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Abstract

This paper presents a systematic literature review of olfactory device technologies and their applications for realizing immersive
extended reality (XR). To this end, research articles published since 2022 on olfactory delivery devices and XR applications
incorporating olfactory stimulation were collected, and a total of 27 highly relevant studies were selected for analysis. Based on
the selected studies, recent scent delivery methods, technological characteristics, purposes of olfactory stimulation, and their
effectiveness were analyzed, followed by an investigation of the characteristics of olfactory-enabled XR applications. The results
indicate that olfactory devices are evolving toward miniaturization and faster scent delivery, while olfactory stimulation has positive
effects on enhancing presence and immersion, as well as influencing cognitive and emotional experiences. Furthermore,
olfactory-based XR applications are expanding beyond multisensory experiences toward mobile and real-time interactive
environments, with increasing applications in games and entertainment, healthcare, education and training. Despite these advances,
olfactory device technology is still at an early stage. To facilitate its practical adoption in XR, further research is required on the
advancement of scent delivery devices, visual - olfactory congruency, individual differences in olfactory perception, and objective
methods for measuring users' olfactory responses.
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Table 1. Olfactory display types and characteristics

Types Authors (year) Technology Latency Size-weight Scent# | Blending Device type
Bahremand (2022)*” | Solenoid valve + airflow | 2.5s Experimental 8~12 Yes Fixed (mask)
Niedenthal (2023)" | Solenoid valve + airflow | 1~2s < 4329 4 Yes Handheld
Airflow Uda (2024)2" Pump based airflow 1s Experimental 1 No Fixed (desktop)
Wang (2025)?2 Solenoid valve + fan 2s Experimental 4 No Fixed (desktop)
Wen (2026)!"® Micro fan 60s < 380g 12 Yes Wearable (necklace)
De Paiva (2022)" Piezoelectric 1s Small/Light 1 No Wearable (HMD plugin)
Wang (2024)% Piezoelectric ms Variable(Toolkit) 1~4 Yes Wearable
Atomization Lin (2025 Piezoelectric Instant N/A 2 No Wearable (vest)
Zou (2026)2% Pief‘;‘is\ftric 1.58 Small/Light 8 Yes HMD Plugin
Liu et al. (20231 Paraphin heating 1.4s | 18x16x3mm (unit) | 2~9 Yes Wearable (skin/mask)
Heating | — Paraphin heaing .
Liu et al. (2024)" (Phase change) 70ms |11x10x1.8mm (unit)| 32 Yes Wearable
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EE ANAGROE Y Pt val @ U &5 o AESATE DA MR A(Viral reality, VR F7}
P1E 17 F gl FAFU, 2 TRTORA BULD AE7 Pl B FEAY
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Table 2. Olfactory stimuli, metrics and effect according the purpose olfactory research

Purpose Authors (year) Olfactory stimuli Measurements Main results
Archer (2022)% Airflow ITC-SOPI, EDA, Heart Rate Inducmg.physmloglcal arousal
:forest, smoke, etc. and spatial presence chamber
De Paiva (2022)" Ultrasonic (HMD) User satis factlon., Enhancing presence and immersion
:Lavender, water. etc. presence, immersion
Presence Lin (2025)[5] Piezoelectric (wearble) Comprehension of artwork, Deeper comprehension of and emotional
& immersion ;jasmine,black, pepper immersion, enjoyment immersion into artworks
Wang (2025)® Airflow (ambient) Sniffin’ sticks score, Olfactory stimuli with visual and auditory
9 :coffee, flowers, etc Identification acc. information enhance immersion
Li (2025%9) Atomization (wearable) Interaction performance, Direct user control over the scents of virtual
:banana, rose, etc. presence, NASA-TLX objects enhances the sense of presence
Airflow (candle) Increasing brand engagement and actual
Cowan (2023)%" emission & imagined Flow level, purchase intention 9 gagem
purchase intention
olfactory cues
Li (2023)2 Airflow (vials & sticks) TDI Score, verbal fluency Improwng clinical olfactory function (TDI)
:lemon, rose, etc. and cognitive performance (verbal fluency)
o - .Plezoelectnc (wearblg) Systolic blood pressure (BP), AIIeV|at|r.19 stress (redu.c.es blood pressure)
Yildirim (2025) 4 types of natural office working memor and improves cognitive performance
Cognition scents 9 Y (working memory)
& emotion Sunami (2025 Airflow (Solenoid valve) Hiragana rotation task, Improving visuospatial cognition and word
:orange, mint, melon spatial memory memory accuracy in the elderly
11 Airflow (micro fan) Scene recognition accuracy, .Comblnlng olfactory an.d. auditory cugs
Bak (2025) . . ; improves scene recognition accuracy in
:cafe, desert, etc. confidence of decision-making e . .
visibility-limited environments
Wen (2026)" Airflow (micro fan) NASA-TLX, perfume Al-assisted perfume blending reduces the
:food scent bases blending accuracy user's cognitive workload and frustration
Lee (2022)2 Ultrasonic Walking redirection success rate, |Inducing natural walking direction redirection
VR sick floral perfume number of rotations and increases rotation gains
sickness
Reichl (2024)! Airflow (HMD-attached) VR sickness (VRSQ), Pleasant scents alleviate the disorientation
:rose, garlic reaction time symptoms of VR sickness
Bahremand Airflow (Solenoid valve) |Odor source localization accuracy, | Position-based scent improves the accuracy
Scent (2022)20 :berry, mint, citrus distance error of localized scent source searching in VR
recognition Uda (2024)2" Airflow Scent source, directional Incorporating the user's body heat enhances
:grass/herbal Scent scentrecognition the accuracy of scent direction recognition
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Table 3. XR Applications based on olfactory
Category Specific area Author (year) Active/passive Scent delivery
Multisensory Archer et al. g . .| Automatic scent emission triggered by specific in-game
Immersive VR & Gaming (2022)2" Event-based interaction events (e.g., smoke generation).
Entertainment Interactive social VR Scent intensity adjustment and movement control via
& immersive ) Li et al. (2025)%% |  Active/user-driven nsity ad) )
media & gaming mid-air hand gestures (e.g., pushing).
VR cinema & video Wang et al. Content-synchronized Millisecond-level precise synchronized switching paired
synchronized media (202522 4 with video scenes & audio cues.
. Olfag?ory Li et al. (20232 Multisensory interaction Structured tr.amm.g sesspns combined with guided
Medical rehabilitation video instructions and scent.
& healthcare Memory training Sunami et al. Active Exploration Task-oriented interface focused on touching virtual
for the Elderly (2025) (Gamified) objects and identifying odors.
Disaster response 21 Physical Real-time CFD delivery according to user's body heat
) ; ) Uda (2024) . .
Education simulation interacton and envir.

& training | Cultural heritage education
& art appreciation

scent emission and cessation triggered when pointing a

Lin et al. (2025)° | User-driven Pointing finger at specific pictorial elements.

VR advertising Brengman et al. Passive Exposure to visually congruent scent stimuli during
Marketing & brand Promotion (2022)* reactive commercial viewing.
& virtual i i
Retail mar.ketmg Cowan et al. Passive/ Exposure to mental imagery stimuli via physical scents
commerce & purchase intention 27] A ) e
(2023) imagination-reactive or descriptive texts.
enhancement

Smart spaces

& personalized device Wang e[tzz?l. Qser—def!ned Integrating olfactory interfaces mtq everyday objects
o (2024) interaction using a DIY toolkit.
Smart living fabrication
Post-occupancy Yildirim et al Direct customization of environmental parameters via a
evaluation (POE) (2025)7 Ul-Mediated Controlled virtual tablet UL

& stress management
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