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Believable Visual Feedback in Motor Learning Using
Occlusion-based Clipping in Video Mapping

Yoones A. Sekhavat® & Mohammad Sadegh Namani
Faculty of Multimedia, Tabriz Islamic Art University, Tabriz, lran

Abstract

Gait rehabilitation systems provide patients with guidance and feedback that assist them to better perform
the rehabilitation tasks. Real-time feedback can guide users to correct their movements. Research has
shown that the quality of feedback is crucial to enhance motor learning in physical rehabilitation. Common
feedback systems based on virtual reality present interactive feedback in a monitor in front of a user.
However, in this technique, there is a gap between where the feedback is presented and where the actual
movement oceurs. In particular, there is a diserepancy between where the actual movement occurs (e.g., on
a treadmill) and the place of presenting feedback (e.g., a screen in front of the user). As a result, the
feedback is not provided in the same location, which requires users perform additional cognitive processing
to understand and apply the feedback. This discrepancy is misleading and can consequently result in
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difficulties to adapt the changes in rehabilitation tasks. In addition, the occlusion problem is not well
handled in existing feedback systems that results in misleading the users to assume that the obstacle is on the
foot. To address this problem, we nced to make an illusion of putting a foot on the obstacle. In this paper, we
propose a visual feedback system based on video mapping to provide a better understanding of the
relationship between body perception and movement kinematics. This system is based on Augmented
Reality (AR) in which visual cues in the form of light are projected on the treadmill using video projectors.
In this system, occlusion-based clipping is used to enhance the believability of the feedback. We argue that
this system contributes to the correct execution of rehabilitation exercises by increasing patients’ awareness
of gait speed and step length. We designed and implemented two prototypes including the video projection
with occlusion-based clipping (OC) and a prototype with no occlusion-based clipping (NOC). A set of
experiments were performed to assess and compare the ability of unimpaired participants to detect real-
time feedback and make modifications to gait using our feedback system. In particular, we asked 24
unimpaired participants to perform stepping and obstacle avoidance tasks. Since the focus of the paper is
the quality of the feedback than the effect of feedback on training in long-term, unimpaired participants
were recruited for this study. In the experiments, a motion capture device was used to measure the
performance of participants. We demonstrated that our system is effective in terms of steps to adapt
changes, obstacles to adapt changes, normalized accumulative deviation, quality of user experience, and
intuitiveness of feedback. The results showed that projection-based AR fecdback can successfully guide
participants through a rehabilitation exercise. In particular, the results of this study showed statistically
significant differences between the fault-rate of participants using OC and NOC prototypes in the stepping
(p=0.0031) and obstacle avoidance (0.021) tasks. In addition, participates rated OC more intuitive than NOC
in terms of the quality of feedback. Our feedback system showed a significant improvement in participants’
ability to adapt the changes while walking on the treadmill.

Keywords: Video mapping, real-time feedback, motor learning, augmented reality
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(Figure-4): Presenting feedback on the treadmill in form of
monitor presentation for obstacle avoidance task
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(Figure-1): Presenting feedback on the treadmill in form of
video mapping for the stepping task
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monitor presentation for the stepping task

O 2lo Vol 1Yl Jle



http://dx.doi.org/10.29252/jsdp.17.3.87
http://jsdp.rcisp.ac.ir/article-1-915-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/jsdp.17.3.87 ]

93349 il Ho 229985 Sl )l o Sl by (piaaslgs Alobw o G229005 393 )b pa 399l Hinles

&

Sl Gliee S sk @l Rl pesd plkin
ol lobs dlwsds odlipes Sy 5l aBly oS >
el Jeos 5 o (595 52 Lol sl ules

S 055 g0 alss )5 Sl ilsa 5l y5ee (e o
laojlul b gle (nl A5 (5598 silbme Blgo b 3555 5
Jeed 9, ¢ osline Sley Joled Jsb 0 5 il
o)l 5 28 > L p 0o b Cemlioe )15 5 00 jalls
WS STk il Bl nl b oystn il 3 slapls
wlol 51 (Bl 0ye35k @ e azgs (5L Ll
2 e U endplxl O o memad gl GBSy
el e (5> U5 sl

S JSGgp -Y-Y
85 sl e (S5 0,553l el o ax]
ol Gl g LS s adly o8 o 5l Sl e
Ol 90 By Sll Guled Gl shsy pshiecna
G2 S el 0l Al &ilge 5l jgne uizren 5 (3 5p3
e ) GBlaul sacs ioled K558 Lol (405008
Choled oo a5 gemids lunl el el (518 paS
S e ke ey Gl cgx aiaoplis bl
bolaz ol g (Canl canly 5 ol S 4y Syl Al
- JS8) conl Gyl e Sole bl sl puisen 4
59 @ Blo ma Blse 3| j5ee iy )3 GRS g Sl (0
Lasl sl (Sl a5 &0l @ D9d oo ol Caend
ol ki g osel o a3 Spa ol Gligee &b
S Az pa Sedee 03l uled Sy Ojsen
5 e Sl gl 5l plas el i S5550)8
Sl ilme Blo L L G858 Joe i Sligpe
V JS)

L oys55b iales Uos, ol 45 el ol Lo olizel
S Byl e 5 Bl gz a4y by Sl
el S Oipet Jlen S e Gl (29>
s g s OB > meal ol Wlgioe &5 05 (o
WA RNVEPI SN % SR AL S T

bocwl oSes @S> ol aSipl & azg L
Ll 5l 26 Jyene,sbar o) ail olen plalls
B 0,65 5b dalome dibales jo ((Casl oo )9 dile Lo
ES > g oddimesd S5 > Olee BB aaloee 3 g0

RGN PR swyw OMFL?U‘

FO 2l ¥ ol VAl Jle

e 95955k aleles o sadplxl IS sleas s
2 el oads ool ioles () S5 0 gy clK
odlpens SISy sla Sy wble gan)Sy Cws
oMbl ol g se sbyme alobes sl T ko, Lawgs
(38 el ) S5l ailels S)ly (5,5 Ly &b
Lssze & ojlail o ojlail uSils o 5l Sledlbl
SOl dlozjl ool 5 G b Olee Alold 5 Ce iy
sl L] ) s se ity 5 ailabis (gl 45 ol
s Slew s pumen s w02 S S
Lbgipe Cond o 290 00 ot jlem (S > Gl e
Sl egz gly p¥ Slasle adS (oS> Gl 4
Sy g eadpead &8> ol IS Wbl 059550
@ bgipe Cond ;5 Culed)d 19000 plal sudiplonl (A3
srous bl B 4o eadobul 8,655l wnledlbl il
o Seond lee cpl 5o g pe LIS ules &
Sgdly g,y Sl eslinl b Iy D5 (ghleds e o S
sl allie (] By 5l 2, 45 S e e [23]

s = .
- . " .
w e nk
- . .
£ . w5 4y 0 gl b

oudidilyl ailoluw 3o 85953k iules (U5 gbouisT 18 :(d- )
(Figure-5): The overall process in feedback presentation

O > 0,955k 9 5 > oy poi V-V
Shas &loe 5l ssee s oole o508 (e g5 90
sl Syge g ilwesly 3,635k alle CodS (o)
ol 55253 s es0le (593008 (05 5o 8,5 L3
wlgm 5 1 g eal eoly iule Lesal) lsicas
sleplSe 5,y E305ba 1) 99 gl b3
bl ool attine e e ol o L8 sul asiiee
O ) 0gige obml SS9 &jgoa oal g S >
Soy 2 L osx b Bely a0 B oosd e atulss
Joe olojpee Guled s J13 cnldjadvive sl sl
2 SN oy Joe 5 b 585 sl e


http://dx.doi.org/10.29252/jsdp.17.3.87
http://jsdp.rcisp.ac.ir/article-1-915-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-25 ]

[ DOI: 10.29252/jsdp.17.3.87 ]

S JiSow sbml a4 e Sl oo (i3uply slaaible
Caoyol plesaly ol ada 5 0,550 GJB o caw ol
D9 ghSuly S bl e 55 jlens

SHENL gl Sl gy Sy Bl Il 0
s ) edboatie S gy p R Sl &S
@ bojlo )13 (&lge 5l hgne (nped 10) Bl b g (Gojpad
2386k e e Bllis b sl bgpe e
Wi oo Wlias cnl 00 o0ll o)ls L3 Lo i (5o,
Loy » il gl s bislr 45 aiS slnl | pass
poe obul b Bae &5 el Jjs gl s 8
ol do sl sl Ll b mle s, 2 b 855,18
of olel oS ol onds @l)l Wi opl o g, Wlaw
o )l Sligyee b s> by ple b as | I ed
G Ogbged ool uled Joeo i axmio (59, » g ond
S92 b 088 Sl e e Sy ) Lo onnie
2 sl g, S ce obnl ilre aile by Lisl>
N ome 5 G NSpad slagnyed ly pgal slandl Gl
ool oals oole Gigled (1 g A) sl JSKo 50 wilge

L bwgs b sl shadl fly paal pados p
b 08,558 (Aly e Gl Sligyen asle aiesls
@ axgi bl b gl ol Joe 5 o5 9, 2
DyS g0 Dype Smgd bz 0 L sl Saled oS
Slases Al S50t wlg o Sligen ool ailns
Joe a gy pe s chm OF 0 4 05 ghlae (i 90
By U Gled 4 banys p90 a5 Ll ules
o slp i ool po ol Jees 5 9, 2 b 6513
bs, oadosls a5 [27] Lo eadatll by, 5 allus ol
Lime dewlre gl SedS (L0g)) o5 Cige e
sy ol 128] ool oud sslinal wiesl (L 90
@ ghn eSS Gkl am 90 Gl Sloges
oot nl o SLiges ailbre 5 J Sz sS slagis
S esliiwl gl lwosly Jlaie 5l agdi e plox]
N om bl ol S8 abre 6lp oazn SYolas
Ol g ok S5, L able by dags sl (28,5 lai o
ol eanans S L s oS 51 Gl 28,5,k b ol
Lisle adlo nl 5o 0980 00085 poal & Jood 5 (S5,
alols ! adgl ass 0gd oo cdnlie oy Ojg0a
ol sl 00 1 [28] o Wlie opl olilse lawg Jud o
sbiilel & sl L8 ailoguy asd allic
sl oas plaxil Gl (595 5% (oo

Sl g
N by —= {1
/ \ J4 /' \.
f \ / \
| | \
\ |
\ / ~ oy s
\ J \ { E
\_/ -* \ ] e
R
e 0 ks A > g ek oM ond LD
s Cnmee Satle ,.J'..-A',l,

O3 98 (g0 59 9,55 5L (e led 0gou :(F- D)
(Figurc-6): Presenting stepping task feedback
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(Figure-9): The interaction between foot and virtual obstacle
with (right picturc) and without (Icft picturc)
in the stepping task.
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(Figure-10): Setting 24 participants in the fixed velocity (FV)
and fixed step size (FSS) modes
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(Table-1): Comparison between the feedback based on
occlusion (OC) and with no occlusion (NOC) in the constant
step size (FSS) mode in the stepping task using ANOVA test (S:
Slow, M: Medium, F: Fast).
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(Table-2): Comparison between the feedback based on
occlusion (OC) and without occlusion (NOC) in the fixed
velocity mode (FV) in the stepping task using ANOVA test (S:
Slow, M: Medium, F: Fast).
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(Table-3): Comparison between the feedback based on
occlusion (OC) and without occlusion (NOC) in the fixed step
size (FSS) mode in the obstacle avoidance task using ANOVA

test (S: Slow, M: Medium, I: Fast).
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(Table-4): Comparison between the feedback based on
occlusion (OC) and without occlusion (NOC) in the fixed
velocity (FV) mode in the obstacle avoidance task using
ANOVA test (S: Slow, M: Medium, F: Fast).
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