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What is claimed is:  

 

1. An acoustic orthopedic tracking system, comprising:  

 an acoustic probe device structured to include a support frame having a curved shape 

to interface a body part of a biological subject, and an array of transducer elements arranged 

on the curved support frame and operable to transmit acoustic waveforms toward a target 

volume of an orthopedic structure in the body part and to receive returned acoustic 

waveforms that return from at least part of the target volume of the orthopedic structure;  

 an acoustic coupling component coupled to the array of transducer elements and 

operable to conduct the acoustic waveforms between the at least some of the transducer 

elements of the array and the body part of the biological subject when in contact with the 

acoustic coupling component, wherein the acoustic coupling component includes a hydrogel 

structured to directly contact and conform to an outer surface of the body part, such that, 

when the acoustic coupling component is in contact with the outer surface of the body part, 

the acoustic coupling component provides an acoustic signal transmission path between the 

receiving medium and the array of transducer elements;  

 a signal generation and processing device in communication with the acoustic probe 

device and structured to include (i) a transmit and receive electronics (TRE) unit, and (ii) a 

data processing unit including a memory to store data and a processor coupled to the memory 

to process data, wherein the TRE unit includes a waveform generator in communication with 

the data processing unit and one or more waveform synthesizers in communication with the 

waveform generator to generate one or more waveforms according to waveform information 

provided by the data processing unit via the waveform generator, wherein the transmittable 

acoustic waveforms correspond to the one or more waveforms generated by the signal 

generation and processing device; and  

 a position tracking device in communication with the signal generation and 

processing device and operable to track the position of the array of transducer elements of the 

acoustic probe device,  

 wherein the data processing unit is configured to process the received returned 

acoustic waveforms with the tracked position of the array of transducer elements to determine 

(i) motion of the orthopedic structure of the body part and (ii) at least one of location 

coordinates or orientation of the orthopedic structure of the body part in a six degrees of 

freedom (6 DoF) coordinate space with respect to the tracked position of the array of 

transducer elements by processing position data and vector data associated with movement of 
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the orthopedic structure with respect to the tracked position of the array of transducer 

elements.  

 

2. The system of claim 1, wherein the data processing unit is configured to produce a 

data set that includes the determined motion and the at least one of location coordinates or 

orientation of the orthopedic structure of the body part, and wherein the data processing unit 

is in communication with a surgical system and configured to transfer the produced data set 

to the surgical system such that the surgical system can perform an operation or procedure on 

the orthopedic structure based on information including the determined motion and the at 

least one of location coordinates or orientation of the orthopedic structure of the body part 

contained in the data set.  

 

3. The system of claim 1, wherein the position tracking device includes an optical sensor 

including one or more of a camera, an image sensor including a charge-coupled device 

(CCD), or a light emitting diode (LED).  

 

4. The system of claim 1, wherein the hydrogel includes one or more polymerizable 

materials that form a network structured to entrap an aqueous fluid inside the hydrogel, 

wherein, when the acoustic coupling component is in contact with the outer surface of the 

body part, the acoustic coupling component provides an acoustic impedance matching 

between the receiving medium and the array of transducer elements.  

 

5. The system of claim 1, wherein the hydrogel is structured to conform to the body part 

in complete contact with the surface, without packets of air or voids formed between acoustic 

coupling component and the body part.  

 

6. The system of claim 1, wherein the TRE unit includes:  

 an array of analog to digital (A/D) converters to convert the received returned 

acoustic waveforms received by the array of transducer elements of the acoustic probe device 

from analog format to digital format as a received waveform that includes information of at 

least part of the target volume,  

 one or more amplifiers in communication with the one or more waveform 

synthesizers to modify the waveforms provided to the acoustic probe device for transmission, 

and  
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 one or more pre-amplifiers in communication with the acoustic probe device and the 

array of A/D converters to modify the received returned acoustic waveforms provided to the 

A/D converters.  

 

7. The system of claim 1, wherein the acoustic probe device includes a signal interface 

module connectable to the TRE unit of the signal generation and processing device, the signal 

interface module including a multiplexing unit in communication with the array of transducer 

elements to select one or more transducing elements of the array to transduce the waveforms 

into the corresponding acoustic waveforms, and to select one or more transducing elements of 

the array to receive the returned acoustic waveforms.  

 

8. The system of claim 1, wherein the signal generation and processing device is 

operable to generate arbitrary waveforms, wherein the arbitrary waveforms include an 

arbitrary waveform describable mathematically.  

 

9. The system of claim 8, wherein the arbitrary waveforms include one or more of 

rectangular pulses, triangular pulses, impulse pulses, Gaussian pulses, sinusoidal pulses, sinc 

pulses, Mexican hat wavelet pulses, Haar wavelet pulses, linear FM chirped pulses, 

hyperbolic FM chirped pulses, coded pulses, binary coded pulses, ternary coded pulses, phase 

coded pulses, complementary binary coded pulses, amplitude coded pulses, phase and 

amplitude coded pulses, frequency coded pulses, stepped sine wave pulses, shaped spectrum 

pulses, or combinations thereof.  

 

10. The system of claim 8, wherein the signal generation and processing device is 

operable to beamform and steer the arbitrary waveforms.  

 

11. The system of claim 1, wherein the signal generation and processing device is 

operable to generate a composite waveform comprising two or more of individual orthogonal 

coded waveforms corresponding to one or more frequency bands that are generated by the 

one or more waveform synthesizers according to the waveform information, wherein the 

individual orthogonal coded waveforms are mutually orthogonal to each other and 

correspond to different frequency bands, such that each of the individual orthogonal coded 

waveforms includes a unique frequency with a corresponding phase.  
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12. The system of claim 11, wherein each of the individual orthogonal coded waveforms 

includes a plurality of amplitudes and a plurality of phases that are individually amplitude 

weighted and individually phase weighted, respectively.  

 

13. The system of claim 11, wherein the signal generation and processing device is 

operable to determine a frequency band, an amplitude, a time-bandwidth product parameter, 

and a phase parameter of each individual orthogonal coded waveform.  

 

14. The system of claim 13, wherein the phase parameter is determined from a set of a 

pseudo-random numbers or from a set of deterministic numbers.  

 

15. The system of claim 1, wherein the transmittable acoustic waveforms are transmitted 

sequentially one-at-a-time, simultaneously, or in a time-staggered or time-delayed pattern, 

and wherein the target volume includes a tissue structure of the biological subject, and the 

shaped section of the probe device is in contact with the body part of the biological subject.  

 

16. The system of claim 15, wherein the body part includes an abdomen, a thorax, a neck 

including the throat, an arm, a leg, a knee joint, a hip joint, an ankle joint, an elbow joint, a 

shoulder joint, a wrist joint, a breast, a genital, or a head including the cranium.  

 

17. The system of claim 15, wherein the biological structure includes a cancerous or 

noncancerous tumor, an internal legion, a connective tissue sprain, a tissue tear, or a bone.  

 

18. The system of claim 1, wherein the data processing unit is configured to process the 

received returned acoustic waveforms with the tracked position of the array of transducer 

elements in real-time to determine (i) the motion and (ii) the at least one of location 

coordinates or orientation of the orthopedic structure of the body part.  

 

19. The system of claim 1, wherein the data processing unit is configured to process the 

position data and the vector data associated with movement of the orthopedic structure with 

respect to the tracked position of the array of transducer elements by:  

 determining a plurality of three-dimensional coordinate points of the orthopedic 

structure, wherein the coordinate points are associated with a frame of reference of the array 

of transducer elements; and  
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 translating the three-dimensional coordinate points to an external frame of reference 

associated with the position tracking device.  

 

20. The system of claim 1, wherein the data processing unit is configured to direct a 

transmitted acoustic waveform at a focal point corresponding to a determined location 

coordinate of the orthopedic structure of the body part in the 6 DoF coordinate space. 


