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Abstract

Gait analysis is the methodic measurement and evaluation of all the different factors that

affect human locomotion. It can be applied for rehabilitation purposes and lower the risks

of injuries. Modern technology has lead to an amount of precise methods of executing gait

analysis. The disadvantages with these are that they often are expensive and only available

at a few specially built locations. The need for an inexpensive, yet reliable and portable

solution that can analyze gait are there. This study focuses on a method including four laser

diodes which are tracked using a specially designed software. The laser diodes are located on

each shoulder of the test subject and attached to a helmet. The laser diodes form a projection

which are recorded with a video camera. The recordings are then analyzed in Matlab. An

analysis is then done trying to distinguish differences in the motion patterns. However, this

novel method should be further tested prior to use.



Introduction

Biomechanics is a very broad subject, where a mechanical approach is taken while study-

ing the body of an organism, and is a perfect example of when interdisciplinary studies are

combined [1]. Biomechanics require research within biology, anatomy, engineering, chem-

istry, physics and mathematics. Studies within these field are then utilized to come up with

practical inventions that hopefully can be applied to our everyday lives [2].

Research within biomechanics gives us a higher understanding in areas such as reha-

bilitation [3], preventing injuries due to incorrect movement and the discovery of diseases

affecting locomotion [2]. Injuries to the musculosskeletal system are common which make this

an important field of study. Continued research within this field could enable replacement of

injured, damaged and lost limbs. Today utilization of biomechanics is mostly occuring within

orthopedics, which includes the study of bones, joints and ligaments, commonly known as

the musculoskeletal system [1]. In the mid 1960’s the first computerized motion analysis was

made for orthopedic purposes [2].

Since the invention of the video camera it has been used as a tool for studies on human

motion [4]. In the beginning the main purpose was to investigate the gait, which in the

case with human beings, consists of upright walking [5]. Gait analysis can be described

as the systematic measurement and assesment which characterize human locomotion [13].

These studies have then been developed to do motion analysis and not only for human

motion. Modern motion analysis has stretched so far that it has become a tool for achieving

successful training for athletes or rehabilitation processes [2, 6]. It has also contributed to

improvements and developement of machine technology, especially within the robotics area

[5, 7]. Human motion analysis has also been used as an identification method then called

biometric gait analysis [4, 8]. Different methods for motion analysis may be used, but the

common denominator is that most of them require an optical recording device while the
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differences lay in how the motion is chosen to be displayed. In some studies, markers have

been placed on a body [7] and which in turn have been illuminated [5], some with strobing

light, and then recorded. Also LED markers have been used as indicators in similar studies

[2, 3]. The video capture of the motion can then be analyzed in different computer programs

where for example stride length, joint angles and the time for the motion to be repeated, can

be shown. Another method, which is already found in some sports gear [4, 9], is utilization

of different kinds of sensors such as pressure sensors [10, 11]. Although the technology is

available very little has been done on detecting gait abnormalities [4]. This has resulted in

that there is no standard data for locomotion in any database [2].

The aim of the study is to investigate if a relatively easy, cheap, time effective and portable

solution could be used for gait analysis. This depends on whether a two-dimensional analysis

of a three-dimensional motion, in this case a persons gait, can be done without the loss of

to much information [12], and if symmetric, assymetric or other patterns are possible to be

obtained and distinguished using the method [3]. A two dimensional image plane of a three

dimensional motion is also called optical flow [4]. The purpose of the study is to try this

method and to conclude if it could be available in most health care centres and clinics in

the future instead of having to travel to specially built and expensive facilities [2, 4, 9]. This

could make it easier to discover harmful human locomotion patterns which could indicate

and discover if an injury or disease is present, already in an early stage and therefore help

with a treatment plan. There are no records of any previous studies or experiments that used

the same method as intended for this study.

Method

The utilization of laser diodes simplifies the tracking of the locomotion instead of having to

set up strobing lights and advanced detection equipment, which is very expensive and time
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consuming. Though, how and where they would be located and fixed was a more complex

problem than anticipated. Advantages and disadvantages of different places of attachment

had to be taken into account until an agreement was reached.

The locations of the two laser diodes, which did not have to be attached to the head, were

defined with the result that the laser diodes would be pointed straight up from the outer

surface of the shoulders. To avoid the problem of interfering with the motion of the test

subject, bendable pads of duct tape were manufactured on which the two shoulder diodes

were attached. The pads followed the contours of the body allowing the test subject to move

more freely, and making the attaching of lasers less time consuming. Attaching the pads to

the body was easily done by taping them to the shoulders. The two laser diodes fixed to the

head were attached to a light weight, adjustable plastic helmet. It was of great importance

that the diodes were pointing upwards and that nothing was in the way to interfere with the

projection of the four dots.

To eliminate potential flaws which could lead to ambiguous data, a decision was made

that a treadmill would be used so the video camera could be fixed at all times, and that

just a certain area had to be filmed on. Treadmills have been used in previous gait analysis

studies so we knew it had been used in similar studies [8]. The video camera utilized was

a GoPro HD Hero and a wide angle mode was used with the resolution 1280x720 and a

capturing rate of 30 frames per second, fps, which was believed to give a sufficient amount

of data. The room in which the experiment was performed, was dark in order to prevent

too much light to disturb the light of the lasers and instead get a better contrast of the

video, making it easier to analyze. To avoid corrections of the gait and to gather data from

movements as natural as possible, the test subject was asked to close their eyes when they

had felt the walking pace and rhythm. No blind folds were used. This was to prevent the test

person from feeling uncomfortable and being able to abort the experiment by just opening

his eyes if feeling like falling. Finally the video camera was fixed to a bench that stood over

3



the treadmill behind the person walking, pointing towards the plane ceiling where the laser

dots were located.

To gather as much data as possible during the short period of time available, different

walking conditions and circumstances had to be simulated. This was done by taping a metal

rod on the side of the knee disabling proper movement of the knee. To simulate a rigid back

the metal rod was taped to the back instead which made it impossible to move the back as

usual. The following walking conditions were simulated and recorded:

• Walking barefoot

• Walking with Adidas Supernova, running shoes

• Walking with FILA skele-toes 2.0, toe-shoes

• Walking with a fixed knee

• Walking with only one shoe on

• Walking with a rigid back

Some of the experiments were executed using two different paces, 3 km/h and 5 km/h to

investigate if differences are dependent on the pace and if they could be distinguished.

Subsequently the videos obtained from the experiment were cut down to shorter video

sequences and converted to be compatible with Matlab in which a program was written. The

program had the task to extract the location of the laser dots from each frame, segmentation

[9, 12], by filtering out other light than it emitted from the laser diodes. The filter built

was similar to the function called thresholding in Matlab [3]. Then it had to locate the

centroids of each dot and find use a techniqe to find the nearest neighbour from each frame

to the next [10]. To do this code to find the Euclidean distance was applicated and the code

for showing graphs of the locomotion patterns was also written [9]. Behind the code lies a
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lot of research to find the best way of fulfilling our purpose [12, 14]. For the program code

see Appendix A. These graphs were then used during the analysis to get a better overview

of the patterns instead of analysing each coordinate by hand which would require a huge

amount of time [2].

The test subject was a perfectly healthy, 18 year old male, 183 cm tall and weighting 70

kg.

Results

The data obtained from our measurements were processed in Matlab and then the motion

patterns were generated in the following graphs (Fig. 1-2), showing the position of each laser

projection. For large graphs see Appendix B. The two curves plotted in the outskirts of the

figures illustrate the laser projections of the shoulders and the other two the projection of

the lasers attached to the head.
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Figure 1: Barefoot walking at 3 km/h (red)
compared to barefoot walking at 5 km/h
(blue)
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Figure 2: Barefoot walking (red) compared to
walking with FILA skeletoes 2.0 (blue) and
Adidas Supernova (green) at 3 km/h

Figure 1 shows that the patterns obtained from walking at 3 km/h and 5 km/h does not

coincide perfectly, but the positions of the laser projections are in the same areas and there
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are no major deviations between the patterns.

Figure 2 presents the patterns of barefoot and shod walking. The patterns obtained from

the laser projections of walking barefoot and with the FILA shoes show similarities both in

their structure and their positioning while the patterns from the Adidas shoes instead show

a deviation from the others. When it comes to the projections of the head lasers, similarities

between the shoes are more distinguishable.
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Figure 3: Barefoot walking (red) compared to
walking with left fixed knee (blue) at 3 km/h
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Figure 4: Barefoot walking (red) compared to
walking with right fixed knee (blue) at 3 km/h

Figure 3 shows the patterns obtained from walking barefoot and with the left knee fixed.

The patterns from the fixed knee indicates that the head lasers move more horisontally than

during barefoot walking. The areas of the laser projection also tend to spread over larger

areas.

Figure 4 also shows that the head lasers move more horisontally with the right knee fixed

than during barefoot walking. The projections of the shoulder lasers differ slightly in position

and in distribution.

Figure 5 shows that the projections of the lasers when walking with the left shoe off are

spreading over a larger area than during barefoot walking, except for the projection of the

right shoulder laser which is smaller and is further back compared to the others.
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Figure 5: Barefoot walking (red) compared to
walking without left Adidas Supernova (blue)
at 3 km/h
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Figure 6: Barefoot walking (red) compared
to walking without right Adidas Supernova
(blue) at 3 km/h

Figure 6 indicates that the head movements have been done in a more horisontal pattern

when walking with the right shoe off than during barefoot walking.
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Figure 7: Barefoot walking (red) compared to walking with rigid back (blue) at 3 km/h

Figure 7 illustrates the motion pattern of walking with a fixed back and barefoot walking.

The projection of the shoulder lasers tend to be spread over larger areas. A slight shift in

position can also be seen. The projections of the head lasers show a more horisontally pattern

while walking with a fixed back.
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The differences between the paces during the experiments, were not distinguishable, and

figures from these are therefore excluded. However, differences between the different walking

conditions are definitely seen even if they sometimes are negligible hence we can proceed

with an evaluation of the method.

Discussion

Deviations in the patterns were not dependent of the pace and therefore these are irrelevant

since they would show the same thing as shown in the included figures.

In this study the data collected from the barefoot walking was seen as a standard control

measurement and being compared to the data collected from the other walking conditions.

This gave us a template for our test subject, but we do not know if this template can be used

in other cases and with other people. Because of the differences in height, weight and body

proportions among different people there could be unforseen issues using this method. You

could picture a scenario of two persons with different heights and imagine the angle created

between their shoulders and the laser projection. These angles would most certainly differ

and those aspects have to be investigated.

Right now we do not have enough data to see if a specific pattern is significant for

a specific motion irregularity, or if it is just the gait characteristics, of that person that

has an impact as well [8]. The result of this is that it becomes difficult to determine if a

pattern could indicate a gait abnormality or if it is just an individual feature. The analysis

is quite hard to do when you do not have a sufficient amount of data to compare it with.

A database of standard data has been mentioned but that would require a consistency in

how the experiments are executed [2, 7]. The largest gait analysis study I have come across,

included 60 persons [3]. This is not nearly enough data to set up any kind of database.
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Some of the advantages with our method is that every video camera that can produce

a digital file can be used as recording device. The recording device does not have to be

connected to a computer via an interface or analysed immediately either, which seems to be

the case in all other methods we have read about since they used the similar methods as

described in Nex Robotics’ ”Introduction to Video Analysis using Matlab” [14]. This en-

ables the analysis to be done at a remote location which would not require specific, expensive

trained personnel at every facility the measurements are done [9].

Something I consider strange is that not in a single study I have read, they have asked the

test subject to close their eyes, in order to not correct their gait visually. This is something I

believe is very important since we discovered differences between when the test subject had

the eyes opened and closed.

Motion analysis has been done many times over, but not exactly with the same method

used in this study. Thus setting up the experiment in a perfect way was impossible, because

knowledge about what issues that might occur remained unknown. Therefore, there are some

flaws that should be corrected and some improvements that should be done if this method is

executed again. For example one issue was to get the lasers to stay still on the person during

the gait. Instead the pads might have been pointed in a different direction than straight

up. This affected the location of the projection of the lasers, which explains the fact that

laser projections cannnot only be compared to the curves obtained from barefoot walking,

but also have to be compared to the other curves from the same experiment. To avoid this

error a tight shirt with the possibility of attaching bendable braces, with the laser diodes

on, should be constructed. This would eliminate the issue of the laser diodes moving and

affecting the data.

Another source of error is the difficulty of staying at the same position on the treadmill.

The test subjects are very likely to move either forwards or backwards, when walking with
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their eyes closed and this could then be translated as a larger motion pattern area in the

graphs hence they could influence the outcome. This issue could maybe be eliminated by

fixating the subject by attaching strings to maintain a steady pace. Obviously these cannot

interfere with the motion. Another solution could be to have a continuous incoming sound

close to the head of the test subject, as a way to keep track of the person’s location on the

treadmill.

The video camera used was set to capture frames at 30 fps. By analysing the video

sequences in Matlab we could se that it had only generated 25 fps. It should not have such

an impact on the collected data but it could be worth considering to choose the 60 fps mode,

or an even higher capturing rate, to ensure that even if some frames are lost due to some

flaws, a sufficient amount of data is available for an analysis.

In the future I think this method could be more automated and hopefully we can replace

the visual analysis with an automated analysis, which most likely would lead to a higher

accuracy of the analysis. This would also make the method more attractive since it would

save lots of time.

In conclusion, with some improvements, this method could potentially be an option in

further research in biomechanics. As stated in the results, the method is very sensitive. This

means that even small differences in motion patterns can be detected, but it also means that

minor errors affect the results drastically. If it is possible to collect enough reliable data with

the improvements mentioned earlier, standard pattern can be compiled. Using this method,

patterns could be obtined for specific target groups. Patients with rheumatism arthritis or

people with backpain, for example. These can then be used as templates, and be compared

to data from a healthy person, in order to increase a more profound understanding of human

locomotion patterns in various diseases, which could become useful for improvements in

rehabilitation treatments.
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A Matlab Code for Tracking of the Laser Dots

obj = mmreader(’name_of_file.avi’);

lastFrame = read(obj, inf);

endFrame = get(obj, ’NumberOfFrames’)

x_koordinater = zeros(endFrame, 4);

y_koordinater = zeros(endFrame, 4);

for n = 1:endFrame

one_frame = read(obj, [n n]);

red=one_frame(:,:,1);

red = red(1:540,:);

BW = red > 10;

se = strel(’disk’,10);

BW=imclose(BW, se);

if 1

%if (n >= 13) && (n<=15)

if (n == 13)

%if rem(n,25) == 0

%figure(1)

%imagesc(BW), title(num2str(n));

%colormap(gray)

%pause(1)

end

end

L = logical(BW);

s = regionprops(L, ’Area’, ’Centroid’);

areor = zeros(1,size(s,1));

centra = zeros(1,size(s,1));

%Uncomment to show the BW image

%imshow(BW);

%title(’Binary Image’);

%xlabel(’x-coordinate’)

%ylabel(’y-coordinate’)
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%if size(s,1)<4, break, end

for kk = 1:size(s,1)

areor(kk) = s(kk).Area;

Xcentra(kk) = s(kk).Centroid(1);

Ycentra(kk) = s(kk).Centroid(2);

end

[areor indx]=sort(areor, 2, ’descend’);

Xcentra = Xcentra(indx);

Ycentra = Ycentra(indx);

x_koordinater(n, :) = [Xcentra(1) Xcentra(2) Xcentra(3) Xcentra(4)];

y_koordinater(n, :) = [Ycentra(1) Ycentra(2) Ycentra(3) Ycentra(4)];

end

%%%%%%%%%%%%%%%%%%%%%%

%x-coordinates

%%%%%%%%%%%%%%%%%%%%%%

xindx = zeros(endFrame, 4);

trackade_x = zeros(endFrame, 4);

xindx(1,:)= [1 2 3 4];

trackade_x(1,:)= x_koordinater(1,:);

for n = 2:endFrame

for xnr = 1:4

dx = abs(x_koordinater(n, xnr) - x_koordinater(n-1, :));

dy = abs(y_koordinater(n, xnr) - y_koordinater(n-1, :));

dx = sqrt(dx.^2 + dy.^2);

[dx indx] = sort(dx);

iinnddxx = find(xindx(n-1,:) == indx(1));

%if isempty(iinnddxx), dx, indx, xindx(n-1,:), end

15



xindx(n, iinnddxx(1)) = xnr;

trackade_x(n, iinnddxx) = x_koordinater(n, xnr);

trackade_y(n, iinnddxx) = y_koordinater(n, xnr);

end

end

%%%%%%%%%%%%%%%%%%%%%%

%y-coordinates

%%%%%%%%%%%%%%%%%%%%%%

if 0

yindx = zeros(endFrame, 4);

trackade_y = zeros(endFrame, 4);

yindx(1,:)= [1 2 3 4];

trackade_y(1,:)= y_koordinater(1,:);

for n = 2:endFrame

for ynr = 1:4

dy = abs(y_koordinater(n, ynr) - y_koordinater(n-1, :));

[dy indx]=sort(dy);

yiinnddxx = find(yindx(n-1,:) == indx(1));

yindx(n, yiinnddxx) = ynr;

trackade_y(n, yiinnddxx) = y_koordinater(n, ynr);

end

end

end

figure, plot(trackade_x(2:end,1), trackade_y(2:end,1),’b’)

figure, plot(trackade_x(2:end,2), trackade_y(2:end,2),’g’)

figure, plot(trackade_x(2:end,3), trackade_y(2:end,3),’r’)

figure, plot(trackade_x(2:end,4), trackade_y(2:end,4),’c’)
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figure

hold on

plot(trackade_x(2:end,1), trackade_y(2:end,1),’b’)

plot(trackade_x(2:end,2), trackade_y(2:end,2),’g’)

plot(trackade_x(2:end,3), trackade_y(2:end,3),’r’)

plot(trackade_x(2:end,4), trackade_y(2:end,4),’c’)

hold off

B Graphs Plotted Over the Different Measurements
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Figure 1: Barefoot walking at 3 km/h (red) compared to barefoot walking at 5 km/h (blue)
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Figure B: Barefoot walking (red) compared to walking with FILA skeletoes 2.0 (blue) and
Adidas Supernova (green) at 3 km/h
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Figure 3: Barefoot walking (red) compared to walking with left fixed knee (blue) at 3 km/h
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Figure 4: Barefoot walking (red) compared to walking with right fixed knee (blue) at 3
km/h
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Figure 5: Barefoot walking (red) compared to walking without left Adidas Supernova
(blue) at 3 km/h
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Figure 6: Barefoot walking (red) compared to walking without right Adidas Supernova
(blue) at 3 km/h
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Figure 7: Barefoot walking (red) compared to walking with stiff back (blue) at 3 km/h
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