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ABSTRACT

Recently, in the field of rehabilitation treatment, applications of deep learning, artificial intelligence, and big
data technology to smart rehabilitation treatment have been actively studied. In this paper, we propose a
personalized exercise recommender system for rehabilitation suitable for each patient’s individual characteristics
using a graph neural network (GNN), which captures the graph structure more effectively. Since it is

impossible to use actual patient data due to the legal issue for data collection, this paper synthetically
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generates attribute data of knee disease patients, selects various rehabilitation programs, and generates empirical

patient-exercise connectivity data using cross-validation. The performance of proposed model is evaluated in

terms of precision, recall, nDCG in the top-/V recommendation scenario, recommending the top-N items among

all the predicted preferences for each user. When the generated dataset is used, it is empirically demonstrated

that the proposed method outperforms the conventional recommendation algorithm in terms of all performance

metrics.

I[.M 2

1.1 AR o1
22 71 el 2L BRI ghaelk vlie]
Ak gl S AE Sl wet e A 8rt de
g 2} sk olek olel weh AR @A of
7F A2 1A o8 deirigl e WeE ],
Sk okeh At tiwlste] A gshs WAeR Al
A AL AR FFel= Held, AFAS, Hdle]
B 7% 5 A4 2vtE A A7 3= 7)E )
Hl—o] §hﬂlf5].7.]] EELL— 011:]— xHil— ‘] /K]/\EJI_Q 7]
& o R FAle] & A8 el Blelvt
WH efel o =E AA|sted, TemE AR
2] gzpe] el el whE A3 A8 T8-S wole
nprlo @ Agtsla glek 7189 A A se A
BApe] el vilg- ojEAolely FEAE BAE
& oL divkee] g ma el H2A 2 EA
o] "ojAl = A Zhar qlek weha] E8<l A
4 ABE T3 FAEe] whaA o Fokd &
QA BA} Aol EXo) P A8 SE Ze= g
AdE AlFshe 2 Fashe, olF f1sl A
x{ﬂ)&_ el Al rﬂ°1E1 54 A 7 R
L3tk el 2EE A

AR b A3te] 2 4

ru

1_.

s} x5 HPHS Z—”.L.g]___ 7Ho]ﬂl—%
A& 2)57)717} 511”1'94‘31]/‘1 NRkE AL glew B
X} Sg5A] Hr) So] X3 = Zlog sk
A Al zdellA] 71k de] 2ol vy F shu]l
&9 ZE|¥ (Collaborative filtering; CF) ozl
ARgAL-oto 8]l Zke) Abmakg- (ol 3, Tl ol
B)LEHE ARgAReL ololgle] AAIE EABLaLAL
ek P dEAl daels F skl Matrix
Factorization (MF)''> ARg-A-ofo]&] A5 2h4- 3
dE& ARl ofeldle] A Ak wEe] Wi ow
ato] A ek el HZelle AR} ofolHl 9
32N 0 2 o] Folx] o]k 1| (bipartite graph)

o] 725 Wk 2= 7|uke] 4 Al A
7} &ds] F18=an 9lek o]F Fal 12H4FQl Abs
Zhgnt }‘43} RBr} walAel #A7A] £3s
T Atk Z7)dl= WE9= (Random walk) 7]4k]
HES= Jﬂﬂ‘ﬂ (Network embedding)2- E3f 72|

5 1kedsisichy, Mo} #H ol wWAA| A
719 (H]A‘_‘ 4§].tﬂ—’\7 A3 W3k 52 #8835y
0] L2 Fisl= wE ARE Ak 7k re
2] el HElE Jullo] B s 7S AMSEhs 1
)3 217w (Graph neural network; GNN) 7]<0]

M= FE2E Hrd A oR ledsle e W
A=tk

GNN 7]Hke] 33 Al1~d"le 3T 2 A5 12
o]al 9l2w, top-N 45 913k GNN Rel52 Fof
2 AlgAfofoldl 7ke] Asahg-S FAA wkgoR

Z¥Eshe kA4 ml == (Implicit feedback) S 483
o} GC-MC?2] 7$- 2 ) (Rating matrix)S <F
A3317] 218l 2= HAdF <14k (Graph convolution)
S ¥F3F T 2 E3lFT] (Autoencoder) S A|A]
slgich. &H,  Pinterestell X /& PinSagel:=
GraphSage'*!¢} & 714] aggregation §-5-5 A-8-3}
o] % 7}s3 GNN ZHYJYaS AAskich
Spectral CE¥l= A3l 2] Z7} (Spectral domain)ol|
A A8t ololl 7] W24 AwE FRap o
%3171 $13l spectral convolution A4S =333}sick
ApgAololdl 719 HEAERE Jegho R ALEs}
© HAo WES D QY suke] 2H A sdow
+ Graph Convolutional Network (GCN)® 7]ule]
NGCF7, LR-GCCF® LightGCN®! o] glc}.

1.2 Mok o5 A7y

¥ 917 GNNel| 7|uksle] A& 257 dagh
ghate] Aol EAde g JHQIEE g 5 &
= 4 dwE|ES Alodstaxt g
g dlole] AL 91t 5 A& A 5
191 -5 A3 3} dlole] (ARAhe} -5 FHl
Z (ololdl) dlolelE Ak, dlole] mA HES

645

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "22-04 Vol.47 No.04

FA 0% BA-25 7e] A dlele IS A

3% whel MF (Matrix Factorization)”, MLP

(Multi-layer Perceptron), LightGCN®! 7]& oiju] -
TS st

I. COIEA dM & Az

2.1 2x} EA ofolg{ A4A U ®a]

2 ‘] ‘] |:-”0|F_.{ AH/H 7HO

2020 201 ool el =ehelsf ol
o] ZAsle] Fate] AelgnE Fashs Ao @Al
Ho wstEE ofel EAel 2] £5 A
o) )z 99 ¥ 2a %A 5079 vlo]el S
Aatedek

S

52 S5 Hejole] A sde] A 2EREG
) BANE ko2 & 13} 7] AH 5039

FAyse] et Qo)E e

=

1. AAE @A) A g A #A
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Gender 10’s 20’s 30’s
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Table 2. AROM level with respect to the age and
gender

Female Male
<44 >45 <44 >45
Normal AROM 1409 | 136.5 | 136.5 | 131.6
ROM (difference = (Patients AROM - Normal AROM)
ROM difference > -3
< ROM difference < -3
< ROM difference < -12
ROM difference < -24

O(normal)

AROM | l(mild) -12
level 2(hard) 24

3(severe)
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Table 4. Edge creation criteria with respect to the ROM

Flexion AROM level | Purpose
0 (normal) improve / maintain
1 (mild) recover / improve / maintain
2 (hard) recover / improve
3 (severe) recover
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Table 5. Edge creation criteria with respect to the BMI

BMI Type

BMI < 18.5 Mainly Nonaerobic exercise

18.5 < BMI < 25 | Every type of exercise

BMI > 25 Mainly Aerobic exercise
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Table 6. Edge creation criteria with respect to the MMT

MMT Supplementary )
P I
Grade role Perform osture ntensity
! Yes Lying 12
2 Yes Ly?n.g or 1-4
Sitting
Every
3 or more Yes or No 17
Posture
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Table 7. Edge creation criteria with respect to the
WOMAC

WOMAC Intensity
WOMAC < 40 1-7
40 < WOMAC < 50 1-5
WOMAC > 50 1-3

E 8. 2% dlolH
Table 8. Summary of the generated dataset

number of patients 50
number of items (exercise) 30
number of patients’ attribute 9
number of items’ attribute 7
number of edges 207
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Fig. 1 A schematic overview of the proposed recommender system
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AA=e] o= olelwl A3 R, (V) & AREAL wollA
24151 oA ojols) Hatelehn @, 345 V)
o] ojolglel] tigk AWE PaN, AFE RAN-E t}
S} o] eleirk

|Te, (R, (N,
PQN = MU;UT ®)
1 |Te, (R, (N
RN = 5 0
A= 3% ofold] = AAl 7} do|ej Al
A AHgRE ololHle] n&-E, AdE % %7} "ol Al
ol 73 ofolel F AAZ FXH olo]le] u]

£S5 gl N7He] ololHle]l tHEl normalized
discounted cumulative gain (nDCGQN)- Al
H7} dlole]AlollA] A3t olo]Elo] top-N 4 2]~

£9] oF w4l SATFT B AT FoH F
A R2ES) FH £AM AES 5 9l Hwelk
A8 uell skl 5 E R, (V) ) kA olelsde)

Te, o %3 1, el ekowl ooleha & ul, 4}

22} yol gk nDCGAN & thes} 7ro] A 23],

DCG, QN = boaG,an 0
RS T TDeG an (10)
poGan-3y—2 =1 (11)

i log,(i+1)
min (| Te,|,N) 1
IDCG @GN= S 12
¢ Z; log,(i+1) (12)

IDCG,GN-E DCG,QN ©] o14=Ql 292 Te,
o] 5= ofelgle] R, (N) 2] sk Afell 415l 7901
]

t} o]Z B3] nDCGAN 2 vk} 7ro] Aelglc)
nDCGQN = L E nDCG,QN (13)
M=y
4.4 A% Zo} 9l E9|

4.4.1 Jei= F=x 2k diol| wE Za}

MFY 7]42] 7% AH (=, link2]
fHuks 283 Wb, LightGCN®! 7152 wA]A]
A 7S F3l 2= 7 94 AHREgk ohz} He]
& ©]% (multi-hop neighbor) HXE7}A] 83t 4= g)
7] W] FolAl ol 2 T urk 18]

= 7‘1_ o‘iﬁ

S slek 399} 1094 & % S5 LightGON”
7140l MEY 71$ur} BE Hote A4 A% 23
] §psiet,

4.4.2 &4 2 Alg 750 wE 23

MLPS} 2 =Fol4 Agkel dwe]ZS MFEY,
LightGCN™! 7143} 22| A8}, ojo]] o] 44
e 243 5 glrk 3 99} 10004 & 5 9)%0), A
g2} olo]®] o] & zkS ul
7} MEEL} $53 A5l 5
AL, &4 we FEeslHe dAY
t} 7173] ukeddt LightGCNP! 71%&

~rﬂ4
i
e
FFL—'AM
mlm
Pﬂ:4

A A edarelFe] v $58 AEE Y 4 9)
e WAk
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4.4.3 &4 & AL {70 IE STHT 24

7]%2] LightGCNPle]] H]al] 2 =Follx] Aokgl &
2|58 vAA] A (Message passing) I} olA]
ARgAL, ofeldl &4 -} FRvFedt st B
o] = 3 AxRbEe] dileke] S & =

oll] 285k vloJe] 7Ink A3 A] LightGCN®'2} xﬂ
Qhh 23 Fuelge] B A AL A7 83,02
Z, 83.49%0]1L & Ale] AL Ale|7} glE-S E]lst

ek

it

4.4.4 59|

AR, ofelsle] 4 gkt ARgAfolol8] o] 1
o] P S4L FA daelFH o F2
& szxeolek 2= g 21UE] wkdstaAl 3
nghtGCNm 714, AFEA}, ololdl &4 7hS
g3tz sl MLP 7]1;0] e 7k 3AE
< ety &4 7k

3%
e

H
o

23]

i)

o
b e
=

5]_;(] ol—‘— MF[I] 71
W £ A »Mﬂ e ollA) Ak
ZollA] ARgAL, ofol|] I

= }14 o7 i]—_&g}.u:] /\i nE ;(4 3l

= 2

ruoﬂ-f'b
J&H:“.:

it

T

:)

54 g &
oAl B 9 S VRS E 9, 109141
Shglck 2 edTeld Aleka dueiEe] B,
z2age] $4 gkt oo AR 2%
9 ARE A el AL Z2age FUsHe
FYgl wr} doe $F xuaUs AT
e Aew slvak

do do iy
3

E}
4>F 0

O

9. duelFel wE AEE vlal (H2E8 gA] 4071)
Table 9. Performance comparison (40 edges for testing)
N PAN RN nDCGAN
1 0.275 0.221 0.275
MF 3 0.129 0.309 0.284
5 0.098 0.39 0.32
1 0.275 0.243 0.275
MLP 3 0.137 0.353 0.31
5 0.13 0.537 0.39
1 0.337 0.262 0.337
LightGCN 3 0.202 0.456 0.401
5 0.14 0.534 0.434
1 0.456 0.384 0.456
Proposed 3 0.22 0.534 0.496
5 0.152 0.618 0.532
652

E 10. dae]Eel e Aste vla (FlaE=g g7 807K
Table 10. Performance comparison (80 edges for testing)

N PQN RN nDCGAN
1 0.17 0.079 0.17
MF 3 0.121 0.207 0.179
5 0.117 0.341 0.239
1 0.243 0.136 0.243
MLP 3 0.162 0.274 0.256
5 0.156 0.455 0.333
1 0.317 0.203 0.317
LightGCN 3 0.146 0.276 0.277
5 0.126 0.365 0.32
1 0.439 0.237 0.439
Proposed 3 0.203 0.323 0.344
5 0.185 0.477 0.417
V.4 &

& dTelAe &5 A izl w91l =
g gixte] 4 dlolel S AL, Mg 7] A
el vhre] AR ookt e ol st
tlole] wa} 55 S8l $Ako-5 7kl 7 dleol
AL AAEITE o= A 2 A2l gloleAle
HlELO & GNN 7]%s 4310 il 253 -5
g ZHl= 3 daelES AAskleh 2 =tellA
Aokt dae]ge 2z 725 v FA
ARgAL, ofolH] Ltiﬂ SA e S8 Z8sisiV]
o], 7]& wbHE9l MFY, MLP, |3
LightGCN®! ofjn] 93k 455 B 5 9lar o] &
Aoz selslgin) & Aol Agket dueE
o] AA| dlolelel] 7|WIgE Fha}, 35 xwaEle] &4
o Hell APUR 5 T ARE A &
b, Sixjol| A M} At 5 Z2 s Al

3} 2

T e Alem 7|t

op
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