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Fig. 1. By accurately understanding the detailed movement patterns of a person, a physio is able to provide guidance on how
to make the exercise more effective and suggestions that could help them achieve the goal properly. Inspired by such vivid
and expert interactions, this work aims to narrow the gap between ubiquitous technology and the basic skill of a physio in
evaluating one’s action and generating detailed feedback.

R MNg W rgw r xS Sg ™ WX Swg Wpr m g W wmfis »r rROm N
» u s au [4]wm » mnwguw » » pw » [14] wm wg rm s ss[ ] »
pr oW RgT r X W MSS K mwWr S sp s wes[4] x " gu » w s
» S L IRCLY 2 I .t xS PSS Mg rmmMs u S s s T x ms W n owe
» " g u sgnfi X X X Ssequ wg W ne &
s s r pmpr x T®r rMmwgm S T ss W Pr SS W SWP X S W WX SM W
wn ff r RMWg X W mwr W B OXT PSWS M OW WRMS W r WM Im S
ol »om S wgs ® S wr g S rm S ssrm rNg S
g Wz ¥ R pr @r mas sp g = g s st s[ 44] » ® oS
» »op wmwsg[l 4 1] m ow g r mm wr wgwg gnr wm»n( G[ 1 1 1]
PES R WM PP T oUW x ss m np e s » owm ffrx prx »
w S "m » s m XSS wyp S Wmg XS wx ppr s ™
finm gr w moSx|p WS W ss » RPN W NW P KW
woWm o ramor ® m Tur  orw mrow S wp fi »rx s m res
MW RS RS W = e Wgw g W ( ) g®mr pr ss w
S wsr » gl x " RS & W x s mr r ® S wr s r
noOR M wg W X Pr W m  Ng r s »n ff gr wum » fim
g MWW 1S W wNg WS KSP X TR R W g s s how can technology support people’s
daily functioning and exercises with expert-like action understanding and feedback nE oW
P s firs r W x s ®m S gm wm » S re ® s rms neg
woow S W supp x mgr ®m XSS P s »s » S mpE W WM S
»oowr gy g rug S Swpr S »Z R RIrS »x us ppr S 20 ]
wp Ng W oW Wmw wrs w oW ® o WSTH W owwwg x »

Pr »ox x an wusT w 1 = Pu » x 4



UbiPhysio: Support Daily Functioning, Fitness, and Rehabilitation with Action Understanding and Feedback in Natural Language « 20:3

srmp WS » X @ ng BN RS WS W 4 r m X gmwmr s »
Pr Ss W usSwg r ¥ »now Pr WP NgST g
wrooprwm res rwl 49 x PRS pPurng w » P r orRNg
frm ms W MR W TS s s P rwm ®owox
ProrR W »Pr ®wSs ro WS S X N S » urm S
» BOXARLR R NP W R NG B MM WS SS W rws prmm sss »T It
f P s xx W rgr WS r Ss M SS WMWMRS MPTr PWS W SHrNg
wr SS WS Ngw g wpH s ® ox MO Ng S » o
s w ms wrer pmRs oW m ®» s sT rsussxwng sugs S P s S
» SW  Sssw W gr X S mxr sp nwg Xowowr nOWRS W
o an wsfimss m o« » » g T mm™ w»mr w ws S X X swwwrz
° nrow P s S WM rm by » rRg X ™ srp WS
® xwas ® P WM W WM P XNS XS RMW W e & wr rg ®rx S
IS ® Z ® Pr  SS W wapr WS X Mg g AW W Pr WM
oT » w X ow X i 2 I » A NESTX & S M W N »ogr  m Rpr W
s " » ar's rmr s nan w fi »ow RSTH W WRRg W »
nowp P Z WNgh g WM X SH S
. 1 X m x r w4 pr pwns( ®m s 1 m s »
re 8 1 (s 1)) m 1pr mws rm x m n( wm s 41 wm s
» Te 8 (s 1 4 ) wm wwms 0l AT RRR W ® WS wg
M ORAX WX S o uSs xS PX PWMS ® P S S g mMr S WSg S W
gy & wWPUS S X OWuS Ng s 1w »PS sm®m W .t S X owa X
WS WGP S WPUS aur S S s m WS ¥ sp W xx i
2 RELATED WORK
T ss »pr S Xowror »x ms® S W IS I S ) ] CRI Sy W

ngw g W neg

L]

2.1 Analyzing Actions for Healthcare, Assistance, and Fitness

8n Z Ng i I er » mSr s S "e AR W ¥ Q¥ WSS S WS W PP
»s r o wRmpr o p W »s ® s ® WX $rz ™ W™ xr P ® X Rg
m ®» wmp s s wswm s w»n fiw s s = mp xws[ 41 ]T x m
ffxm » PrS MW R Opr  sw x accurately capture such patterns
and respond with proper language T s p» s ra rop »s x m g s P
» x s s mr ® owa wms[ ]
T s r ffrssgnfi ®m r wmwmawm pr Uss®w S wSWg W S mg ( s) [ 4 ]
sss  fimss[1 1 11 » rm x m [ ] s S s s m » s r
sss ™ pr §mMr WSg SsSM ST ne x g s( 8 r' s ™ xrs)
X ug W w W s ns ng LA B v} s( 8 s rpr  wg xs)
[T] m sssswg Xs s x wgsp £ s IR Mg W ng[ 4] Smwm swu s
w » w o« » ®ous NG au W » R wr's  pr 2
rwm s ss[ 4] T mwmawm x w W rSs w mgw r s( g sp xowg
oW W x ws) e ws gold standards [1 1] w ®g  Prsw LI SC NS R A

[ ] s m fiw » m nsp fi s

Pr »ox r an wusT w 1 Pu » r 4



20:4 .+ C.Wangetal.

s T wa sw s RSupp r Ngp P S r  ssS m fimssm s rs
% au ws » & S S "R Rgsw S o pProw R XS B wNg
uSWg W S S raux wmar sp fi wmsg s r Gu [T] ¢ s P KW
TR wNg WS T WA M WMPr P L SWK wrwWg r WS x 23 » XS s m
s s 0w P rS W wr s . m owmss m 0w wmpr ffrwm s »
B KR W 9K WS XS S ™ ¥ o Spurp s
[ Iprms SS WM m g X W T RRg T W wos Px mswms s s
T sss ms » RUR XS W Ng W gnrxr ®m x r wms(r xx s tasks w
rs® ) W ow sew X X wng m X oowng B ZWNg WMgw X ur s wapw X W
PSS swm w » 1] ss m W W X XS W w o ( » r xS
® s ssu s ‘keepthe back knee straight’) s ® s ®m ss SSs ®m  mpr Sr W m Y
»e x us rs wor xS s fi w (rws m r oW wNg
x MW X RI W Ng ® Supp r) rpr gr ss » m SpP®Pr sw ne
[ ] » ws swa x w « r wpPr XM Fr SSm®® S w r w ®
o mowm o or rfl wm o owm oprx » RUR XX ] ST WE W WWS
oS r s [ Imcps X Wpr WS S wr's W ser
i IR sr P RSPIr rRmNg X W r W X SSs S x e
» Ss ®m m )P S PSS W RN Ng wr s wam s wpr
w wrswsT s su sx » » e 1z srule-based wpr s X wr s
S gm r » woomorr r W n re W o w wUpY »owm s(m rm
» mSs x r W x sp fi Pr) W™ au ®m SS
sp i » W W Pprs w xS » o8 s  mpr s s gnNIx Z
wrspr o worx »OWER WX ORp W W RS xs p wws[ ] s
»r S SS msw W w s % W rew oW ss x
gu Ng P rsmw wropropox
2.2 Modeling Actions with Natural Language Description
ne wS »oowr e 8 STXP MmS SSW rUR XS W Wg W W Ipr wNg S® ™ S
uw ms r ®m s g ws[ 4 ] wsw i) RS Pr  SSW W us WM owwmw
»s rs m mwms( g H m)gmrx » sr s(s g rowm ) W
» srp wms( g wms sp i gswur p ) T wsxs PsS sSr Srprsw »
S WS W w s ns( g 4 » msuw x S P m [41]) s ® S
MR ORPE W W wNgM g WM S wg P oppor [4] = i) [ '] mwmawsx
S S s wg x W N oKW nOR R owr ngw g
g PSS SAU W S X wSw IR W S x " X »r o wsuffi  w »
ar S xrm WS W *r supr s x mmwgpr ss T wr sTp msp X pourNg
AR S B W wr s wR R R W » [ le z rg ® oW wr s
s s 0w rom nOw » s x 1 ™ ne aw w AR Rpr W
sp m ws Gu [1] mr w wp x x noow W XM r g ™
ST oW M owm W mS ry x s W ppwg » nS QLW S W ” srmp ws
"e mRw X Wmmg ¥ @ @WF W OWmS WM SWMM S »r i »
W x ngngge »m fimrgrone r (g mwmwg r ®wmmwm x prss ws) rsp fi oW
» tws( 8 ne ffrw frm ®g® IWS) ¥ sty » r [ 1]T s »e
rgm Srm B Orm oW srpw » » mS X S W orse Wmsas W
g ® W rW WSS W e 3 mPr Ss Tt w g Xp TSP W MW RS X



UbiPhysio: Support Daily Functioning, Fitness, and Rehabilitation with Action Understanding and Feedback in Natural Language « 20:5

rWor WP » »p Tro wap ne RST S wop W »

s smam s (8 su rowrr )mp s s (8 m s srx wrs rom W

s r ®mS) W wg S ng S pr ws r » S g ffrm wm S ™ MW x
nr Ng BT Pr S W mw ffrw s mS®®™ sp S “rx wajp ( x
uw oz X » URES o[ Jmwrsw 8w S ¥ W sSx zZwg ® STX W WS
noprm rz s mr s » nsmm s Gu [T Imr s us

wp s » ns ffx wax fl » » xx mE K s m mox
g nNr wg Sxp WS W ® XS pr ss s W [ ] 0] ®e »

i °H mom ms » fim gr m swmwm s m [ 4]pr s w ® T Prsm »
ol VAT now ngw g nr S Ng X g ne L) »opor »
® Ngu g s s S [4]w» s g ropr s m s m r owm g rom wv
m wms T wg ® 8Ss s®  ss g Mg § W s ( s) ng [ I »mr w

s rtm 1r (g rxws rmarx wr 1 xs) Tgng S wnw PrSS  M SS
S g aqu Sr xprsm nS W ® ng W Ngw g NSKXM NS S Wpw X
» r WmgW g WS T[ 1w m [ ]rx s » prom wr now wg
O Wgh g W X ws swm rpmp » [ 1] » wx x firs s »  wapr
» rrprswm ngfim gr m wma wmawmp ws wm fim wm wmgwg W s x
wpr WS n osxp ®»T xw» S M WM RSIT®M ® P S SS
»r wr M OPr SS M X mNggM W
3 METHOD
T ss » S wrppr s rom xoompx ne ®Pr WS X WP r W » Pr XSS Ng
» npu fim gmr w
3.1 Biomechanical Features-Driven Action Tokenization
B owrpr®s rm x e sr zwg o WS » n o osa W ns T s
»r  SS S mRg gy § W S S Wg WL ]pp Ng » s sx »
RS W XX Sp W Ng N § »S
3.1.1 Biomechanical Features. o » Sr z WmpPpr SS r W wrs ox X W
wypr mS W » S W WSTX mpr xrs r [1 ‘1] swmawm wm ow s
» osx R OXRPS W OX W »now G » s » 4 wms ss nwtg
’ wes w x Su w g w s gmr m Sxmp M XSS
r Xz PrSMS ws 1t wap  The person is standing up from a chair and walks forward in a circle
X O WEpr WM r  Pprmms ) rpm® WS i) nS MPr W W
wr m WSS W SKTp WS xs wa wmawm p xws g Thisindividual is practicing body side
bend, but with reduced mobility and a tendency to bend the spine and knees. T » » x oW X
»rw s x m BX S SKr WSWSS W S W X WS W x wr s
i I m s e r wrsT s s m ® rom ® S S r WS rwa
moS x n W r W™ pr s w ) T " » wr s s
s » wrs xS s

e Bilateral balance

featspp, upper = D(Jleftforearm:]spineZ) - D(Jrightforearm:.]spineZ)
featsBB, lower = Z)(Jleftfooty Jhip) - D(Jrightfoot: Jhip) + D(Jleﬁ leg> Jhip) - D(Jright leg> Jhip)
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Fig. 2. The skeleton of the default ac-
tion data used in this study. Among
the 24 joints, darker ones stand for

those used for the computation of Fig. 3. The confusion matrix for the action classification result of our action

biomechanical features. recognition module.

e Inter-joint angle
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3.2 Action-Conditioned Description with a Language Model
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Fig. 4. With 3D body poses as input, we first calculate a set of movement features per timestep, which are designed to
characterize the local dynamics of each body part and movement patterns. Then, we conduct a self-supervised feature
quantization step to acquire discrete tokens for each action instance. We use a Sequence-to-Sequence (Seq2Seq) language
model to convert such tokens into descriptive texts, detailing the type of action and potential movement patterns. Thereon,
together with the user profile, we further adopt a retrieval-enhanced autoregressive language model to generate physio-like
feedback and suggestion.
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eT s pr wmy T {Iwant you to act as an action interpreter. Given the type of human action and tokens
representing the action, please generate a natural language description of the action.}

e » wpu {The action you need to describe is as following, type: [y] tokens: [Q] }
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3.3 Retrieval-Enhanced Feedback Generation
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o Prx wap {You are acting as an expert of sport rehabilitation, you will support a person (age: 32, reported pain
score: 4 (0-10), Time-Up-and-Go score: 12 seconds) during the following session. From now, you will receive detailed
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action descriptions about their performances, to which you should provide instant feedback to help this person conduct
each exercise properly. Action description: [This individual compensates for the body side bend with bended knees] }

e rgn «x sp ws {Inoticed that you're bending your knees to compensate for the side bend. It’s essential to
maintain straight knees to get the most benefit from the exercise and to target the right muscles. Focus on keeping
your knees extended and try to bend from your waist. This will ensure proper alignment and maximize the benefits
of the exercise. Let’s try that again and keep those knees straight!}

S Ss » S suge S x X Ne now » WS rWAL MW
W Ng g wWaw xS X sw ® TRPIXSSS ngw g o n M S ng
P rs W X sr » »S SHgge S Mg WP W requrx Ss SP XS B wrwg
WrRM X oWW W s W r's ® s SW W W o swgg s let’s try this exercise
again while seating on a chair s » » g m moRopr srwg m
negw g W x ® Pr  SS W »r g swm xwm w GPT4 sxspws s
wapr s s
e g » wm xsp wns {lunderstand that you might be facing some challenges with this exercise. To

ensure your comfort and safety, consider doing the training while seated. This way, you can get a better grip on
the movement without feeling too strained or in pain. We can take it step by step, aiming for gradual progress while
staying comfortable.}
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4 EXPERIMENT
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4.1 Data Collection in a Home-Like Space
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Fig. 5. (a) The furnished, home-like space used during data collection, which is prepared to reduce the gap between the lab
and the normal living space of a user. (b) The spatial distribution of actions performed in the experiment.

s x wppy PSS W rm s ®S oW raw w z ®m ssau T swsrx
®»r s Z ®m S qupp CD IS v xroom 4G z RN <) T R s w
wr prx om s » ss «r ® WM WS WS g b SO wr  wrs T sw s »
ffrmszs(g S ) m s wm ¥ moSTK x »s r oW
wurpr P wSs wawa m ssw s It wearsjust like my yogasuit T m ®» m g ® i 2o I X

su s r SZ MSWr g IR x »Ssu XXX s W » X

wapr WS o R P owr » "z b SR x s s ® x
» gs S »Pr M®msS ®mSs » Sy T 1 S r ws
1 x » s

Fig. 6. The wearable motion capture device with IMUs. (a)-(d): By stitching Velcro pads onto the anatomical points of our
custom-made suit, the wireless IMU sensors with Velcro pads are directly attached onto the suit; this design largely reduces
the discomfort of the user, and helps them perform more naturally during the experiment. (e): We additionally used a pair of
soft, breathable gloves and three bandages to attach IMUs to the hands, feet, and head respectively.

4.1.2  Daily Activities, Exercises, and Diverse Participants. T o 8 rz »
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Fig. 7. Our experiment considers actions that cover daily functioning, fitness, and rehabilitation activities. Numbers in
quotations represent the possible movement patterns, each of which may exist alone or in a combination with others.
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4.2 Collaborating with Clinical Physios
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Table 1. The reference table for the movement patterns included in this work.
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ss m RS SXPp WS MSUr Mg ® WP SS nopow ss
m owmmp msTr ffrwm srp wsr gnrx x np o omowm wmT re
ng srp sl xS WA rs P S SxXp W™ r s s
. m P s w o xr rp W mwp rms 11 ws r Ppr WS W stp m When execut-
ing a shoulder wrap, this individual exhibits poor core stability and their waist is overextended.
. L » MR NP S WM W WM IRS 4 rww ¥ » 1 rew xS
w e In the kneeling hand forward exercise, this individual moves their trunk laterally.
. O 4 AR WMgP®S ™ oW owmmp res 1 ww or pr nS ™14 » pr

ws ® wpe This individual overextends their hip, causing their back to arch excessively when performing
the kneeling leg backward exercise.

4.3 Implementations
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4.4 User Study
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gmr m w z GPT 4 wg pr wap  You are now a physiotherapist to support the daily

functioning and exercise of a person. In the following, you will receive the <knowledge> specifying the pre-defined
low-demand and high-demand feedbacks for the action, <user profile> indicating the age, self-reported pain score
(0-10), and Timed-Up-and-Go (TUG) score, <action description> detailing the action type and movement patterns
of the person. You need to return the <instant feedback> in a vivid tongue = x Pr o pws x
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Fig. 8. The adopted questionnaire, rated by the participant as shown in the video and physios.
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5.1 Quantitative Evaluation of Action Description with Language Models
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Table 2. The comparison of different foundational language models on our action description task with different feature
sets as input. Params.= the number of trainable parameters, Dim. = the dimension of the input action data, Iter. = the total
number of training iterations. The best results under different feature inputs are highlighted in bold.

Model ‘Params. Tuning Dim. Iter. ‘ Bleu@17T Bleu@4T Rougel1T Rouge2T RougeLT Cider T BertScore T
T swa o oxoms ’ 4 + 41 41414 1z 44 + 4 + 144+ 1 +
T s 4 o oxoms 1 =+ 4+ 1+ 41 =+ 1= 1 1 1x 1 4+
T rg ‘ T porowas 6638+ 1 44.75: £ 4 4z 60.01x 149+ 14 5852z
T ' 1 ‘+ 4 4 + 4 4 x4 + 14 + 4+
G P wwwg : 1 “+111 1 +1 +1 1 1 %1 +11 1+ 1 1 4
T swa o oxoms 1 4 = 4 = 4 4+ 4 4 4 1 144x 1 o+
T s 4 T oroms 1 + 4 4 + 4 + 4 1+ 4 + 14 £ 1 +
T rg “uoporowms 1 6821 4 47.64x 64.74x  50.95x 61.39+ 1.62+ 14  59.84z
T 1 1 Tt 4 x4 4x 4 x4 4 11x 1 Cox
G P wnwg 1 1 4+1 4 Cxl 4 4 +1 Col 4 11 1 & 4 4%
» » » T swm s » BS rOw s wr s ®Pr WA WS
rss W xS ffrmm sT mwpr wmwns rsgnfim T s = G p< .)
T osma ( w@l(p= .4) wg 1(p=. ) wg (@@= . )T rxs ( r(p= .1 wg
p=. ) S «r@p=.") =» T ( w@4(p=. ) xS x (p= . ) wpr mWmms x
s sgnfi m r ppr ngsgnfi w s r ®m wg s wrs X WpM P r ms p
»r Ng X WSWg PP L wuw xr Mo r WS
S X su s w T rg m g mr WS K S WS Pr RASWEP X rRAW WS
®m Sxrm® W™ s sp SSW XSz WP r e wegw g m s s)se s W
» G T ® W sfinm wewg » wr r¥ s s S wmsw  SS w sp wr
®p s W X WS P XP X m XS rwox ™ Rg T »owpu/ wpw wg S W
firs s » S ws rs T xsma r w»T xg " S xS
wx m rs T s w swugg s S W W WS S W s »m w T g M S
by X rsw er wm  rM W X X W wx rs r S rr wg W
spwm z T xrwmng wn er wm  xw wwNg re & S ® WSS ng »
x s wpw x mT s T s W ST Swg XX g s s m wg T rg
»r s T sw o S rem S SPr xManNg rg [~ " ol S
» ur rsm &r wm  rw us rs T rpwm z r ss r x wng T ug
s s T X g X us sm®m x S®m P w oz s »r wg T (i R v N
T rg swm swx "e ®S xS Mg S UK MSKH S QM W WS rogma m
s Gmrx » w oW ngH g W s wmfisrm Xs S xS »
®OXPr Mg W RPr X W S ug WX XS wr W WS ffrs w nSg S
ng R ProxR W Spr S W wmg wa S s W r m r fFrwm o ox ur s m
X WmNg s T S B XsSm S wgwg r WS ®n W X wmg STX » ms( rwa
S ™ ngug )W wa wgwg T s s mg w r ff S qu W S qu ®
SaS am S su s T mwm " s i) X WS ® oS ST mox
ngRg W x r W oox wro ® M X gr ss x G S
P W S K KL MNg W X SM S L s w» fi wg uX NG Pr r M wg ne
finm wewmg ™ S &S qwmnnr
5.1.1 Impact of Window Length. ¥ x » nZ W " s wmg w S s
waw » W mpe s ffrm wmg s T o wp s x »
e nou BOOPXRR US NG T rg m T swa S S® Sgmr x

Pr »or

=t

an wusT w 1 r Pu » x 4



20:16 « C.Wanget al.

Table 3. The ablation experiment on different window lengths applied during action tokenization, sampling rate, and action-
conditioned instruction tuning. Action. = the action type information as a condition added to the instruction. The relatively
higher performances in each comparison are marked in bold.
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Fig. 9. Results of the user study on rating the outputs of our framework per each action type by clinical physios and normal
participants. With Wilcoxon signed-rank test on per-subject scores, significant results are marked with * fora = . and **
for @ = . 1. Prediction: The action description output by our framework; Label: The ground truth description generated by
GPT-4 given annotations from physios. The feedback without knowledge is generated directly by GPT-4 given the prompt
comprising user profile and action descriptions, without using the clinical knowledge we gathered from physios, vice versa.
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Fig. 10. The inference pipeline of the proposed framework, inference time is computed based on a machine with RTX 4090.
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Fig. 11. Visualizations of the results acquired on action data collected from a visual system and IMUs. The model’s outputs

are marked in blue for correct predictions and red for incorrect ones.
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A IMPLEMENTATION DETAILS
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A.1  Preparing Data for Tuning Action Description Models
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Algorithm 1: Sre wr  x%m Tewmwg G n T m s
1 {
2 "instruction": "I want you to act as an action interpreter. Given the type of human

action and tokens representing the action, please generate a natural language
description of the action. The action you need to describe is as following, type:
[y], tokens:[Q].",

3 "response": "[GROUND TRUTHJ]"

4}

A.2  Hyperparameters
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Algorithm 2: Sre wr  r%m Tamng wm

1 "columns": {

2 "prompt": "I want you to act as an action interpreter. Given the type of human action
and tokens representing the action, please generate a natural language description of
the action.",

3 "query": "The action you need to describe is as following, type: [yl, tokens:[Q].",

4 "response": "[GROUND TRUTH]"

5}
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Table 4. The architecture of the convolutional backbone used in VQ-VAE. The exact input dimension of 315 was used for the
input of biomechanical features, which was simply switched to 287 for action features adopted in previous works.
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Table 5. The of the convolutional backbone used in the action recognition module.
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