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Abstract

FRARTREAR—YREZEOFEZAVT , YZ5T7L Y ROEBECHEVTEREINOESRE,
BSCICRFOLELVREDEZNZENERI/ANSHAITZEZEMNELTVS | HiZR2FH
D2019FERFIRAREFTBREMRAADORL Y RILICEVWT , H5TL Y R6BEEHWBREFEEL T
B (VA= @1.7m/s) . FEE ( bOY b@3.5m/s ) . BiF (F ¥ Z—@8.0m/s, 10.0m/s,
120m/s ) LB IR FREETE—2IVFVYTTFVYRESLVBRENAT R >THEL , SHRBRE
DHEBERBHEBRLE- . 2BICHBALERFAN—D—CL > THESN-BHERIDL S HEED
XVRNZHEL , TOREITHARICLDINFREOHEERZAVD CETIUNDOHURELEE
ZHHLE . ChZUY—J1THS CETHREDY , EEZHICHSIBRI EOFTHEOBHEY
BESMICBE2 . INDEAELRENDETNERKICEEDO LR ICH# > TEHELENMMELS K
W, BE21AHHPOELCESERE , TAHELTEREN NE<KBREANEREIE . COEE
HESFOOBRBRFEEELRICEEB > TRBBHEAI I NERESBZ>TVK I EEFRIC
BRI INOEBHERIZEEMBIFETIGERETIINIBELETHRIEEZSND N

, INOHFEICHIETIEEN —ENAMTIEIR T ZHFOLELTRBIDERASD E , CDE
BEMOTERBELRICK > TAEMTED L EZBRELLE . EXREOELCEFHASIETIID
EONREBUNBASHIZEDS , TEDOEEELAPHNIDADCETINNDEEEZRAD/NREH
ZEHTBRENTED . AARICHS FTHEFTO/NRERIE70,000~100,000N/mEE D £ H Z
BEN LEFBICONTEHELTVKZEN DA 2/ . LEN>TIONHNREZHITTIT<ICDON
TNREHRIRESLY , TBROEESBZ DTV, VST ENDAD . COZEREREE
LTVLKSATORERHTHDEEASND . SHRBCOBHEEF OUNICRBFNIREL LS
EOEMHEEHSHAICLTVL .
The purpose of this study is to elucidate the superior running performance of horses and the
desirable riding behavior of jockeys from the mechanical viewpoint using the technique of sports
science. In 2019, the second year of research, in the treadmill of the JRA Racehorse Research
Institute, six thoroughbreds as test horses, walk(walk @ 1.7 m / s), trot (trotting @ 3.5 m/ s) and
canter gaits patterns at (canter @ 8.0m /s, 10.0m /s, 12.0m / s) were photographed with a motion
capture system and a high-speed video camera, and the gait characteristics of each test horse
were observed. Body segments were extracted from the joint markers obtained by the reflective
markers attached to the whole body, and then changes in the horse's body center of gravity were
extracted using the equine body center of gravity estimation formula from previous studies. By
drawing this with Lissajous, the movement of the horse body for each individual due to gait
fluctuation and speed fluctuation was clarified. Similar to humans, the body center of gravity of
horses showed a tendency that the average center of gravity decreased with increasing speed,
and the fluctuation width of the center of gravity during one cycle, that is, the amplitude of vertical
movement, decreased. At this time, it was also observed that the trajectory in the anterior-posterior
direction increased to the forward direction as the speed increased. The mass model is considered
to be the simplest dynamic model that represents the movement of a horse. However, if the mass
corresponding to the weight of the horse oscillates around the average height in a fixed cycle, this
movement is extremely accurate. It was confirmed that it could be approximated by a simple sine
wave. From the sinusoidal variation of the center of gravity, the spring characteristics of the horse
are clarified. That is, the mass and the period are known, and the spring constant that supports the
horse's mass can be calculated. In this study, it was found that the spring constant in the canter
varied in the range of 70,000-100,000N / m as the speed increased. Therefore, it can be seen that
the spring constant increases as the horse speeds up, that is, it becomes stiffer. This is a
necessary condition for high-speed sprinting. In the future, we will clarify the characteristics of
horses riding horses with these characteristics.
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Extraction and visualization of the kinematical and kinetical characteristics on the thoroughbred gait

1. HIREBRFROBE

ARETIZAR—YRZOFEZANT, YSTLYRDEHEICEVWTENEITDOERE, GOUVICBEFOLELLVEREEE
HEHLEREANSEIATAIILEEMNELTNS. IR 2FB D 2019 FEX JRA BEEBEREMEFRRDRLYRSILIZBNT, ¥5
TR 6 BBZHBERELLT, B (U+r—0@1.7m/s)  EEH (FOvb@35m/s) | Ei % (F 22 —@8.0m/s, 10.0m/s, 12.0m/s) IZE1F5S
SRET—AVFIVIFVYEEBBLUBERENASI TREL, FHBREOSERYUEZEHAIL. 25ICHMLEZRFY—H—IZk
S>THELN-MAFEBHEAISBERET AV EHEL, ZORETARICESZIVEAREDHEREZRAVNSETIORDFEKREDE
EEMHE L. ChEJH—CaTHCETSBES, EEZEICHSBERSEDERDEENBEALH,IZE =, IXDEAKEDILE
FDFNERBFRIZEED LERICHESTEHNELSNMEAEY, B2 1 AT OELEEEINE, 415 L TEIRIEA/NSASHER
MNEESh . COLEMBAROBRBIMIIIEE LRIZEL - TREBHBENANERESELTIKI L EBICBRESA-.
TDEHERITRVEMENZETIVEIERETILNELTHIEEZEZAONSD, DYDAKREICHETIEEN—EDFHTEY
SSERILELTIREITAEIEADE, COEFIIBO TERLBEREICE TR TESILEZMHERL:. EREROELEEIS
[EORDEDNRBFENBALHNCEDS, THHLLBEELEAPENONEETIVYNDEETIAANREREZERTIIENTES. K
HEIZEITBERSTO/ AR E S IL 70,000~ 100,000N/m FZEDFHFEEEREMN LABIZONTERLTIKIEA M. LIzAoT
IIDNBEEEZHITTIKIZONTARERIIKREEY, THHEIELEOTUL, EVWSTEADHLMNSE. ZOLIFEEREELTINKS X
TODEEUTHIEEZOND. SEIICOFEEFE OUVICEFABEL-IGEDOEFEEAL,IZLTLK.

2. MIRERRAEEOBE R

The purpose of this study is to elucidate the superior running performance of horses and the desirable riding behavior of jockeys from
the mechanical viewpoint using the technique of sports science. In 2019, the second year of research, in the treadmill of the JRA
Racehorse Research Institute, six thoroughbreds as test horses, walk(walk @ 1.7 m / s), trot (trotting @ 3.5 m / s) and canter gaits
patterns at (canter @ 80m / s, 10.0m / s, 12.0m / s) were photographed with a motion capture system and a high—speed video
camera, and the gait characteristics of each test horse were observed. Body segments were extracted from the joint markers
obtained by the reflective markers attached to the whole body, and then changes in the horse’s body center of gravity were extracted
using the equine body center of gravity estimation formula from previous studies. By drawing this with Lissajous, the movement of the
horse body for each individual due to gait fluctuation and speed fluctuation was clarified. Similar to humans, the body center of gravity
of horses showed a tendency that the average center of gravity decreased with increasing speed, and the fluctuation width of the
center of gravity during one cycle, that is, the amplitude of vertical movement, decreased. At this time, it was also observed that the
trajectory in the anterior—posterior direction increased to the forward direction as the speed increased. The mass model is considered
to be the simplest dynamic model that represents the movement of a horse. However, if the mass corresponding to the weight of the
horse oscillates around the average height in a fixed cycle, this movement is extremely accurate. It was confirmed that it could be
approximated by a simple sine wave. From the sinusoidal variation of the center of gravity, the spring characteristics of the horse are
clarified. That is, the mass and the period are known, and the spring constant that supports the horse’s mass can be calculated. In
this study, it was found that the spring constant in the canter varied in the range of 70,000-100,000N / m as the speed increased.
Therefore, it can be seen that the spring constant increases as the horse speeds up, that is, it becomes stiffer. This is a necessary
condition for high—speed sprinting. In the future, we will clarify the characteristics of horses riding horses with these characteristics.
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