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Validation of Shoe Pads Embedded with Tri-axial Accelerometer in Monitoring Soccer
Training
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Abstract: The aim was to validate a new type of shoe pads embedded with tri-axial accelerometer in es-
timating acceleration, steps and energy expenditure during stair climbing, walking, jogging and running,
and its application in monitoring soccer training. Methods: A total of 20 female soccer players performed
10-min exercise on an elliptical trainer (Climbing) and walking (Walking) or running at four different
speeds on treadmill (Running 1-4). Throughout the test, the players carried the portable indirect calorime-
try (IC), wore GT3X+ on the right waist (GWAIST) and the both ankles (Ganklel, Gankler), and wore
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Sencewear Armband (SWA) on the left arm, meanwhile placed the shoe pads (PadR,PadL) inside run-
ning shoes to measure CAL, VA, steps and speeds respectively. Another 11 players participated in the
field training test, using GT3X+ (GWAIST), SWA, PadR, and PadL to measure VA, steps, distance and
CAL, respectively. Results: The indoor testing data showed that the intra-individual correlations between
vector magnitude (VM) calculated from VA measured by GT3X+,PadR and PadL were significantly
high for all subjects (r=0.729-0.997, mean=0.975+ 0.004). The step counts obtained by PadR+L, GWaist,
and GAnkleR+L were highly correlated without significant differences during Climbing and Run-
ning2-4. During Runningl, there were no significant differences among the three when steps assessed by
GAnkleR+L were 30 steps/10s, while the differences between GAnkleR+L and PadR+L or GWaist
were >10% when steps were >30 steps/10s. Steps between PadR+L and SWA were not significantly dif-
ferent in all trials except during Walking, where the difference was >10%. CAL assessed by PadR+L was
highly correlated with CAL from IC or SWA, but PadR+L overestimated CAL during Walking and un-
derestimated CAL during all other trials (P<0.001). During Runningl, the differences between SWA and
PadR+L or IC were <10%. During field training test, GWaist, PadR and PadL were significantly correlat-
ed in VM, but PadR and PadL was significantly higher than GWaist. Steps assessed by GWaist, SWA and
PadR+L were significantly correlated, with PadR+L higher than GWaist in per 10 sec, and higher than
SWA in total steps. Total distance and CAL measured by PadR+L were not significantly different from
SWA. Conclusion: The shoe pads embedded with tri-axial accelerometer is easy to wear and appropriate
for long time monitoring in soccer plays. It appears to measure physical activity at moderate intensities

accurately, especially applicable for training monitoring in outdoor field.

Keywords: tri-axial accelerometer; shoe pads; energy expenditure

UTAFEK, n] g U R T 2 IR W Al iR
o) B PR SR 2SI T BE S H AT RO B B R
S R T T DA Ao ) AR = e
T S0 9 T3 2R AT ) B AR TG SR B0, 5 o ) A
XL 5|7 08 RE LA TN B A5 BARZ AN
JETT 22 58 O 0 I A g BEORS o 1R 01 B (A3 sl n]
RS RE RN AE, EJ W E A I B2 T Tl
MRV R Had T8¢, Wi b g iR
B iz gy 9 5 000 25 B 1R 1 BRE D B B s B 3
(i 76 B 10 B g B2 T AR B 24N g i
RGhGE, (HR D7 A H I 45 R AR AR W] 4 A2 3
BN, SR, ATBIRA VR 22 {385 ot f B o AN
I, PRI A PR B0 e S

RAEWEFE K BR  B A3z 3l i 1 i 28 8 19 A 3
5 G 07 5 % A 5 (A g LR S L KR A
JEDER ), RE BT B8 i S T 45 T R 1 B
Wt 5 T I i 0 B 3 B A A RE T HL A S, T
AR e AR RE TR AR R IE H 45 AT, i
JeAiid 2 45 St vl R o SR, B A — KAl R iR
BINRRZ B H FG sy . Al i e L 4 s
PERANAFAAR KPR, P T8 b 1 R B AR
By fe IS G 23, BR Y ACHC Al 3R AL (AN K+ ) AR A7
TES Z AHME B, S04 0 5 /R T8 A 4 417
F M 0 28 X T B A S B U A AR B R IR 221, 55
A IS S s I A Ay A 22 T T EE U B A T

i 5 RE A ORI BARNG B, I B TR T T
RIS AL U T i 7 AR | TR O 7 o B fg 1R
SRR Trost 2201 Ellis 2RI 5T % P08 3 3
T4 A ORI O T F i A el A =X, 5 A IS
R ARG I F A AT R B, DS A S 10 D R 1 A
R B i TR AR T AL ™Y, Manini 53O B 5
IS IS 7 JIEER Ak 1 W 8 T K B 959% I A A B i
T 1 A AR 1 A28 1 Bk 84.7% 3 A WS R
AV ) 0L TR R A SR ) AR T, A B
829% i1 83% , I7 G fmy T~ iy 76 M & 1) A R (67%) .
ZRA DL BRI A A IR A B LR (CAn R R
S T ) P == SR W T 25 I v, Rk
J2 T A iR i e S A B A A AR AT

3 [E W & i) Sensewear Armband (SWA ) Sz — Fi
G547 A BRAHLARIN S 1 A — 8 48 X =l o ok
LI R AL, AFFE RS SWA LU Bali i) .0 il
T % A RS i b 0 A AR TR h Y R T AR
SWA FEZily T 22T L A 38 2 = b Jon 3ok o Je%
NEAS 4 A Fo Al 3 B 0L A (2 R TR R FR
FNHRAL T ) AT A A 0 B & 04 B it T A 2 B R
] A5, WFSEAIE B SWA n] L% ] 5E Hb I & 3% i
N 1k R i B 32 Bl Y e i T AR, A8 AT BA
BRI SWA R F B /2 BR42 8 5 78 B A ALLLR
Ivi) 38 32 i B o o YRR A ) e, S5 R R
SWA ZEK MK T 9 MET M@ F 11 MET fg &0



A ##M 2023 F F44 5 E3H

5 B 1 3 Sl I T FE Y B TR 2SR, (AR
9~11 MET Ui 24 & X [A] 8 70% VOom 7 17 112 5y
56 JEE I A B FE R M RGB , ER E OE S A LU AR
SR BEAH — B, B St b AT A% 48 A
(A 25 Al i JCHIE TS K, HLAE SEBR R R, 240
Gy iy H 1) B AR S B 1A ] RERIE $E 2 T L I Ay
AR, SR 212 3 5 (1 Bl A A 1 A UAR 9 IR # s A

P E N T U BT — O e AR, JE AR
A S P s SR 2 RS A 0 E B Ak
PRI R RERIEAE, SR H AT ICE A SIS
PO I T A RS 4 = Al s B T A R, AR A
SRS BRI ST A S, AR L 0 R 0 45 10 A 25K
P2 T AR AL, A 458 T R e D e o T
AR 8 = Bl o0 R T T RE 2 [ (i L AR S 1 D 2R
TR HAT R A R, TR R AR T
) G NA  TR]REH  Jn SRUE S A g T

Sport Science Research

B0 =Bl R T AT 28 D B 2 Bl A I e
THAE, BERM TS EA M Tz s i e B W
IG5 S I 1 I35 Sl B0 R RE BT AR o L, AT AR
FEIX — AT 22 B0 A0E 5 4 Py 178 =l
BT S TR B A AR RIS AL (89 . BAIER AN T
T ) EA T TR N A a Bl A, A A T A
F18 = el o s B8 -4 46 14 i 9 R AN Atz 3 2 50
WER P, O AR o 32 A4z gl 5§ A — O {4
(8] 2 AN S e G 5, L RE B £ itz 3 B il
AIRE BT FEAY I B 45

1 HRXEMGE

1.1 IR %

2 ok A LB &7 R EREA, 20 440
) 53l AT 5 s s R 11 44 64T #4h Bk
M, HAE R 1,

x1 ARMNFERFER(XSD)
Tablel Characteristics of study population (X+SD)

AR ZNE N sy B fem 1K kg BMI/(kg-m?)
=N 20 17.4+0.2 166.2+1.2 57.8+1.2 20.9+0.3
v 11 21.3+12 168.8+1.2 61.7+1.1 21.7+0.4

A 52 1 B 2 e R — S 56 A B B e
AR R GE— 04T 2 YOG & | IO 35 85, 28 ik
5 F{# 1 Inbody720 ( Biospace Co. Ltd., i [ ) I & {4
HIF T B AR TR R B0(BMI) T A TR 57 3001,
1.2 BIRJik

V5 P8 S T R R A A R L BT A
B RN 7 # (4 Actigraph GT3X+ (LLC,USA) (45
B ZE A7 DR ) Rl SWA (76 T+ B ) HEAT 76 A R 15 3)
RET GEBE A28 DB 8L BE = SRR B H
FE) BN B 1AAE B Z AN FR AR AR AL A SO H A DA
18 200 i 3 B I 38X (Cosmed K4b2, 75 <) fT
BE (1C) NS hn e | HL A R e & N R [H) 38
BIPRS00 P T R R 1 MER 1 . SWA 1R B
SRR v R R R A A ) 2 e T AR I A
W (e FH LA 2 RE SR IR i 1| 5 B F T AR A B o
X BE T SWA ALk MF-SW, 3K PERR ARy 8.1,

SEMERFzshE L 2h )5, 2B H
SEE IR R 5 min fdi ] Polar 0> %3 (RS400, 75 22)
DA F I 0 R0 S L B D R 2RI 2
WE WO, RG22 8 5143 IR U e i 3 HL
L 9.6 km/h 1Y 2 Ji£ iz 3f) (Climbing) | 75 82 20 #L |
213.2 km/h (R EEBRE  (Walking) B DL 4 FhAS [R] 8

B # 4 (Runningl-4,6.4 km/h,9.6 km/h,11.2 km/h,
12.8 km/h)10 min, &5 1 Y% 10 min iz 3)), B3
BB B SR T 43 O R S B 20 R A B LT O
R+10 W A 4u B 2 shit, Zik#E SR IC,
WA RO [F132 5 B i A B T FE S, MDA 40
AR S BT AL LA B R e B AR Al ) R B A
HEAT R UE , TE 403 2 UL Crouter 25091 [&] s 75 45 8 4k
(GWaist) 1 = 47 i B 4b (GAnkleL , GAnkIeR ) fifl 3
GTaX+ i =4 B (VA) FP %, A28 il
SWA 245 %50 o B AR #E (CAL) . 32 i T
2538 Bl P LR A EH (PadR |, PadL ) i B VA
B B EE R CAL, Tl 8 B2 RN CAL FH 28 il 2 4 1
Il i & B T A

B T e B L Runningd BrBELL 12.8 km/h 3
B}, A 32K W] RS A — | HoAthiz
S B BT ()R IR AS 8 min ) A%k d #1748 1
b3, VA B9F-J5 R 7545 2 1) i A (VM) AN ]
588 (] T 00 o 32 1 B, B VM=V axP+ay*+az? |, H
W ax.ay.az A RN E

TEE PRI G| 8 % /D 20 min 3% 20T
R (B S0 L B ARAS HEAT I, oh i sh IR B BRI, B
PR 228 KA, Tz h B (AR A Ak (GWaist)
IR GT3X+ il & VA FDEL, 728 il SWA I &




IN N E S e A R R ) T RIRIE D 4R 40 TTATIE g

AE . FEESH CAL, JIT 28 iz 3l I UE R e EE AR
(PadR,PadL )il & VA % M2 F1 CAL, PadR #lI
PadL 7F % 4} I8 R A % AME =0 R GPS 114307 3
25 A CAL,
1.3 &ithiE

BReEER T VA | UM CAL 5 GTX3+ Fl
IC Jr i 4k 647 oA i, 35966 48 10 s [R] BRI 1
s, B REEER I LR WE | HE M CAL 5
SWA FIF il #4508 47 He A i, 3448 F 44 2 R )
MRS E 223z i ) 9 T A5 B B0 L A BoE R
SPSS25.0 AT #r . £ AR B A A 1E A& A
X+SD 7 3 2 Fh LA [RS8 Jr 0 45040 1) 1) L e R
FH AU 2 8 5 K )7 22 20 1 (two-factor repeated
measures ANOVA) 2 Ff 4S5 T DN 45 3 1] 19 L 48 R
FHECXT T RZSH , B Gty ik 3 1 7K OF 25 3 BRURL
fil] 0.001,

2 WRER

2.1 EPHMILER

2.1.1 =ik ER FHELER
M FEAKELTe i sh b | 3 5 FET ok 24>

Sport Science Research

T R 2 2 B AR A AR O O ) B
JUED e b, S T ) R B O B M Z R
Ak S 1) A, T T R T I b R AH 5 T K-
T AR N AR AR BRI, M AR
i}, 32 2h 03 AS IS 5 B 0 PGS 3l 2% R Ao ok A
LR R S R N | B 003 A =& I 7 N i 1 v v
GT3X+ I fi ek 1 PO B 110 =l Jonn sk 3 3 1 o skt g
J5 1) 5 Mk i — B, TR 3 A o R 5 T A
VM S F 1R 501 B A2 2 Fn 1 0 R 450R 2 1 = B4R
b, BOARBIETE SR FH VM IEAT AR [R) = % fin 3 13 3t 4%
B E A

7 % IR B HIL AN B 28 HLI (6 F GT3X+ Al
B0 B AR T I = 2 oS 1 AR DG A B LA VML i
T8t R En, a2 E 2 fpik & g
VM £ 4 (8] 3 52 8 3 = A 56 (7=0.729~0.997) , 4K
1M, 7257 A iz 3 J7 X v, PadR AT PadL 1) VM 2
F 1w T GT3X+, [A i} GAnkleR H1 GAnkleL 1) VM i
FHi T GWaist(3K 2) . W& 230 7 Ul Bl
RS FI) B T 1 B 2L PadR AT PadL 3% A0 1 i, H:
B0 R U TR A ER b GT3X+ 1) VM,
It ,PadR Al PadL B VM 5 GT3X+ i 22 FPE i %
12 81 77 2 A 0 R A B T AR R

&2 (EF GT3X+ ME R ERAEE N A EIE M BT = % miE Eit BT S VM (X+SD)
Table2 VM calculated from 3-axial acceleration measured by GT3X+ and Pads during different indoor exercise trials

(X+SD)
B8 PadR PadL GWaist GAnkleR GAnkleL
Climbing 1333+3 1225+5 1 056+0" 1245+1% 1256+1*
Walking 1539+3 1458+6 1 052+0" 1244+1% 1234+1%
Runningl 2185+17 2137+18 1152+2" 1671+3% 1676+2%
Running2 310645 305312 1319+2" 2127+3% 2112+3%
Running3 3590+7 3524+15 1392+3" 2 425+4% 2 384+3%
Running4 405317 4004+31 1471+4" 2716+8% 2 634+8%

. * FR 5 PadR Al PadL TG Al {7 4E S 25 2% 5, P<0.001;# 378 5 GWaist Il {f i) 72 76 i 25 2% 5, P< 0.001,
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Table3 Steps measured by GT3X+, Pads and SWA during different indoor exercise trials(X+SD)

iz gl PadR+L/(2-10 75 ) GWaist/(#-10#1)  GAnkleR+L/(#5-10 # ?) Padr+L/ # SWA/ 4
Climbing 20.47+0.04 20.57+0.25 20.61+0.03 995.90+6.17 983.95+5.06
Walking 16.41+0.04 13.00+0.11 33.06+0.06™ 797.05+9.21 713.85+26.61"
Runningl 25.37+0.10 25.64+0.10 31.33+0.24" 1232.84+30.98 1224.32+32.92
Running2 27.81+0.05 28.04+0.04 28.09+0.04 1351.30+12.73 1342.95+11.64
Running3 28.48+0.05 28.72+0.04 28.76+0.05 1357.45+29.90 1348.75+28.72
Running4 29.03+0.07 29.26+0.07 29.32+0.07 846.25+104.12 822.56+105.13
Runningl ¢ 26.85+0.06 27.15+0.05 27.24+0.08
Runningl ¢ ¢ 21.25+0.08 21.40+0.07 42.78+0.14™

T :* &5 PadR 1 PadLL FT il E [0 #7175 . 3% 22 57 , P<<0.001; # %75 5 GWaist It il (B [0] 77 75 1. % 22 5% , P<<0.001; Run-
ningl & 2% <30 4 /10 #; Runningl & & 550> 30 5 /10 #b,

TAERE

TEEE B SWAEERNAREIRERE

15 2 By B BT i FE (X+SD)

Table4 Speeds measured by Pads and SWA during different indoor exercise trials(X+SD)

B8l 5= BB /(m-s?) PadR+L/(m-s*) SWA/(m-s?)

Climbing 2.666 7 1.614 8+0.022 5 1.549 0+£0.077 7
Walking 0.8889 1.2149+0.011 3" 1.260 4+0.018 4
Runningl 1.7778 2.207 9+0.087 2 2.2259+0.069 5"
Running2 2.666 7 2.5278+0.019 9 2.729 2+0.045 1
Running3 31111 2.587 4+0.023 5 2.9312+0.0535
Running4 3.5556 2.585 9+0.056 3" 3.043 4+0.150 8

W Bon 5w #E N AAE R EER, P<0.001,
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Table5 CAL measured by Pads, IC and SWA during different indoor exercise trials (X+SD)

B PadR+L/(kcal-10 s*) IC/(kcal-10 s*) PadR+L/kcal 1C/kcal SWAV/kcal

Climbing 0.958+0.005 1 1.504+0.005 5 46.59+1.36™ 72.23+1.59 52.94+1.51"
Walking 0.720+0.003 3° 0.602+0.004 4 34.97+0.81* 28.90+1.20 30.45+0.93
Runningl 1.302+0.008 6 1.432+0.008 0 63.29+2.77% 66.38+3.32 69.73+3.23
Running2 1.493+0.005 6 1.956+0.009 6 72.75+1.65™ 93.86+2.55 86.18+2.32
Running3 1.529+0.006 1 2.206+0.009 2 73.06+2.26 103.84+3.29 87.37+2.99"
Running4 1.596+0.007 3" 2.382+0.012 7 46.56+5.81% 68.22+8.01 53.34+7.18"

W ARG IC B X R E A7 1E B 22 55, P<0.001;# FR/x 5 SWA Bl s hi7 (B [d] 7778 2. # 25 7, P<0.001,
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