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Abstract. The article aims to review existing issues and look for novel ways of
human-computer digital systems design and interaction. Such interaction takes place, as a
rule, through an appropriate interface, which can be mechanical, digital, analog, with a
touch screen, etc. For the end user of the relevant application or system, it is important
how this interaction process will be implemented, presented, and programmed. That is,
what controls, actions for interaction, and feedback mechanisms from the system to the
user will be available. The research methods are based on the main methodologies of
design and analysis of digital products with an emphasis on user experience, research of
user requirements, the context of application use, and the presentation of the menu of
interaction with a digital service. The article presents the results of a detailed description
and modeling of the main process of user interaction with the feedback system (cyclic
process). The context of using the application, the main desires and goals of the user when
interacting, as well as the types of available options for interacting with the interactive
system are taken into account. The seven-step process of user interaction presented in the
paper includes functions, data, software systems and modules, appropriate software and
hardware architecture, and methods of internal communication between cycle functions. A
process of interactive interaction has been developed, which describes the full cycle from
the beginning to the end of the user's work with any digital, analog, computing device,
application, or service. This process can be used by designers, software developers, and
scientists/researchers at the stage of planning a new interactive system or to improve an
existing one.
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Introduction. Software and digital information applications are used in every area
of life. Hardware and technological advancements led to a great number of digital
interactive devices and screens available to users around the world. Digital and analog
devices are used not only by the general populace but by many professionals in all
industries, from construction to aerospace engineers to mechanical engineering to military
and health care, among many other industries. What users see and interact with, first of all,

Is the user interface or mechanical interface. The Human-Computer Interaction field is
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responsible for researching new ways and improving existing user-computer(user-devices)
mechanics. The process of user-computer interaction happens in loops, and for every user
action or series of activities, systems provide appropriate feedback. To take a step further
interaction design is not just centered on, limited to input and output operations cycles, it
affects the whole software/hardware/system. Digital human-computer interaction systems
design can be classified as a type of engineering systems architecture and should be
studied appropriately.

Analysis of research and publications. There are many prominent researchers and
research work in the fields of HCI, Ul research, and interaction engineering. The most
common work in the area of HCI is user interface and interaction feedback loops [1-5].
Besides, fundamental studies have been carried out in the area of user interface design
principles and design systems [6-9]. Emerging Technologies, such as VR, AR, and new
touch interfaces require a new view of how the interaction loop operates [10]. Even though
the area of HCI and interaction research is not new, many systems and possibilities were
left unstudied or haven't received enough focus. Among them, the field of digital design is
focused on comprehensive system design that includes multiple simultaneous use complex
interaction actions, and multi-device feedback.

Purpose. The research work aims to describe the HCI interaction loop, break it
down into functional components, and present a robust model for interaction design
context, interaction process, as well as the view on User Interaction - Feedback Systems,
and States.

Methods. List of main HCI research methods, components, and interaction systems
are listed in Table 1. Human-computer interaction is conducted using various mechanical,
screen, and sound processing devices. Major interaction systems include digital electronic
and electrical devices, used for input and output operation, data and signal processing
modules. Each type of interaction has a corresponding sample system type, ranging from

LCDs to touchscreen interfaces to found speakers and spatial sensors.
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1. User-Interface Interaction Classification*

Interaction Type | Components Data Example systems
Mechanical Input Device Analog/Digital Signal Electrical device
Input Sensor Spatial coordinates Singal processors
Output Device Input/Output Type Transistors
Group of devices Input/output signal Programmable
Processing Machine End-point comms. components
Singal Processing message Camera and motion
Device control data recognition, tracker
Touch screen device
Mechanical control
device
Text Direct physical Screen size and type BW screen
input/output Language model LCD screen
Virtual Input/output Input/output text Paper/Magnetic Ink
Voice Physical Signal data (wave) Sound wave signal
microphone/speaker Recognition and sensory | converters
Audio processing data Sound processing
Audio recognition Timer and buffer data engine
software
Visual (CGI) GPU 2D/3D Coordinates Game Engine
Rendering Software Geometry Modeling Software
VEX and Animation End-user application
sequences

* prepared based on author work and public research data [1-10]

Data and programming functions are included in user, software, and hardware
system design. Data types are broken down into categories based on interaction type, and
listed in Table 1, column 3. List of the most common user-interface interaction functions
(based on Table 1 Interaction Types), each of which can take input data and/or return
result data:

e ProcessingEngine();
e ScreenRender();

¢ ViewMode();

e InteractionMode();
e MenuSystem();

e Getlnput();

e SetOutput();

e StoreData();

62



"Enepezemuka i asmomamuxa”, Ne3, 2024 p.
e ConnectToDevice();
e SingalProcess();
e and others.

When developing and designing new interaction systems both scientists and
industry specialists have a wide range of tools at their disposal. The most commonly used
hardware and software solutions are listed in columns 1 and 2 of Table 2. HCI and
Interaction design rely on many methodologies and patterns, as the product/applications
design process starts with the Business and product planning, followed by design and
technology development (column 3 in Table 2). What the end-user gets is not some

random number of signals or misc. messages, but specific text, and visual elements and

has access to several possible menus and navigation panels (column 4 in Table 2).

2. Hardware, Software, Methodology Classification in HCI*

Resouces allocation

Hardware Software Methodology Presentation
Glasses: Software development Business and Product Physical
-VR suits and stacks: development: dimension:
- AR - native platform - Stakeholders - presentation
- MR - cross-platform - Requirements - size
- use case specific - Planning and - interaction type

- context of use

Sensor Screen:

Interface design:

Design and Interaction:

Input and Output:

- phone - physical - Form - direct

- tablet - digital graphic design - Interface - loop

- general screen - digital UX, Ul - Presentation - contextual
Mechanical: 2D and 3D graphics Technology and Design: | UX:

- programs: - Analytics - Objective/Goal
joystick/gamepad/co - modeling - Development - Functionality
ntroller - rigging - Materials - Interaction

- Virtual Mouse and | - animation - Electronics - Information
Keyboard - industrial - Aesthetics - Sensory

- Mechanical Mouse
and Keyboard
Sensors and trackers: | Embedded and hardware Manufacturing and ul:

- detection and development software: Production: - Layout
recognition - firmware - Packaging - Navigation

- motion - application - Supply and Delivery - Menu

- Screen Elements

Misc. Input&Output

Testing and Evaluation:

User and Behavior:

Special:
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devices: - UX - Goals and desires - notifications
- digital - product and market - Information - sound
- analog - software Architecture - music
- Psychology and - 3D effects
behaviors - spatial effects
- social and group - misc.
interaction

* prepared based on author work and public research data [1-10]

Human - Goal Interaction Computer -

Medium Processing

* Action * Signali/o * Datai/o
e Sensory e State and e Interpratation
* Memory control * Jobs Que
* Interaction * Input * Type of
Type e Qutput Response
* Expected * Feedback * [nteracion
Response cycle/loop
% b

Fig. 1. General Human-Computer Interaction Components [6-9]
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Human-computer interaction is a three-phase process, as presented in Figure 1. The
essential first step is the user (human) defined goal that he/she needs to accomplish with
the help (usage) of digital/analog/mechanical/misc. type of interactive device. User input
Is processed depending on the interaction medium and input type by the software system
(computer, microcomputer, etc.). A list of underlying components, actions, and conceptual
functions is presented in the bottom section of Figure 1 under the respective Interaction
phase.

Results. At the center of applications, software, and systems interaction is human -
the user. The reason the interaction process is initiated and instanced is due to the user
having a single or several goals that they wish to accomplish. The interaction systems in
the process are just a tool used by the used to achieve the desired goal. Figure 2 highlights
the user-centered interaction loop with a focus on the interaction processing feedback
loop. The interaction activity consists of the user interface, input, and output processing

functions, that send appropriate commands towards the main System Processor unit.
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Fig. 2. Feedback loop in Ul and Digital Engineering Design Systems

Figure 3 illustrates the Human-Computer Interaction Process with a focus on major
users, functions, and underlying systems. The process is divided into three layers —
conceptual programming functions, applications modules and components, main systems,
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and data processing units. There are several types of users who directly or indirectly affect
the interaction cycle, user or player directly influences and interacts with the systems,
while the rest of the stakeholder's team is responsible for the production and maintenance
of the deployed application/system. Systems' internal communication and processing logic
can be broken down into two parts — user-centered services and system internal processing
services modules.

Interaction processes happen not in the vacuum space, but rather in a real-world
environment. This is especially true for industrial, medical, and mobile applications.
Figure 4 visualizes the context of use and design impacting factors. Each of the interactive
systems should consider usage environment, time and location, where the device and
application can be and will be used. Certain tasks and interaction activities influence how
a user will interact with the given system, which might add additional constraints and
limitations. Differentiating user type and purpose of the system usage is vital in early
system design stages, as certain industries and professional environments place a large
weight on the end-user goal and step-by-step user-system interaction flow. All of these

factors and more are highlighted in Figures 3 and 4.
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Fig. 3. Human-Computer Interaction Process - Users, Functions and Systems
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Interaction processes happen not in the vacuum space, but rather in a real-world
environment. This is especially true for industrial, medical, and mobile applications.
Figure 4 visualizes the context of use and design impacting factors. Each of the interactive
systems should consider usage environment, time and location, where the device and
application can be and will be used. Certain tasks and interaction activities influence how
a user will interact with the given system, which might add additional constraints and
limitations. Differentiating user type and purpose of the system usage is vital in early
system design stages, as certain industries and professional environments place a large
weight on the end-user goal and step-by-step user-system interaction flow. All of these

factors and more are highlighted in Figures 3 and 4.
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Table 3 presents six core interaction process phases (stages, steps). Each new
interaction loop starts with the system boot (loading) and concludes with the system
shutdown. After the system is loaded and operational, it loads the appropriate user
interface (or similar input-output system) and enables a user-system interaction interface.
The next phase is the user-system interaction loop and feedback loop, both of them are

operating, and loading in parallel. Feedback and interaction can consist of “n” number
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steps, which are determined by the user or/and by the system. At each interaction cycle of
the loop, the decision can be made to either move to the next step or get to the initial
system step, or completely shut down the system. The interaction loop stops when the user
decides to stop the interaction and the system saves its state and powers off. With this
phase the interaction loop is complete, and system is disabled or is operating in the
background listening to new input or internal event messages.

3. Interaction Process*

Ne Interaction phase | Systems Components Result
Actors Feedback
1 System boot Power controls Electricity Load the
Direct Interaction Device previous state
Authentication User Load new
session
Status indicator
2 Load Ul GUI Electronic device Enable HCI
Enable Interaction | Input/Output PC Hardware process
functions Application Controls -> On
Menu/Controls SDK/Libraries Interface ->
Render
Direct/Indirect
Ctrls
3..n | Interaction Loop Tasks User System Input
General Interface system Interpretation
Functionality ul User Task(s)
Enhanced Input Menu and Navigation | Execution
3..n | Feedback Loop Enhanced Output System Event User Feedback
Notification Manager System Task(s)
Event manager Ul Manager Execution,
Data Manager Scheduling
n Decision making Action Evaluation Application Internal
System Planning User Application
Task Manager Data save/load
Job Status Check
n+l | Shutdown System save state Electricity Save State
Power Controls Device Check Special
User Status
Data Manager Status
System Event Notification
Manager

* prepared based on the author's work
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The more detailed presentation of phase number 3 can be viewed in Figure 4 —
Interaction and Feedback loops. Two actors interact with the systems during the loop — the
user and the computational (general) system. In the center of the diagram denoted by the
yellow rectangles are major system states. The interaction starts with the user action and
the input information/task threads. Each new action is recorded and currently being
processed by the event queue and Event Manager systems. While the user interacts and
waits for the response, computational systems also engage in the interaction process by
firing appropriate response and communications messages. The interaction process is part
of larger server/client applications and database services (listed at the bottom section of

Figure 4).
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Algorithm step-by-step for feedback loop design (Figure 4):

1. The user has a goal — and needs to complete the action;

2. System loads and provides appropriate interaction interface;

3. A user interacts with the Ul via micro-interactions, input action can be single or

multiple;
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4. Event Manager processes actions and makes a queue (in case of multiple user
activities or based on system requirements/architecture);

5. System loads output — provides feedback based on User Action and Event
Manger System via Communication interface system depends on software and hardware
architecture, as well as specific application and embedded device software;

6. A user reviews feedback or receives notification from the list of output types, he
chooses whether to continue the micro-interaction or stop (or a system event can force a
user to stop or continue);

7. The system stops or moves into hibernation/standby modes.

Discussion. The modern user interface is a very multilayered and complex system.
The user interaction process is no longer limited to simple keyboard types or single-button
interactions. There are a great number of widely available interaction devices and output
mediums, mobile phone screens, VR glasses, gamepads, and game controllers, but the
input-output system is not limited to just the number of devices listed. The user interaction
has many steps and stages to it the list of available interaction activities is also great in
number. As discussed, the human-computer interaction goes in loops, feedback loops to be
precise. The essence of the Human-Computer interaction process revolves around tasks
and activities started by the user and processed by the system. The context of use plays an
important role in the interaction cycle, as it provides experienced designers with awareness
and knowledge of the user, when and how the system will be used. The interaction
process itself is made of some steps, components, actors, and systems. Each application
has its own interaction and feedback loop. However, implementation can be done based on
the system abstraction and certain algorithms, such as feedback loop system and
algorithm.
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MMPOEKTYBAHHS PO3YMHOI CUCTEMHU B3AEMOJII 3
KOPUCTYBAYEM 3 BUKOPUCTAHHSIM KEPOBAHOI'O 3BOPOTHOI'O
3B'SI3KY TA KOHTPOJIIO CTAHY

B. A. Hazapenko

AHoTtaniss. Obnacme «B3zaemoois nwodunu i Komn'tomepa» 8ionogioac 3a
00CNIOJCEHHS HOBUX CNOCODI8 [ BOOCKOHANEHHS ICHYIOYUX MEXAHIK «KOPUCMY8ay-
Komn'tomepy (kopucmyeau-npucmpoi). I[Ipoyec 63aemo0ii kopucmysaya 3 Komn'romepom
8I00YBAEMbCA YUKAIUHO, | 018 KOdCHOI Oii xopucmyeawa abo cepii Oill cucmemu
3abe3neuyoms 8i0N0GIOHUL 360pomHull 38'a30K. € O6azamo GUOAMHUX OOCNIOHUKIE ma
oocnioHuybkux pooim y eanyzi HCI, docnioscenv Ul ma inswcenepii 63aemo0ii. Haulbinou
nowuperni pooomu 6 obnracmi HCI, inmepgeiicy kopucmysaua i 63aeMO0Ii Yukiie
360pomno20 38'33xy. Hezsaoscaouu na me, wo ooracme oocnioxcenv HCI ma 63aemodii ne
€ HOB010, ICHYE bazamo cucmem ma MOACIUBOCMEN, AKI 3aNUMUTUC HeGUBUeHUMU aO0 He
ompumanu docmamuwvoi yeazu. Ceped Hux cepa yugpoeozo ousaiiHy, aKa 30cepeorcerda
Ha4 KOMNIEKCHOMY MNPOEKMYB8AHHI CUCMeEMU, W0 BKIYdE 6azamopazoge O0O0HOUACHE
BUKOPUCMAHHS, B83AEMOOII0, CKIAOHI 63A€MOOIl ma 360pOMHUL 38'130K 3 KilbKOMA
npucmposmu. Cmamms npucesiueHa po3sensidy aKmyalbHux nUmaHs wooo Ccnocio
83AEMOOIT THOOUHU- KOPUCMYBAYA 3 KOMN'TOmepHUMU yugposumu cucmemamu. Y yeumpi
83A€MO0II 000amMKi8, NPOSPAMHO20 3aOe3neyeHHs I cucmem 3HAXOOUMbCA JNHOOUHA -
kopucmyesay. Ilpuuuna, no AKii iHIYilOEMbCA [ IHCMATIOEMbCA NPOYEC 83AEMOOTL, NOIAAE
6 MoMy, WO Kopucmyead Mae OOHYy aOo0 KinbKa yineu, AKux 6in xoue docsemu. Taka
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83a€M00is 8i00y8aAEMbCS, AK NPABUTIO, Yepe3 8ION0GIOHUL IHmepgelic, AKull Moxce Oymu.
MEXAHIUHUM, YUDPOBUM, AHANO208UM, 3 CEHCOPHUM eKpaHOM moujo. Icnye Kinbka munis
KOpUCmyeadie, AKi NpAMO YU ONOCEpedKOBAHO GNAUBAIOMb HA YUK 83AEMOOI,
Kopucmyseay abo epaseyb 0e3n0cepeoHbo GNIUBAE HA CUCMEMU Ma 63AEMOOIE 3 HUMU,
mooi AK pewma KOMAauOu 3ayikasieHux CmMopiH 8I0noeioae 3a BUPOOHUYMEO mda
RIOMPUMKY pO320pHYmMo20 0o0amky/cucmemu. 1lesHi 3a60anHs ma akmueHicmos 63aEmMOO0ii
8NIUBAIOMb HA Me, K KOpUcmysay 6yoe 63aemMOO0isimu 3 OAHOIO0 CUCMEMOI0, MOJNCYMb
oodasamu 000amrogi oomedxncenHs. [ugpepenyiayis muny Kopucmysaua ma Memu
BUKOPUCAHHS CUCTEMU € JHCUMMEBO GANCIUBOIO HA PAHHIX emanax NpPOEKMYSaAHHS
cucmemu, OCKIIbKU MNe8Hi 2any3i ma npoghecilini cepedosuuja HaAOArmMov BeaAUKO20
3HaueHHs Memi KIHYe8o20 KOpUucmyeaia ma noemanHomy nomokKy 83aemooii Kopucmysaua
3 cucmemoro. BHympiwiHio KOMyHIKayilo ma 102iky 06pooKu cucmem MO*CHA po3oumu Ha
08I YACMUHU — CepsicU, OPIEHMOBAHI HA KOPUCMYBAyd, ma MOOYVII GHYMPIUHIX CAVHCO
00pobKu cucmemu. [l KiHYes020 KOPUCMY8aya GIiON0BIOHO20 000amKy abo cucmemu
8adICIUBUM € me, 5K came OyOe peanizosanutl yeiu npoyec 83aemooii. Toomo, ki 6yoymo
00CMYNHI OpeaHu KepyeawHs, Oii 0N 63AEMOOII MaA MeXaHizMu 360POMHO20 38'S3K) Gi0
cucmemu 00 kopucmysaya. Memoou OocniddcenHs 6a3VIOMbCe HA  20J06HUX
Memooono2iax Ou3auHy ma auanizy Yu@poeux npooykmie 3  aKyeHmom Ha
KOPUCMYBAbHUYBKOMY — 00CBIOI,  OOCHIONCEHHI BUMO2 KOPUCMY8AUYi8, KOHMEKCH)
BUKOPUCAHHS 3ACMOCYHKY Ma NpeoCcmasieHHs MeHio 83aeMo0ii 3 yugposum cepgicom. ¥
cmammi npeocmasgiieHo pe3yibmamu 0emaibH020 ONUCY MAd MOOEN08AHHS 20108HO20
npoyecy 83aEmMo0ii Kopucmyeaua i3 cucmemor 360pOmMHO20 38'a3Ky (YUKIIUHULL npoyec).
Bpaxosano kowmexcm 8UKOpUCMAHHA  3ACMOCYHKY, 20JI06HI  0adXdCaHHs ma Yili
KOpucmyeaua npu 83aemoolii, a makodxdc MmMunu OOCMYNHUX 6apiaHmie 63aeMo0ii 3
inmepakmugHoro  cucmemoro. IllpeOocmasnenuii 'y pobomi ceMu-KpoKoguil npoyec
KOPUCMYBAbHUYBKOT 83A€MO0II 8KIIOUAE 8 cebe (DyHKYIl, OaHi, Npocpamui cucmemu ma
MOOYIi, B8i0N0GIOHY apXimexkmypy npocpamHoc0 ma anapamiozo 3abe3neyeHHs ma
Memoou  SHYymMpIiwHb0i  KOMyHIKayii Mmidxc @yukyiamu yukiy. Pospobneno npoyec
IHMepaKmugHoi 83acMO0ii, AKUU ONUCYE NOBHUU YUK 6I0 NOYAMKY 00 3A8epUileHHs
pobomu  xopucmyeaua 3 0yOb-SAKUM YUPDPOBUM, AHALO208UM, OOUUCTIOBATLHUM
NPUCMPOEM,  000amKoM,  cepgicom. Takuti npoyec MONCHA — BUKOPUCMOBY8AMU
ouzatiHepam, pO3POOHUKAM NPOSPAMHO20 3aOe3neyeHHs, MeXHIYHUX 3aco0ié Ha emani
NJIAHYBAHHS HOBOT IHMEPAKMUBHOI cucmemu abo YOOCKOHAeHHS ICHYIOYOI.
KuarouoBi ciioBa: npozpamne 3abe3neuenns, inmepgheiic Kopucmyeaua, po3ymHi

cucmemu, nPOEeKmMy8anHsa ouzainy, ouzaiin, loT
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