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Project Title Dynamics Analysis and Simulation of Human Knee Joint

Name of the Investigators = Chanyaphan Virulsri, Ph.D

Year November 2009

Abstract

Recently researches about joint dynamics of human movement require the human body
motion data. Nevertheless, the commercial motion capture system is too expensive. The purpose
of this research is to study and analyze joint dynamics from the motion of human lower limbs by
image processing technique. The method for motion captures by video motion tracking with skin
markers which convenient and inexpensive is selected. The motion data is collected by using two
video cameras and fourteen markers attached to skin for defining position. The acquired video is
images from two sides in Sagittal plane. The images were processed by MATLAB to find the
marker positions on the body which are the necessary data for simulation in Adams-LifeMOD.
Adams-LifeMOD is the commercial program for dynamics analysis of biological modeling system.
The simulated model is the most similar to prototype with modified weight and height. The marker
positions from image processing are motion agents of the model. When input motion data and
body parameter to LifeMOD, we obtained dynamics parameters of the hip, knee and ankle joints
during activity such as angular velocity, torque and moment.-These results provide necessary data

for joint prosthesis designs and improve potential for physiotherapy and sports science in the future.
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2.2 MyINIAAIEATVDIT LN (Anatomy of Knee Joint) [9]
mmu_iwﬁmaaﬁaLﬂwmﬁué‘nﬂm:mimﬁau‘ﬁmmm%’@*‘ﬁaLﬂﬁiﬁaQqua@iaLLuu
Hinge Type @snatedanlwinanfanisseviuaziinan (Flexion-Extension) lasfisnunsnli
mw&lquiammuad (Internal-External Rotation) WasN1I9 1LY Abduction-Adduction e
\Wniae Tawindsznaudionszgn néaLite wazdwmEn Adaa laun
221, N3zQn@wIN (Femur) Lﬂum:gnﬁuﬂumﬁq@ %ﬁﬂﬁq@ Ltawnﬁq@luinmmimﬁ
ANNELRAY 43.2 Ta.[112] Badiandaszninidesslnnuazdaitn (gﬂ‘ﬁ' 2.3) NEANABIN
Fuhdanutamn (Distal End) ﬁé‘ﬂwm:lﬂum:@ﬂéaw’f}agﬂLu_iaLﬂu2 Fn138n31 Medial
Condyle Waz Lateral Condyle (gﬂ‘ﬁ 2.4) %dﬂszgﬂdauﬁt@ 2 @nflezilusuiiadond
é’wﬁwfﬁ‘umz@mﬁd LaZUL ST INAA PSRN B ARz dNg
2.2.2. nE@NuIY (Tibia) Lﬂumz@ﬂﬁmuﬂuﬁuﬁu 2 189319me Teoidoudaseninatalan
AU LN d’muu’uadm:@mﬁaﬁ&'ﬂ‘mm:muaamﬁasaa%’u Medial Condyle W&z Lateral
Condyle U8INTEANAUL (gﬂﬁ 2.5) dauﬁé’uﬁaﬁum:@ﬂﬁumﬁﬁé’ﬂﬂmu‘ﬂungﬂa'auﬁ’a
\38U (Tibial Plateaus) 2 ¥nfAa Medial Condyle W&z Lateral Condyle (31J°?‘i 2.6 a)) lagd
Medial Meniscus LRe Lateral Meniscus 6‘%0L‘fluﬂi:g}ﬂéauEﬂL'ng‘S:{uﬂga%iﬁ’m‘]_luﬁﬂ

& A a qzd% Aa @ o 1 v v A J a wa A 1 =3
ﬁu%mL'wal%wu‘nmauwm:mwm:gﬂ@umLm:m:gmmawmﬂmu NQMﬁ&JU@]U@W\ﬂq% W
A

RINNTDTUUAZTIENTZNBUTINEIHIUT 8121 FINalAANULATHA (Stress) ag_lisl,m:é’fuﬁ

LANZRY (gﬂﬁ 2.6 b))

s T ;U7 2.4 Medial Condyle uas
0] — Lateral Condyle ﬂﬂdﬂi:g}ﬂ@’l’uﬂl’]

P @ % @ a =
3‘]_]“{] 2.3 ﬂ§$@ﬂ@]u°ll’]°ll’]\‘]°ll’l’l UINYIN (LUBNBIINNANYUUW)



Ameiiee mrigrcendylar s

Medial Lateral
[T Wit
Condyle Condyle
-t 0 T e Artalar purtied ol tpal ceAsy
Soleal li . g
P Fibular STr7
Vertical line i
Tibia —‘ ]
) ] Cottaary hipimem
. Medial = — = Lateral
Meniscus : Meniscus
Medial 2 '
malleolus —1_f Lateral mallaglus
aot Calcaneus
Navicular—— ___" % Gubaid e i CgloR Al Lgamen Figrtar Galiteinl bgarmeal
Cuneitarms g = Poslin Lindos
Metatarsals Proxialil
i ~ Middle ] Ehalang = S |
S 1)) Distal
S_ )] 'w'ﬂ'l;ﬂlulﬂ-\.l_a:q“luil 26 b) EErER TR AR Lgamert
~ o A .
3UN 2.5 nIzQNUIY Uas 317 2.6 Condyle uaz Meniscus
NIEQNUBI891T192 PBINTEANUTIT9U

Ao o

223. nwQnwad (Fibular) Lﬂungﬂmanwmm’mm:ﬁ@Lﬁnﬁa:1 ayﬁaﬂﬂmoﬁmwé’a

v Cil 1 [ v v Cilo Q Q/ :/ o = v Cillﬁ v
pasnszgnudy  (qUN 2.5) nizgnuadldlafimihndaylunsiuiminud Snihndald
ﬂs:gm‘*ﬁaLﬁﬁa%i‘lu@‘mmm"ﬁgnﬁao unanldnauitanndamnie Lm:ﬂs:num:@ﬂwﬁa"ﬁ
(@8 Plane Joint) tal#nIzgnudsmunIniunina. (Bending) uaznida (Twisting) e

LA . =i v o & a &
mn"lwm:gmuaﬂamaﬂﬂs:g}mmmﬂum:umﬂmu



Paftella

Patellar ligament
|or kendon)

Tiblal Tuberosity

3‘1Jﬁ 2.7 gna:ﬂ"lﬁ"mh, Quadriceps Femoris Tendon LLas Patellar Ligament

Front of right knee

Marmal lateral callateral lig arnel;ng

Narmal medial callateral ligament

i/ Tem
medial
collateral
figament

3UN 2.9 anwidhsnfiiadn@iiiasann Medial Collateral Ligament &nuna

10



11
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2.3 FINaAIaA3IV0IVaL2 (Biomechanics of Knee Joints) [10]
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2.34 UuwILLAWB1 (Mechanical Axis)
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Range of motion
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(Degree)

Walking 0-67
Climbing stairs 0-83
Descending stairs 0-90
Sitting down 0-93
Tying shoe 0-106
Lifting an object 0-127
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2.6 ﬂﬂﬁﬁﬁﬁmﬁ’aamiﬁuﬂizmawamamw (Image Processing)
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function im_all=FindImall2(prefix,first, last)
num_frm=last-first+1;

for

end

7.1.2

i=1l:num_Ffrm
im_name=[prefix num2str(i+first-1) “_bmp"];
im_all{i, :}=imread(im_name);

WaidununImzaulazaguinasvaInininas

% This function is use Tor Capture positionX-Y of Marker

% By using function FindImall IntUp FindCen FindCenShow

% Vary radius to get datas and selected r for the best results

% input variable name=FCEN("movie_filename.avi”,number of markers)
% example cen=FCEN(“mov83.avi~",5) for filename mov82 and 5 markers
function y=FCEN2(im2,m)

defi

figu

data

mark

mint=1;
aint=0;
total_frame=size(im2); %total image to be analyzed and results
frame_start=40;
im_all=im2;
im_all=IntAdjust(im_all,-30,aint);
%im _all=IntAdjust(im_all,1.6,mint);
marker_perframe=m; % number of markers to detect [up to user
ne]
c=1;
for r=5:0.5:8 %vary radius to check each marker must same to any
re

r

cen=FindCen(im.all,r)

for i=1:size(Cim_all)

s(i)=size(cen{i,2},1); %s=set of how many marker in all

end
marker_perframe2=s;
n_error=((ones(1, total_frame).*marker_perframe)-
er_perframe2).n2;
sum_err=sum(n_error);
r_data(c, :)=[r sum_err];
c=c+1; %Counter
end
if size(r_data)>0.01 %prevent error when r_data=0
a=min(r_data(:,2)); %Find the lowest error [best marker]
for 1=1:(c-1) %Searching size(r_data) times
if r_data(i,2)==a; %Choose the lowest error [best marker]
r=r_data(i,1l) %Show selected radius



end
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end

end

%l=im_all{total_frame};

%Figure(2), imshow(l);

cen=FindCenShow(im_all,r) %

r %Show result figures

y=cen; %Output
else y="No Good Radius for Good Result, Plz change Image Intensity”
end

7.1.3 WInTun1IUTUA NI T VLRI TEININ

%This function is change intensity of gray scale image [0-255]
%Example im_all=IntUpCim abll multi,1.5); will multiply im_all by 1.5

%

100

im_all=IntUp(im_all,add,100); will add intensity of im_all by

function y=IntAdjust(x,value,mode)

it

mode>=1

n=size(x);

for i=1:n
x{1}=x{i}-*value;

% Find All Boundaries and collected. in "boundaries® array
BW = im2bw(l);
Figure(j), imshow(l);
hold on;
BW_filled = imFill(BW, "holes™);
boundaries = bwboundaries(BW_filled);
n_of_b=size(boundaries,1);

%Show result of Find AIl Boundaries
hold on
for i=l:n_of b
b = boundaries{i};
plot(b(:,2),b(:,1),"g", "LineWidth",2);
end
end

else 1f mode<l

n=size(x);
for i=1:n
x{i}=x{i}+ value;
end
Y=X;
for j=1:n
I = x{};

% Find All Boundaries and collected in "boundaries® array
BW = im2bw(l);



Ffigure(J), imshow(l);

hold on;

BW_filled = imFill(BW, "holes™);
boundaries = bwboundaries(BW_filled);
n_of _b=size(boundaries,l);

%Show result of Find All Boundaries
hold on
for i=1:n_of_ b

end

end

else note="

"multi
end
end

b = boundaries{i};
plot(b(:,2),b(:,1),"g", "LineWidth",2);

mode in IntAdjust(x,mode,value) can be only "add" or

7.1.4 WarkTute ﬂi%ﬂ’li‘lﬁ'ﬁ;ﬂf}l%fjﬂ ANITNIUVDINTIN

% pose_all=

FindCen(im_all,r) r is marker diameter default = 6

function yy=FindCen(im_all,r)
nn=size(im_all,1);

for n_im=1:

nn

I = im_all{n_im};

BW = im2bw(l1); % Convt to B/W

BW_Ffilled = imFill(BW, "holes®™); % Fill hole to reduce number of

boundaries = bwboundaries(BW_filled);

n_of _b=size(boundaries,1l); j=1;
Yp******edit here IFf it have not “n_of b",then go to adjust
intensity******
%Show result of Find All Boundaries

%holld on

%For i=1l:n_of_ b

% b ="houndaries{i}; plot(h(z,2),b(, 1) "g" S “LineWidth",2);

clear R _boundaries

for i=1:n_of_b
pose_b=boundaries{i};
XYbar=ones(size(pose_b,1),1)*mean(pose_b);
tesO=(pose_b-XYbar) ."2;
tesl=sum(tes0); % for check

%
can change
%
%

The 2 "if" below are a costraint of good boundaries which

testl check sum of how all BD far from its center
test2 check radius™2 from center

66
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if
(tes1(1)>(30*r+40))&(tes1(2)>(30*r+40))&(tes1(1)<(200*r+800))&(tesl(2)<
(200*r+800))
tesl; % for check
tes2=tes0(:,1)+tes0(:,2); % for check
%tes3=tesO(:,1)+tes0(:,2);
if (tes2(:)>1.5*r+3)&(tes2(:)<5*r+30)
R_boundaries(j,:) = {pose_b}; %pose b is all boundaries

datas
J=3+1;
tes2; % For check
end
end

end

n_Rb=j-1;

if n_Rb>0

clear pose_1im
for i=1:n_Rb
pose_av=round(mean(R_boundaries{i}));
pose_1im(i,:) = pose_av(l,:);
end
Num_of_marker=[" You have ® num2str(n_Rb) " markers in
image " num2str(n_im) °"\n"];
%Fprintf(Num_of marker)

%Figure(n_im), imshow(l);
%hold on
%b=pose_lim;
%for i=1:n.Rb
% plot([b(i,2) (b(¥.2)+1)].[b(1.1)
b(i,1)], 9", "LineWidth",10);
% plot([b(i,2) b(i,2)],[b(i,1)
(b(i,1)+1)],"g", "LineWidth" ,20);
%end
pose_all{n_im,1}=n"im;
pose_all{n_im,2}=pose_1im;
else Caution=[" " No marker in ‘image” num2str(n_im) “"\n"];
fprintf(Caution)
%pose_all={};
end
end
yy=pose_all;
end
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