted that the quality
control at the legislative level are linked to additional financial resources, so this is a obstructive circumstance. Some
respondents said that they have developed quality control elements, such as, each of the final report and
recommendations are reviewed by the head of internal audit, individual monitoring, the comments after receiving each
audit, risk analysis and the annual rate of annual planning for improvement.
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CONCLUSION

The research enabled us to make conclusions about the needs, challenges and quality of development in the internal
control system.

The development of a state internal control system constitutes a continuous process, it requires constant improvement,
while internal control is the main leverage for managing and minimizing risks in public institutions. Consequently, the
benefit of the introduction of internal control will be reflected not only in the savings of financial resources, but also in the
efficient expenditure of the economy, but also in improving processes / procedures, managerial accountability, efficient
and productive achievement of goals and correct distribution of responsibilities. Quality of control has own influence on all
of this, since it is based on its introduction and development of effective control of the control system.
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DESIGN, DEVELOPMENT AND CONSTRUCTION OF A MEDICAL WRIST
REHABILITATION DEVICE

Eurico Seabral, Luis F. Silva?, Ricardo Ferreira®, Valdemar Leiras*
1234Department of Mechanical Engineering, School of Engineering, University of Minho. (Portugal)

E-Mail: leseabra@dem.uminho.pt, 2ffsiva@dem.uminho.pt, 3a62074@alunos.uminho.pt, “valdemarleiras@hotmail.com
ABSTRACT

The research and development of new kinds of technologies to support the recovery of human injuries have orientated the
design, development and construction of new devices for the treatment and rehabilitation of wrist injuries. With limited
founds, the construction of a new prototype was carried out with off-the-shelf components. After a detailed research and
design work, the obtained device can be divided into two main components: it is capable to provide an adequate
rehabilitation of the wrist and adequate proprioception exercises, allowing the patient to relax and to decrease the focus of
pain.

The development and construction of the device upholds the idea of portability, multifunctional operation and special
designed hardware and software control, so it can be simple and user-friendly, allowing the control over the progress of
rehabilitation with data recording for later analysis by physiotherapists and/or patients without any special training. The
mentioned multifunctional operation, low-cost, user-friendly and portability makes it a good choice when compared to
other complex robotic rehabilitation devices.

This paper will present, discuss and analyse the proposed portable device, as well as its ability for the purpose of wrist
rehabilitation.

Keywords — Biomechanics; Wrist; Rehabilitation; Proprioception;Arduino

INTRODUCTION

For the purpose of wrist rehabilitation, it is important to have a clear knowledge about all the natural capabilities of the
upper member. The wrist is therefore one of the most fundamental members of the human body, with complex associated
movements that can be divided into 3 groups: pronation/supination, adduction/abduction and flexion/extension. Fracture of
the wrist is one of the most complicated pathologies. This type of injury has a large incidence in adulthood, and occurs
mostly in women, since osteoporosis increases the brittleness of bones, and, as such, in case of impact there is a great
susceptibility to bone breakage. In relation to the younger individuals, this type of fracture is mainly due to sports injuries
[1].

A new device, totally oriented to this kind of problems, could make the recovery of patients more comfortable and easier.
The authors of this study have teamed up with health and rehabilitation specialists in order to design and develop the best
possible device to help and minimize the recovery time and pain during the rehabilitation of patients. All these topics will
be analysed over the next sections, the design and development stages will be considered, and the analysis of the results
and conclusions obtained so far during the test phases of the device will be included.

The Rehabilitation Device

A previous analysis carried out before starting the development of this new type of device showed that almost all the
existing prototypes follow just a unique purpose. They all focus on just one of the 3 groups of movements of the wrist and
all use an ergonomic cylindrical joystick, where the patient places his/her hand. After a previous research about the
hand/wrist complex, it was determined that the spherical form is the more ergonomic form for the purposes of hand or
wrist rehabilitation, with a diameter close to the diameter of a tennis ball. This project began with the use and adaptation of
an existing product named Powerball, which was designed to perform fithess exercises on the wrist, forearm and
shoulder. Through the modification of this product, a new rehabilitation device named BioBall was then created (see Fig.
1).
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Fig. 1 - The new designed and developed rehabilitation device named BioBall.
To control the device's movements, an internal controller board was setup with specially designed algorithms to control, by
software and hardware, the two electrical motors inside the device's structure and inside the rehabilitation ball
respectively. Inside the structure it has been assembled a Superior Electric M062-LEO4 stepper motor, NEMA 23 [2],
which was controlled through a TB6600 driver that also powered the motor. Fig. 2 shows the electronic control schematic
circuit.

Fig. 2 - Electronic schematic circuit of the device control: 1) Controller Board; 2) LCD 16X2; 3) Power Supply; 4)
Control Interface; 5) Stepper Motor; 6) Stepper Motor Driver; 7) ESC; 8) Servo Motor; 9) Power Button.

It is possible to make speed, angle and program adjustments using physical buttons on the front panel of the device or
using a graphical interface that has been designed in LabVIEW (by National InstrumentsTM) [3]. Fig. 3 depicts the friendly
graphical interface developed in LabVIEW.

When coupling the motor to an eccentric bar, the rotation of the stepper motor promotes a dislocation of the ball that is
grabbed by the hand. This dislocation allows the wrist to simulate its natural movements and it can be adjusted to people
with different hands sizes. Combining the different position adjustments of the support, the device enables the
reproduction of the natural movements associated with the wrist of the patient.
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The specific designed and prototyped hardware and software for this purpose allows the control of both motors and
respective drivers, using an Arduino development board.

Due to the fact that these types of devices are only focused on developing one unique movement, this new device is
addressed to develop all the needed movements for the complete rehabilitation of the wrist. The development of the
multifunctional device was divided into two main subsystems: the one for rehabilitation purposes, through the reproduction
of the wrist movements, and the second one for vibration therapy, proprioception and relaxation sessions.

~L- Hand CLOSE PROGRAM
* |0

Universidade do Minho Q
Escola de Engenharia Left Right ‘ ‘ ) ‘ [ ]
Menu Exercice Repetitions | | / “
Flexion and extension - | 0 [ y
A atic contro = L ST
L T
B A ‘? Y -
Di=rg ) ErET i 1) Flexion  2)Extension
Start Execution 3) Abduction |0 4) Adduction
Observations 5) Supination|; ¢ 6) Pronation
‘ To move BioBall for position reference == . 3 B
3) Abduction  4) Adduction
Reached angle 1 2 3 4 5 6

5) Supination 6) Pronation

‘ Stop exercice

‘ Start exercice

Fig. 3 - The friendly human-machine interface (HMI) developed in LabVIEW (by National InstrumentsTM).

Rehabilitation of the movements of the wrist

The rehabilitation procedure is focused on the principal movements of the wrist and following the instructions of health
specialists in rehabilitation, the device was developed and validated by physiotherapists at the Hospital of Braga, in
Portugal, based on their own experience in the rehabilitation of patients with wrist pathologies [4]. As mentioned, the main
movements of the wrist are flexion, extension, adduction, abduction, pronation and supination, and all these movements
have maximum admissible angles that depends on the person’s health. Table 1 identifies the angles associated with each
one of the movements of a healthy wrist [5] and Fig. 4 allows a better understanding of the movements and maximum
admissible angles associated with the wrist.

This new device also enables two different rehabilitation subsystems: 1) Active rehabilitation and 2) Passive rehabilitation.
For active rehabilitation, the user creates some resistance to the movement generated by the motor inside the device,
exercising therefore the muscles of the hand, wrist and forearm. For passive rehabilitation, the patient grabs the ball and
the device helps the patient to perform each one of the exercises. If the movements’ amplitude is big and/or the patient
feels some pain during the procedure, he/she simply releases the ball. For pathologies like broken wrists or fingers, or any
other kind of chirurgic recoveries, the passive rehabilitation mode must be selected.

Table 1 - Associated angles to each one of the movements of a healthy wrist [5].

Movement type Associated angle
Flexion 85°
Extension 85°
Adduction 45°
Abduction 15°
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Pronation 75°

Supination 85°

Fig. 4 - Wrist movements’ reproduction (from left to right: Flexion/Extension; Adduction/Abduction, and
Pronation/Supination).

Due to the fact that the angle and speed are adjusted by the physiotherapist or the patient, the device is adjusted to every
step of the rehabilitation process. The increments of the amplitude of the angle associated with the rehabilitation process
are the ones related with a healthy wrist. Since there are limited angles to each one of the movements of the wrist, the
adjustments must be tuned with the correct amplitude of angle and speed for each patient. To ensure the patient’s security
during each session, the device must be tuned to lower speeds of rotation of about 1.88 rpm, and, to prevent maximum
velocities, the device was setup to enable a maximum speed of 10 rpm. This device also records all the information
regarding the rehabilitation exercises and the physiotherapist can evaluate the recovery of the patient and carry out a
precise follow up of all the rehabilitation sessions.

Vibration, therapy, proprioception and relaxation sessions

Vibration therapies have been the main focus of recent research as an important method for wrist rehabilitation [6]. This
device can reach an operation frequency of about 150 Hz and, changing the amplitude of the vibration by modifying the
eccentric mass coupled to the motor, it can also be used for new recovery treatments.

It is possible to promote the relaxation of affected regions through the use low vibrations between 30 and 50 Hz, to ensure
the well-being of the patient [7] [8] [9]. For the physiotherapist, the easy handle of the ball on the device can also provide a
relaxation session therapy to patients.

Depending on the type of injury or intervention, sometimes the patient loses some sensibility, which also might affect the
ability and control of the correct movements of the injured member. This could mean that the patient has his/her own
proprioception capabilities reduced at the rehabilitation stage. To provide this treatment, the BioBall induces a vibration
controlled by hardware and software specially designed for this purpose, which is capable to perform proprioception
sessions and to evaluate the recovery of the proprioception capabilities of the patient by recording data from each one of
its sessions. Figure 5 highlights the eccentric mass coupled to the brushless motor inside the ball.
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Eccentric mass

Fig. 5 - Eccentric mass that causes vibration to the ball on the device.

When a patient suffers a stroke, he/she has the tendency to close the hand and sometimes it is impossible for the
therapist to totally recover the position of open hand for the patient. Using a high vibration that causes the patient to open
the hand (to release the ball) it might be seen as a simple and successful way to work out this type of problems.

With high frequencies, the possibility of stimulating the nervous system and to anesthetize zones of serious pain on a
patient is also another target of research and development in a future version of the device. Because a nerve impulse
occurs when the cell membrane at rest senses a stimulus, which causes an ion exchange through the membrane to and
from the neuron, crossing the entire neuron to the brain, and, as the neuron is travelling, the membrane is depolarized and
takes a fraction of a second to become polarized again. As long as the membrane does not re-polarize, the neuron is
unable to transmit information. During this period, which lasts for about 1 millisecond, the responsiveness of a neuron is
about 1000 pulses per second, i.e. 1000 Hz. If a zone is stimulated at a higher frequency, the neuron is unable to receive
new stimuli and the brain does not communicate with this zone, hence becoming insensitive for moments, until it no longer
receives stimuli and the membranes return to polarize [10].

Operation Modes

Specifically for this device, electrical and electronic circuits, a mechanical structure and dedicated software were
developed. The electrical and electronic part allows the controller to communicate with all the sensors and actuators. The
communication from the controller to the software is made by a serial port, with baud rates greater than 9600 bits/s, which
is a very good communication speed value for this application. On the Fig. 6 the serial input to the device is visible on the
top of the case.

The hardware used to control the motors are regular potentiometers. When changing the current values, the software
reads, translates and sends a command to the motors. When the instructions are sent directly from the software to the
controller via serial communication, all the instructions are translated by the software to the outputs of the controller that
sends the particular signal to the motor’s drivers. The signals to the drivers are PWM, which enables the translation from a
digital output into an analogue signal, so for the driver the input signal is interpreted as an analogue signal.

1-ci Beynalxalq Elmi-Praktik Konfrans: o
Mdiasir Informasiva, Olcma ve Idaresetma Sistemlari: Problemlar ve Perspektivier (MIOIS-2019)

——

| GULUSTAN
I 12 BLACK SEA SCIENTIFIC JOURNAL OF ACADEMIC RESEARCH

= |




ISSN: 1987 - 6521, E — ISSN: 2346 — 7541
- - - — ]
JULY 2019 VOLUME 48 ISSUE 05

-

Fig. 6 - 3D view of the BioBall rehabilitation device.

The mechanical part was developed with off-the-shelf components and other reused materials. To obtain all the
movements associated with the wrist, the structure was designed and developed to perform different adjustment positions
of its base. These adjustments have stop limits that enables a comfortable use by different patients. It can be observed in
Fig. 7 that it is possible to vary, for example, the height distance of the device of about 70 mm.
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Fig. 7 - Limit adjustment positions that provide a comfortable use for different patients.

With these adjustments, and due to the fact that the top of the support has also some degrees of freedom, the device can
be adjusted vertically as well as horizontally for a better and comfortable use — see again Fig. 7. The support of the device
has an attachment system that provides a proper fastening and an easy assembly of the device, making it possible to
place it on any table or desk.

With different grabbing positions and adjustments, the device enables the patient to grab the ball in different ways,
promoting different rehabilitation exercises. Because the motor has an eccentric bar coupled to its axis, the translations of
the rotation point of the hand/wrist/arm are adjusted to a more natural movement of the wrist. In Fig. 8 is possible to
observe, from left to right, the 3 different groups of movements associated to the wrist: adduction/abduction,
flexion/extension and pronation/supination.

Due to the nature of the pronation/supination movements, the ball should be coupled directly to the motor shaft; for this
particular situation, the eccentric bar will not be used.