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[Abstract] Objective To develop a low-cost digit-intelligent gait analysis system based on dual
Kinect V2 sensors and universal open-source software platforms (DKS), and to evaluate its feasibility and
accuracy for gait analysis. Methods A total of 15 patients with gait disorders (gait disorder group)
admitted to The First Medical Center of Chinese PLA General Hospital and People’s Hospital of Hotan
County in Xinjiang and 18 healthy volunteers (healthy group) between December 2022 and December 2023
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were included. With the Right Gait & Posture gait analysis system (RGP) serving as the "gold standard",
Pearson correlation analysis was employed to assess the correlation between gait parameters obtained from
the DKS system and the RGP system. Bland-Altman analysis was used to calculate mean difference and
95% limits of agreement (95%1LoA), while the concordance correlation coefficient (CCC) was applied for
Results

DKS and RGP systems in both gait disorder group and healthy group for the following gait parameters:

concordance evaluation. Pearson correlation analysis revealed positive correlations between the
velocity, left/right velocity, left/right cadence, stride length, left/right step length, double support phase,
swing phase, and stance phase (r > 0, P < 0.05; for all). Consistency analysis demonstrated that in the
healthy group, all gait parameters exhibited mild mean differences between the two systems. Except for the
double support phase (CCC = 0.572), swing phase (CCC = 0.603), and stance phase (CCC = 0.569), the
0.882).

parameters (excluding velocity, right velocity, stride length, and double support phase) displayed mild mean

remaining parameters showed strong consistency (0.712 < CCC < In the gait disorder group, most

differences.
phase (CCC = 0.421),
Conclusions

other parameters demonstrated

can satisfy the clinical accuracy requirements.

strong consistency

Except for the double support phase (CCC = 0.524), swing phase (CCC = 0.352) and stance

(0.716 < CCC < 0.943).

The digit-intelligent gait analysis system based on dual Kinect V2 developed in this study

With its advantages of low cost, easily accessible software,

and portability, it can assist clinicians in performing gait testing and analysis in outpatient clinics, hospital

wards, and even home settings.
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Figure 1 The RGP and the DKS system

insoles (arrow indicates, Panel la). Partial gait analysis report of the RGP system (Panel 1b). The DKS system includes two
Kinect V2 sensors located 1.50 m from the straightaway, an anti-reflective carpet and a work computer (Panel 1c).
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Microscopic posture-sensors are placed at the bottom of the RGP system smart
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Figure 2 Workflow of the DKS system.
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Figure 3 Different formats of the same frame gait from a subject RGB picture in iPi Recorder (Panel 3a).
Recorder (Panel 3b). Fusion of bilateral depth information and skeletal model in iPi Mocap Studio (Panel 3c).
MotionBuilder2023 (Panel 3d). C3D format in Visual 3D (Panel 3e). Skeletal model in Visual 3D (Panel 3f).
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R1 (ERAZIKEH L ESHN—BHEE K (n=18,3£5)

Table 1. Consistency test for different gait parameters in the healthy group (n =18, x £5)

EESH RGP A4 DKS £ %t -4 2% (i 22 ) 95%T.0A cce
S (m/s ) 0.82+ 0.15 0.83+ 0.14 -0.009(-1.10%) -0.132~ 0.114 0.817
Ze 25 8 (m/s) 0.80+ 0.18 0.80+ 0.16 -0.001(-0.13%) -0.017~ 0.174 0.765
AL (mis) 0.85+ 0.13 0.86+ 0.15 -0.016(-1.87%) -0.128 ~-0.097 0.712
e A 2545 (26 /min) 87.01+11.75 88.17+11.93 -1.163(-1.33%) -7.169 ~ -4.843 0.882
H A 2545 (26 /min) 88.36+11.61 85.76 +11.82 2.602( 2.95%) -5.357~10.562 0.765
M (m/s) 1.11+ 0.13 1.14+ 0.16 -0.024(-2.13%) -0.176 ~ 0.128 0.766
72 & (m) 0.54+ 0.09 0.55+ 0.09 -0.004(-0.73%) -0.067 ~ 0.058 0.827
FHMAEA (m) 0.58+ 0.08 0.58+ 0.08 0.000( 0.00%) -0.066 ~ 0.066 0.741
X AER (%) 22.60+ 2.24 22.63+ 2.98 -0.033( 0.03%) -2.911~ 2.846 0.572
BB (%) 38.49+ 2.90 38.50 = 2.66 -0.017( 0.02%) -2.817~ 2.784 0.603
SCHEAH (%) 61.93+ 2.73 6022+ 2.67 -0.074( 0.07%) -3.819~ 3.670 0.569

RGP, Right Gait & Posture gait analysis system, Right Gait & Posture # 2% 43 M1 2 48 ; DKS, dual Kinect V2 sensors and universal open-
source software platforms, %& T X Kinect V2 Fli FH 34 6 B2 0T R B0 95%L0A ,95% limits of agreement,95% — £ FLER ;

CCC, concordance correlation coefficient, —ZEAH & 2%, The same for Table 2
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Figure 5 Scatter plots of temporal-spatial gait parameters in the healthy group and the gait disorder group.
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Figure 6 Scatter plots of temporal gait parameters in the
healthy group and the gait disorder group.
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R2 PEEBUABESLESHN—BERE (n=15x+5)

Table 2. Consistency test for different gait parameters in the gait disorder group (n=15, x +5s)
BESH RGP £4¢ DKS &4t S 2% (i 2 ) 95%LoA cce
S (m/s) 0.49=+ 0.25 0.47+ 0.25 0.017( 3.54%) -0.128 ~ 0.161 0.842
ZE A 2L 3 (/s ) 0.49+ 0.25 0.50+ 0.30 -0.003(-0.61%) -0.209 ~ 0.295 0.733
A (/s ) 048+ 0.25 0.44+ 0.23 0.035( 7.69%) -0.226 ~ 0.295 0.810
Ze A (26 fmin) 81.79 +20.22 81.23 +20.64 0.563( 0.69%) -6.395~ 7.521 0.943
A A5 A5 (2 /min ) 85.54 +13.87 84.65 +13.91 0.888( 1.04%) -7.091~ 8.867 0.790
A (m/s) 0.67+ 0.25 0.65+ 0.25 0.021( 3.18%) -0.159~ 0.201 0.796
A2 A (m) 0.35+ 0.13 0.35+ 0.14 0.005( 1.43%) -0.102~ 0.111 0.716
A A (m) 032+ 0.14 031+ 0.15 0.009( 2.86%) -0.112~ 0.129 0.773
XS FEAH (% ) 3294+ 923 27.62+ 6.62 5.324( 5.32%) -7.293 ~ 17.941 0.524
BB (%) 28.35+ 8.41 30.89+ 8.08 -2.539( 2.54%) -14.906 ~ 9.828 0.352
SCHERE (%) 71.65+ 8.41 69.31+ 8.30 2.333( 2.33%) -9.976 ~ 14.643 0.421
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