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Abstract: Parkinson’s disease is a widespread neurodegenerative disease that slowly impairs the motor and certain cognitive functions of
patients. It is insidious and incurable and can cause a significant burden on sufferers and their families. However, clinical diagnosis of
Parkinson’s disease typically relies on subjective rating scales, which can be influenced by the examinee’s recall bias and assessor
subjectivity. Numerous researchers have investigated the physiological aspects of Parkinson’s disease from multiple modalities and have

provided objective and quantifiable tools for auxiliary diagnosis. However, given the diversity of neurodegenerative diseases and the
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similarities in their effects, it remains a problem among unimodal methods built upon the representations of Parkinson’s disease to identify
the disease uniquely. To address this issue, a multimodal auxiliary diagnosis system comprising the paradigms that evoke aberrant
behaviors of Parkinson’s disease is developed in this study. First, parametric tests of the features are performed based on the results of the
normal distribution test, and statistically significant feature sets are constructed (p<0.05). Second, multimodal data are collected from 38
cases in a clinical setting using the MDS-UPDRS scale. Finally, the significance of different feature combinations for the assessment of
Parkinson’s disease is analyzed based on gait and eye movement modalities; the high immersion triggered task paradigm and the
multimodal Parkinson’s disease auxiliary diagnosis system are validated in virtual reality scenarios. It is worth noting that it only takes 2—4
tasks for the combination of gait and eye movement modalities to obtain an average AUC of 0.97 and accuracy of 0.92.

Key words: multimodal feature analysis; Parkinson’s disease auxiliary diagnosis; gait; eye movement
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(2) X F AR B S8 fERLISLI0 , SLEAT 3 TR ST 5%, o B A AT 55~ R AT 55 5 R 0 BT
5. 5, WL A, BT AN S VR IREIS A& ER:. 25, R AT 9 s R HE, R s R EA BT
AT AT S U 20T, 2R IE T A0 BAH RO, FRAEAT 55 45 B HER . 3 AMT S5 AR 5E B, SEB 45 3. S
B4 P VR 045 PN BB AT 9 196°x100° (24 4% 98°, 1T 4% 50°). 3 MESLnFE 3 Fiows.

(@) LTS5 (b) SR IR 55 B 1 (©) TR EERLAE 55 1
3 IREHIE R HE
w GRS ZORAZAE S B O i, 0 RTH R 2 s J5, FEFL B R e 45 2000058 — AL L H L

w SRS SR EUE S BB R, XOAE T 24 H bsd B, BRI 7 H bs m AR s
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. 351 20 YOI,
m GROUEERLAE S BAR SRR, Je by A FEOBRS RV BLEE B b0 2 1SR R B 6 5. TR 2R
0 bR A TR 6] B, I AR R S PR

4 & R

AT YNGR . o REZE LTt 30 BB HEAT 20 B, $REUP M BLAS LT 49 ANMRHE (IR0 30 4N, 227 19 4, A
IIfi /R MDS-UPDRS V¥ 43 38 &5 AR Jubnite, AT 40000 45 RIRUE. Jorp, &5 8 R R a8 AT % R 2
R, NIEAR S AR T 20 IRMIME . ForE. RE. RS ERFIMTHE T HKME. B85 5 2 EEE,
WSTEURRANMRRAE SR AR 05 1) P (ERARRAZAFAE. e, TR B AR EE A7 7E — e AE SIS IR 00, A5 FH 2 AR 24 1IE
1 SR A (S A E.
4.1 FHERE

TERFIEERE B, B IR R A 1 0, K5 2 IE A 0 AR 1 22 MR AERNAS T 2 1E 38 2041 1 27 ANRFAE 535
RN FEA t 150 A1 IE 24 Mann-Whitney Ut 3015, 24453 1 26 A 5 1A 48000 535 MK (p<0.05) HIRHE
CPE 104, IR3N 16 N, HET X SRR AT T R AR BME AT 7 22 (W3R 4 B, IRl TR iR 5 34
FHERIF L E (B 4 FR). BRI SER A BIMREEIL DA KRR, RSB EEIL NP E 4
. IR 2 S HU 1013 B RE SR IC IR B30, JRIRHR SRR SR IC IR Bl_ 4350,

R4 HA AT E SRR R Al

A RFAE 4 7% ot 2 pla

WP 117.36 (13.51) 106.53 (10.82) 0.000 0***
A HT-IE BN A 1.93 (0.35) 242 (0.31) 0.000 0% **
Ao TS AR A 68.99 (2.50) 67.84 (1.91) 0.000 0***
WA HT-IEBAR A 31.00 (2.50) 32.15(1.91) 0.000 0% **
ks A HT-AB B A 1.93 (0.35) 2.51 (0.28) 0.000 0***
o BT 0.09 (0.01) 0.12 (0.02) 0.000 0%**
WS- T 0.09 (0.02) 0.13 (0.01) 0.000 3***
AP 0.14 (0.02) 0.13 (0.02) 0.000 3%

AT 0.72 (0.22) 0.97 (0.10) 0.002 1**

Aoy M- T B ] 1.94 (0.72) 1.31(0.19) 0.0126*
KA R (ms)_Range 524.71 (191.44) 352.32 (125.21) 0.000 0***
S FAAR-FEARIEAR I (ms)_AVG 428.87 (103.04) 312.81 (80.45) 0.000 0***
FAEM-EE A (ms)_AVG 300.04 (47.22) 231.73 (23.48) 0.000 0***
SN BE ST S -2 2 (%) 23.04 (21.28) 77.37 (24.37) 0.000 0***
SR AER- 2 459 A (ms)_AVG 147.68 (150.64) 305.26 (38.31) 0.000 0***
S AR B R3] (ms)_Range 355.54 (266.04) 296.36 (148.60) 0.000 0%+

R A (ms)_Variance 3507396 (315024.00)  11237.84 (8234.43) 0.0270*
) — i 0 AR % TR E (>2°, 1K) 60.00 (29.27) 73.20 (33.82) 0.000 0***
J AR TR S e B 13.20 (5.35) 15.60 (3.92) 0.000 0***
S-S (°/5)_Range 349.10 (199.34) 516.87 (213.09) 0.000 0%#**
RIAEM-EIEEE (°/s)_AVG 171.19 (87.47) 245.49 (98.34) 0.000 0***
FESEbE S-S (°/5)_Max 381.04 (189.74) 580.65 (225.38) 0.000 0%+
A (°/s)_AVG 156.36 (67.52) 246.71 (58.91) 0.000 0***
AR (°/s)_Max 397.28 (171.24) 590.02 (209.26) 0.000 0***
BRI P-FI I E (°/s)_Range 365.63 (159.44) 530.76 (215.11) 0.000 0***

ER T A A R- A2 (%) 0.25 (0.32) 0.41 (0.26) 0.003 1**
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(b) MR- K3 e
AEEEL J - -4 -4 J -
% Range HWE_AVG HEE_AVG B Max JHEE_Max
400 F
Q - 0 0 ] L4
800 | -
400 | 350 - 3001 800 -
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S 400 | T i
S 200 - 2000 ool I 200l
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(c) MRZ)-Fpal it

K4 Zeidiai)s G A 5 xR A 2 18 BA o040 22 53 M8 2 R IR AR 28

W 4 P, WD AR kI, MR NBEAELI (4) w2 (F) $230H (). #R3hdfE (E4) fb e
(F) BREEZER (p<0.001). WAL AR 82 P 5% BE A 4R 303 K T 2. A BR B8 B, 75 [ B RE 77 4
B, R AR AN S 1 0 B R S E AR 2 B B E R (p<0.001), T R IG5 2.
R PEYE AT @IS S HUG U6 R IE UL A P S A SR T o A A P S 22 5. A, i e 4 2 L IE A
A TERRE YR, WAL 7 ZE AN RE R T DX A S AR R HE A
42 ETWESHEBHNSEIRE

AR LA AT T 5 Pl WAL A8 2 o0 S, AR E RN 3R DU (GNB). BEFLARAR (RFC). SCReIM = AL-2 1
i ZHMEN-Z2 0% (SVM-Poly). XGBoost (XGB), ¥&iF 73 2530 5. 78 bt [, ) f7 258 IR IEVEK
IO UFRETY (AR e M. BLARSR U, X R — IR MIRIIF, 27 4523038 AR B R AE VI ZREE, 3 & 2 58 A A T 5000F,
FLHEAT 10 YRIAIE. HE—25, {3 F Z PPl Fe br ok 1 2 2 25 Mk e, EREHETN 2R (R ERA 10 45 B & SRR AR 1 B 43 L)

© PEBEEG T

http:// Www. jos. org. cn



PR A BAEAAFAES AT 6 v A AR RSN BN B ik 2201

BRURRRE (BRI ECRHPESS, BOER UM I e AR B E T 20 ) Rtk (RDECHIIE SR, MR Dt B 32 s i
73 E)~ Fl-score (RIS BEAN R BB AOVEECT- 3« RS RIS (BR300 (KA AR mh SR DA I e AR08 (XA AR 114
P73t A1 ROC 734 (VF5E AUC). 38 5 45 72T S 80U 560 2 BT A2 & (1 008 A e AN D &5 5 IR B A i
HAEAE 5 A or SBR[ 7 45 R I X LU AG 36 AT A (1025 B RG HE S AEAS I s g T (1R B, R BLe i A B 1)
RFAE AR T FROARST U B 0 K T BIA T3 R 22 R E IO E 4., A1, SO0 45 SRR B 2 1 A 06 AR RFAE AR 0 T 90
(R4 N0 fE ) 5 5.

RS OWE. BERRE. IR RBES R,

FFESE IR ACC SE SP Fl-score PR AUC
GNB 0.88 0.94 0.74 0.91 0.88 0.92

SVM_Linear 0.95 0.99 0.87 0.96 0.94 0.99

WA Ao T SVM_Poly 0.75 0.98 0.30 0.84 0.74 0.75
RFC 0.85 0.93 0.68 0.89 0.85 0.91

XGB 0.77 0.85 0.62 0.83 0.82 0.84

GNB 0.82 0.87 0.70 0.87 0.87 0.80

SVM_Linear 0.91 0.94 0.85 0.94 0.94 0.98

RS 430 SVM_Poly 0.72 0.95 0.19 0.83 0.73 0.55
RFC 0.81 0.83 0.78 0.86 0.90 0.89

XGB 0.79 0.84 0.67 0.85 0.85 0.85

GNB 0.84 0.90 0.74 0.89 0.87 0.90

SVM_Linear 0.88 0.93 0.77 0.91 0.89 0.94

AR SVM_Poly 0.80 1.00 0.40 0.87 0.77 0.83
RFC 0.85 0.90 0.75 0.89 0.88 0.90

XGB 0.79 0.87 0.62 0.85 0.82 0.87

GNB 0.77 0.78 0.74 0.82 0.88 0.84

SVM_Linear 0.88 0.92 0.78 0.91 0.91 0.95

BAs A SVM_Poly 0.74 0.95 0.26 0.84 0.75 0.62
RFC 0.76 0.79 0.67 0.82 0.85 0.87

XGB 0.82 0.84 0.78 0.87 0.90 0.85

GNB 0.86 0.94 0.71 0.90 0.87 0.90

SVM_Linear 0.83 0.91 0.68 0.88 0.85 0.92

MRah KL SVM_Poly 0.73 0.98 0.22 0.83 0.72 0.71
RFC 0.83 0.93 0.64 0.88 0.84 0.90

XGB 0.77 0.84 0.62 0.83 0.82 0.85

GNB 0.83 0.94 0.59 0.89 0.84 0.79

SVM_Linear 0.86 0.94 0.67 0.90 0.87 0.89

WRZh 43 SVM_Poly 0.57 0.75 0.15 0.71 0.67 0.44
RFC 0.80 0.87 0.63 0.86 0.85 0.86

XGB 0.78 083 0.67 0.84 0.85 0.85

B, B SVM-Linear £E“HR 2 _AS 50 Kd 46 P (K 4 TR ARIE 0T GNB, {HAR XA (P& 2l
B)_AEE”) BIEE R, SVM-Linear 5 5 /N7 B MOR S U 1. K0k, 757 A 70 284, SVM-Linear X T
R BE S e, 45 22 )5 BN B ey, AR SOREAE FTZ S N R G i) 70 S RIS, AR SO0 U XU S 5 2 i 261
TR A 2 AR Bl SRS AR S A, AT AT 0 R OB 2 18 B BB (K ROCR A, W 5 B, O 13— 000
i, ASCH TR H T IRE) R 5l airrA SN PSR E CIRah eirA S, XA A K
PRBOR. B 6 A, B R SR _ERCRASI T 5 — M5, ERME T XS AL R RS
)70 KRR, A5 R, LIRSS AR XU K6 A B S A2 53 K 1 e 0 i L.

BEXT USRS HE, A SCIRIT T AT 55 26 % 0 < AR Sl B2 W 45 SR K 5 ), IR0 IR BT 55 5 20 AT 55 AT 1R 51
MEHRG T MHAEALG, WK 7 PR, ZAEFAE (3-4 MEST) M SART AT R 3 5w, S UE 55 10
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HAEFIR 2024 FF 35 55 5N

ARV I e A0 J7 T B 45 RIS T3 A S AAE 55 O AH 6, LR ERIE T S A0 4 0L 7 2 A AR AL ot AT
T PR A1, 300 1 A S0 A7 i O BRE AT 55 78 73 SRR (K R BB 2945, 33— 20, WUESS A EILT, WSS
2 IR BN S AR 55 I ROR s Z AR5 AL A 00T, I I ERLAE 55+ B A AR BRAE 55 (K OR e . 3 SR ERAT TR
R, ZRHETT RN T A RS H AR

1.0 -

0.8

0.6

Value

0.4+

02+

Value

ACC SE SP AUC ACC SE SP AUC
(a) &I KT () T REFHT
G e R e bk
B 5 XA S RS TE SR /4R AR I X B
#* 6 FT SVM-Linear B H G 2K 4
R4 ACC SE SP Fl-score PR AUC
WA AE+ IRE) 4% 0.91 0.94 0.85 0.94 0.94 0.98
B R+ IRsh K85 0.95 0.99 0.87 0.96 0.94 0.99
B A+ IR KB 0.93 0.97 0.85 0.95 0.93 0.98
Mzh_ 43 + 515 0.94 0.98 0.85 0.95 0.93 0.96
K7 BESNSGRINMESZHAEN I ER
HAETEA T4 ACC SE SP Fl-score PR AUC
W A + iR i 0.92 0.97 0.82 0.94 0.91 0.97
XUTS A A + AR ARG 0.88 0.93 0.77 0.91 0.89 0.94
WE L+ R 0.94 0.99 0.84 0.96 0.93 0.98
SBAS_KES + (IR )R 56 0.92 0.98 0.81 0.94 0.91 0.97
PPN DA + (5 )i 0.96 1.00 0.88 0.97 0.94 0.99
- AR + (AR )RS 0.93 0.98 0.83 0.95 0.92 0.97
A AT + (w50 [+ 7)) A6 0.95 0.99 0.87 0.96 0.94 0.99

43 FREFRWIESHRE

AT SCER 3 B, ik S ot A 5 00 < AR S8 AL AR RAE A — € I ZEBE, T A SO AR AEVR T80T R
B, X5 R ELRAN G, KT, D 1 R0 I ZR0HE rh SR 0 22 S IR R, JRAT A T 100 B e, T o R AL o S e

B NS SR 4 0 AL A L 40 2 5 RS, 2R TR B R LR S e (P-4
6.43%), 1RSI 1 2 155 4045 76 01 A8 R T K RO 3 710 45
14 TSRS BDUF RS

T AR, AR R T BRI MT77 (25 K5+ KNN) 110 860 4SS o a7 . i F A
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o> BB AT 2 0, JEid A G vt 27 33 T3k o B, DRI i 2 e 3ot 22 1) s Pl R BN < AR 1 3 AN BLAE
FEANMRFAE IR I, A& 6 Frzn. WRFIE BB 740 R, ASRIRR FE MR e A0 S8 8 R B BN B S (K A1 22 57
b, RETTIFAFAE— € W Rel, (HRE, 7 B0 78 A A SO

8 AR ZER NPT I P S S & WIS S5 S & 17 645 R

HEHA fE%4% ACC SE Fl-score
WA K + IR L6 0.86 0.86 0.93
AALEH A AT + BRI 0.88 0.88 0.94
WA + R AL 0.83 0.83 0.91
AR + (RO )R 5% 0.89 0.89 0.94
PPN A RIS + (O 1)) _fer s 0.87 0.87 0.93
- A K+ (AR K 0.86 0.86 0.93
SPAS_ RIS + (RO [l ) 0.86 0.86 0.93
w1 -HR 2y S -k 7 -4
P A ik . para WE B (°)_AVG K (ms) AVG A&
1.2F q . -
il ol | 2l o ¢ 650 100
Lot <, . Ll & 181 < 600 * 30 -
09l . 081 J o | : ss0b .
2080 & | ool T L | 09F & 17t % soof S.0 | e0b b
S . . |- . : .
07r . 082 | 6l 450 . s0b [ »
06t . o | 04 | . 0.7F 400f . ¢ o |
0.5F oal 0.6F | = 15 1 s0b 0w 20F
0.4} L L 0.5} . ‘ C k ¢
% op H B oh o= B opoHE B opoH B op B op H
B OEE EOEE R E BEOEE B E B OEE
K6 ATiHEeRRm 3 AN ERE N EE R E N A5
5 W ®

AR — LT 2 B RIE AT B I8 < AR A B2 W7 1%, IR FUD S MRS RS R 2 R T
XF ) <8 AR5 B B 2 W B AR, S SR AR IF e M AR AE B ARATE . IR L 3 R R AT S R A 4 ME S5 I E
¥, BB BA D ATZER K 26 DNFFAE; FEHT 5 > FAFIR AR 56 1 ARG I8 5 (9 XUBE RS R 1L AR 5 6 06 AT AL 260 5 P 7
AN FAREES 3 J300F L, R ISR U BRBAS AR 70 SRAE R 3 L P I3 1 13.3%. #E— 20, IR T 2 T WS HUE A R
RS HEXT TP I E /). LIRS RERY, ZAEF A G SR N2 B h BARRIE L, ML TIUEFHE
AHEE MR, 25, T R U ZREEE 4 i 22 738 RS ATAN TS T — 3tk 5 0 IR JE 48 % 2341 22 57 1
SRR EEBATIAE, 48R E R ZEFUGHNBCRMN TIUEFSAS. &5, B8 H AT EHRR D, Tk F#eE
et JriE o b, (B B PR B B oAl L2 T BUR BN [R))™ SRR FE R BLZZ 5. AR AR R AR v, JRA R4
35 2 JdfE DLSORF R MR T I B IO A TR P2 57 S D5 AT IR e AR oy 26 e RIKImiE I, Lo, &
TPl 2 9 2 5 K T ALY 1 D7 ¥ 8 A5 AT AT AR PO, RN IR Al A A 1] 51 A5 5 ALY
BEAT AL

e e AR X B R AS DR IR B S 5 IREN, 165 . L8 LRSS B0 S AR 10 5.2 52, AR SRk
HRENS S I L A B AR (KA 5G A5 B X I TE (5 R BEMAREVE U rh 3R L, 72 H % £ 37 5h th BB IR, R
77 paalth, WEE AR aANEZE A i S0 L R N seRE B %, AT Va8, )52 TR,
R 2R N X L 2 RS HURE G T 2 3 5 036K, 8 — D 3w e A0 G B2 W ik 1S e LR A HE R VE. SR 4%,
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TSRS e T 38 I PR &, Hodfe i A e X

AR 2585 JTiEEAT IR

ERUNFTREX RIS A R R T € MR, TR gk EeR AR

6 B £

AR T —EASMERFEREHRUAM S EAHPISWE RS, WIE EAS A0S RIEATRHIEN S5
K56, M T B Gt 2 SRR TR IR RIS R I4E T 38 #3775 MDS-UPDRS 1145 3K [1) 2 B 5 4>
S SRS AT T EAMES T, TH RIS R0 SRS 7 SN M R, SRiG 45 R Bon 2RS4 R
AR T B A 45 L AR SCHR Y A 2 B A S A0 3 B8 W T VR TE IR R B 45 R IR AR 45 R o, R Bk 4T 24
MESS, P AUC RIS ZR k20 Bl A 2] 0.97 F1 0.92, 877 T VR 5 FEviR B R EESTER M S
M 4 A5 4l B2 W7 RGE A AP, AR SCRIBI 0N A S 2R 9 S B2 Wi B (1 2 I A R Vi 54, BT 7 2k ) 5 /0
Sof BB MR BRI L o B A= e PR 2R 36 M 5 50 55, HL A — 5 FO IS FH i ¢,
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