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Study on the Relationship between Stair’s Slope and Upward/Downward Gaits in
Stairs

Wen-Fong Wang, Hao-Xiang Wang
Dept. of Computer Science and Information Engineering
National Yunlin University of Science & Technology
Douliu, Yunlin, 640 Tuiwan
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Abstract—In this study, we try to find a method to investigate
the relationship between stair’s slope and ascent/descent gaits
in stairs. With the method, we can speculate the stair slope of
a particular stair from a subject’s gait so that we can use it to
be an initial parameter for estimating the vertical distance the
subject has climbed. In this way, this study could provide a
practical method to realize the calorie consumption of daily life
for persons who are intended to increase calorie consumption
through climbing stairs. To speculate the stair slope of a
particular stair, we need to collect, analyze, and compare

ignals from ascent/d gaits on stairs with normal gaits
from flat ground. In our investigation, we develop a novel device
called activity monitoring unit (AMU), which is equipped with
a tri-axial accelerometer and includes some signal analytical
and processing schemes, to identify an estimated stair slope. To
assure the effectiveness of our study, we recruit 50 subjects and
select three stairs in our campus to conduct a few experiments.
From the results of the experiments, the accuracy of our study
reaches to 92.67% in the experiments.

Keywords-gait analysis; legged locomotion; neural nets; ac-
celeration measurement;

1. INTRODUCTION

Human motion analysis is widely used in the research
of human body structure [1], human motion tracking [2],
gender identification [3], medical items [4], physical therapy
[5], exercise training [6], etc. Gait recognition is a part of
human motion analysis. Currently, gait recognition methods
are generally divided into two categories. The first one is an
image-based method [7][8], which could directly deal with
image statistics. The other one is a model-based method
[9][10]. which could extract certain features from the model,
and then analyze the alterations of the features. Most of
the methods belong to the image-based method since it is
relatively simpler and easier to process. However, we cannot
directly obtain the exercise intensity of motion changes of
gaits from this method.

As technology advances, the gait acquisition method is
improved greatly as well. In the early stage, the gait infor-
mation is obtained by taking and analyzing photos. In recent
years, tri-axial acceleration sensors (or called accelerome-
ters) are developed, which can record the track of human
activity more effectively. In this way, the acquisition of gait

Ching-Yu Yang
Dept. of Computer Science and Information Engineering
National Penghu University of Science & Technology
Makung, Penghu, 880 Taiwan
Email: chingyu@npu.edu.tw

signals becomes easier, simpler, and the cost lower. In [10],
Muscillo et al. proposed a technique about adaptive Kalman-
based Bayes estimation to classify locomotor activities in
young and elderly adults through accelerometers. It is a
pertinent research to our study. Although this study provided
a good recognition rate, it focuses only on the classification
of walking or climbing stairs. However, the study did not
further discuss any other related investigation about the
relationship between gait and the slope of stairs.

In the related research of human gait, there are no clues
about the slope of stairs while climbing found in the liter-
ature. Furthermore, there is no easy and practical methods
to realize calorie consumption for climbing stairs. In recent
years, the research issues of health management and calorie
consumption are popular. Therefore, our study try to provide
an easy and practical method (i.e. only with employing
accelerators) to realize the calorie consumption of daily life
for persons who are intended to increase calorie consumption
through climbing stairs. In this study, we developed a novel
activity monitoring unit that uses an analytical scheme
with support vector machine (SVM) clasifiers [11] for gait
cycles to effectively identify the relationship between gait
changes and the slope of stairs. The rest of this study is
organized as follows. In Section I, we clearly describe the
architecture of AMU. In Section III, we describe the stair
slope recognization method and its process. In Section IV,
we discuss the experimental results of our system. Finally,
conclusions are made in Section V.

II. MATERIALS

To obtain gait signals, we defined the measuring point in
the side of the waist of a subject for signal measurement
before preprocessing. Since it is close to the center of
the body weight, it allows us to get more realistic gait
signals and thereby improve comfort and convenience while
measuring.

Before the feature extraction, we must first remove those
useless signals as much as possible to get more effective
features. In the stage of the signal analysis, it includes the
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Figure I. Three phases of a gait cycle.
Table |
THE GAIT FEATURES USED IN THE SVM CLASSIFIER FOR STAIR'S
SLOPE.
Features Description ]
Meanp | mean of the time interval of A to B.
Mean ¢ | mean of the time interval of A to C.
Mean g mean of the time interval of A to E.
Meancp | mean of the time interval of C to D.
Meancg | mean of the time interval of C to E.
Meang mean of the sum of the peak and valley.
Meanp mean of the peak.
Meany mean of the valley,
Stdevg standard deviation of the sum of the peak and valley.
Stdevp standard deviation of the peak.
Stdevy standard deviation of the valley.

steps of feature extraction and SVM training and classifica-
tion. According to the concept of gait cycle (Figure 1), we
extract stair ascent or descent gait signals and then import
them into a SVM classifier, which is used for recognizing
the slope of the stairs.

According to our experimental environment (i.e. stair
ascent and descent), the gait cycle is divided into stance,
swing, and midfoot-striking three phases as shown in Figure
1. To accurately identify the angle or slope of a stair, we need
to find some useful gait features. Therefore, we conducted
some experiments. From different angles of the stairs, we
base on the concept of the gait cycle, and analyze the
changes of gravity acceleration of the subjects during ascent
and descent of a stair. Then we can obtain the relationship
between the stair’s angle and gait features. In Figure 2, the A,
B. C, D, and E five points mark the feature points, which are
used to represent the changes of gait signals. Among them,
the point B in stair’s descent and the point D in stair’s ascent,
both of them are a foot stable stance on a stair tread, and
these points have a minimum value of gravity acceleration.
Therefore, either stair’s ascent or descent, in each midfoot-
striking phase, the body will have a temporarily stable stance
posture, but this time the state is quite similar to the stance
phase.

According to Figure 2, we can find eleven features, which
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it

Figure 2.  The referential diagram of the changes in gait and signal, (a)
Stair ascent. (b) Stair descent.

are listed in Table I, related to time in the gait cycle for the
classification of stair slope. By Meanap and Meancp,
we can use them to distinguish stair’s ascent or descent. For
Mean g, it can be used to correspond to the average width
of each stair tread: and for Meang. it corresponds to the
average height of each stair tread.

[11. METHODS
In this section, we describe schemes in the phase of signal
preprocessing and in the phase of gait feature extraction
and signal classification by using SVM in the recognition
of stair’s slopes.

A. Signal Preprocessing

The signal preprocessing consists of noise reduction and
signal reconstruction. In the noise reduction stage, to accu-
rately identify the slope of stairs, we exclude the first phase
of the gait cycle from the gait signals due to the starting
unstable signals. Then, we use the second and third phases
of the gait cycle as our references, which are required for
the experiments.

In this study, we use discrete wavelet transform (DWT)
to decompose the signals into frequency elements for elim-
inating the noise caused by body shaking, gait noises from
walking postures and shoes, unstable walking speed of
subjects, efc. The wavelet family adopted in this study is the
sym7 of Symlets wavelet family [12]. The Symlets wavelet
family is orthogonal and has better symmetry and minimal
phase shift in comparison with other wavelet families. The
denoised gait signals can be applied in the succeeding
processing phase.

B. Signal Segmentation and Feature Extraction

We recruit fifty subjects and utilize three stairs with
different angles. The subjects are asked to wear sensors in
the side of the waist and walk at speed from 3 to 5 Km/hour
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Figure 3. The workflow of the gait feature extraction.

(i.e. in the normal walking speed of common people) in
different stairs. Then, we analyze the signals collected by
AMU. To improve the recognition rate, we compute the
gait features of Table I by the signal’'s samples scattered
within a range of only one time of the sample’s standard
deviation. Figure 3 shows the detailed steps of extracting the
gait features. First, we follow the concept of gait cycle and
check the variability of the samples to find out the available
ones. Finally, the eleven features (i.e. Table I) are calculated,
and saved to the feature database until the follow-up gets
SVM training.

C. Signal Classification

The original problem is not conducive to calculate due to
its high dimensions: and if we only use quadratic program-
ming, it will become difficult to use the kernel functions
to handle the inner product operation. Therefore, we use
a radial basis function to transform the original problem
into a dual problem in order to solve the original problem
[11]. and finally, we get the optimal boundary, which can
distinguish each class. The most widely used kernel func-
tions are defined as follows [13]. The gait features called
x = {x;},1 = 1...11, and the classification results called
ye{l,-1}.

k(z,y) = (‘xp(_—”%gl—[:).o eR-{0} (I

IV. RESULTS

In this study, the experiments include fifty subjects, three
different stairs, and a total amount of 300 times movements
on the stairs. In the beginning of the experiments, the initial
phase of all subjects is in the stance phase, and then the
subject moves forward after stable stance. According to the
number of stair treads, the subjects do a number of times
of swing and midfoot-striking actions. At last, the subjects
return to the stance phase, and complete one run of the
experiments. For the same angle, each subject does one run
of the experiments in stairs ascent and descent. respectively.
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Figure 4. The time distributions of different angles of stairs. (a) In stair
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Figure 5. The acceleration distributions of different angles of stairs. (a)
In stair ascent. (b) In stair descent.

According to the results of SVM training and classifica-
tion, we use the Precision and Recall to express the classi-
fication accuracy, and the accuracy formulas are defined as
below.

TC TC
T.+ Ty T.+F.
In the formulas, 7. is the number of correct classifications,

Ty the number of incorrect classifications, F,. the number
of missing, and Recall.

Precision = , Recall =

(2)

We analyze the gait signals measured by 50 subjects in
different angles on the stairs, and get the time and accelera-
tion distributions of gait features as shown in Figures 4 and
5. From the figures, we clearly find out two phenomena.
For example, the gait features Meancp, Meancg, and
M eany are inversely proportional to the angle in stair ascent
but are proportional to the angle in stair descent. For the rest
gait features, they are proportional to the angle in stair ascent
and descent.

We use the RBF kernel for the SVM training and classi-
fication of stair slopes, and obtain the classification results,
which are shown in Table II. In the table, the captical letters
U and D indicate the actions of stair ascent and stair descent,
and the number following the captical letters means the angle
of the stairs. In each category of the table, the numbers
indicate the classification number out of the fifty sets of
samples. From the results shown in Table II, each category
is given a good precision and recall except the angle of
degrees 35 and 40.



Table 11
THE CONFUSION MATRIX OF ALL TRAINING MODELS TO DO SVM
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From the figures shown in Table II, the rates of Precision
for U35 and D35 are lower, and the same situation happens
to the rates of Recall for U40 and D40. The reason of lower
Precision for U35 and D35 is due to a few samples from
U40 and D40 classified to U35 and D35. Another reason
could be the smaller difference between degrees 35 and 40.
For the reason of lower Recall for U40 and D40, it is due
to a few samples of U40 and D40 classified to U35 and
D35. For the aforementioned classification misses, it might
be guessed that some subjects would become more caution
in climbing steep stairs. Therefore, they walk softer on steep
stairs to avoid falls. Besides, since both of the gait features
Meancp in stairs ascent and Mean 4¢ in stairs descent
belong to the swing phase of a gait cycle. And, during this
phase, gait signals are easy to be affected by other factors
such as thinking, physical strength, and status of spirit. It
is reasonable to speculate that recognition errors are most
likely to cause.

V. CONCLUSIONS

In this study. we developed an AMU and its as-
socited recognition schemes for the stair slope using up-
ward/downward gaits on stairs. We gathered 300 sets of gait
signals from 50 subjects with three different stairs. Then
we selected the most representative features and entered
them into the SVM classifier for training and stair slope
classification. The accuracy of our study reached 92.67%
in the experiments. This proved that we had selected the
appropriate features for classification results.

In the future, we will continue research toward slopes,
hoping to compute the height and length of stairs. Next,
the observation from the Precision and Recall rates in the
experiments reveal the insufficiency of the classifier. Better
classification schemes should be investigated continuously.
In addition, we hope to provide a practical way for people to
understand how many calories they would consume, when
they go hiking in the process of climbing slopes.
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