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ABSTRACT: An electronic device has been developed which helps to substantially objectify the so-far manual method of
measuring the quantitative element of locomotion in a horse until now used in the Czech Republic. The device can be used
with all horse breeds. It operates on the principle of a special sensor, fixed to the sole part of a hoof. When it touches the
ground, it transmits a numerical signal. The signal reaches a portable computer via a repeater station and it is processed by
software there and evaluated. Reading is made on a sandy or grassy testing track exactly defined by electronic gates. It is
possible to change the length of the track as needed. Special software has also been developed for the evaluation of horses
tested, ranking them according to a ten-credit scale expressing the locomotive potential of the observed equine gait as
compared with a set standard. The results are documented in the illustrative graphs enclosed. The device makes it possible
to observe the tested gait of a horse simultaneously on all the four limbs. Besides the usual parameters of a given gait, it is
also possible to observe the regularity or irregularity of the basic gaits, such as “amble", and the like. For a routine use, more
large-scale testing is made in dependence on breeds, with the aim to bring standards up-to-date and to improve criteria for
effective selection.
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ABSTRAKT: Bylo vyvinuto elektronické pfistrojové vybaveni vyrazn€ objektivizujici ruéni zpisob méfeni kvantitativni
slozky lokomoce kong, dosud vyuzivany v CR. Zafizeni je vyuZitelné pro viechna plemena koni. Pracuje na principu spe-
cidlniho ¢idla upevnéného na chodidlové &ésti kopyta, které pfi dotyku s podloZkou vysilé &islicovy signél pres retranslaéni
stanici do prenosného pocitale, kde je signal softwarové zpracovédvan a vyhodnocovan. Méfeni je provédéno na piskové nebo
travnaté zkusebni dréze, pfesné definované elektronickymi zdvorami. Délka drdhy muzZe byt rizné ménéna. Dale byl vytvoren
specidlni vyhodnocovaci software umoZiiujici vyhodnoceni konkrétnich testovanych koni podle desetibodové stupnice vyjad-
fujici droveti pohybového potencidlu sledovaného chodu kong& vzhledem k stanovenému standardu. Vysledky jsou dokumen-
tovany na pfiloZenych ilustratnich grafech. Zafizeni umoZiiuje sledovani testovaného chodu kon& soudasné na viech Ctyfech
konCetindch. Vedle béZn& sledovanych parametr(i p¥islu§ného chodu je umoZnéno sledovani pravidelnosti, ale i nepravidel-
nosti zdkladnich chodd, jako je ,mimochod®, ,ndkrok* apod. Pro rutinni vyuZiti je provadéno dal3i plogné testovani podle
plemen s cilem aktualizace standard a upfesnéni kritérii pro efektivni selekci.

Klicovi slova: kon&; mechanika pohybu; lokomoce

INTRODUCTION (length of step, speed, frequency) which may be mea-

sured and evaluated by more or less exact methods.

The mechanics of equine locomotion plays one of
the most decisive roles in its practical use. This role is
even stronger in special, namely sport and racing, use
of a horse, which is predominant in most breeds today.

The mechanics of locomotion can be methodically di-
vided into two elements. The quantitative element (sway,
rhythm, action, motion balance, regularity) is usually
Judged subjectively by an assessor (a jury) in. different
testing disciplines. The other element is quantitative
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The possibility to estimate objectively the mecha-
nics of equine locomotion, especially its quantitative
element, constitutes a precondition for estimating the
locomotive potential or working abilities of horses with
a genetic impact.

The mechanics of locomotion in the breeding of
horses with high performance is therefore becoming
one of the basic preconditions of a successful breed and
plays an important role in the process of breeding.
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The mechanics of equine locomotion and interrela-
tions between the mentioned properties have been stu-
died by a number of authors. In the Czech Republic it
was above all Dusek (1973, 1974a, b, 1981) and Dusek
et al. (1970), who give a summary of his own and
foreign works related to the given issue and establishes
a method of measuring the quantitative element of lo-
comotion measured by a subject, including proposed
standards for selected horse breeds.

Evaluation is based on an analysis of the locomotive
potential of a horse made in a special test over a 100-m
long track. The method evaluates the interrelation of all
the three variables, i.e. speed, step length and its fre-
quency. From values measured, standards were set for
the usual breeds, except the English full-blooded and
the trotter (DuSek, 1977). Measuring the quantitative
elements of the mechanics of locomotion has become
part of evaluation in performance tests of young horses
before they are introduced into the breed.

Systematic and non-systematic faults occur when
performing measurements. Namely DuSek et al. (1970)
and Dusek (1973) tried to alleviate these faults and
proposed some corrections to be made at the start and
end of the measured track. However, not even after the
alternations the methods are quite satisfactory.

In our approach we have concentrated mainly at
eliminating the shortcomings of the presently used
method of measuring the quantitative element of the
mechanics of equine locomotion as an auxiliary selec-
tion criterion. In the framework of a research solution,
co-financed by the Czech Ministry of Agriculture, de-
velopment was started of a device which would mini-
mize the subjective element in measuring horses and
gradually enable to consider other, so far unmeasured,
components or signs of equine locomotion.

The presented state is the result of research of
a number of years in different concepts of apparatuses.
The following procedure indicates the essence of our
latest proposed variant.

MATERIAL AND METHOD

The aim of the task was to increase precision in time
measuring, bring to minimum any systematic or non-
-systematic faults, minimize the influence of a subjec-
tive factor in measuring and to make possible consider-
ation of some other effects, such as regularity of gaits
(which belongs to the qualitative element), the length
of steps, etc. This concerns mainly signs and properties
which cannot be evaluated in the manual measuring
method. The solution is also to provide computer pro-
cessed measured values and their evaluation.

In its next stage, the research will concentrate on
standardisation of curves of data measured for the basic
equine gaits using an objectified method. The aim is to
make use of the results in breeding and selective work
in horse breeds included in a research project.
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In the first stage of our research, dealt with here, our
efforts were concentrated in three spheres and were to
result in:

1. Electronic reading of a signal from the direct impact
of one and/or all four limbs simultaneously in all
basic equine gaits and its telemetric reception in
a computer.

2. Electronic reading of the measured time of the
length of the course of the observed limb impact,
and/or of all the four limbs, including an objective
determination of the start and the finish of the test
track.

3. Development of software which would enable pro-
cessing the transmitted signal, later standardisation
and classification of measurement results from
a specific individual as compared with a standard
value. The result thus obtained should be defined
simply and it should be possible to use it in the
selective and breeding process of observed horse
breeds.

The results obtained from the device developed have
so far been verified on horses of warm-blooded breeds
and the English full-blooded horse. Development and
verification took place in the Research Institute of
Horse Breeding in Slatiany and on the Research
Grounds of the Czech Association of Steeplechase, the
Race Course in Pardubice. First results of the new
method of measurement were presented by Jelinek et
al. (1995a).

RESULTS AND DISCUSSION

The method of present-day measurement of the
quantitative element of the mechanics is based in prin-
ciple on counting by sight the horse’s steps over a
100-m long direct track in relation to increasing speed
of gait under observation. This calculation results in
credits given on the basis of a set evaluating scale with
regard to the standardised curve of the gait of a horse
under observation.

The mentioned procedure, used traditionally in test-
ing systems also in other countries, is not quite satis-
factory even after the above mentioned additional cor-
rections. One of the shortcomings being inaccuracy, in
some cases even faults without any possibility to judge
objectively the regularity of gaits, the lengths of indi-
vidual steps, etc.

With regard to the above facts we have started to
develop and design a new equipment for the already
mentioned three spheres.

Device for reading a signal from limb impact and its
transmission into a computer

Electronic sensors of different structures were tested
and developed; they worked on different principles and
at different places during work on a horse. Their de-
tailed description is given by Jelinek and Volenec
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(1990). We do not consider effective to give a detailed
description in this study because none of the structures
tested showed sufficient reliability during tests and pre-
cision in practical measuring. The final solution is de-
scribed by Jelinek et al. (1994, 1995b).

The final sensor structure, designed by us, works in
direct contact of the sole area of a horse’s hoof with
the surface of the testing track. The sensor is fixed by
a special system which keeps it in a constant position
even at the top speeds of race gallop.

Signal is recorded when a tensometric unit reacts to
the load of hoof pressure onto the base. The sensor
consists of a power supply unit and a miniature trans-
mitter which sends the signal over an aerial into a re-
peater station which amplifies it and transmits it into
a computer placed at a control post close to the testing
track.

Signals from sensors are transferred in the form of
a numerical code and sent, all together, through a sin-
gle high-frequency channel to a stationary receiver in
a small portable computer.

The repeater station, which was developed together
with the sensor, is placed in the seat pad and the force
of the signal transmitted guarantees to cover the neces-
sary distance. The station can simultaneously receive
independent signals from all four limbs.

The device of the said configuration makes it possi-
ble to follow on a computer screen the course of hoof
load in real time. Data measured are immediately stored
into the memory. After field measuring is completed,
data may be analysed independently and evaluated. The
analysis results in objective parameters describing the
mechanics of a given horse.

When measuring the contact of limbs with the track
surface, there are, understandably, quite marked pres-
sures, especially during gallop impacts when the total
weight of the horse is borne by a single front leg, de-
pending which leg the horse uses in gallop. Our present
experience from practical tests with some 30 horses in
principle only allows measuring on a sandy testing
track. This fact limits, to a certain degree, the use of
the developed sensor for some breeds that cannot be
measured under the saddle, without some distortion, or
measured free, e.g. cold-blooded breeds in which this
is still required under the amended standard. Measuring
in sulky would thus result in a significant systematic
fault which would distort and undermine the measured
parameters.

The mentioned restrictions make us work even more
at technically improving the sensor structure and the
manner of reading the signal in order to overcome the
problems. Today, the development is in a stage of prac-
tical verification. The first results (from about 20 horses)
indicate the possibility of recording on a grassy surface.
However, not even will such an adjusted manner of
reading the signal most likely make it possible to de-
termine the specific objective distribution of load of the
different limbs during a horse’s motion. It is however
a guarantee of the possibility of measuring shoed
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horses of all breeds and does not have any other spe-
cific requirements as to the structure of the surface of
the testing track.

The original intent of the task was, inter alia, to
make it possible to judge the relative load per specific
limbs. This was to help study the distribution of weight
and the movement of the centre of gravity at the differ-
ent stages of somatic development, in natural and arti-
ficial balance, during different stages of training and
practical use of horses. Results of the study of data
obtained from different surfaces of testing tracks
showed however showed that the course of measured
load of a localised impact onto the base displayed such
a high variability that the load cannot be objectively
and without any significant faults calibrated. The bases
of these faults are the significantly changing conditions
of the testing track during the individual impacts of
limbs and the physiological reaction of the horse,
caused by the influence of the level of artificial balance
achieved, as well as the reaction of the higher nerve
activity to the external environment.

As regards the structure of our solution itself, we can
say that this is a unique principle of measuring. In in-
ternational literature we can only find indirect methods
of measuring, utilising an accelerometric device, or
a camera or a video-camera. The first mentioned prin-
ciple is based on recording and analysing inertial forces
at two levels; cranio-caudal and dorso-ventral. This
method is namely practised in France and is utilised
mainly for analysing the quality of locomotion in peo-
ple and, lately, in horses. Besides studying and analys-
ing locomotion, it is directed to predicting the suitabil-
ity of horses for sport (jump, training, trotters) or to
pin-pointing limping in horses. The method and results
of accelerometry in the last years were namely pre-
sented by Barrey et al. (1994, 1995), Barrey (1995), as
well as Kennedy et al. (1995).

Electronic reading of the measured time of the length
of the course of the observed limb impact, and/or of all
the four limbs, including determination of the start and
the finish of the test track

A necessary requirement for an objective measuring
of time and length of step of individual limbs is an
independent, electronic measuring of start and finish
bound to data obtaining. For this purpose, two modified
infra-sensors with special lenses are used. They are
placed along the sides of the testing track and they
register motion only in a narrow sector around the
starting and finishing lines. The passage of a horse is
indicated to the nearest ca. 10 cm.

The signal travelling by air is intercepted, by means
of a specially designed device, directly by a portable
computer and processed as part of the software evalu-
ation of the measured data. The result is then displayed
and impacts of the different limbs are also represented.
An example of such representation can be seen in
graphical examples Nos. 1 to 3.
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Software for reading and evaluating results

We have developed special software for evaluation
— it enables numerical and graphical processing of the
data of motion and impact of the different limbs of
a horse. The software makes it possible to evaluate spe-
cific steps or jumps of a horse.

Besides a colour display of motion, it also shows the
following basic parameters for each limb under meas-
urement:

1. The number of measurements

2. Total time in seconds for measured steps between
start and finish

3. Speed of horse motion in the measured gait

4. Average step length in the measured gait in seconds
and also converted into meters

5. Average limb frequency over the measured track per
minute

6. Decisive deviation of tested step lengths for estima-
ting the regularity of manner of movement of the
limb under observation

7. Numbers of identical steps in length made by a gi-
ven limb over the track under observation in seconds
of a time interval and also converted into meters.

Practical illustration can be seen in Figs. 1-3.

No.m.: 167 - RB « STEP
Total time : 23.21 (s)
Speaed B 1.24 (n’s)

Average step ~tine 1.08 (s)
—length 12,10 (m)
Average freaquency 55.4 (1/nin.)

Standard deviation of steplength: 0.032 (s>

For each basic kind of horse gait software graphical
illustration is made for all the four limbs, or rather
sensors, together. This makes it possible to consider if
the succession of legs is correct and to judge the overall
regularity of succession of limb impacts. An example
can be seen in Fig. 4.

We have developed special software for evaluating
and standardising gait measurements in specific horses.
The software enables us to speedily obtain results with
the help of a computer. Its weak point is that it has so
far worked with a single-channel reception only, i.e. for
a single horse limb.

An example of a step evaluation can be seen in
Fig. 5, Fig. 6 for trotting and 7 for gallop. The heavy
central line represents the course of the calculated stan-
dard. When evaluating the quantitative element of the
mechanics of motion, length of step was considered,
i.e. from one single impact of a limb to the next one.
The length depends on the speed of the motion of the
horse, or rather of the limb observed. Earlier experience
from observing the results justifies us to state that the
dependence is linear in the case of step and trot while
that of gallop is quadratic.

Each horse and kind of step were measured in dif-
ferent speeds. The values were used to construct the
function (linear or quadratic) which expresses the de-
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1. An example of graphical representa-
tion of step for set of measurements
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[ | l I I l No. 167. Parameters can be seen in the
“ graph legend and description. Vertical
S lines over step course indicate the start

1 o and finish
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No.n.: 182 - RF - TROT

Total time : 9.08 (s>

Speed i 4.95 (n/s)

Average step ~time : D.68 (s)
«length ! 3.38 (n)

Average frequency 87.8 (1L/nin.)
Standard deviation of steplength; 0.028 (s)

Lenath of step (s) 0.64 0.65 0.69 0.70 0,74

Lenath of step (n) 3 17 3. 22 3. 42 3 47 3,52
Humber of steps 3

.
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i

2. An example of graphical representa-
tion of trot for set of measurements
No. 182. Parameters can be seen in the
graph legend and description. Vertical
lines over step course indicate the start
and finish
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No.wm.: 187 -«LF - GALLOP
Total time : 5.45 (s)
Speed i B.,25 (n/s)
Average step ~tine : 0.57 (s)

—length 1 4.70 (W)

Average freauen 105.3 (1/nin.)
Standard deviation of steplength: 0.017 (s)

Length of sten ¢(s) D.55 0.56 0.58 0.59
Length of step () 4,54 4 62 4.79 4.87
Number of steps 1 3

9
7

1 |
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2

3. An example of graphical representa-
tion of gallop for set of measurements
No. 187. Parameters can be seen in the
graph legend and description. Vertical
lines over step course indicate the start
and finish

pendence of step length on horse speed and the fre-
quency of the observed limb. The method of the least
squares was used. From this function, “theoretical
values* are deduced in speeds we have selected.

From the theoretical values, basic statistic values
were calculated for each speed, i.e. mean value and
standard deviation which we made use of the calcula-
tion of decile zones for each appropriate theoretical
speed.

From the limits of these calculated zones, functions
were obtained again by means of the least squares
method. These functions determine appropriate decile
zones in the full extent of speeds in each equine gait.
The zones served as a limit for awarding credits to
specific horses within a ten-credit scale. Decile zones
were created on the basis of normal division quantiles.
Kolmogorov-Smirnov test was used.to verify normality
in selected speeds.
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It is evident from the results that we have managed
to find a satisfactory technical electronic device as well
as processing software. This significantly improves ob-
jectification of the method and manner of measuring
used until now for the quantitative element of the me-
chanics of equine motion as used in our conditions and
to expand evaluation of some other characteristics of
horse locomotion, which was the target of the first
stage of our research.

The equipment enables to determine the length of
each single step over the test track in a relatively accu-
rate and simple way as compared to manual measuring.
It allows to characterise the regularity of gaits in the
form of standard deviations in measured horses, which
are automatically calculated for each tested individual
together with other gait characteristics and classifies it
into a ten-credit scale depending on its motion poten-
tial for the given gait in comparison with the breed
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RF - right front leg
LF - left frontleg
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standard (see illustrative Figs. 5 to 7). The already men-
tioned shortcomings are that the software has so far
worked only over a single channel, a problem we shall

tackle in the next period.
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4. An example of graphical representa-
tion of regularity of the sequence of
the impact of all four legs of a horse,
while taking measurements of a spe-
cific horse-set of measurements
No. 187. The impacts of specific limbs
can be seen in the time behaviour be-
tween the start and the finish, marked
by vertical lines

5. An example of graphical representa-
tion of the final score of step for stal-
lion Dietward which reached 9 points
in all the three measurements. The
middle line (marked red in the origi-
nal) represents the breed standard. The
first and the third measurements made
with the stallion in different speeds
(marked by numbers with interpolated
regression) show the position of the
stallion under evaluation as compared
with the standard. Parameters can be
seen in the graph legend and descrip-
tion.

Using the contemporary manner of recording four
channels, it is possible to identify inborn irregularities
of gait, such as partial or complete “amble* etc. It is

not always necessary to make the measuring over an
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6. An example of graphical representa-
tion of the final score of trot for stal-

1tny Dietuard e lion Dietward which reached 10 points
/ in all the three measurements. The
} Eu;vs‘g:runet:r: ‘i)r‘:sil'ot ¢ / ’ middle line (marked red in the Origi'
ohi ! . ; 2 nal) represents the breed standard. The
3,43 orrelation coafficient ! .
g~k =1.00 first and the third measurements made
2.2 with the stallion in different speeds
B (marked by numbers with interpolated
3.0 regression) show the excellent position
3 of the stallion under evaluation as
2.8 compared with the standard. Parame-
3 ters can be seen in the graph legend
2.6 and description.
3 Resultant evaluation: 10.00
2. neas: % |
3 mneas.
2,24
2,04
1,83
1.6
v In/s1
| Poil S B TR SRR AR St T ML /GG AL TR M) R I I R M joe s e o i ¢ L I S e e ) i
2.0 3.0 4.0 5.0
7. An example of graphical representa-
tion of the final score of gallop for
Ltng Dietuard stallion Dietward which reached 9.33
3 ~ points in all the three measurements.
£:%3 curve paramsters in gailo : The middle line (marked red in the
E a = -0.12 b = 0.77 e = ~0.02 . e
P original) represents the breed standard.
6 .03 orrelation coefficiant ! .
3 k=0.00 The first and the third measurements
5.5 made with the stallion in different
e speeds (marked by numbers with inter-
5. 53 polated regression) show the very
3 good position of the stallion under
4,53 ‘**--\\ evaluation as compared with the stan-
Z T dard. Parameters can be seen in the
4,03 7 \\ graph legend and description.
:: Restntant ebgluat io:l\."e\. 33
3.5< . : 0
Mnaal : 0
neas . g
3.0<
N\,
2,52
2.0
1,53
v [n/s1
]IlIll”ll|IIHIlllI]lIHlIllHIHIHlll[lllllIlll[I|llll|ll|lHIlllIl|HlllllII]IllllHII|IIIIHIII[HI TTTTT
4.0 s.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 \45.0
identical 100-m long track. It is also possible to excludle =~ REFERENCES

poor-quality riders from the test, incorrect sets of horse
measurements, etc.

We have started a large-scale measurement of an
adequate number of horses of appropriate breeds for
later routine utilisation of the device in selective and
breeding practice. After data are obtained, standards
may be amended and criteria set for an effective selec-
tion, which is the subject of further resdarch. Selection
strategy should be based on the updatihg of the basic
genetic parameters re-evaluated according to this
method of measuring.
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