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Camera based step detection on mobile phones
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Abstract—This paper presents an extension to an indoor
positioning system leveraging the camera which isulit into
current mobile phones to detect steps. Current indar
positioning systems on mobile phones based on petlies
dead reckoning (PDR) often rely on step length andtep
frequency estimation. Usually the accelerometer isised to
determine these values. Depending on the attitudef ¢the
device or the smoothness of the movement sometingsps
are not correctly detected. We propose to use theamera as
additional sensor element to detect the forward séon of
both feet appear and disappear in the camera imagand
detect the steps based on this information.

Keywords—pedestrian dead reckoning, camera, pedometer,
step estimation, step frequency, indoor navigation

. INTRODUCTION

To offer a continuous navigation experience, armand
navigation system must be able to determine
pedestrian’s trajectory in both presence and aleserfic
absolute positioning infrastructure like GPS, WLAN
others. The availability of a wide range of sensirs

current smart phones like the iPhone 4 or the newolution
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Figure 1. The basic system architecture

a
step’s length according to a current movement stahd
to determine a correct heading.

The basic system architecture is initially basedttuan
presented in [8], but provides further

generation of Android based devices enables sddtwaimprovements by incorporating an additional trigdxi

solutions for inertial positioning. These sensarslude

gyroscopes, acceleration sensors and magnetomeélers.
examination of a pedestrians acceleration signah is

gyroscope motion sensor and a camera as depicted in
Fig. 1.

As our strategy is to implement our solutions ofy of

common strategy to analyze human locomotion, deteghe_shelf components we are currently developing ou

steps and estimate each steps length [1][2]. TIRR B

prototype on the iPhone 4 because of the newlyablai

well suited for the present application, providinggyroscope sensor of the iPhone 4. The gyroscopeeid

independent means of position determination.

to supplement the electronic magnetic compass and

So far, cameras have also been used for positianing improve the reliability of heading determinationn&

the context of mobile phones, but mostly for scagr®R
codes or other preinstalled markers and derive latgso
positions from this information [3]. Other exampleg
fusing inertial measurement and vision based sysi@m
mainly focused on improving the calibration of tamera
itself [4], estimating the camera’s ego motion [&i
improving real-time camera pose tracking in theterin
of augmented reality [6][7].

this type of sensor is unsusceptible to environalent
inferences, the coupling with a magnetic compass
provides superior information compared to the one
obtained from each module separately and therafoee
common strategy to determine the walking line ghsi
[9].

To improve the results of the accelerometer batsul s
counting algorithm we are using the device's biuilt-

We propose to use the camera as an additionalrsenso camera. We capture the movements of the user'stdeet
PDR solutions. Using image processing the appearandetermine individual steps based on morphologivalge
and disappearance of the user’s feet can be détaot® processing. By having an additional and user acatide
used as additional signal for step counting in anndependent source for step detection and stepidrery
application scenario where the user is holdingdéeice estimation respectively, the probability of missesdted
in front of him. steps due to user generated irregular movements asic
shaking or periodically swinging the device whilalking
can be reduced. Another problem for accelerometsed
step detection is very slow movement or when thécde
dp held smoothly.

In fact an approach like this depends on the absolu
attitude of the device, which is assumed to betéutin
the user’s hand, in front of the body oriented talsathe

I PDRSYSTEM ARCHITECTURE

Like in many other studies, our pedestrian deal
reckoning algorithm is based on the examinatiorthef
pedestrians acceleration signal. It therefore shdne
same difficulties to correctly detect steps, taneste each
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Figure 2. One frame (left) and the saved image templatetjrigh Figure 3. The peak in the image area of the cross-correlation
from the right foot. matrix occurs where the template best correlates.
current line of sight with the user supposed tddo&ing cu,v) :Zf (X Yt(x—u,y-v) Q)

at a map of the environment.

We conducted a user study with 10 persons of diffier
age, height, handedness and gender walking in imglab ~ Equation (1) is sensitive to changes in the framlees
outdoor environments holding an iPhone 4. Even witl{lighting conditions). Instead of maximum value s3o
some users not aware of the intended function @ittry  correlation, the cross-correlation coefficient(u,v)
person the feet were generally visible so thatamera overcomes these difficulties by normalizing the gma
based detection algorithm could work. Therefore weramef and template vectors to normalized unit length.
conclude that it seems to be a very natural wdyotd the  In (2) vectort is the mean of the templaté,y) and the
phone and our approach will work in a wide range ofectorf, , is the mean of(xy) in the template region.
application areas. Equation (2) is calculating the local suifxy) over the

However, it must be mentioned that in some cases timage frame functiorfi(x,y) by precomputing the squared
geometrical architecture of the phone can have aimage frame functioff(x,y) (running sums), once for each
influence in such a way that the camera is hiddethe  framef and at each positigiu,v), at which the normalized
user’s fingers, light conditions are not suitalide image  cross-correlation coefficient is evaluated.
processing, or when walking around corners somstime

Xy

one foot was not visible so that accelerometer dasep . _
detection is still needed. UV = vay[f(x, V- fu,v][t(x—u,y—v)—t]
_ 2 ~ 05 2
lll.  CAMERA BASED STEPESTIMATION {Zx,y[f(XY)—fu,V] ny[t(x—u,y—v)—tz]} @)

A. Cross-correlation based template matching algorithm
The general architecture of our solution is basad o 2- When using the normalized cross-correlation

standard methods known in image processing anowisl| coefficient value over a frame the number of
a template-based approach [10]. In a first stegbairmage calculations does no longer depend on the sizieof t
of a single frame is extracted from a standalonagen template, but on the size of the image frame.

(see Fig. 2). For each foot a template is storeal maitrix.

R B. Step estimation
The template for the second foot is mirrored frdme t ¥ . .
template of the first foot. The cross-correlation signatgy and Ciigy for the left

and right foot are summarized in each frame taiotshe

The camera is used for capturing grayscale imagg,q)ation on one signal according to the formula:

frames. These frames are used in combination \ag¢h t
image templates of the feet to calculate the napewl
cross-correlation. This method is independent of (;Slm:\/((;left)2+((;ri ht)2 3
differences of brightness and contrast due to the g

normalization. The correlation maximum value isdusa

determine the foot motion in the spatial area (Bjg. The obtained signals need to be filtered to redhee
P (B9 noise and to ensure that the signals are indepeifraen

The normalized cross-correlation [11] is a standar g : : -
method for matching a template in a given frameising %Z(S)rstft"etrerp(llergctz?t|ons. We are using an equiripped

the following procedure: . TR .
ap . . For filter initialization we used a delay of 20rfas which
1. Calculate the position and correlation between th%orresponds approximately to one slow step motion.

actual framef and template in the classical two- ; - :
dimensional spatial area according to (1(xy) mgelg ﬁepnetﬁﬁ('f;:;egtteeg over a given sampling seqtie

denotes the intensity value of the frafe(u,v) is )
the maximum value position and is computed for These results can be used as input for the pedomete
each point(u,v) in the framef and the templateby unit and fused with a step counter and step length
shifting u steps in the direction and steps in they ~ €Stimation element.

direction. The maximum value(u,v) is dependent The actual normalized cross-correlation coefficient
on the size of the template value must be above the maximum noise value in the
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Figure 4. Upper: Raw left-, right- and summarised- foot croseelation signals. Bottom: Bandpass filtered algnThe template cross-
correlation coefficient over 180 image frames. Tda motion over 11 steps.

actual frame’s spatial area to enable the stepztieteand
to recognize the feet.

C. Automatic template generation

on the full size of the photo and not restrictedh®s video
size.

The fusion of camera and accelerometer inputs seems
promising approach. As an alternative, this alamitcan

Currently the template matrix is generated by manugysg pe used in applications that already useaheeca for
selection. The right and left foot template is wied from  arker based positioning to enable dead reckoning

itself depending on the selected side. For usendity
usage the template generation must be done autaihati
and should also be able to dynamically adapt tiemdint

lighting conditions and form of the shoes and the

environment.

Our results have shown that the recognition offted
is very stable and works also when the image oplaie
quality is very poor. The size and movement pattérihe
template is also very similar for most use casegsrdfore
we propose to solve the problem of template geioeraty
starting with a default template with a generahfoof a
shoe and dynamically adapting the template to tieent
conditions when the correlation drops below a tho&s
or the template can be determined from the laistestlhe
template should be saved when the application
terminated and recovered at startup.

IV. RESULTS ANDCONCLUSION

We evaluated the general feasibility of our ideaghwi
videos taken with an
360 x 480 pixels and a frame rate of 24 fps or mohe
size of the template was about 50 x 50 pixels. iftege
processing was done using Matlab Image Processi

steps was about 2 minutes for 1 minute of videdauit
any optimizations.
implementing this solution directly on the iPhoneda
integrating it into our indoor positioning framewor
Performance optimizations like the reduction of fizene
rate, the increase of the image frame resolutisautih
decimation, the restriction of the computation pedal
areas and the adaption to the hardware are negetsps.

Our empirical results have shown that for the 1€rais

in our simple test scenario the conditions endideusage
of the camera as a sensor for step frequency deteatd

iPhone 4 with a resolution of4]

We are currently working on

all appearing steps could be detected. To enlange t

optical coverage area the image processing coulthbed

&)

Toolbox. The average computation time to extrae th

between these markers or
applications.

Future work will include evaluation of larger distas
and the comparison to accelerometer based stegtidate
algorithms. Additionally, we plan to investigateeth
potential of motion detection algorithms for direct
distance and velocity measurements based on theraam
image.

in augmented reality
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