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Abstract—On estimating gaze direction of a walking human
from images captured by conventional surveillance cameras,
his/her head and eyes region in the images are not very helpful;
they are usually low resolution, and often hidden by self-
occlusion. Way of walking, on the other hand, is more easy
to observe because it looks much larger in the images, and is
expected to be influenced by gaze direction. Considering this, we
analyze the relation between gaze direction and gait by putting
multiple motion sensors on his/her body. From the analysis we
find arm swing is affected by gaze direction, and this fact supports
the possibility of gaze direction estimation from the way of
walking.

I. INTRODUCTION

Generally speaking, gaze action of a human is closely
related to his/her attention, intention and emotion. If we can
easily obtain gaze information by conventional surveillance
cameras surrounding him/her, it would be very effective for
several applications such as security, marketing analysis, and
SO on.

However, in fact, it is difficult to extract gaze information
directly from images, because regions corresponding to his/her
head and eye are usually small and so with low resolution.
Moreover, these regions are often hidden by self-occlusion.

Considering this difficulty, we propose a novel strategy for
estimating gaze direction. In this strategy, we assume that way
of walking should be influenced by his/her attention. Since
a region of his/her whole body is much larger than that of
the head or eye and there have been several tools for gait
analysis [1], [2], [3], [4], [5], it is expected that the strategy
will work better than the direct gaze extraction as long as the
assumption is fulfilled.

In this paper, therefore, we analyze the relation between
gaze direction and gait as a primary investigation about the
assumption. For the analysis, we put multiple motion sensors
on his/her body. From the analysis we find arm swing is
affected by gaze direction, and this fact supports the possibility
of gaze direction estimation from the way of walking.

As a related work, Sigal et al. reported that gait of a
human is affected by his/her mental state (e.g. happiness or
sadness) [6]. Intuitively speaking, the way of walking would be
influenced more by the attention than by such the mental state.
Considering this, our discussion is thought to be reasonable.

Fig. 1. Motion sensor IMU-Z.

Fig. 2.

Sensor positions.

II. MOTION SENSOR CALIBRATION

In this paper, gait analysis is achieved by measuring poses of
body segments. For this pose acquisition, we use a motion sen-
sor IMU-Z of ZMP Corp., which contains three dimensional
acceleration and gyro sensors, and compass in its small case
shown in Fig. 1, and transmits sensory data to a computer via
Bluetooth connections. As shown in Fig. 2, we put the sensors
on eleven segments:

o Head
o Chest
o Waist
o Right/left upper arms
o Right/left lower arms
» Right/left upper legs
» Right/left lower legs

The sensor outputs parameter values of the three di-
mensional acceleration, gyro, compass. Sensor calibration is
needed to estimate the pose of the body segments from these
raw values. The following sections describes steps of the
calibration.

A. Offset Measurement

Measurement of each parameter of a sensor contains error
specific to each sensor. Though it is usually small, it causes



vsii,t
)
Low-pass
Accelerometer 2 Static Pose
compass
Gyroscope 4’( Low-pass ‘—" Dead band ‘—" Dynamic Pose
—
Py P .,
R Spherical Linear 5
s_i -1 Interpolation
R: it
Fig. 3. Integration of parameters.
vs it
V.
it
R}
s it

Sensor coordinate
system

world coordinate
system

Fig. 4. Pose of sensor.

large error in pose estimation because the estimation is per-
formed by integral operation of the measurement. For precise
pose estimation, the error should be preliminarily obtained
and considered as the offset. The offset is simply obtained
by capturing data in known poses; located horizontally on a
flat floor, for example.

B. Pose in Global Coordinate

After the offset is considered, the pose Rs ; at t of i-
th sensor in the global coordinate is estimated by integrating
the acceleration, gyro and compass measurememts. The global
coordinate is defined by North and East directions and the
gravity direction. This integration process is described in
Fig. 3.

After this process, measurement vy ;, of the sensor can
be transformed into that in the global coordinate v;; by the
following equation:

Vit = R;_li’tvs_i,ta (D
as described in Fig. 4.

C. Pose of Body Segment

Since the sensor is put freely on each body segment, we
do not know transformation from the sensor pose to that of
the body segment R,.csc; ;. As a result, we do not know the
segment pose from the sensory data (Fig. 5).

To solve this problem, we define several poses
Ry i1, -+, Ry whose parameters in the global coordinate
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are known, and ask a human to take the poses as shown in
Fig. 6. By capturing the sensory data and estimating their
pose Rs 1, -, s ik, wWe can get the following equations:

Rl_i,tl = Rreset_iRs_i,tl

Ry it = Ryeset iRs itk ()

From these equations we obtain R,¢se_;, S0 that we can obtain
the pose of the body segment from the sensory data after that.

D. Normalization about Human’s Direction

On analyzing human’s gait, the pose of the body segment
should be described independent from his/her direction. So the
pose of each body segment obtained in the previous section
is normalized by time average of that of waist, which well
corresponds to the human’s direction.

III. EXPERIMENT
A. Environment

We use an outdoor environment as shown in Fig. 7 for
experiments. A target for gazing is a baloon located on a tripod
stand so as that its height is similar to a human. A human walks
straight along the paths while gazing at the target. There are
several paths to prepare the wide range of gaze directions. We
collect data of seven people. Each human walks all paths five
times.

B. Result — Range of Swing

Fig. 8 shows relation between gaze direction and peak-to-
peak of right lower arm swing of a certain subject. Red points
denote obtained data, and green line denotes a regression line
of the data. We can see that the peak-to-peak of right arm
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Fig. 8. Peak-to-peak of arm swing.

gets smaller as the gaze direction gets larger when the target
is located in left side. TABLE I shows the corresponding
results about the all people. A value of each cell denotes the
gradient of the regression line. From the results, we find a
interesting tendency that the peak-to-peak of arm swing gets
smaller according to gaze direction when a human gazes at
the opposite side.

In addition to this results, we also analyze forward/backward
peaks separately. TABLE II and TABLE III show the cor-
responding results. It is confirmed that they indicate similar
tendency to TABLE 1.

Among all the tables, results of subjects 1 and 2 do not fulfill
the tendency. We think it is because of their characteristics.
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Fig. 9. Pitch of gait
TABLE IV
AVERAGE RATE OF CHANGE OF GAIT CYCLE FOR GAZE DIRECTION
Subject No.
gaze direct 1 2 3 4 5 6 7
left 0.000 0.000 0.001 0.000 0.000 0.00I 0.000
right 0.000 0.000 0.001 0.000 0.000 0.001 0.001

It should also be noted that the tendency is fulfilled only in
arm swing. We do not find similar tendency in leg motion.

C. Result — Pitch of Gait

Fig. 9 shows relation between the gaze direction and pitch
of gait of a certain subject. Red points denote obtained data,
and green line denotes a regression line of the data. We can see
that the pitch seems to be constant. To confirm this tendency,
we calculate gradients of the regression lines of all subjects
as shown in TABLE I. From the results, it is confirmed that
the pitch is constant independent from the gaze direction.

D. Result — Phase of Gait

Fig. 10 shows a time series of arm swing of a certain subject.
In this section, we investigate whether the shape of the curve
(phase) might change or not according to the gaze direction.
For this investigation, we first extract four feature points from
each pitch of the curve; upper/lower peaks and zero-crossings.
We then measure four kinds of time intervals as shown in the
figure, and analyze relation between each interval and the gaze
direction.
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As a result of this analysis, we do not find any relation; the
intervals are constant independent from the gaze direction.

IV. CONCLUSION

In this paper, we proposed a novel strategy for estimating
human’s gaze direction from images of conventional surveil-
lance cameras. This strategy relies on the assumption that the
way of walking should be influenced by his/her attention.
We thus performed the experiments to confirm whether the
assumption is fulfilled or not. In the experiments, gait data
of multiple subject were captured by motion sensors, and
analyzed. As a result, we found that arm swing is affected by
gaze direction; the arm swing gets smaller as the gaze direction
gets larger. This fact is interesting, and supports the possibility
of gaze direction estimation from the way of walking.

Future work contains design and implementation of gaze
direction estimation method considering the analysis in this
paper. Experimental evaluation in various situations is also
needed.
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TABLE I
GRADIENT OF REGRESSION LINE: PEAK-TO-PEAK OF ARM SWING

Subject No.
parts gaze direct 2 3 4 5 6 7
Right : left -0.096  -0.039 -0.011 -0.118  0.078
Upper arm  : right -0.044  -0.017 0.026  -0.075 0.051
Left : left -0.108  -0.025 -0.005 0.017
Upper arm  : right -0.168
Right : left
front arm : right
Left : left
front arm : right
Right : left
upper leg : right -0.039  -0.051
Left : left -0.028 0.043
upper leg : right -0.040 -0.006
Right : left -0.063  -0.045 -0.043 -0.030 -0.002 -0.062 -0.084
lower leg : right -0.037  -0.007 -0.032 -0.004 -0.001 -0.066 -0.052
Left : left -0.039  -0.026  -0.078 — -0.018  -0.079  -0.079
lower leg : right -0.036 -0.043  -0.062 — -0.041  -0.071 -0.014

TABLE II
GRADIENT OF REGRESSION LINE: FORWARD PEAK OF ARM SWING

Subject No.
parts gaze direct 2 3 4 5 6 7
Right : left 0.032 0.051 0.010  -0.073
Upper arm  : right 0.023 0.039 -0.015  -0.001
Left : left 0.104 0.076
Upper arm  : right 0.147 0.048
Right : left
front arm : right
Left : left 0.039
front arm : right 0.049
Right : left 0.067 0.045
upper leg : right 0.053 0.021
Left : left 0.102 — 0.021  -0.003
upper leg : right 0.089 — 0.065 0.029
Right : left 0.130  0.022 0.041  0.037 0.023 0.079 0.103
lower leg : right 0.108  0.026  0.028 -0.000 -0.009  0.056 0.054
Left : left 0.033  0.029 0.031 — -0.003  0.026 0.014
lower leg : right 0.058  0.039 0.022 — -0.000  0.028 0.008

TABLE III
GRADIENT OF REGRESSION LINE: BACKWARD PEAK OF ARM SWING

Subject No.
parts gaze direct 2 3 4 5 6 7
Right : left 0.056  -0.068 -0.009 0.041 -0.109 -0.005
Upper arm  : right -0.042  0.002 0.064  -0.082  0.037
Left : left -0.000 0.001
Upper arm  : right -0.013 -0.033
Right : left
front arm : right
Left : left 0.036
front arm : right 0.048
Right : left 0.044 0.017
upper leg : right 0.013  -0.022
Left : left — 0.020
upper leg : right 0.054 — 0.053 0.019  -0.095
Right : left -0.011  0.004 0.022 0.017 0.035
lower leg : right 0.070 0.012  -0.012 -0.006 -0.001 -0.000 0.012
Left : left -0.007  0.004  -0.046 — -0.023  -0.055  -0.066
lower leg : right 0.024  -0.002 -0.036 — -0.042  -0.044  -0.006




