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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
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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).

(eaigos Ao M:bib
P R
S R
M- L:oNc(()l\i 2(1\31:;;-14) vs. p = 0.0011*
LS cl)\gﬁ S\;IZJ)M) vs. p = 0.1133
L M:Ol\éo(l\i :(I;;‘g-“) vs. p = 0.0001

b oo sloools (59, 5 & g3l 5l ol

3 (Sl 2 08 03Il 5 2 fee s ol (38,5 15550

Slales gl 255 oo s ylel oline BN 45 )

G VENS uSile) g oliasl 5 tine (532005 CublSS

5s55) g o] g0y diloles 5 (F/+ A Jlone S,
(p=0.0031) 3.5 555 (X/NY Jlems L3l 5 FO/OF

15 o0 s alali dy o 28,5515 e s Las AT,

A e S Glyea Glzes (S 5N
Gldigel b oSS oKs 03K L owlal a3 3

Oty Alg go Uas ol (pl (25> cod gad i
Al pels glalasde L

r

] y < > 4 4 i A | P ) 4 4 . 3

Ol yo eod ailol jo 0olog ;) slallas o 5 g (1) i)
(Figurc-11): The histogram of faults in the motion
capture system

.

O35 a8 (2 08 53 95955 (2,5 -T-T-Y
2b) slr b Gl (FaultRate) Uas 75 L
adllas 9550 90,9550 ol sbaaibel 51 Soya SIS
J e el Sl 4 g b s
Jey @ig brb B @ dly sylel slagses]
Lol mls aglio 5 myp 5 el Slanlie
1285 13 en 950 laedls Gag ey ol s el
Gl S8 005190) lrdiges oS olasd a4 Az gl 4y (O gge
Sonbon Slaslie @iy Gondles (owyn (09550
a8 ool osesl 3 skl Gl adie essj]
RS ke o hey ol ok eslil ey
iy 10 glas mh jo canl Jlogs laosls ms3s5 a5l
55 Sz 2 slpp 20 ke 4 arg Lo
p=0.6542 2ol pad 50 NOC o35 (&ly p=0.41428)
05,5 &lyy p=0. 2588 2ol catyu 10 NOC 0,5 oy
Sy 3 OC 05,5 slp p=0.8154 4 2ol a3 ;0 OC
Folnle g adlas 929 ae (289, sl (s (b
P8 5 il 2y S 9 sl Tomlly Jelo g
Fp i a5 ol 151 S s ol eslanul ool
& omb sl ol i 4 bgs e FSS b jo Uas
Vb ey ) S slp &S I e Vb slace
Jouz) el ool onslin (5,08 slolax a8 oy
Sl o e Jade cp iy 30 FV S 0 (0

! Shapiro-Wilk Test
> ANOVA

O 2le Vol YAl 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 2025-11-30 ]

[ DOI: 10.29252/jsdp.17.3.87 ]

3
>
3
3
A
3
3
%
3
1
\
3
3
o
3
o
5
%
3
A
1
\
3
!
3
N

M— L: NOC (M=38.24) vs. B
OC(M-=41.24) p = 06247

L— S: NOC (M=41.29) vs. B
OC(M=39.47) p = 02450

L— M: NOC (M=43.25) vs. _
OC(M=37.24) p = 00824

SIS b plnil gl gnped o a8 ezl alis
ooty (yogr ey ol s Lol Lol ) s dunglin 5 oo 2
Al P> D)ok 4 azg L C8S L ) 0y5e
(WSS Dopen i ol baised el 055 bz
b bl (55, 2 & el 5l ol s
Jloline M| saims lad FOS s FV ollgs 08,5 La o
5 YYVE Kle) OC able ol @=0.021) )L
5 YYNVA 255ke) NOC wilels 5 (Y4 jlxe 3l yu)
b ol (oospdd o ped dlie el (/50 jlne Uyl
RN R W I ERYPESI VG-I SEP S JURPNCE SN AR
Opn wbele & o poal sl n e S
ol (g3lme Blge S| Hges 2 ped 3 pgal Sl

3 Bauses i sy oS s uSojlal pogdle
el okl 5o b ad anulys bap 5l ciou oy slagn o
oaddll)l 0955l CelS 5550 50 1y 053 Ll lagy jel
Olsieds ol 51 a5 A oo o0 b jho o (g09e Djpon;
ol oot ooliul 5,555k g sosd lp s bes
Solel jloline B sasaoylis 5 oyaejl 5l Jol> mls
oloil b grouy cudlS wlele g, e @=0.011)
a3 wlels 5 (/AN e SBlyoul s MY (1 Silis) g
el (V/FO e Bl PR o Kike) geas olotd]

oaial 1o 5 5 S amt

&g 3 sgne (o yod 39 9,955k 2L -Y-Y-Y
Olyiedr 0,55 5 25 skere «sibre Blse 3l jsee aped 50
sl sbealbe 51 Sepp L8 2Ll Sl ol
ol @l Jdos gl 285 13 adllae )50 0035
b 95 2 sl (il ly Jelow bl (33T 5l 5 el
Szl ol 5 S mls wb eslizel FOS 5 FV
S omed & by FSS e o s 25 0n e
Sl S Iy el Yo lace o a0l slace o
SreS salad eS Cepw a0l Sl s
ol ceyw Sl o (Y Jeaz) sl oads camline
0,555 € Sere Bl allels g0 ple o2l B2
Jods dllie ool Bomns i 51 (T Js92) 518 o9z
5 ole o3l )5 el B oo cyiblocidiisl aae oyl

ol BT cenlize 25 > (gl (555 o

9 (0C) pgai lamil 32 (o 3392 5U dumg o (V- Jguzr)
31 yeee (08 5o FSS Cdls 10 (NOC) g Slows g5
oilyly Jeloi 31 ool b @ilge
(S:Slow, M: Mcdium, F:Fast)

(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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