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CLAIMS 

   

 1. A method for registering real-time intra-operative image data of a body to a 

model of the body, the method comprising, 

 segmenting a plurality of image data of the body obtained using a pre-operative imaging 5 

device; 

constructing the model of the body from the segmented plurality of image data; 

 identifying one or more landmark features on the model of the body; 

acquiring the real-time intra-operative image data of the body using an intra-operative 

imaging device; and 10 

 registering the real-time intra-operative image data of the body to the model of the body 

by matching one or more landmark features labelled on the real-time intra-operative image data 

to one or more corresponding landmark features on the model of the body, 

wherein the one or more landmark features comprises a superior and an inferior pole of 

the body, and a line connecting the superior and inferior poles of the body. 15 

   

2. The method of claim 1, wherein the step of identifying one or more landmark 

features comprises,  

calculating one or more principal curvatures for each vertex of the body; and optionally 

calculating the Gaussian and mean curvatures using the one or more principal 20 

curvatures, wherein the one or more landmark features is identified by a change in sign of the 

Gaussian and mean curvatures; and optionally 

wherein the one or more landmark features further comprises a combination of saddle 

ridge, saddle valley, peak and/or pit. 

 25 

 3. The method of claim 1 or 2, further comprising  

labelling one or more landmark features on the real-time intra-operative image data 

using a user interface input module; and optionally 

sub-sampling or down-sampling of the model to match the resolution of the real-time 

intra-operative image data acquired by the intra-operative imaging device. 30 

 

 4. The method of any one of claims 1 to 3, wherein the step of registering 

comprises  

iteratively reducing the Euclidean distance between the one or more landmark features 

labelled on the real-time intra-operative image data of the body and the one or more 35 

corresponding landmark features on the model of the body; and optionally 
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matching the superior and inferior poles of the body on the real-time intra-operative 

image data to the respective superior and inferior poles of the body on the model of the body. 

 

5. The method of any one of claims 1 to 4, wherein the step of segmenting 

comprises  5 

introducing one or more seed points in one or more regions of interest, wherein each of 

the one or more seed points comprises a pre-defined threshold range of pixel intensities; and 

optionally 

iteratively adding to the one or more seed points, neighbouring voxels with pixel 

intensities within the pre-defined threshold range of pixel intensities of the one or more seed 10 

points. 

 

 6. The method of any one of claims 1 to 5, further comprising generating a 

polygonal mesh of the model to render the model for visualization on a display screen, wherein 

the polygonal mesh is a triangular or quadrilateral mesh.   15 

 

7. The method of any one of claims 1 to 6, wherein the pre-operative imaging 

device is a computed tomography (CT) imaging device, a magnetic resonance (MR) imaging 

device, or an ultrasound imaging device; and optionally wherein the intra-operative imaging 

device is an ultrasound imaging device. 20 

 

8. The method of any one of claims 1 to 7,  

wherein the body is located within a human or an animal, such that the method further 

comprises labelling the one or more landmark features on the real-time intra-operative image 

data at substantially the same point in a respiratory cycle of the human or animal body, 25 

optionally 

wherein the point in the respiratory cycle of the human or animal body is the point of 

substantially maximum exhalation, and optionally 

wherein the body is a kidney. 

 30 

9. A system for registering real-time intra-operative image data of a body to a 

model of the body, the system comprising, 

 an image processing module configured to: 

segment a plurality of image data of the body obtained using a pre-operative 

imaging device; 35 

construct the model of the body from the segmented plurality of image data; 

identify one or more landmark features on the model of the body; 
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an intra-operative imaging device configured to acquire the real-time intra-operative 

image data of the body; and 

 a registration module configured to register the real-time intra-operative image data of 

the body to the model of the body by matching one or more landmark features labelled on the 

real-time intra-operative image data to one or more corresponding landmark features on the 5 

model of the body, 

wherein the one or more landmark features comprises a superior and an inferior pole of 

the body, and a line connecting the superior and inferior poles of the body. 

 

10. The system of claim 9, wherein the image processing module is configured to  10 

calculate one or more principal curvatures for each vertex of the body; optionally 

calculate the Gaussian and mean curvatures using the one or more principal curvatures, 

wherein the one or more landmark features is identified by a change in sign of the Gaussian 

and mean curvatures; and optionally 

perform sub-sampling or down-sampling of the model to match the resolution of the 15 

real-time intra-operative image data acquired by the intra-operative imaging device; and 

optionally 

wherein the one or more landmark features further comprises a combination of saddle 

ridge, saddle valley, peak and/or pit. 

 20 

 11. The system of claim 9 or 10, further comprising a user interface input module 

configured to facilitate labelling of one or more landmark features on the real-time intra-

operative image data. 

 

 12. The system of any one of claims 9 to 11, wherein the registration module is 25 

configured to  

iteratively reduce the Euclidean distance between the one or more landmark features 

labelled on the real-time intra-operative image data of the body and the one or more 

corresponding landmark features on the model of the body; and optionally 

match the superior and inferior poles of the body on the real-time intra-operative image 30 

data to the respective superior and inferior poles of the body on the model of the body. 

 

 13. The system of any one of claims 9 to 12, wherein the image processing module 

is configured to  

introduce one or more seed points in one or more regions of interest, wherein each of 35 

the one or more seed points comprises a pre-defined threshold range of pixel intensities; 

optionally 
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iteratively add to the one or more seed points, neighbouring voxels with pixel intensities 

within the pre-defined threshold range of pixel intensities of the one or more seed points; and 

optionally 

generate a polygonal mesh of the model to render the model for visualization on a 

display screen, wherein the polygonal mesh is a triangular or quadrilateral mesh. 5 

  

14. The system of any one of claims 9 to 13, further comprising a pre-operative 

image device for acquiring a plurality of image data of the body, wherein the pre-operative 

imaging device is a computed tomography (CT) imaging device, a magnetic resonance (MR) 

imaging device, or an ultrasound imaging device; and optionally wherein the intra-operative 10 

imaging device is an ultrasound imaging device. 

 

15. The system of any one of claims 9 to 14,  

wherein the body is located within a human or an animal; optionally 

wherein the one or more landmark features is labelled on the real-time intra-operative 15 

image data at substantially the same point in a respiratory cycle of the human or animal body; 

optionally 

wherein the point in the respiratory cycle of the human or animal body is the point of 

substantially maximum exhalation; and optionally 

wherein the body is a kidney. 20 

 

16. An apparatus for tracking a target in a body behind a surface using an intra-

operative imaging device, the intra-operative imaging device comprising a probe for performing 

scans of the body, and an image feedback unit for providing real-time intra-operative image 

data of the scans obtained by the probe, the apparatus comprising, 25 

a manipulator for engaging and manipulating the probe;  

a control unit for positioning the probe by controlling the manipulator, said control unit 

comprising,  

an image processing module configured to: 

segment a plurality of image data of the body obtained using a pre-30 

operative imaging device; 

construct a model of the body from the segmented plurality of image data, 

said model comprising an optimal needle trajectory information, and said optimal 

needle trajectory information comprising positional information on a point on the 

surface and a point of the target; 35 

identify one or more landmark features on the model of the body; 
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a registration module configured to register the real-time intra-operative image 

data of the body to the model of the body by matching one or more landmark features 

labelled on the real-time intra-operative image data to one or more corresponding 

landmark features on the model of the body, wherein the one or more landmark features 

comprises a superior and an inferior pole of the body, and a line connecting the superior 5 

and inferior poles of the body; and 

a needle insert device coupled to the manipulator, said needle insert device comprising 

holding means for holding a needle at an angle directed at the target;  

 wherein said manipulator is configured to directly manipulate the probe in 

collaboration with the control unit such that the needle substantially follows the optimal needle 10 

trajectory information to access the target in the body. 

 

17. The apparatus of claim 16, wherein the control unit comprises a collaborative 

controller for addressing undesired motion of the probe, said collaborative controller optionally 

comprising 15 

a rotational motion control unit for regulating angular velocity of rotational motions 

caused by user manipulation; and  

a translational motion control unit for regulating translational velocity of the translational 

motions caused by user manipulation; 

optionally wherein the collaborative controller addresses undesired motion of the probe 20 

caused by the user or the body of the target; and optionally 

wherein the collaborative controller regulates a force applied by the user on the 

manipulator.  

 

18. The apparatus of claim 16 or 17, wherein the control unit further comprises an 25 

admittance controller for maintaining a desired force applied by the probe against the surface, 

said admittance controller optionally comprising, 

a force sensor for estimating environmental forces;  

 a low pass filter for filtering the estimated environmental forces; and  

wherein said admittance controller is configured for providing the desired force against 30 

the contact surface, based on the filtered environmental forces.  

 

19. The apparatus of any one of claims 16 to 18,  

wherein the needle insertion device further comprises driving means for driving a needle 

at the target, said needle held within the holding means;  35 

optionally wherein the holding means comprises a pair of friction rollers arranged in a 

side-by-side configuration with the respective rotational axis of the friction rollers in parallel, 
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such that the needle can be held between the friction rollers in a manner where the longitudinal 

axis of the needle is parallel with the rotational axis of the friction rollers;  

wherein each friction roller is rotatable about their respective axis such that rotation of 

the friction rollers in opposite directions moves the needle along its longitudinal axis; 

optionally wherein the driving means comprises a DC motor for rotating the friction 5 

rollers; 

optionally wherein the DC motor are controllable by a microprocessor, said 

microprocessor configured for controlling the rotation speed of the friction rollers, duration of 

movement, and direction of motor rotation; 

optionally wherein the holding means further comprises an additional friction roller for 10 

assisting in needle alignment and biasing means to bias the needle between each of the friction 

rollers; and 

optionally wherein the needle insertion device comprises a mounting slot arranged for 

allowing the needle to be inserted such that the longitudinal axis of the needle is substantially 

perpendicular to the axis of the pair of friction rollers, by moving the needle in a direction 15 

perpendicular to the longitudinal axis of the needle.  

 

20. A non-transitory computer readable storage medium having stored thereon 

instructions for instructing a processing unit of a system to execute a method of registering real-

time intra-operative image data of a body to a model of the body, the method comprising, 20 

 segmenting a plurality of image data of the body obtained using a pre-operative imaging 

device; 

constructing the model of the body from the segmented plurality of image data; 

 identifying one or more landmark features on the model of the body; 

acquiring the real-time intra-operative image data of the body using an intra-operative 25 

imaging device; and 

 registering the real-time intra-operative image data of the body to the model of the body 

by matching one or more landmark features labelled on the real-time intra-operative image data 

to one or more corresponding landmark features on the model of the body, 

wherein the one or more landmark features comprises a superior and an inferior pole of 30 

the body, and a line connecting the superior and inferior poles of the body. 


