otion [ 1mes
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Successful foot-eye coordination depends
on fast reactions and watching your step.

1. Reynolds,R.F. and Day,B.L., Rapid visuo-motor
processes drive the leg regardless of balance
constraints, Curr. Biol., 15 (2005) R48-R49.

2. Reynolds,R.F. and Day,B.L., Visual guidance of
the human foot during a step, J. Physiol, 569
(2005) 677-684.

As we walk along the high street our gaze
may be directed toward any number of
objects, such as a desirable pair of shoes in a
shop window, the retreating bus which we
have just missed, or our destination further
down the road. Looking down at the floor
immediately in front of us may be the last
thing on our mind. Indeed, if the environment
around us is predictable, then normal walking
may be possible without any visual input from
our surroundings. However, our environment
is rarely entirely predictable. Other
pedestrians, un-noticed obstacles and the
neighbours’ cat running out in front of us may
all require sudden alterations in our step.
Furthermore, our environment sometimes
places tight constraints on foot placement, for
example when we must avoid the edge of the
kerb. All these situations require us to
suddenly divert attention toward the area of
our next foot-fall in order to maintain our
balance. In two recently published studies, we
have examined the ways in which vision can
be used to guide the stepping foot in such
situations[1,2].
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Figure 1. Foot Replacement
Six subjects were asked to reach or step toward
jumping rectangular targets. Foot trajectories were

sampled at 200Hz using 3 Codamotion mpx30 cameras.

Infra-red lights were attached to the big toe and heel.
The footprint was chalk-marked and digitised at the start
of the experiment. The footprint could therefore be
reconstructed wherever the subject placed his/her foot,
given the coordinates of the two lights.

The first of these studies was inspired by
findings from reaching experiments [1]. When
we reach for an object which suddenly moves,
we can adjust our arm trajectory to follow the
object within a very short latency, around
120ms. This reaction is initiated even before
we are aware of the movement, and may
depend upon primitive neural pathways below
the level of the cerebral cortex. We asked if
the same fast tracking mechanism is available
for the lower limb. Six subjects were asked to
reach with their foot toward a floor-mounted
target. To make our experiment analogous to
the upper-limb studies, we removed the
balance constraints normally present during a
step by supporting the subject’s body weight
with hand rails. This allowed the leg to move
freely without fear of falling. In 1/3rd of trials
the target jumped unpredictably to the left or
right by 21cm, just after the foot left the floor.
The subject’s task was to attempt to follow the
target and place the foot upon it. They were
generally successful in this task, as shown by
average foot placement (see figure 1, reach
condition). Furthermore, the earliest
detectable deviation of the foot occurred
within 121ms after the target jump (figure 2).
The speed of this response clearly
demonstrates that the fast visual guidance
mechanism previously observed in the hand
also exists for the foot. However, we
wondered if this mechanism, which drags the
swinging foot toward a moving visual target,
could be potentially destabilising during
upright stance. If this were the case, perhaps
this automatic tracking mechanism would be
suppressed during unsupported stance. To
answer this, we repeated the experiment when
subjects stepped normally, without the use of
hand-rails. This placed constraints on the
maximum extent to which the foot could be
adjusted, particularly when the target jumped
medially (see figure 1, step condition).
Surprisingly, however, there was no change in
the latency of the response (see figure 2) and
yet no subject lost balance. This means that
the leg reacts to visual input extremely
quickly, regardless of balance constraints.
Such fast reactions would be useful in

situations where we have to suddenly change
foot placement without endangering balance
as a result of our own action. So when the
neighbours’ cat suddenly runs across our path,
we can avoid it and still ensure that the foot
lands in a suitable place to catch the falling
body. Our findings also explain why a soccer
player is capable of intercepting a fast moving
ball without falling over.
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Figure 2. Foot kinematics.

Displacement of the toe marker was differentiated
twice to derive acceleration. Red trials show lateral
target jumps, blue shows medial jumps and control
trials are shown in black. Estimates are given of the
earliest point of deviation from control trials.

So, visual information can be used to quickly
change foot placement when a planned step
suddenly requires alteration due to an external
event. But what about when accurate foot
placement is required within an entirely static
environment? One such example is a long-
jumper approaching the take-off board. Video
analysis of long-jumpers has shown that stride
length adjustments are initiated up to four
footsteps away from the take-off board. The
same observation has been made for walking
toward stationary targets, showing that we can
use vision during locomotion to alter foot
placement many steps in advance. But
research suggests that for any given step, the
path of the foot is pre-planned and therefore
fixed once it has left the floor, with vision
playing no further influence within the swing
phase. To see if this really was the case, we
used LCD spectacles to block vision during
the swing phase of a step [2]. This
intervention caused a reduction in foot-



placement accuracy, compared with steps
where vision was present (see figure 3). This
occurred even for fast stepping, where there is
less time to react. This shows that when
available, vision enables subtle trajectory
corrections which bring the foot closer to its
target. To determine when and where these
corrections were taking place we analysed
individual trajectories. We derived a measure
of the foot’s heading as it swung through the
air, by calculating the angle of its velocity

vector with respect to the target position.
When vision was available, heading improved
as the foot came within ~8cm & 200ms of the
target (see figure 4). Again, these results show
that the stepping foot behaves in a similar way
to the reaching hand. Both involve an initial
ballistic phase to bring the limb within the
vicinity of the target, followed by a visually
guided honing-in phase, once it is close.
These studies reveal two distinct mechanisms
of foot-eye coordination. Both use vision to

ensure fast and accurate control of foot
placement, thus maintaining balance. They
may also be utilised together, within the same
step. Whilst most of the time we may be able
to walk perfectly well with minimal use of
vision, our results shed light on the
mechanisms which maintain balance in those
precarious situations which force us to pay
attention to what our feet are doing.
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Figure 3. Effect of visual occlusion.

Foot placement is shown for each step for a
representative subject. Target position is shown by the
thick black line. In the left figure vision is always
available. The right figure shows the result of
occluding vision after the foot leaves the floor.

Figure 4. Heading of the foot towards the target

The top graph shows heading of the foot during the swing phase of a step. Dashed and solid lines show fast and
slow steps, respectively. Trials with visual occlusion are depicted in red. The time points at which vision-on and

vision-off trials separate are shown.

The lower graph shows the same data, but with distance of the foot trajectory plotted against time. The spatial
points equivalent to the time points in the upper graph are shown.

Motion Analysis of functional upper limb
movements following a stroke

Dr. Jackie Hammerton MCSP PhD Research Fellow
Sheffield Hallam University

Dr. Marianne Gittoes PhD Lecturer University of Wales
Dr. Nigel Harris PhD Honorary Senior Lecturer
University of Bath

The SMART rehabilitation project is
investigating the use of accelerometer and
gyroscopic technology in the home to augment
upper limb therapy following stroke. Funded by
the EPSRC the project combines the expertise
of researchers from Sheffield Hallam
University, University of Bath, University of
Ulster and University of Essex.

Stroke is the largest single cause of disability in
England and Wales, creating a huge burden to
health care. More than 10,000 people
experience a first stroke each year of which
69% will have upper limb involvement. The
arm is important for both function and balance
in everyday living, making it an important focus
for rehabilitation. However the rehabilitation of
upper limb movement is frequently neglected
in the acute stages of treatment as earlier
hospital discharge necessitates concentration on
transfers and walking. As rehabilitation of the
stroke arm often commences once the person is
discharged the development of technology that
may be used within the home to augment upper
limb motion was chosen as the focus of the
SMART study.




