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Free-Throw Recognition Using Plantar Pressure Distribution Analysis and Machine Learning
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Free-throws are essential to basketball game outcomes, but there are no existing methods for training athletes with objective free-throw
feedback. This study analyzes free-throws by measuring plantar pressure (PP) distributions during free-throw movements and proposes a
new method for developing free-throw feedback using PP-based machine learning. PP data were collected from seven university basketball
players who performed 50 free-throws. Most subjects had at least one PP parameter (e.g. maximum pressure, center-of-pressure velocity) that
significantly differed between success and failure (p<0.05). Additionally, optimally separating PP parameters were unique to each subject. A
trained computer was able to predict free-throw results of three follow-up subjects, alternately using support vector machines and k-nearest
neighbors, with average classification rates of 0.69 and 0.63, respectively. These results suggest the possibility of new methods for
developing free-throw skills using PP feedback.
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ITRFEIZEBWT, FT RIIRICKE S B RIETERE L
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BREENE I PRRETT A L2 TELRAM LT 5.

2. ERRFIE
2-1 HRPBE
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Bluetooth {Z X - T, PC LicT—4#MEEEEh, V724
LOBBIRTRETH S.
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(MREAZIRET 30 cm ¥8) (23D, FT 54 v Lo#
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Figure 1 Experimental setup of free-throw
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BN, BREL LTRENKEBF ARy v FR—AED
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RAEFEHEICBNTTok. WTFNOHKBRE LBREED D%,
T—FERM L. KB 2 OFBREL, MRS
¥ U NRNZAEFEICBWT, +oBEBRICT -2 2ERLUE.

Table 1 Subject characteristics. Averages, with s.d. in
parentheses. Subjects consist of basketball team are in “team”.
Follow-up subjects are in “follow-up”.

team follow-up
number of subjects 7 3
age (years) 21.0(1.20) 27.0(7.79)
mass (kg) 79.9 (5.59) 66.3 (3.40)
height (cm) 183.9(5.77) 1753 (4.71)
experience (years) 8.0(1.31) 4.3 (2.36)
FT success (%) 80.6 (8.93) 48.7 (2.49)
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Pedar X (Z X VM S NIZESNT—FiX, ASCII 77 A v
& LT PCIZER¥ET 5. 53k S v7/= 5 — # i X, Enthought Python
Distribution (version 7.0){> 71 5 2" 7 k Python 2.7
ZRWTHEN %175 (Enthought Inc, Austin, USA). Pedar X
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HMUTEBRRENERRTDHEO R vl 2B T 7
FlE, R2IZRLE.

EFA D AZIZ L VRSN T — 71X, BiERRLLG L
BERTERO 7 L— L% @~<257, AVS Video Converter
(version 8.0.1.492)x AW CT — ¥ DR EEBR L TRTFTS

(Online Media Technologies Ltd, London, United Kingdom). =
L—L %R/~ 5 E%IT VirtualDub-1.9.11 (VirtualDub.exe) %
V"% (Free Soft Foundation Inc, Cambrige, USA) .
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Figure 2 An instance of max pressure distribution during FT

movement by using Pedar X
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framey, & BT 5 & T, EAF—HcBHBY ) —27
L—AhERETDHLBTELOT, RQ)EEFTS.
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REENRHT— 2001, ORI REICBIT 5Lt
BAFTERERLHT A LN TES. LBEEROHIT,
$E M A (Contact Area, CA)X°, TOEBEE, EHFL
(Center Of Pressure, COP)X°, £ DEBHE, REDH D
ST BIES(Point Of Interest, PO & THh 5. &k
BMORBEENDGEEBRLI-LE, TNODOERIFTEES
RLEEE, TRORFTE#RBMLEFEREBBELTWS L
EZxond. FRERR OUBER*ERERLIESZ L L
T5. AREZFONE I D OHBERE LY, t-REZHAV
(<005 THEEHY LT D).
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25T LT, PC BREABMICH DT —ZIZHOWTRII & KK
PHIBIT B ENFREL 2B, FOHBIDOERMES FT b L
—=VTICBWTEE LS. FIHIBRRETHDDOT, 2KT
ZH QODERBERIZHOWVTOHG]) ICBITDRThEEL &
MBEDOBRET 2175 .

HIANRELDOEEENLTHEINLEWVWSHBEICITISESR
(Classification Rate, CR)Z A\ THKJ. CRIZUTFORKIC L »
THEHT 5.

_  ELLAELET 5K
CR= AEEIT 1 RTOF— 5K ©)

EDIHIODT—F %7 ATREMT (2010 OF—
FETAMT—FERE). BRYD 40 OT—F %, PCIL#E

B, R EKRBOHBIORKELZES (2D 40 DF—F

EhL—=oU T2 LRRE). ThNLT RN — %%
BLZPCIzL»T, BEXZTFHESEHZLTCR 285,
IOEMELR SEIfTH Z & T, CR ~ CRs28B5. ZhbDFE
PHEERAD Z & T, TOHEBREDO CREEHT 5.

BREEOHMOFEE, 2BERAWE. £ 12039 R
— Y Z—~< 2 (Support Vector Machine, SVM)Tdh 5.
SVM X, BREHBLER BV CREBEDORHZER 2B
WEEBLRTATHBIN SVM OF THERMART A
Y XL THHBIEFEE~ 2 > 0OF P =—/L(Linear SVM)%
5. Linear SVM Tit, HBIT 2 REF—F# (FTORY
LR THBEDHHEHR) #BFHEICE->THETS. 2
WEZEEOBE, BEEITRE & L2 YR T5ERT
»5. BYHEL, BEHEERTIEARI b wildoT
BEBRESH, £/, AT RXOb)EWVS BIZK > TEBEH
BHFICEITICE# Z L TERENS . ELL oI Eho
56, wlbORIEHFIN, I XTOTF—FBELLSD
FINHETHEMIMVIESNS. B3 Linear SVM iZ X
HEOHTHS.

b 9 1 DO FHEE, ki (k-Nearest Neighbor, k-NN) Cd»
5. k-NN i3, BEERCBII3HDV0ED2DFT—F 2O
T, BLEEAICEWT — 2 ICESWTHEEIT O RHOE
DFETHD. SEIOZETIE, k=1 THEEZTS. k=1
DL EIREHEDOT —ZIZL > THEENSD. K4ILK-NN (k
=DICL5H5BEOHTHS.

SRIOEBRTIE, 2 2OZRERIZI>TRVIDT—F
IZOWTHEREZBOSEEITY 2 LT TIoR7=88, %8
THRN, BEROTERILEITHOMLEERHSZ LIZOWTE
Ek¥5. HlELT, 2200EERR’EAEN [EHFLOER
HE |, [HEHERE) TholoBE, T D2 02T S
L, EPIKRESEARSTLEY. 2 00@ELEZEHRLLRVR
B CTHBEE21To &, SREOBRICEIBENA U 5 wHEtEN
HBH. LitdoT, T—F&#HRTH 2 DOEHRL, R(®)
WL TERILEITS. EL, ZREXEDOEY x, FHHE
% EMREELExy, EHILU#EEn&ET5.

n = — (6)

. B AVRaE:
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Figure 3 An instance of classification by Linear SVM
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Bynary classification by k-NN (k = 1, weights = 'distance’)
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Figure 4 An instance of classification by k-NN (k= 1)

3. BB
3-1 ZREFROER

HE | OBBREIL, EMKREARY v b BR—LEOEE T,
SEH) FT AREDE 80.6 % X BV IVRTHE TH o 1=, #kx REHIC
DWTHREZIToTRR, #BE 7 A% 6 AL p il 0.05
P THIAZERERPRRBTHILENTEE. B O— A
BEIZERERAFELRDP LD, —DOERIIEEE
CHRVIEVEZRLE. R2IIER 1 OFHEREDERE
FDHD, BELEROKENSTERTHA.

EBR 2 OFBREIL, FT ORIHERN 48.7% & ZHIZ ERHE
BEL RV RERI TR, E8 1 O%ERE LT,
ETCOEBRENEL DEREREH O LB bh ol £3
BER2OEFEREOELEROREVERERTHD.

Table 2 Best variables of subjects in experiment 1. Frame
number 0 is the release (50Hz). COP-Y is center of pressure of
Y-axis. CA is contact area. POI is point of interest.

BT CRIL, SYMASK-NN % EEIARER Lot

Table 4 CR lists using SVM and k-NN in experiment 2. Two
best variables were chosen.

Sbj | Variable Frame p

1 Mean velocity of COP-Y -40~-35 ]0.010
2 Mean velocity of COP-Y -30~-25 | 0.003
3 CA of Left foot -5 0.035
4 Mean velocity of CA of right foot -30~-25 | 0.090
5 POI at medial forefoot of right foot -12 0.049
6 Mean velocity of COP-Y -5~0 0.025
7 POI at hallux of right foot 0 0.030

Table 3 Best variables of subjects in experiment 2. COP-X is
center of pressure of X-axis.

Sbj [ Variable Frame p

1 Velocity of COP-X -30 0.001
2 Velocity of COP-X -26 0.001
3 Velocity of CA of both feet -24 0.001

32 ZREROBBEZICL D258
ER2OFREIAPOLBOLNLERERDO DL, BbE
BEOKREDPST-LD%E 2 OBY, SVM L kNN I X > TH
HL, 26 DHEICL->TCR 2B T5H. REIEEKKTT
—HIZE SR B VRE, BRFEIZLS CR I 50%
LB, Li=doT, CRIZEIZS0%LU L&D,

F4iI3 AOEBREDOCR 2K L TN5S. RTOHEKREI

Subject SVM k-NN
1 0.64 0.62
2 0.74 0.60
3 0.68 0.66
4. E%

4-1 RRFry AR ILRFZONT

EBR 1 T, XAy bR—AF—AIZATBR L TWHEF
BEBRE ThH-o7-. FD-H FT BIRITEL, R Ek
BB OBEN 1R Y FH—RbDLizol-. TN THLHRE
TAH 6 ANMSIZWLK OMDERBERFRDH LN TEE FT
BV BERETHoTHLERERBARONIZZ LI, 2
EEASHFEAIC L 28ERITORF AL RRT 56D T
H5H. ERICBITIREEAZHOL, REORD L RBEH
BT, IV EDERERESRERTELIOTHEHRVNE
Bbhs.

*7-,7 A 6 ADOBERE D COP-Y (BRI HERERY
FoZ thibhof. FT 2B UA L X, ZLAFDORFIX
ERAOBEBREBHCICAZEERT AL O BEINT
WAL ZHIc T, RO HEBRICEEL ORELD
bh T, Zok)RERIRoEEEZOLNS.

42 REBEREIZONT

B 2 TIE, FT RIIED S0%RE CThHIBRELED T
HBREITo-. (SEREORIE KRBT —F % t-REIC K
STHELEEZ S, Fh 0 I EOERERNEHBREIC
Rohi-.

EBR2 TiX, ERI1 LIIRLY COPX ICHELAEERE
EREZLROENT. COP-Y IZOWTHHEEERRONI-LD
D, COP-XIZHOWTC, LW KRERFEEERESRDIENT
Tl ThU, EBR 2 OWEBREXER | OFRE LA, FT
DOEHRBRBTH AT DELOHEEHENEEICE-Y, *
NREMORbLRKEREBERER-T-EEZ NS, £, &
KERERIZBIT S pENRNER 1 OFREFIZHATHR Y /N
SVWIELHERTHEIREZLETHS.

InHDZEMnD, FT ROHBORWEREIILVERER
OENEL, IEERDESVWHLREWVWEAICHS L Bbh
5.

4-3 BEEIZ SN T

ERR 2 OFEBRE BT, BRREREFRE 2 2BRUHEMY
BE1T-o7.SVM & k-NNIZ X B2 EOF A L5,
WFNOFKRE L SVM ICX 3 0EEBOIIE I BEI -1, B
WETICLANEOFEIIMIC b2 R FERHBDT, &
BRLTVWE, BLbBEL-LbO2EMATHIFETHS.

SEIOERICBITAEBRED FTOREELELL HETE
EE8E, 6~TEREThH-TD, ZHi+DIERODH D
HEERETHDBEBEDLND., "2y hR—LVRFEIZ, BEEN
SIHANCED FT hL—=U 7 OFEZRY ARSI LT,
A4 FT SIEICBIT D REEHD (LW TREMED) BRI
CHRMAERB LT XDERVMD LN TES. T LTH
WFEBICL-T, RBhERBDBEIN, BFICHARER FT
KBOBFE, 72 FT BRI LS TVREBRTIND. &
ERFT 2R, T8 SAEERIRY, LV ER
ROBEITHOZIENTESD. BFELIFTOLEIZK -T2
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—ZIZOVWTO-REIC L > TRt L. LV EEBRRKE
BRERPHHT A7-0I121T, 12-6 RFEFIC L AHH) I
BOWTSUHFAIBRLEZWO DML —= TF— 2 DRI
SN, BEEREEITHOLENHD. £H>THZ Litko
T, IORELSEYITOLNTES. £/, CR & LtH
S, LVHBICRIDERBENET DR, T —F )
FTAEREREELHMOT I LRARTHS. SHEIT2HDOE
RERII-TERENETF—#2HAVTEY, SRIT2#E
I TAGETH-T-. ZREFRFIN L THHRT Z LT
TRETHY, BV TADI TABGEEITH LIRS, R
Lo T, X0 EERMOFENRITHNRTRY, CR 1T
T~8ENILICERTHETFHREIND. LOLEFEDOMNEND
T3L, EIH3TAHB LRI TEBET A2 REESELOBER
BRIz EickY, FT hL—=0 7L LTHIIAREA
LOERYRRY, ko7, BRI ZEREROBIILE
BIEROLOLTHINERSS.

44 5% OBRE

NCAA TA4EYary10b5F—L0RELHEE BT
5 FT ORDBEHBE LI L 254, HHIzBI1F5 FT IR
DIZIBEBICE NI LM Kozar HICK W BEEN TS
02 FT O#BIL 5~6 EEHE TR UD HiEThHo7-. Ll
FTOEE D | B OHRORIIEE, RAICBIT D FTRIHFE
LHBLIES, AEEITRD LR -, HBIBITS
FT IR BE VDL, 5~6 AdkE CRIETHEICRFENR TV
AAICFED| -DTHY, FTOHEEIZ 14T, bLLIE2
ADOtEy FTITbRARETHBEEFERINTWS. 7z
Kozar & I, BFITEGE TFT DR 21TV, BMEL THEFFR
FTADOTIRIRL, REERERIC FT L— 227 NC FT
BMELXEREC HOE-T) ZEBEETHD LFELTWY
5. ZTICERENTVWA IS, AERIZED FL—=V
BT HARERRB Y EEORBSIGEVRRE TITbL S
ZLIIBRATHD EEDbRS.

Pedar X ZFHBNCHWVWIHEE, HEREOCBHEINHIBINT
LE S0, EBORE LRKORREHAET S Z LI3R#
Thb. I T, EHAERLDHFEENERICTBEL T

B NIKE+Z WD Z & T, 2L ORENRRT 2 L Bbh b,

NIKE+Z Wi, EBEORASTIZE L OLNS FT @ifEx
H+BZENFAETHY, LVEBEMRFT hL—=7%
FHZLMRAETHS.

¥, SEOERTIE, T— 2 E2RDERBROKRIIER L
THEEIToT-. TN THLH O RDREBHLIITED L
HBbhai, B—ARBT—VIZIn B AY F (R— L O#E)
CONWTEERB IR TWWe., R— A 0#LE 2T %R
(b LK IIR—ADOPIFEER 7 M EFHAIT HEE) 2H0
52T, REEHODHGT —F b R— L O8LE % THIT
HEMFERAHET I L AR EMIITS FETHS. T
IZEy, RGEEBROENOEMT 5 L0 H21RMA FT F
Vo U TR BT AN S.
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AEl, HEOHRE L LTHH LT EX SN KES
FANARY y hR—VEBE, Fi-, EMKEEMEFLO H 2
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