Artificial intelligence and GPS sensor technology for 3D analyses

in the biomechanics of jumping horses

Artificial intelligence and GPS sensor
technology for 3D analyses in the hiomechanics
of jumping horses

Keywords: horse; jumping, biomechanics, GPS sensor

Autoren: Stéphane Montavon !, David Deillon %, Johnathan Bertolaccini * Michel Deriaz?

1. Veterinary Department of the Swiss Armed Forces, CH-3063 Bern

2. Alogo Analysis SA, CH-1020 Renens

3. Travelling and Mobility Laboratory — University of Geneva, CH-1227 Carouge

Korresspondenzadresse:

Oberst Dr med. vet.
Stéphane Montavon

DVM, Chief of the Veterinary
Department, Swiss Armed
Forces, Staff, Medical Service,
Worblentalstrasse 36, CH-3063
Ittigen, Bern, Switzerland

Conflict of interest: No potential
competing interest was reported
by the author.

Abstract

Pathologies of the locomotor sys-
tem in the horse are strongly
linked to competition and daily
work sessions. In the show jump-
ing horse, repetitive loads and un-
suitable surface conditions too of-
ten cause serious and potentially
career-ending injuries. In this con-
text, the authors wanted to demon-
strate the use of a non-invasive
sensor integrated in the girth to
characterize the important crite-
ria that define good biomechanics
in a jumping horse (Alogo Move
Pro® Sensor). Based on Al (artifi-
cial intelligence) and GPS (global
positioning system) sensor tech-
nology, this device accurately
measures parameters that may
help in identifying crucial aspects
of jumps relevant either for

performance or injury prevention.
In a preliminary study, it was pos-
sible to qualitatively and quantita-
tively analyse the three critical
phases of a jump sequence, namely
approach, jumping parabola and
move off. Different parameters
were measured for each of these
phases. Thanks to state-of-the-art
technology used in aeronautical
guidance, the sensor allows the
display of unique data such as the
real trajectory in 3D. A set of anal-
ysis algorithms was developed and
used. Two objectives, which could
be verified in practice, have been
formulated. These results were
similar and in line with previously
published data by other authors.
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Abstract

Pathologien des Bewegungsappara-
tes beim Pferd sind stark mit dem
Wettkampf und der téglichen Ar-
beit verbunden. Beim Springpferd
fiithren repetitive Belastungen und
ungeeignete Bodenverhéltnisse oft
zu schweren und moglicherweise
karrierebeendenden Verletzungen.
In diesem Zusammenhang wollten
die Autoren die Verwendung eines
nichtinvasiven, in den Sattelgurt in-
tegrierten Sensors demonstrieren,
um die wichtigen Kriterien zu cha-
rakterisieren, die eine gute Biome-
chanik bei einem Springpferd defi-
nieren (ALOGO Move Pro Sensor).
Basierend auf Al (Artificial Intelli-
gence) und GPS-Sensortechnologie
(Global Positioning System), misst
dieses Gerat akkurat Parameter, die
helfen konnen, entscheidende As-
pekte der Spriinge zu identifizieren,
die entweder fiir die Leistung oder
die Verletzungspravention relevant
sind. In einer Vorstudie war es mog-
lich, die drei kritischen Phasen einer
Sprungsequenz, ndmlich Anlauf,
Absprungparabel und Landung,
qualitativ und quantitativ zu ana-
lysieren. Fiur jede dieser Phasen
wurden unterschiedliche Parame-
ter gemessen. Dank modernster
Technologie, die in der Flugfih-
rung eingesetzt wird, erlaubt der
Sensor die Darstellung einzig-
artiger Daten, wie z.B. der re-
alen Flugbahn, in 3D. Es wurde
eine Reihe von Analysealgorithmen
entwickelt und eingesetzt. Es wur-
den zwei Ziele formuliert, die in der
Praxis verifiziert werden konnten.
Die Ergebnisse waren dhnlich und
stimmten mit bereits veroffentlich-
ten Daten anderer Autoren tiberein.

Introduction

The training of sport horses is of
great and growing interest as
pathol-ogies of the locomotor
system are

closely related to competition and to
the structure of daily training ses-
sions. In the show jumping horse in
particular, these injuries are often
caused by repetitive loads and un-
suitable surface conditions 2.

It is also confirmed that the impor-
tance of training regimens for or-
thopedic health in show jumpers is
preponderant. Repetitive overload
injury is a major problem for sport
horses of any discipline and causes
specific lesions for different eques-
trian sports®. Riders at an elite pro-
fessional level of show jumping use
training regimens that vary sub-
stantially in time spent training and
other physical activities. Show
jumping horses competing at the
same level are challenged differ-
ently during training. Activities
such as working on the flat or obsta-
cle training are too often repetitive
and not sufficiently diversified. The
equestrian infrastructure and qual-
ity of the surfaces are not always in
line with the level of demands re-
quired for top-level sport®.

Numerous scientific studies exist®->
describing the biomechanics of the
show jumping horse and rider over
different types of obstacles. The
most important results of the kine-
matic and kinetic investigations are
the take-off position, the accelera-
tion of the hind limbs (leading- and
trailing hind limb) at take-off as
well as the load of the fore limbs
(leading- and trailing fore limb) at
landing. Furthermore, Clayton® di-
vided the movement process while
jumping in five phases: approach,
takeoff, suspension, landing and
move off. The approach consists of
aseries of strides, which are counted
retrospectively, backwards from
the fence. The subsequent jumping
strides include the takeoff of the
hind limbs as well as suspension
and landing of the fore limbs. After

landing of the fore limbs, the horse
moves off in canter.

Clayton and Barlow!” investigated
the approach to a 1.55 m high verti-
cal fence. The closer the horse gets
to the obstacle, the shorter the dis-
tance, duration and ground speed of
the stride. The combination of these
three factors leads to the kinetic en-
ergy required to realize a good
takeoff.

Some authors”® demonstrate the
ideal distance from the obstacle in
relation to the height of the fence.
Moreover, a good distance for the
takeoff allows all joints and muscles
to develop an ideal parabola
throughout the jump.

The flying phase (also called suspen-
sion phase or airborne phase) takes
time and is dependent on the height
of the obstacle®. The taller the
height, the longer the suspension
phase. The same applies to the
length of the jump: the higher the
obstacle the longer the length of the
jump. This applies both to vertical
obstacles and oxers. The duration
and length of the suspension phases
are longer on oxers than on vertical
obstacles.

Similarly as for takeoff, the leading
forelimb at landing is in contact
with the ground for longer® than
the trailing forelimb. The load on
the forelimbs at landing increases
for higher obstacles®.

It is important to correlate the dif-
ferent locomotor pathologies with
the biomechanics of show jumping
to know, both in training and in
competition, when the demands are
high and how they are expressed. It
is also important to do everything
possible in terms of prevention to
ensure the physical and mental
well-being of sport horses, thus also
avoiding high veterinary costs.




In this context, new technologies
will play an important role in the
biomechanical description of the
jumping movement.

The aim of this study is to show an
example of a new technology that
can provide new indications on the
biomechanical criteria of jumping
during the various jumping phases,
especially the flying phase.

The device from ALOGO Move Pro®
(www.alogo-analysis.com) a unique
sensor integrated in a strap with
high technology was chosen (Fig-
ure 1). It contains an IMU (inertial
measurement unit), an accelerom-
eter, a magnetometer and a goni-
ometer. It allows the visualization
and analysis of jumps, to identify
optimal parameters to improve
them and to detect variations in lo-
comotion in order to prevent any
form of injury. The precision al-
lows the tracking of the horse’s
movement in a 3D space. It also de-
tects lateral balance, straightness,
cadence, speed and duration of a
session (Figure 2). Its functionali-
ties are designed to measure the ac-
tual trajectory of the jump, includ-
ing the approach, the takeoff, the
suspension, as well as the landing
and the move off phases. Height
and length are measured for each
jump and stride. Angular measure-
ment and calculation of striking
power is performed for each jump
and stride at takeoff.
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Two objectives were set for this
study: firstly, to verify biomechani-
cal values measured with this sen-
sor in the field of show jumping
compared to measurements pub-
lished by other authors and sec-
ondly, to obtain new data provided
by a new technology.

Materials and methods

Four horses belonging to the Swiss
Armed Forces were used, ranging
between 5 and 11 years old. Their
level of training was that of a mili-
tary service horse, capable of cor-
rectly riding a 1.20 m course with a
rider licensed with the Swiss Eques-
trian Federation (www. fnch.ch).
Their heights at the withers ranged
from 163cm to 176 cm. All the
horses were sound, shod correctly
and fit for (military) service. The
test surface consisted of a 20 m x
60 m well-drained silica sand arena.

Each horse was examined succinctly
for the possible appearance of lame-
ness. All the horses were ridden by

Figure 2: ALOGO measured criterias
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the same, experienced rider in order
to reduce the influence of riding
skills. The positioning of the sensor
in the strap was checked. The central
position on the girth was finalized
once the horse was definitively
strapped in and ready to jump.

Two obstacles were placed on the
middle line at a distance of 21 m, a
classic 5 stride distance. The obsta-
cles were jumped at heights of
0.80m, 0.90m, and 1.00m up to
1.10 m. Each horse performed the
lines on each hand, varying the fol-
lowing sequence: vertical/oxer and
oxer/vertical. These sequences are
shown in figure 3.

The name of the strides has been de-
fined as follows: the stride before the
firstjump F1 (approach), the jump on
the first obstacle F2 (takeoff, suspen-
sion and landing), the stride after the
first jump F3 (move off), the follow-
ing strides F4, F5, F6 as normal
strides between two fences, the
stride before the second jump F7 (ap-
proach), the jump on the second ob-
stacle F8 (takeoff, suspension and

Figure 1: The ALOGO Move Pro Sensor

Figure 3: ALOGO - design experience diagram
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landing), the stride after the second
jump F9 (move off) (figure 3). Each
horse crossed the same line 12 times
(6 times on the left hand and 6 times
on the right hand). A total of 48 (N =
48) crossings were therefore re-
corded. The order of the passages
was as follows: one passage on a ver-
ticalat0.8 m and one oxer at0.9/0.9 m
(left and right hand). A second pas-
sage on a vertical at 0.9m and an
oxer at 1.0/1.0 m (left and right hand).
A third passage on a vertical at 1.0 m
and an oxer at 1.10/1.10 m (left and
right hand). A fourth passage on an
oxer at 0.8/0.8m and a vertical at
0.9m (left and right hand). A fifth
passage on an oxer at 0.9/0.9 m and
a vertical at 1.0m (left and right
hand). A sixth passage on an oxer at
1.0/1.0m and a vertical at 1.10 m (left
and right hand).

With the ALOGO Move Pro® sensor
the following parameters were
measured: acceleration in m/s?, ve-
locity (speed) in m/s, length meas-
ured in m, height measured in m -
height in this experiment model is
the place where the sensor is at-
tached (under the girth), angle of
jump measured at the position of

the sensor in degrees. The ALOGO
Move Pro® sensor was fixed at the
girth and centered in the middle
as shown in figure 4.

All data were analysed using R de-
velopment Core (2008) Version
3.2.3. (www.R-project.org) in order
to verify our objectives and their
significance. The results were col-
lected and analysed for 3 phases of
each jump, i. e. the approach phase
(F1 and F7), the flying phase (F2 and
F8) and the move off phase (F3 and
F9). The means and standard devi-
ations were also calculated.

Results

Results are shown in table 1: In or-
der to obtain a representative aver-
age of the five criteria (acceleration,
velocity, length, height and angle in
degree), the results were gathered
for the three phases of the jump (ap-
proach, flying and move off ) and for
all four horses used.

During the approach phase, it was
possible to demonstrate a mean ac-
celeration (35.62 m/s?or 3.63 G) and

Figure 4: Positioning of the ALOGO Sensor

amean velocity (6.0 m/s). The mean
length of the stride before takeoff
was short (2.93 m). The mean height
of the stride reflecting the position
of the CG (Center of Gravity) was
low (0.14 m). Finally, the mean in-
clination of the horse measured
through the angular value of the
limbs and the trunk was also low
(3.48 degrees).

The flying phase is, as described
above, the combination of the take-
off, suspension and landing. Com-
pared to the approach phase, the
mean acceleration (54.62 m/s? or
5.56 G) was significantly higher (p <
0.01) and the mean velocity was
smaller (5.00 m/s). The mean length
of the jump (4.76 m) was signifi-
cantly bigger (p < 0.01) than the
length of the approach stride. The
mean height of the jump (1.32 m)
reflects the height of the fence plus
the height of a normal stride. The
mean inclination of the horse meas-
ured through the angular value of
the limbs and the trunk was very
high during takeoff (29.9 degrees)
demonstrating the transformation
of kinetic energy to potential energy.
This inclination is significantly
higher than during the approach (P
<0.01).

The move off phase was character-
ized by a smaller mean acceleration
(38.05 m/s?). The mean velocity af-
ter the jumping phase logically in-
creased (6.35 m/s). The mean length
(3.65m) and height (0.06 m) was
also significantly shorter and
smaller than during the jumping
phase (P< 0.01). The same applies
for the mean inclination of the
horse (9.3 degrees) measured
through the angular value of the
limbs and the trunk. The mean in-
clination during the move off phase
was significantly higher than dur-
ing the approach phase (P<0.05).




The results allowing the analysis of
the various objectives formulated
are found in table 2.

Discussion

Based on the results obtained in our
preliminary study and using fences
with heights and widths not exceed-
ing 1.10 m, there were statistically
no differences for the analysed cri-
teria within the three phases of the
jump (approach, suspension and
move off) between a vertical and an
oxer. The height and width of the
obstacles seem to play a minor role
in the different criteria measured.
Obtained values for acceleration,
velocity, length and height of strides
as well as angles of strides and
jumps are within the different
phases similar at heights up to and
including 1.10 m. The parable of the
jump seems not to differ for all the
criteria analysed between a vertical
obstacle or an oxer, and this applies
to all different heights used; it might
therefore appear that the horse
does not know the difference be-
tween a vertical and an oxer and
that jumping at these heights is sim-
ply a canter stride greater than
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another. These figures are con-
firmed by other authors®, and this
argument is also noted by trainers
and experienced riders. The values
measured during the different se-
quences of the jump are coherent
and allow the logical detailing of the
different analysed phases. The ac-
celeration criterion revealed inter-
esting values in m/s? which, con-
vertedto G, provide a good reflection
of the forces exerted on the hind
limbs especially at the time of take-
off. It is particularly interesting to
note the very small mean height of
the stride following the jump
(0.06 m), which corresponds to the
move off phase (P < 0.05). This very
small height can be explained by
the fact that the horse has to recover
its own balance in order to be ready
for the approach phase to the next
fence. The choice to use only four
horses for the study was dictated by
the availability of military horses at
that time. Consistency of these val-
ues with previously published stud-
ies shows that the device is reliable
and efficient. Only the values meas-
ured during acceleration are new
and will be interesting to investi-
gate further in future experiments.
A full validation procedure of the

in the biomechanics of jumping horses

device must and will be performed.
The veterinary service of the Swiss
Armed Forces in partnership with
the University of Zurich (Abteilung
fir Sportmedizin) has been man-
dated for this purpose.

Conclusions

Authors were able to test the use of
the ALOGO Move Pro® sensor in
practice. A scientific protocol al-
lowed us to verify the various func-
tionalities such as length, height
and velocity of strides in the ap-
proach, flying and move off phases.
Acceleration and inclination at the
takeoff phase are new values that
this technology allows us to meas-
ure. We were able to compare the
values obtained and found them to
be in line with data previously pub-
lished by other experienced au-
thors. Correspondence with these
authors allowed for these compari-
sons. The credibility and reliability
of this sensor augurs new areas of
research in the field of biomechan-
ics of the show jumping horse, help-
ing to diagnose lameness or irregu-
larities that are difficult to detect
with the naked eye. °

Approach: Jump: Move off:

F1+F7 F2 +F8 F3+F9

mean mean mean

Acceleration in m/s? 35.62 54.62 38.05
(SD=7.14) (SD=13.46) (SD=8.15)

Velocity in m/s 6.00 5.00 6.35
y (SD =0.64) (SD = 0.64) (SD =0.58)
Leneth in m 2.93 4.76 3.65
g (SD =0.5) (SD = 0.86) (SD =0.33)
Height in m 0.14 1.32 0.06
& (SD =0.04) (SD =0.13) (SD =0.02)

. . 3.48 29.9 9.3
Stride / Jump angle in degree (SD = 2.81) (SD = 5.82) (SD = 2.80)

Table 1: ALOGO Move Pro - collected results
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Hypothesis and their statistical differences Significance
Significance: * = p < 0.05 **=p < 0.01 - n. s. = not significant

Acceleration in m/s?

Acceleration during the flying phase is much bigger than during approach and move off phases o
Acceleration during the move off phase is bigger than during the approach phase *
Velocity (Speed) in m/s

Velocity during the flying phase over the two fences n.s.
Velocity during the approach and move off phases is much higher than during the jumping phase X
Velocity during the move off phase is higher than during the approach phase *
Length in m

Length during the flying phase is bigger than during the approach and move off phase ek
Length during the approach phase is much smaller than during the flying and move off phase e
Heightin m

Height during the flying phase is much bigger than during the approach and move off phase o
Height during the move off phase is smaller than during the approach phase *
Stride / Jump angle in degree

Angle during the flying phase is much bigger than during approach and move off phase ek

Angle during the move off phase is bigger than during the approach phase

Table 2: ALOGO Move Pro — Hypothesis and their statistical differences
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