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Abstract : This study aimed to address the need for a new type of human-machine interface (HMI) to consider the paradigm
shift within vehicles brought about by the advancement of autonomous driving technology. As automobiles evolve into
personalized living spaces, existing centralized HVAC systems are facing limitations in meeting the diverse thermal comfort
needs of all occupants. While seat-based proximity HVAC systems, which offer energy-efficient and personalized
experiences, have been proposed as a solution, they lack an effective means for intuitive control, such as controlling wind
speed, direction, and specific personal area. Therefore, the current study focused on this “lack of interface for personal seat-
based HVAC control,” proposing a control interface that leverages screens on the seat or the user’s personal phone device.
The research method comprised the entire process, from the UI/UX design phase using Figma to the implementation of a
viable front-end prototype using the Flutter framework. Specifically, the technical feasibility of the proposed design was
verified by implementing core interaction logic, such as multi-zone temperature control via drag gestures. This study is then
expected to provide a practical solution to the control problem of next-generation vehicle thermal management systems by
presenting a concrete and technically validated prototype that bridges the gap between conceptual design and practical
application.

Key words : Seat-based proximity climate control(A] 7|8} 27 3-%), Autonomous driving(AH-& 5=2), Human-machine
interface($1 7+-7] Al 91 €] ¥ o] 22), Electric-vehicle HVAC control( % 7] X} HVAC 7] 1), Mobile application design(= 2} 2
of Z&] Al o] A T A}<)

Subscripts 1.LAME

HVAC : heating, ventilation, and air conditioning 1.1 A28 Alcie] =2let A F2F L AE e Bist

HMI  : human-machine interface A7)z e) A&l 7| 58 AlEale] Bzl Aol sd-e
PUI  :physical user interface A o)l gt} S A olel= FH 3o A sk g
GUI  : graphic user interface SAEANA o], AHFE Bt o] F Fro] ofd JF
UL :userinerface 9 F4, AL ANET} H 5@ A A FHO
UX  :user experience W B 5= F4 thFig. 1).0

PMV  :predicted mean vote o] s thd & AF U F-AA Q] 2H & XA FA
PX  :physical experience AN AL @ FF FALZ v Uk A
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Fig. 1 The future of automotive interior design is moving tow
ard a focus on living spaces
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Fig. 2 Most of control systems are built in the middle of dashboard, or screen in modem vehicles (Hyundai, BMW, Audi)
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Fig. 3 The heating/cooling system of the seat concept
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Fig. 4 Interior design for next-generation autonomous electric
vehicle. Top: movable lounge, Bottom: mobile office
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Table 1 Information list
Category Information lists Output type
Temperature | Cooling/Heating (3 levels ‘
control each: 1,2,3) Slides
- Air scarf (Cooling)
S - Seat center
S;:;ﬂ?: (Cooling/Heating) Icon buttons (per seat zone)
- Amrest (Cooling/Heating)
- Foot warmer (Heating)
g‘;ﬁfjﬁ Enable/disablemode | Toggle button (ON/OFF)
Preset | User-defined options (1, 2) Accordion
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Fig. 5 Interface design for seat climate control screen
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Fig. 6 The final design output has come out from wireframe
and user-flow design
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Table 2 System structure 1: Core logic and Ul rendering

Category Parameter Description
S Calculates the temperature
_ca]culateTer{n) s type and stage from the drag
position
Calculates the drag position
_calculateDragPosition () | from the temperature type
and stage
fﬂ”r: Snaps the handle to the
el _fixDragPosition () | matching stage position when
the drag ends
Loads a preset and updates all
~loadPreset() state values at once
Triggers a Ul rebuild
wOmel) whenever the state changes
Determines the overlay
temperature Stages image and indicator dots
shown
wngcll'in _dragPositions, Determine the slider handle
e _sharedDragPosition position and glow effect
o Determines the icon opacity
~Sperdlics and glow effect
onHorizontalDragUpdate =9 4= AF&A}o] 43 =

) | B = o P B d = R=Rd o o IS e BT ) 14745
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Table 3 System structure 2: Ul and state management

Category Parameter Description
. Adjusts the stage by dragging the
Draggable slider handle
Ullayer | Control buttons Controls individual functions
Multiple toggle  |Enables or disables multiple mode
Preset toggle Enables or disables preset mode
- Individual drag positions of the
dragPositions four controls
o Icon opacity for the
Zopalics enabled/disabled state
Stores the final state (e.g.,
Stte | temperatireStages {iype: 1, stage: 2})
'“E:’f' _isMultipleToggleOn | - On/off state of multiple mode
_isPresetOn On/off state of preset mode
currentSelectedicon Currently selected icon in single
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Fig. 7 Screen shows the difference by temperature level
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Table 4 Data structure for preset configuration

Parameter | Data Type Description Note

0: Air scarf, 1: Seat

Zone Index Integer Iikia o the gt center, 2: Anmrest,
control zone (0-3)
3: Foot warmer
HVAC mode 1: Cooling,
Type Tteger | idergifier(1,2) | 2:Heating
Temperature .
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