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Can the affective perception of fabrics be decoded from the
human brain?

d gl fOI sensoria Eg%gﬂ!y Harsimrat Singh®; Markus Bauer2; Martin Fry3; Nadia Berthouzel
"""" IUCL Interaction Centre, UCL, Gower Street, WC1E 6BT, London; “Institute of Cognitive Neuroscience, UCL, London, WC1N 3BG; 3Medical Physics and Bioengineering Department, UCL, London, UK

................... YTV TYETTEeY

www.digitalsensoria.com

)
Sfn, . \©
Ming Bysiness and 50°¢

................... e 0 A A A A A A A A A0 A A B A8 S AR S AR AL At Bt Corresponding author: harSimrat.Singh@UCI.aC.UK

M ETH O DO LOGY ALPHA BETA SUPPRESSION ON THE SOMTATOSENSORY AREA ‘ FRONTAL AND PAREITAL BETA ACTIVITY

DIGITAL SENSORIAAT UCL s

o - _ - EXPERIMENTAL SETUP : A motor controlled fabric caressing device (FCD) was 4 -
MQTIVATI.ON: [?'g'tql SSMEE IS af EPSRC et UL BEnTE multldISC|pI|nary designed and developed to present the fabrics on the forearm of the participants. Strips 7 N | 1S N N
Investigation which aims to provide designers, customers, corporations and . . : : P
communities with a new language that will enable them to communicate peoples’ of the four selec?ted fabrics were r_noun_ted on this dev_lce and !oresentt_ed In a random N | L 2 2
affective perceptions of textiles and fabrics through rich multi-modal digital order for 2 sec with a 2 sec rest periods in between fabrics. A brief 5 minute break was : o s 20 | S 20 |- S
interfaces. provided after 25 trials of each fabric and ~50 trials of each fabric was performed. 85l I . 3 . | . 3 i e
DATA RECORDING: A 32 channel EEG was acquired from 13 subjects (6 males, 7 I F 1op I* 5 E 1sp 8
RESEARCH QUESTION: Our focus at UCL is to investigate whether or not people’s females, 13 right handed) using a Brain products ActiCap using active electrodes. MR “l o e ' =
sensory perceptions of textile materials be captured from the human brain in compatible EEG amplifier, BrainAmp, was used. VEOG was recorded for eye-blink -1 . -2 T J =
conjunction with co-design self-report. detection. The FCD was interfaced into the trigger channel of the EEG using micro- | s ) . ) .
switches for timing information. The fabrics were rated for level of pleasantness on a 405 08 04 02 0 02 o4 05 08 4 . 1
ABSTRACT OF RESEARCH: In an effort to derive a new perceptual language to : _ : : -1 o L - -1 o L -
describe different fabrics, this work is focussed to extract affective signatures of touch. descending scale of 1-9 subjects before and after the EEG recording. ALPHA BETA SUPPRESSION FOR THE FOUR SELECTED FABRICS ‘ o o
A range of fabrics were used with a robotic skin stimulator for EEG recordings teamed Fabric:1N Fabric:4F Beta activity has been reported to be associated with emotional tasks, specifically a
in with behavioural self reporting. The somato-sensory areas exhibited sensorial touch 301 | | 301 | ] . differential hemispherical beta activation is observed. Right beta power has been
with alpha-beta suppression. Alpha power asymmetry on the orbito-frontal areas was 25 | 25| 5 assoclated with positive emotions and the ratio of alpha and beta power on the frontal
observed. Beta frequency was predominant on the frontal and parietal areas as an > 5g | B _ > 5g | lobes has been used to be a measure of positive emotional experiences [Bos et. al.,2006,
Indication of pleasant versus unpleasant fabrics. These results are also aligned with the T | T lo Smith et. al., 1987, Min et. al., 2005].
emotional occurrences stimulated through visual stimuli. s E s
, 10} - 10} FRONTAL AND PAREITAL BETA ACTIVITY FOR DIFFERENCES
‘ Fabric Caressing Device 5| 5} I'5 BETWEEN LIKEABLE AND UNLIKEBALE FABRICS
SKIN, TOUCH & EMOTION IN BRAIN — _ L L ™
Fabric selection was based on a behavioural Time Time
***Touch is attributed to the skin which is the largest organ of the human body. The Stlfdy_ condgcted by _Suyl et. al., 2010 Fabric:5F Fabric:4N
affective and sensorial responses from the skin are based on the receptors present in it. » Within subject consistency and between | | : S0 ' ' 30 | .
subject variability was observed. g , - o5 | _ o5 | 5
- Two fabrics which were most liked, a central > ¢ e > 20| _ 2 20| N
_ : and a most disliked fabric were selected for h, w—— @ S L, 5 | lq
Glabrous skin (palm of the hand) Non-glabrous skin (forearm) the EEG study. , N s 8 19 w : g 19 ‘: -
_ Experimental set up 10| - 10 | -
» Contains myelinated axons for rapid » Meissner units are replaced by hair \ ; LIKE 5| 5| - .'5
conduction follicles 10 - 5 ; > 5 ; 4N-1IN
» Meissner’s corpuscles and Pacinian » C-mechanoreceptive units on hairy N _ —1me _ — rime _ The topographic plot reflects the differences between the most liked fabric 4F and the
corpuscles skin (mostly found on non-glabrous § . | Interestingly this effect was highest for most disliked/ unpleasant fabric (1N) as per ratings. ‘ most disliked 1N. It is interesting that this trend in beta activity remains unchanged
» Merkel’s disks and Ruffini endings skin) have closer relations to limbic : 6 - s } ) o . : — SES N betwee_n second best I_ilfed fabric 5F and _1N as well as third b_est liked 4!\I and 1N. But
functions than to motor and cognitive 2 j : e 3 then this beta effect disintegrates when differences between likable tabrics 4F and 4N
functions E . " Ll 1 2 L ,u r N | IS computed.
2 A i |
1
** Interpersonal touch is often regarded as the most invigorating interface of 0 " [T B . Il CO N C I— U S I O N S & F UTU R E SCO P E
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communication between humans. It has been used to detect 6 types of emotions such as:
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Participant ID

Anger, Fear, Disgust, Love, Gratitude, Sympathy SR - SR Affective touch is one of the less researched areas in neuroscience. One of the reasons Is
. : I - 10 - the challenges to dissociate the touch initiated complex interactions as well as

o , - - Self report ratings for the four selected fabrics = B _ _
o ThOl:Igh dlffere_nt foTan'en:(S of SomstOSeESOW Colrtsx hav: bfefe” ?tUd'Ed _'I” tactile DISLIKE for 13 EEG subjects. L F . | M- 1 | ' ... " B simultaneous associated affective processes. The difficulty is to separate the purely
percept!on ex-tenswe Y, !tt 518 Lo ?Utt SR CU LIS ective tactile | , i physical aspects of the different fabrics and their movement over the skin (their impact
perception with non-nociceptive stimulation. These emotional aspects of touch being of : o5 o 4 4 k o5 o 4 4 on somatosensory system) from their impact on affective sensation. The results show
high saliency and high relevance for social interactions, emotional well-being. DATA ANALYS I S Differences in pleasant (4F), unpleasant Stimulus induced changes for differences in that the main difference of fabrics (most pleasant versus unpleasant) are not only in

(1N) tabrics (Raw power) pleasant (4F) and unpleasant (1N) fabrics primary somatosensory cortex but in more frontal and also parietal areas - which is

*** Functional imaging of brain revealed the distinction between painful and pleasant

: : DATA CLEANSING: A Principal Component Analysis (PCA) based variance : — : : : i i i ' iqati '
touch. Rolls et. al., reported that the orbito-frontal area was activated by pleasant or ot thod dp ; bpl' < and art fy t ( i ) Artifact | In the case of somatosensory cortex, there is a change depicting the difference in fabrics on unll_kely exp_la}lned t_)y SfJCh pu-re physical aspec_ts..Fu.rtr.]er InVGS’FIg.a'[IOI.‘lS by 95|n’g the
painful stimuli while somato-sensory areas were relatively active in the case of neutral MAXIMISALON MELNOES Was USEM TOT EYETDIINE ant artiiact TEJstion. ATiiatt Temova stimulus induced brain activity (left fig) at onset of the caressing motion but this was absent subject specific subjective ratings and the within-individual variation in subject’s
stimuli. The rostral part of the anterior cingulate cortex was activated by the pleasant was done by first applying a PCA that WE_JIS_US@d to 1dentify (principal) components that during the sustained phase while no clear pattern on raw power (right figure) was observed. responses to different fabrics will be conducted to confirm this relative independence of
stimulus and that a more posterior and dorsal part was activated by the painful stimulus. correspond to eye-movement related activity as w_e II"as motor r(jzlat_e d artefac_t > Sl.JCh physical and subjective aspects. Machine learning algorithms will be utilised to extract

components were subtracted from the data, along with removal of individual noisy trials EMISPHERICAL ALPHA POWER ASYMMETRY ‘ features of electrophysiological brain activity to automatically detect the emotional
+¢» Affective experiences of visual and auditory representations have been mainly and channels. This procedure was applied to the entire dataset before splitting the trials sensation related to touch.
described through hemispherical asymmetrical processing of emotions. Frontal lobes as Into conditions. el - 5 4
well as parietal lobes have been researched for affective (emotional) experiences using TIME-FREQUENCY ANALYSIS: MATLAB based open source toolbox Fieldtrip was ‘ I3 ?EFBEOF;E[ID\I (EZEOSE)G) "EEG-based Emotion Recognition «, Universiy of Twente, Netherlands
electrophysiology [Bos et. al.,2006, Smith et. al., 1987] used to compute subject-wise Time-frequency representation (TFRs) of power to == & . T | ’ ’ ¢ ’ |
investigate the event related potentials with 1s post and pre stimulus time. Hanning E | =  Min, Y. K., S. C. Chung, et al. (2005). "Physiological evaluation on emotional change induced by
JValence: positive, happy emotions correspond to a higher frontal alpha, and higher window with a window length of 0.4s was used for frequency analysis till 30Hz with a . ; - imagination.” Applied psychophysiology and biofeedback 30(2): 137-150.
right parietal beta power, compared to negative emotion. resolution of 2.5Hz. Trials were sorted into conditions and a grand average of TFRs was - L | e = Rolls, E. T., J. O'Doherty, et al. (2003). "Representations of Pleasant and Painful Touch in the
calculated across all 13 subjects ' N Human Orbitofrontal and Cingulate Cortices." Cereb. Cortex 13(3): 308-317.
DArousal: ExElign emoien corr_es_ponded 1o & gl loeie [povver aindl celverense 17 e 10 |- - . = Smith, B., M. Meyers, et al. (1987). "Hemispheric asymmetry and emotion: Lateralized parietal
parietal lobe, plus lower alpha activity. R ES U I_TS T l processing of affect and cognition.” Biological Psychology 25(3): 247-260.
s * i - - i . : . o
and alpha activity in the frontal lobe, plus an increase in beta activity at the parietal lobe. TFR- grand average of all subjects clearly exhibited a clear alpha-beta power r—— T‘?el R P e Ty— biological substrate of affective style.” Psychophysiology 30(1): 82-69.
- - - - _ - uptraction of pleasant and unpleasant fabric Snows alpna power Is nigher arter = Allen, J.J. B., J. A. Coan, et al. (2004). "Issues and assumptions on the road from raw signals to
SbqurESS'(;n hover l;[_he somatosgn;orr)]/ a(rjeadjuhs_t af;fer stimulation at t_c?. Slnr::e 2'3' stimulation contralaterally and lower ipsilaterally. These results are consistent with metrics of frontal EEG asymmetry in emotion." Biological Psychology 67(1-2): 183-218.
ut two of the subjects were right handed this effect was pronounced on the i0lodi - - -
lectrod J ] P ngur?phglswrc]) g'farl Cth ar;gelsggg %ftrllogal 2p(;gt4ures, where alpha power asymmetry Is ACKNOWLEDGEMENTS: This project was funded by a sandpit EPSRC grant.(EP/H007083/2,
clectrode. observed [Wheeler et. al., AN, ] 2009-2011). Authors are thankful to Mr. Joe Evans & Mr. Wojtek Chowanski for lab support.




