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According to the proposed plan, 3-dimensional AE source location based on
the dynamic optimization of hybrid algorithm has been completed. Two algorithms, TOA (time of
arrival) and Delta T (difference in time of arrival) were overlapped for optimizing the dynamic
source localization in complex structure of knee joint. Model experiments have been conducted to
verify the hybrid AE source location technique on a layered structure comparable to knee
measurements. Based on the optimization result, experiments of the proposed 3D source location of AE

technique have been conducted to knee joints successfully. Volunteers with healthy knees and
osteoarthritic knees joined the experiments following the ethical procedures. Results have been
verified by the orthopedic surgeon as well and presented to the related national and international
conferences. Developed method has been prepared for the social contribution to the related issues in
future.
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Osteoarthritis (OA), a severe knee disease, is caused by the damage of articular cartilage at
the end of anatomical structures conjugated to knee joint. It disables people of all ages. Its
prevalence is predicted to increase as a result of increasing ages. In worst cases of OA,
replacement is needed by artificial joint with mixed satisfaction of the patient. A potential
approach of reducing the impact of such knee problem is to begin treatment in early stage of
the disease. However, the limited sensitivity and the health hazard by ionizing radiation of
presently used diagnosis techniques (like X-Rays, MRI etc.) refer their limited applications
in clinical diagnosis. Thus, regular checking of knee integrity is unlikely done. Therefore, as
prevention, regular diagnosis of knee integrity for early treatment of OA is not possible with
presently available tools.

A safe, health hazardless and frequently applicable noninvasive diagnosis method of knee
osteoarthritis based on adaptive acoustic emission (AE) technique has been developed and
documented by the present researcher. He gathered experience in AE and its application.
Aging effects to OA and its existence are clarified by his developed technique. Since, no
external energy is needed to insert to the knee, developed AE technique is safe and frequently
applicable for regular inspection of the knee joint integrity. One major advantage of AE
technique is the source location of received AE signals. However, if the applying medium is
nonhomogeneous or anisotropic the technique suffers from enormous problems, particularly,
in source location accuracy. Accordingly, the complicated anatomy of the knee joint makes it
an anisotropic medium for AE source location technique. Therefore, special measures are
considered in the proposed research for solving the problems in accurate damage localization
of the AE technique.

Proposed research, a novel 3-dimensional AE source location technique based on hybrid
dynamic optimization algorithm for early detection of knee osteoarthritis, accurately
determines damage locations inside knee joints. The main feature of the proposed method is
its special ability to optimize the differential travel times of AE signals due to near-field and
scattering effects. It combines two major nonlinear algorithms for singular and multivariate
AE features in hybrid optimization. It considers AE waves for their varying impedance
modalities in an inhomogeneous medium like knee joint. Thus, the objective of the proposed
research is to develop a novel 3-dimensional acoustic emission (AE) source location technique
based on hybrid dynamic optimization algorithm for the accurate diagnosis of the osteoarthritic
knees.
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According to the above figures, in experiments sensors are attached to the knee joint (both in femur bone
and tibia bone) with high elastic medical tape for avoiding noise in the dynamic knee experiments. For
getting an angular position of the movements, electronic goniometer is attached to the knee at its 90 to 0-.
Thus, in one cycle of movement (sit-stand-sit) the measured angle has been recorded as 180-. Three cycles
of movements have been considered as 1 set of AE data. Thus, for one participants 5 sets of AE multivariate
features (data) have been taken with dynamic threshold values. AEwin software has been used, athough,
AE features in hybrid medium were verified by digital oscilloscope triggered functions as well. In all
other model experiments, AE features were collected and the results were calculated, verified as well as
calibrated accordingly for the successful application of the 3D AE source location to kneejoints.



Resultsin Model Experiments of Multilayered Structure Compar ableto Knee Joint

AE signal propagation features in a complex medium like knee joint is modeled in the layered structure
(Fig. 3) and the results of the signal flight time (onset time) verifications by widely used FTC and AIC
methods are shown in Fig. 4. TOA (time of arrival) and DOAT (Difference of arrival time) methods were
overlapped and accurate source location in DOAT was identified at contour crossed point in Fig. 5.
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Fig. 3 Layered structure (steel over
rubber) calibration of AE source location
based on Hybrid dynamic optimization

Fig. 4 Comparison of first arrival time
acquisition in FTC and AIC methods in
AE source calculation
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Fig. 5 Source location using six DOAT
contour maps at node point 84 on above
structure with high efficiency.

Resultsin Model Experiments of Damage Area Characterization

Fractal analysis has been conducted for characterizing the damages with AE energy corresponding to each
AE event (Figs. 6 and 7). The trend of the proportionality relations among the AE parameters and damage
volume has found almost constant.
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Fig. 7 Relations in AE energy and AE
events, crack regions (damages) are

Fig. 6 Microscopic view of the damage mentioned by CR, and sensors are by CH.

in an AE event (50x magnification)



Results of Source Location in Osteoarthritic Knee

The result of 3D source location of an osteoarthritic knee (Fig. 8) measured by the proposed method along
with above modeled resultsis shown in Fig. 9. The numerical values of the source in Cartesian coordinates
are summarized in Table 1. The accuracy of the resultsin AE source location was verified satisfactorily by
the orthopedic surgeon as well. Four damaged positions are identified in proposed AE source location and
labeled as a, b, ¢ and d in the following figure as well asin the following table.
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Fig. 8 Attachment of AE sensors and Fig. 9 Results of 3D source location. Red

Gonio sensor to the knee of the patient. ~ color indicates the source points and
green color indicates the sensor positions.

Table 1 Calculated coordinates of identified
four damage sources in the above knee.

Source Location Coordinates
X(mm) Y (mm) Z (mm)

a 9.24 28 28.7
b 10.1 29.6 40.7
c 23.1 453 25.3
d 15.2 22.6 41.2

Above results are published in different journal's, proceedings and related documents as well.
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