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Abstract: "Eccentricity'' is a term for a displacement, while "eccentric anticipa,
tion" is defined a"s the control of forthcoming contact across locomotive kinematic
chains. The disturbing fact there is found in the driving vertebrate kinematics and
the related locomotion technologies. To fit human performance, these ail fall to
specific spatiotemporal standards. Local self-similarity and a nonlinea^r feedback
stabilization is binding the kinematic chain to the demands of a mechanism.
Keywords: vertebrate kinematics, locomotion, grality, fractal geometry.

1 lVhat is "eccentricityD?

Eccentricity, in the first instance, is a measure for the displacement of a focus from
the center of the ellipse (Fig.1). The measure of displacement predetermines the
properties of the ellipse. And this constraint forces the hand to follow the path.
This interrelation F. Reuleaux adapted for his foundation of kinematics to become
the rule of pairs, while the forced geomeffical binding became his static "closed
kinematic chain" or "mechanism". Another aspect of predetermination Reuleaux
had in view, when he compared the path of a satellite around a planet (Reuleaux,
1875 [19], Fig.Z) and a crank-driven regular wheel (Fig.3). This spatiotemporal
predetermination by paired dislocation across the components in a wider sense is
eccentricity.

The difference in the predetermined eccentric path of a planet and an eccentric
wheel Reuleaux found in the spatiotemporal reference to a driving force. The crank-
driven wheel unveils its constraints only when it is forced, then the axis of rotation
AB determines all loci of R at a moment T (Fig.3) This forced determination is
called "Zwangslaufmechanik', which is translated as "positively driven mechanics").
The original term refers to the initial conditions. The planet also has this forcing
of its orbit at a moment (?), but these conditions do not allow the stopand-go
and the to-and-fro of a mechanism, though it is clear, that both of these initial
path-driving conditions bind space and time by a specific but common geometry to
have it stabilized in a quasi-periodicy. This potiential embedding in similar phase
spaces is the reason to look out for fractal geometry at work. In ca"se a planet
is simulated by a rotary pendulum its quasi-periodicity generates a torus (Worg,
1993[20]). According to Reuleaux, a mechanism may model this behavior.
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Fig. 1: Bifocal binding of the forced ellipse path (from R. Descarbes, Geometry).

Fig. 2: Positive drive of a planet (Reuleaux, i875, Fig. 2).

Fig. 3: Positive drive of a crank-driven wheel (Reuleaux, 1875, Fig. 3).
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2 Time and the mecha,nism

Reuleaux implicitly distinguished planetary phase time r(") and predetermining
permanent local time r(t). His Cartesian frame of reference catched the spatiotem-
poral properties of any location in respect to the a:ris of rotation (1):

r(t): (r(t),fu(t),2(t))). (1)

The mechanical compound runs with equal time for all its locations. It makes
no difference, to measure time by two difierent clocks t and / for a specific location
(c(t), (c(t), z(t)) (z):

{  = a t * A t  Q )

(where a is a synchronizing constant) or by the same two clocks at two difierent
locations. Reuleaux instead supposes Q : r(t) equivalent ro Q - r'(/) for all
locations of a mechanism (3):

/(r') = 1(1;. (3)

All the locations of the system at moment of move (1) or at standstill (t) equally
have the sa,me spatiotemporal properties. This is true for any additional element
joining a closed kinematic cain. And it is true also for the spatiotemporal properties
for any contact across the mechanics to any forthcoming place (4):

t(r) -- { (r')r = t" (r't) : { (r"). (4)

The spatiotemporal kinematic acces across mechanical devices fits experience.
The rotating wheel (Fig.3) on a surface becomeo an unicycle (Fig' ). Any crank-
driven rotation at Q - r'(/) will turn the a:ris and the wheel which subsequently
will contact a surface at Qn - r"t(t") with the same spatiotemporal properties.

But how is this spatiotemporal efiect of mechanics related to the driving human
force at the handle of the crank at a moment of move (7)? To generate the appro
priate spatiotemporal effects, both the concept of driving and the mechanical efiect
have to be commensurable.

Our orvn experience reflects this spatiotemporal commensurability. In the mo
ment we write on a paper (Fig.5), the hand only has conta,ct with the pencil ̂ f 4r),
but the touch we feel is dislocated to the edge of the graphite at /(r') in contact with
the surface of the paper at f'(t''). This spatiotemporal phenomenon of edge touch
ircross tools and other mechanical devices equivalently is a dislocation of a focus.
Therefore the dislocation across kinematic extensions also is called "eccentricity''.
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Fig. 4: The crankdriven wheel on the ground becomes an unicycle.

Fig. 5: Eccentricity is the spatiotemporal dislocation of actual touch at /(r') across
the pencil to its edge at, t''{t't) with an effect on the surface at ftr(r").



3 Eccentricanticipation

The path driven forcing of kinematics takes to the anticipatory a^spect of eccentricity.
Whenever motion or locomotion by the vertebrate mechanics of an organism is
performed, the moving edge of contact has to avoid self-destructive force-feedback
even in its first step. This is true both for the vertebrate system itself and its
eccentric use of mechanical attachments. Accordingly n'e have to suggest "eccentric
anticipation", defined as a spatiotemporal dislocation across motor activity related
kinematic extensions. These extensions are bridged in respect of force guiding - the
incoming and outgoing nerve signals take time - and in respect of kinematical path
generation - any motor force has to be released before its effect (Kornhuber . 1976

[11]) according to the just spatiotemporal order (Libet, 1979 [14]). The mechanical
extensions of locomotion (stilts, bikes) and motion (tools) act in respect to the
internal organization of vertebrate mechanics. So they may serve as a mirror of the
related internal organization.

4 Spatiotemporal synchronization of bicycles

While the system generates is path by its own and extended rnechanics, it ha.s
to know its spatiotemporal effects then and there, even âcross mechanical devices.
Anticipation inverts the sequence. In this respect, inverted kinematics is looking-
back model of an actually active predetermination of a contact to come at tt(rt)
lor tt'(r"). To get a surface (- gra"sp) or to pass on a surface (: locomotion)
without destructive collision as the efiect of spatiotemporal coordinate misfit in a
predetermined future, there must be a constant synchronizing factor c for the guiding
and the making. This refers to the first step and the permanent move. The initial
step has not yet access to path related force-feedback, a^nd move and locomotion as
well have to be aware to predeterrnine forthcoming spatiotemporal events. In all
cases the right spatiotemporal proportion must found permanently. This demands
a spatiotemporal synchronization. Without such an spatiotemporal "escapement",
neither the mental control nor the mechanics could keep its own spatiotemporal
coordinates uptedate. The systerr without a spatiotemporal self-control would
loose its "realistic" contact with the environment on its generated mechanical path.
The mechanical "in case", by its geometry and measure, presupposes a realistic result,
In the moment of "awakeningi' as well as for perpetual locomotion we have to deal
with "eccentric anticipation" to fit t"(r").

Spatiotemporal'isochronial' in normal human locomotion is generated by the
legs. There the legs perform a sort of cycloidal pendulum to drive motion (Fig.
6). The picture refers to the effort of the trpo legs. The circie with the diameter o
mirrors to the resultant driving force 2r which is adapted by the path of the bicycle
pedal at Q. This device mirrors the resultant forced path. The predetermined effect
is a spatiotemporal 'tlock-work". The clock-work just mirrors a quasi-periodical
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Znr
Fig. 6: In human locomation the legs act like a cycloidal pendulum to generate a
quasi-periodic crank-driven locomotion.

Fig. 7: A cycloidal Huygens pendulum also rnay serve the constraints to generate
crank-drilrn quasi-periodicy in locomotion.
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Fig. E: Bike with still adjuetable crank-radius and unelaborated fra,rne, 1889.

physical event.
Bilces adapt the resultant path by the quasi-periodicity of the pedals (Fig.6).

This geometry binds clockworkJike harrnony and spatiotemporal motion' The Huy-
gens pendulum like stroke, by its geometrical constraints, fits t : {' : tn. Ac-
cordinglg there should be a factor guiding r from within the kinematic chain to fit
for the environment by mea*sure. This spatial factor would complete the kinematic
spatiotemporal pair.

5 The puzzling standard in locomotion

It is known from bicycle industry, that all grown-up people around the world in all
sorts of environments, s/omen and men, tall and small, young and old, with long
or short legs, on bikes with la^rge and small wheels, with la^rge and small frames,
with difierent handlebars and gender related construction, use for their bikes pedals
with the sa,me standard crank of 170 - 175 mm (Fig.8). The diameter of the related
driving rota^ry leg motion consequently is 34-35 cm. Optionally there are longer
cranks available. But people using these, later come back to the standard cranks,
which cover worldwide 99 % of the industrial production. In the ea,rly days of biking,
the crank length had been adjustable, but as the result ofexperience, the standard
length was found optimal and became with 170 mm (alternatively 175 mm) the de
facto standard more than a hundred years ago. To this measure also fall unicycles
and tandem cranks.

Any of the given anthropometric mea^sures, related to gender, age etc., have a
normal distribution, but not the cranks. The standard itself mirrors the optimal
measure for sensorimotor activity. And, appa"rently, this should be a key to under-
stand the driving kinematic chain. But normal biking is a hand and leg-work. In
this respect it is to be remembered, that the legs are just the front end of the driv-
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ing forces, while guiding and pondering movements stabilize and harmonize motion.
These mainly are the result of handlebar movements, which also are symmetric and
have an axis of rotation and a spatiotemporal result for r(t).Across the handlebar,
the distance from handle to handle falls into the same measure of a circle of the
crank radius, falling to the same diameter of 3435 cm. If we focus this motion
while biking, we realize the measure to synchronize the motion of the arms and legs
on their forced equal circular path. Accordingly, all the industrial standards for bike
pedals and handlebars as well as car steering wheels and push pedals accordingly
fall to diameters between 330 mm aad 400 mm. These common measures in the
driving paths indicate the kinematic chain to meet external environmental forcing
(Table 1).

Tbble 1: Crank diameters for bicycles. cars and motor boats.

bike pedal: 330 mm (165 mm crank)
car steering wheel: -340 mm (VW min.)
bike pedal:
bike pedal:
bike pedal:

340 mm (170 mm crank)
350 mm (175 mm crank)
360 mm (180 mm crank)

car steering wheel: -370 mm (Smile)
car steering wheel: -380 mm (Porsche 911)
car steering wheel: -390 mm (Citroen)
bike handlebar 400 mm (rnar,.)
boat steering wheel: - 406 mm (max.)

There is a general binding factor o to result in a specific measure of any locomotion
related devices. This measure joins the motor activity of arms and lep, accordingly
Reuleaux (Reuleaux, 1875 [19]) focuses crank-driven as well as revolving ladder
driven stational mechanics. A further locomotion mechanics related step (stairs in-
cluded) leads towards the discussed synchronized motor activity of a.rms and legs.
Additional information, to understand the binding and guiding of vertebrate me.
chanics, is found in the common fra,me of reference organizing the environmental
contact.

6 A frame for sensori-motor activity

The motor activity of riders (Fig. 9) shows a clear framework of reference. All the
rotating mechanical wheels and the related driving motor activity runs on circles,
and all these a:<es of rotation are bound by a unique frarne which is pa^rtially re-
produced by the layout of the frame and the forks of the bike. This frame was not
available in 1889 (Fig. 8). The actual design follows the scheme of the closed chain
in the view of grapho-statics (Cullmann, 1866 [3]) and referr to a specific location
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Fig. 9: Handlebars and cranks fall to a common diameter to fit the static frame of
refererrce in vertebrate kinematics.

of the vertebrate mechanics. This is not realized in all literature on vertebrate me-
chanics (McGowan, 1999 [15]), there is good related experimental research available
(Lengsfeld, 1975 [13], Knese, 1936 [9], Knese, 1943 [101. The same scheme is appli-
cable to horse-riding (where the motion of the horse-legs is at the place of the two
bicycle wheels) as well as to the historical construction of bicycles from Drais on.
The pattern of development is bound to this atlas-anchored frame of reference. The
"atla.s" joints the crane on the vertebrate column. Visibly the vertebrate mechanics
and its attachments a,re anchored there (Fig. 9)

The cycloidal drive in bipedal locomotion (Fig.9) maybe be reduced frorn the
bicycle to the physics ofthe unicycle, which has the advantage of reducing the parts
to have a better view on the related quasi-periodical phase. There is no second
wheel and there a^re no handlebars. Though the atlas related pattern is tÀe same
(Fig. 10)

7 Cycloids and fractals

Regular rotary motion generates quasi-periodical phases. The efforb on the body
side, taken from the movements of the legs and arms and the body has a rather
irregular pattern (Crowinshield, 1978 [2], Hagemann, 1995 [7], Munay, 1967 [16],
Perry 1992 [1Sl), but the kinematic-chain driven rotation aims to be regular. Ac-
cordingly, we have to suggest the kinematic chain of walking and biking humans to
aim regular pha.se patterns. Here we a;e already at a point, to outlook at the phase
pictures of locomotion. The stabilizing factors for the locomotion of the vertebrate
system has been detected in the motor activity of the legs. It is a cycloidal-pendulum
stroke which is bound to a specific stabilizing factor 2r.This stabilizes the locome
tion of the kinematic chain down towa^rds the contact at{(/) with the surface at
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Fig.

Fig. 11: The unicycle driven by cranks.

f'(:r") - while the svstem is controllerl from above the "atlas" at t(r) (Fig. 11) This
result from inside the system and related ûndings (Hespanha, 1999 [Sl) are conform
with the suggestion, to see the same system in the view from the observer side and
also in respect to gravity (Kram. 1997 [12]). In this view the rider at t(r) becomes
the pendulum bob . that the actirrg locornotive systern is using the geometrical con-
straints of specific vertebrate mechanics be stabilized by a quasi-periodicy. This
may be described as a nonlinear feedback stabilization (Buzug, 1994 [ll, Zenkov.
1999 [21], Zenkow, 199S [22]).

How may these ideas may be seen together? The moving system rules across its
attachments and contacts the stable spatiotemporal condiiion t(r) : /'(r"). This
stable state is difierent at the initial stroke. There is no information on the effective
borders in respect of stabiliry Any initial stroke has no force feedback. Only the
second stroke has access to this information. The same is true for a predetermined
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Fig. 12: Iteration by full turns of the crank as local self-similarity.

path to force the kinematic chain. The system has to set its geometrical constraints
to generate a sort of 'tail". Descartes ha-s illustrated this rotation and rail binding
by the thread-determination to draw the ellipse (Fig. 5). And because a drawing is
a predetermined path on the surface of a paper to which the mind only has access
acro$s the pencil, such a drawing is not only predetermined by the forcing elliptic
constraints, but also by the spatiotemporal conditions of the graphite contact on
the surface of the paper. F\rrthermore these initial conditions have to refer to the
complete iteration of the ellipse.

Any first stroke is a primary action under self-determined and spatiotemporally
predefined iteration. This apparently meets the facts. Parkinsonian patients may be
"defreezed" by primary external contart forces at a dislocated f'(rtt) to simulate the
commensurable self-generation of an initial strolp towards the environment. But
this method of defreezing only has an effect on the initialized repetitive locomotion
and its deliberate end (Dietz, 1990 [4], Dunne, 1987 [5]). In other words: a normal
person is self-defining its initial state to build the "rail" spatiotemporal path. The
"defreezing" effect is the related inversion. This inversion has the same view "inverted
kinematics" ta"kes. Reaction is focused, not the goal and path aiming eensori-motor
activity.

If we take it for granted, that the stability of a system may be described by
the Lyapunov exponent, it must be realized, that the nonholonomic kinematics
approach to path planning supposes an initial state, while also the equations have
the form of time-independent equations. The observations above according to time
(cycloidal pendulum) and spatial fit (equal radius of push pedal, handlebar and
steering wheel) show fundarnental properties in the geometry of the vertebrate and
related mechanics to maintain an initial state in prestabilized ha,rmony with external
forcing according to Kepler's laws by definition (Fig. 1). The geometrical binding
of time and space of vertebrate and related mechanics and their self-defined initial
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conditions at one hand and the Lyapunov exponent in the other view suggests the
vertebrate mechanics for each class to act by local self-similarity (Fig. 12). The full
turns followed by the spatiotemporal properties in surface contact generates a self-
silimarity according to the actor. This locomotion by full turns has the quality of a
mapping process with the consequence, that every path is a local self-similar pattern
of its generator (Peitgen, 1992, appendix A by Y. Fisher [tfl). Each individual owns
by its vertebrate-implemented geometrical constraink independently the same clock-
work to generate independently the same physical path qualities. This is the reason
to suggest a gravity controlled fractal geometry to work in sensori-motor activity.

8 Conclusion

Sensori-motor'Eccentric anticipation" across vertebrate mechanics allows to gener-
ate a patiotemporal behaviour to meet external forcing and contact. The spatiotem-
poral qualities of the cycloidal pendulum (isochronism, tautochroniem) actually a^re
predictive. The cycloid related full turn appa,rently eete out a circle-based local
self-similarity. [n respect to eccentric anbicipation this becomes an active fractal
mapping procesa.
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