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[Abstract]

This study proposes a novel approach using generative artificial intelligence (AI) to address the contextual understanding
challenges faced by designers in ground control station (GCS) interface design. We developed domain-specific generative
pretrained transformers (GPTs) based on retrieval-augmented generation (RAG) technology, implementing a system to help
designers effectively utilize extensive technical documents and guidelines. In evaluations using actual GCS designs, the system
demonstrated potential for improving the design process efficiency and quality. The study revealed that domain
knowledge-enhanced models (GPT-D1, D2, D3), providing more accurate and useful information compared to the basic ChatGPT
model. Notably, we discovered significant differences between experts and novices in their expectations and utilization patterns of
Al tools. Experts focused on practical process integration and design ideation, whereas novices emphasized systematic learning and
basic concept understanding. These findings suggest the need for differentiated support based on designers' experience levels.
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MCD
: Mission Control Display

RTC
: Realtime Control

PCD
: Pilot Control Display
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Flg 1. Components of Unmanned Aerial System (UAS)[2]
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Table 1. Comparison of GCS interface designers and
general interface designers
GCS Interface

QIE{H 0|A C|Xio[LA2|

General Interface
Category

Designers Designers
— Interface errors can
lead to catastrophic )
; — Errors mainly cause
accidents (e.g., ) )
) user inconvenience
aircraft crashes) . X
. - or functional issues
® — Real-time monitoring )
. . X - Less emphasis on
Safety—Critical and immediate -
real-time response
System response ” i
. — User convenience is
mechanisms are L
) prioritized over
essential

safety

Requires extremely
high safety standards

Requires support for
multi—operator
environments
Role—based
customized interfaces

— Primarily designed
for single users
— Focuses on

@ Collaborative individual user

System must be provided ;
! i experience (UX)
— Essential to design for R
o . optimization rather
effective information
; than teamwork
sharing and
collaboration
— Continuous
monitoring of sensor .
) — Focuses on static
data, aircraft status,
; ) content and
etc. is required . .
S interface design
— Prioritization and e
- . h — Minimal need for
® Real-time color—coded display .
o e : real-time data
Monitoring of critical information o
) ; monitoring
is crucial )
) — Less emphasis on
— Alerts and warning - ;
tiered warning
systems must be systems
tiered and Y
well-differentiated
— Must comply with
international
standards such as - UI/UX design
MIL-STD(Military principles serve as
® Standard), STANAG, the primary
- NASA HIDH foundation
Standardization . )
. — Requires — Less constrained by
& Regulation e ) .
multidisciplinary strict regulations,
expertise in allowing greater
engineering, design flexibility

ergonomics, and
human factors

— Automation is
designed primarily
for user
convenience

— Interfaces tend to

Balance between
automation and
manual control is
essential

® Automation Operators must be

vs. Manual able to intervene in favor fully
Control emergency situations automated UX
— As automation design
increases, ensuring — Users have minimal
safety becomes the need for manual
top priority intervention
& FF(MIL-STD, STANAG 5)<& 53lof s, &
3] MIL-STD-1472+= QIZFgsHs AAIE 733t} 5]
AFEsho} A7k Aloje] #: HEF AFEBhE S8R}
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“The experimental data was conducted during domestic drone
simulations, so the experimental data from that time is all in Korean.
An image showing what materials are currently being preserved and
utilized

a8 2. ofd T HloEIE 283 GCS UX 24
Fig. 2. Analysis of GCS UX using previous study data
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Table 2. Key issues and limitations of the GCS interface

Category Issue Details

 Inconsistent button arrangement
order

» Unclear relationships between

Communication Laqk of function groups
Function Area Con&steqcy « Lack of visual distinction in
and Clarity

input/output windows
« Inefficient placement of spin
buttons

« Information placement does not
consider usage frequency
Decreased |+ Excessive movement required

Information Usability for operation
Display and » Separation of controls and
Efficiency indicators
« Lack of prioritization in
information hierarchy
* Dispersed critical information
Mismatch across flight phases

with « Lack of intuitive interface for
Operational | emergency response
Procedures |« Misalignment between workflow
and interface structure

Procedural Flow
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Table 3. Limitations of UX design participation in the GCS
development process

Problem Details
« Only 1-2 opportunities to directly interact
with operators during a one-year
development period, making it difficult to
directly reflect user requirements
Difficulty in « Requirements are communicated indirectly
Understanding the | through researchers, limiting the ability to
Operational design an interface that accurately reflects
Context the operator’s needs and environment

« Lack of understanding of operational
procedures and environments leads to Ul
structures that may cause cognitive overload
in real-world use

« Operators resist changes due to familiarity
with existing systems, citing increased
learning costs as a barrier

« Ul improvements tend to focus on superficial
changes such as color schemes and icon
updates rather than functional
enhancements

« New design implementations are restricted
due to system stability concerns, delaying
improvements in critical UX issues

Rigidity of Existing
Systems

« Designers are excluded from the early
planning phase, reducing their role to
visualizing pre—defined requirements rather
than shaping UX design

« Technical constraints and schedules dictate
design decisions, making it difficult to
incorporate usability—driven innovations

« Creative design proposals are often
dismissed, delaying the resolution of
fundamental Ul issues

Limited
Participation in
Decision—Making
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System Development Technical Review Meetings

SRR SFR PDR  CDR TRR FCR PCA

e l

Preparation Testand Establish
Combat
of the System Evaluation °
. Suitability
Development Planning -
Basic Plan Standards

of the System
Development
Execution
Plan

Key Activities in System Development

Designers' involvement stage
Software Detailed Design

Partial revision phase

Software Implementation
Software Testing

38 3. AA N Z=2AM|Aet CiXto|L{e] JHY EHA[6]
Fig. 3. System development process and designers'
involvement stage[6]
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Table 4. Domain-Specific Learning Methods and
Characteristics of Generative Al Models

Method Description Advantages
Complete model * High dof“.a'”
Full L adaptability
. . parameter retraining for RTIT
Fine—Tuning ) h » Deep specialization
domain adaptation -
capability
PEFT Selective parameter -, | o\ training cost
adjustment for efficient I )
(LoRA) L « Rapid implementation
training
Prompt Response modification * Immediate adap}athn
Engineering | through prompt design *No ”?Ode' modification
required
Real-time external data . Up—lto—date information
RAG . . . « Flexible knowledge
retrieval and integration .
expansion
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Table 6. Domain-specific database configuration for GCS

design
Track Components Purpose & Application
— NASA Technical — Ensures technical stability
Reports and compliance with
— MIL-STD (Military international standards in
Standards) GCS design
) — STANAG — Enhances efficiency in
Technical - ; i
(Standardization searching and utilizing
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Agreements) extensive technical
— |[EEE Research documents
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— UAV Industry reliability through global
Resources standardization
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~ Google Material |ntU|F|v9ness and usability
User Desi — Maximizes operator
: esign L L
Experience efficiency and minimizes
— Apple Human
Database errors
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across mobile and desktop
UX principles
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Table 7. GCS chatbot models and data configuration for
design support

Model Included Data
GPT-B (Base Standard ChatGPT model without
Model) domain—specific data.
GPT-Domain1 GCS design fundamentals, operational
(GPT-D1) environment, and Ul design differences.
GPT-Domain2 GPT-D1 + MIL-STD, STANAG, NASA
(GPT-D2) guidelines, IEEE technical papers.
_ . GPT-D2 + Reference instructions for Google
GPT-Domain3 Material Design and Apple iOS Design
(GPT-D3) o
Guidelines.
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Q1. How should the transition between automatic flight mode and

manual mode be visually represented?

. What is the most effective way to display emergency alert messages in GCS
design?

. Where is the optimal placement for flight status information (altitude, speed,
direction, etc.) on the screen?

8 GCS_UI_Mode_Switch_Report(1) = the answer by GPT-B (Base Model, chat GPT 40)

L&) GCS_UI_Mode_Switch_Report(2) = the answer by GPT-D1 (Domain Level 1)

&) GCS_UI_Mode_Switch_Report(3) = the answer by GPT-D2 (Domain Level 2)

L&) GCS_UI_Mode_Switch_Report(4) = the answer by GPT-D3 (Domain Level 3)

L&) GCS_UI_Mode_Switch_Report(Z7t2 A1) = Evaluation of Each Report by ChatGPT-40

L&) Report Evaluation Rubric
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Fig. 4. Materials used for in-depth interviews:
Chatbot-generated reports
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Table 8. GCS chatbot models and data configuration for
design support

Category Expert Perspective Novice Perspective

* Practical workflow « Clear structural

applicability organization
Primary Focus . Techmcal depth in . Step—by—step
design instruction
* Integration with design | « Information
standards accessibility
* Design ideation « Fundamental concept
support learning
Preferred » Stakeholder « Error prevention
Usage presentation aid guidance
* Technical « Systematic learning
documentation tool aid
* Real-world process « Structured
Key alignment presentation

» Technical precision « Verifiable sources
« Decision support * Progressive learning
system path

Requirements

"GPT-D1 would be
most useful if it can
serve as a reference
during the actual GUI
design process"

"For beginners,
information needs clear
sources and systematic
organization to be
trustworthy"

Representative
Quote
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