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[Abstract]

This study proposes a generative Artificial Intelligence (Al)-based method to create virtual data and conduct tests to improve
the visibility of Unmanned Aerial Vehicle (UAV) Ground Control Station (GCS) interfaces. UAV control screens display various
sensor data along with complex visual elements, directly affecting user experience and information clarity. By overlaying
Al-generated sensor data and conducting contrast ratio tests based on WCAG 2.1, the study identifies the need for adaptive color
schemes tailored to different sensor types. Additionally, dynamic prototype videos created using generative Al tools provide a
more realistic usability testing environment, allowing designers to assess and improve UI (User Interface) visibility independently,
even without direct input from other stakeholders. The results show that this generative Al approach can enhance Ul visibility and
usability, even in data-limited conditions. The proposed method serves not only UAV interface design but also offers a flexible
simulation and validation tool for specialized interfaces in various industries. This study also highlights the potential for generative

Al to be applied in broader interface design contexts.
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Table 1. Key overlay elements and functions of GCS Ul

Screen Element Description

lcon Displays icons such as GPS status and battery
status

Distance . ;

Measurement Displays an arch—shaped gauge and distance
values

Gauge

Button Button icons and slider forms

Mini-map A small map in the bottom left corner

Text Displays text such as temperature values and
ranges

Compass Displays direction using a circular compass
and data

. A cross—shaped focus marker at the center of

Crosshair
the screen

Measure‘ment A circular and cross—shaped focus marker

Crosshair

A box—shaped marker with emphasized

Frame Marker
corners

Displays drone tilt/horizontal status and
planned/reference paths

Reference
Line/Path

Represents temperature data using a color

Temperature Bar gradient
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Fig. 1. Contrast ratios between GCS display and overlay
elements (GCS Ul image source: DJI enterprise

website)
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(GCS Ul image source: DJI Enterprise website)
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Table 2. Integration of research questions and generative
Al-based process

1. Virtual Data

Research el 2. Ul 3. Independent
Quesilen Snekis o Readability Process
P Enhancement Proposal
Verification
L Proposal of
Virtual Data App.hcatyon .Of Prototype
Stage ; Ul Visualization e )
Generation . Utilizing Virtual
Principles
Data
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Outout IR / LIDAR Data Ul Components Dynamic
P Set & Contrast Prototype
Ratio Results
Verification Cor\l/wlszflilson Contrast Ratio  Expert Review &
Method [k Test Testing
Analysis
ChatGPT )
Al Tools ’ Figma, Adobe :
Used Phqtqshop Al, Color Runway, Figma
Midjourney
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2.Image Generation
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4. Virtual Overlay
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Fig. 3. Process for virtual data generation

1) AGPTE &£-¢ UIsH4 o3

St A8 A B4 @AM = ChatGPTY &43-97
s} 715S A =R 28 oi™ 4). GCS shHS JF
22 H|FH 7)5S Aishar, AARE §Es 8 Ule] +
7 7} @40 V)5S g oR oldet: Walelth tivh
ChatGPTE g5 dlolg] 7|ite g2 $dsl7] e, A3t
WA} AR 75 71 Bjle] FashH, tixlgl 27| ols
Al A B E=4t2 G881 o Jgsith

2 2

= oX

(Sharing the screen) What do you call this icon?

The cross-shaped icon you see represents the focus point of a thermal
imaging camera. It allows precise temperature measurements at that spot.

i (Sharing the screen) Then what about these texts?

The texts indicate the measured temperature. They display critical
information by showing the temperature values for each point. For instance,
the '21.3°F' visible on the screen represents the temperature of the
corresponding spot.

J8 4. ChatGPT S4/94 AE 2lEH 0|22 tha} ofA|
Fig. 4. Example of ChatGPT voice/video chat interface
and conversation
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E 4. R MM 31 CHAE JHA HolH 44 ZEMA
Table 4. Step-by-step virtual data generation process for
IR sensor display

Step Process Details Results & Limitations

Original Original IR Image

IR Characteristics Not

Prompt Only Reflected

Prompt : drone photo taken
with IR camera, drone
1 image, ground viewed from
the sky, buildings, IR
camera, infrared camera,
purple, orange, red,
magenta color

Improved IR

+ o )
Fliemipt S Refeenee Characteristic Reflection

P Same prompt as the
previous step, but with an
attached IR camera image

for style reference

Accurate Structure,
Loss of Texture

Prompt + Style
+ Structure Reference

Same prompt and style
3 reference image as the
previous step, with an
additional structure
reference from
satellite/aerial imagery

o 2 o)A AF (LEY/FE X)) R FUY

Fz oln| A= IR sPHO A3 SAS AU} ShEetES
= A e, a9 59 Zo] AlZF A A Photoshop
ALE &83to] enjeo] Qa(olo], BIRE F)& A|7skaL
e IR e 3PS FE300T

@ Element Selection l @ Remove Using Generative Al l

8 5. 2B ExEE 9/ ofo|X] HEY ZEAMA
Fig. 5. Image editing process for style reference
(GCS Ul image source: DJI Enterprise website)
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Fig. 6. Satellite/aerial photos from map services and
structure reference images

3) olvA] | GA

AE dolee] daztal dRAS ol7] el A
Qe sk 24 Al 54 g Ae BAI} o=
Aelg F3l AA AA dlelele AR F4S SHshs 4
o] gijolr}. o] I AEA Dol A A|71E A dleolH
o} 7P vlolE 7te] A fAMIS Fole dl 7]edsh,
ATEA @A th= UL AR H7HE 919 719t vlolH
2 gt 18 39 dA] oAl A Kol AAE o
m o] F7F AP E S8 A A, w7lE AdsAl 2%
ato] IR Al ] 3 548 Hiek Sdakalch

4) 713 2 o] 31 A& &

A28 A2 A28 IR, Rainbow, LIDAR 71 do]E $]
o Figmas &-&3ll, 23 73} #o] GCS Ul LH o] 4%
Hiz]EkoATE o] e4e] wixlE AA| GCS S-S FHaL
o, AR FRE &) ¢ Fd= HAd AFHWCAG
2.DelA AAek= A2 e dFHe A8siel 59
2348 Al doly] miAolM e BE ArI) Bl de
2 7 AES, W] g1 " ARIA Al FE FoUth

= T AT, = T

Virtual GCI Footage (Image) and Overlay Elements
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GCl Ul Elements
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Fig. 7. Virtual GCI footage (images) and overlay elements
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“Korean is included in the image because the Korean Web Content

Accessibility Guidelines (KWCAG) and government UX/UI
guidelines were referenced.
a8 8. ¥ ZE= M2 Jiol=2lel & J|Et 2F

Fig. 8. Web content accessibility guidelines and other
standards
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Table 5. Design principles based on Web Content
Accessibility Guidelines (WCAG)

Element

Color

— Contrast ratio meets WCAG 2.1 AA level for web content
accessibility.

— Uses colors to convey meaning according to the context.

— Maintains a balanced color ratio for visual harmony.

Typography

— Sets text color ratios with readability in mind.

— Defines text hierarchy to maintain consistent rules.

— Uses appropriate line spacing considering text weight.

System Icons

— Icons are visually represented with a uniform surface area.

— Smaller icons exclude unnecessary details for clear meaning.

— Avoids excessive simplification while ensuring immediate
recognition for all users.
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3248 A4 lole] WA ovldlo] Frel Aely s
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Alo1IdSe gshy] fal, 23 99F o] Adobe ColorE &
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k(g sl B, A3, ZEHA, olwADE AAstar, 7+
Hepd2 g 2 571, & 257 Ui A& A Ul
Q2n9}e] ] gl AEd] &-8813iTh

- ©
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Adobe Color theme extraction for UAV display
color schemes

Fig. 9.
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Interface Color Table

Function Color RGB Hex Color Sample
Background Black #1 (0,0,0) #000000 _
Background Black #2 (25, 25, 25) #191919

Context: outlines, grids, information Dark Gray (96, 96, 96) #606060 _
Context: outlines, grids, information Dim Gray (140, 140, 140) #8C8C8C _
Context: outlines, grids, information Medium Gray (192,192,192) #C0OCOCO

Information: status White (225, 225, 225) #FFFFFF
Warning/alarm, severe threat Red (255, 60, 60) #FF3C3C

Security Classification: SECRET Red (255, 0, 0) #FF0000

Emergency mission Dark Red (153, 51, 51) #993333

Caution, abnormal state Yellow (255,225,0)  #FFFFOO

Status: On, Normal Green (0, 255, 0) #00FF0O0

Security Classification: UNCLASSIFIED Green (0,204, 0) #00CC00 |-
Map tactical symbol: Friend Cyan (0, 255, 255) #00FFFF

Security Classification: CONFIDENTIAL Blue (51, 255, 255)  #33FFFF

Operational missions Blue (30, 20, 255) #1E14FF

Data category Yellow Green (153, 204,51) #99CC33

Ground Brown (172, 90, 0) #AC5A00

Data category Orange (255,165,0)  #FFA500

Map tactical symbol: Civilian Purple (102, 0, 153) #660099

Data category Magenta (255,0,255)  #FFOOFF

Data category Pink (255,192, 203) #FFCOCB

38 10. FeST| ClEH0|AE oot HE Mo ME

Fig. 10. Recommended color sets for UAV interface
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Fig. 11. WCAG 2.1 contrast ratio test page and
extracted colors
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Fig. 12. Various GCS interface sensor displays and
contrast ratio test Results (GCS Ul image
source: DJI Enterprise website)
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Table 6. Key advantages of dynamic prototypes based on
generative Al video

Element Description

P Simulates various sensor modes and
Facilitating . ) -
Intuitive operational scenarios, allowing stakeholders to

visually assess Ul element placement,
readability, and interactions, making qualitative
feedback easier.

Understanding
and Feedback

Before development begins, moving screens
allow stakeholders to discuss and adjust Ul
contrast ratios and visual element requirements
in real-time for specific sensor modes.

Ability to Adjust
Specific
Requirements

Provides a simulated operational environment

Reahsnc‘ based on real video data, enabling Ul
Assumptions for ) h

! performance evaluation under various
Operational

conditions such as nighttime and adverse

Environments
weather.
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