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Abstract. We propose a 2D-3D point-based registration method that provides 
fast and efficient alignment of X-ray fluoroscopy and CT images. Our method 
is divided into two procedures: pre-operative and intra-operative procedures. 
For pre-operative procedures, we generate digitally reconstructed radiographs 
(DRRs) from 3D volume using graphics hardware. In intra-operative proce-
dures, we perform a hierarchical registration that includes in-plane registration 
using principal axes method and out-plane registration using minimal error 
searching method in spherical coordinates. This method reduces a degree of 
freedom from 6-DOF to 2-DOF. Experimental results using 2 cardiac phantoms 
show that our DRRs generation method is more than 150 times faster than soft-
ware-based ray casting methods, and our hierarchical registration technique ef-
fectively matches DRRs and 2D images. 

1   Introduction 

Three-dimensional (3D) imaging modalities such as computed tomography (CT) and 
magnetic resonance (MR) imaging are widely used in clinical diagnosis and treatment 
planning due to their ability to produce detailed anatomical structures of human or-
gans. However due to the manner in which the images are generated, both techniques 
have limitations in their use as a modality for guiding interventional procedures. For 
interventional procedures, images need to be produced in real-time and this is com-
monly done with ultrasound or X-ray fluoroscopy. The drawbacks of these modalities 
are that they fail to provide adequate spatial information. Combining the benefits of 
both types of imaging modalities could produce a system highly suitable for interven-
tional procedures. Therefore, the registration of pre-operative 3D volume to intra-
operative 2D images could provide complementary information for tracking the spa-
tial location of medical instruments during image-guided surgery [1-4]. 

A major obstacle to this proposal is that images obtained with 3D scanning modali-
ties have different dimensions from those obtained using 2D scanning modalities. To 
estimate geometrical transformation by bringing two modalities into spatial alignment, it 
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is essential that two different images are compared in the same space[5]. There are two 
possible approaches to dealing with this 2D-3D registration. 

 
 Convert the 2D image to a 3D image resulting in a 3D-3D registration 
 Convert the 3D image to a 2D image resulting in a 2D-2D registration 

 
From a practical point of view, 3D-3D registration, i.e. reconstructing 3D volume 

from 2D images requires numerous projection acquisitions and a large computation 
time[6]. It is consequently more feasible to simulate 2D images from 3D volume[5,7]. 
To do this, digitally reconstructed radiographs(DDRs) have to be first produced. 
These images are generated by a ray-casting algorithm that computes the amount of 
light that a virtual ray from an X-ray light source penetrates the 3D volume as shown 
in Fig. 1. Since this algorithm visits every voxel of 3D volume and computes while 
generating the projection image, it needs a large computation time. To reduce the 
computation time, software-based techniques have been proposed but are limited in 
their ability to generate simulated projection images in real-time.  
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Fig. 1. The principle of DRRs generation from CT volume 

In order to overcome this limitation, we propose a fast 2D-3D point-based registra-
tion using Graphics Processing Unit (GPU)-based preprocessing. Our main contribu-
tion is to accelerate DRRs generation using graphics hardware in pre-operative  
procedures and to perform hierarchical registration in intra-operative procedure that 
includes in-plane and out-plane registrations. Our hierarchical registration signifi-
cantly increases the accuracy by reducing the degrees of freedom from 6 to 2. 

The organization of the paper is as follows. In Section 2, we discuss how to gener-
ate DRRs using graphics hardware. Then we propose a hierarchical registration to 
find correspondences between 2D X-ray fluoroscopy images and 3D CT volume. In 
Section 3, experimental results show how our methods accelerate the procedure for 
2D-3D registration. This paper is concluded with brief discussion of the results in 
Section 4. 
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2   Fast 2D-3D Point-Based Registration 

For the registration of 3D volume and 2D images, we followed the pipeline shown in 
Fig. 2. The method is divided into two procedures: pre-operative and intra-operative 
procedures. For the pre-operative stage, DRRs are generated from 3D volumes using 
graphics hardware. For the intra-operative stage, hierarchical registration is performed 
by a technique that includes in-plane registration using a principal axes method and 
out-plane registration using a minimal error searching method in spherical space. In 
both stages, confirmation markers are automatically detected and segmented. 

 

 

Fig. 2. The pipeline of proposed method using GPU-based preprocessing for Image-Guided 
Surgery     

2.1   The Generation of DRRs Using Graphics Hardware 

The DRRs are generated by texture-based volume rendering using hig-level shading 
language. Generation is composed of three steps. Firstly the 3D volume is changed 
from 12 bit to 8 bit. Secondly the proxy geometry is generated using perspective pro-
jection. Finally the compositing is performed using maximum intensity projection. 

The reason for changing the 3D volume from 12 bit to 8 bit is that current graphics 
hardware has a limitation in loading 3D volume to three-dimensional texture memory 
in GPU when the resolution of the 3D volume is over 512 x 512 x 512 bits. The main 
purpose of our method is to align confirmation markers between DRRs projected 
from 3D volume and 2D images. In addition, the confirmation markers have a high 
density values. Thus, it is possible to use higher 8 bit from 12 bit in 3D volume. In 
general, proxy geometry is generated using parallel projection. In order to simulate  
X-ray images, we have generated proxy geometry using the technique of perspective 
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projection as shown in Fig. 3. We map three-dimensional texture memory in GPU to 
the proxy geometry. The mapped slices onto the proxy geometry render using compo-
siting modes that include maximum intensity projection, average intensity projection 
and minimum intensity projection. 

 

Fig. 3. A generation of proxy geometry using perspective projection  

2.2   Automatic Confirmation Marker Segmentation 

For point-based registration, confirmation markers are needed to automatically detect 
and segment. Our method is composed of three steps. Firstly, candidate regions of 
confirmation markers in each image are segmented by using thresholding [8]. The 
pixels above 2300 Hounsefield units are considered as the candidate of confirmation 
markers. Then these candidate regions are saved as binary images as shown in Fig. 
4(a). Secondly, noise or other features in the binary images are removed by using 
connected component labeling. For this, candidate regions of confirmation marker 
shown in Fig. 4(b) are compared with standard confirmation marker model. If candi-
date regions of confirmation markers are smaller or larger than the standard confirma-
tion marker model, they are considered as noise or other features and are removed. 
Finally, centroids of extracted confirmation markers are computed.   

2.3   Hierarchical Registration 

The purpose of 2D-3D registration is to align the 3D volume obtained from pre-
operative imaging modalities with 2D images obtained from intra-operative imaging 
modalities. In order to determine geometrical transformations in three dimensions, 
translations and rotations in x-, y-, and z-axis are computed with six degree-of-
freedom (DOF). However, this approach dramatically increases the number of com-
putations. To address this problem we propose a hierarchical registration that includes 
in-plane registration and out-plane registration. This method reduces the computation 
requirement from 6 DOF to 2 DOF. 
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(a) (b) (c) 

Fig. 4. A concept of automatic marker detection and segmentation (a) DRR image (b) candidate 
regions (c) noise removal and centroid extraction 

For in-plane registration, we determine optimal translation and rotation vectors of 
confirmation markers using the principle axes method. Each axis of DRRs and 2D 
images are computed using Singular Value Decomposition (SVD) and are used to 
align these two images[9,10]. SVD is defined as Eq. 1. The in-plane rotation vector θ 
is the differential angle between axes. The in-plane translation vectors, TX, TY for 
each axes is computed by the weighted mean of the markers' center positions. 
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where U and V are unitary, and Σ is real diagonal elements. σi is called the singular 
values. 

Out-plane registration is used to compute the position of the source of 2D images 
in 3D space. To find the source position, we apply two rotation vectors of spherical 
coordinate systems and search the rotation vectors that optimize the correspondence 
between 3D volume and 2D images. In order to estimate the similarities, we use the 
root-mean-squared (RMS) error of the result of in-plane registration like Eq. 2. 
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where Ti is x-ray marker and Pij is nearest marker of CT with Ti. 

3   Experimental Result 

All our implementation and tests were performed using a personal computer (PC) 
equipped with an Intel Pentium 4, 2.4 GHz CPU and 1GB memory. The graphics 
hardware was ATI Radeon 9600 GPU with 256 MB of memory. Our method was 
applied to two cardiac phantom datasets to evaluate its accuracy and computation 
time. 
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Table 1 shows the datasets derived from the 2 cardiac phantoms used for the 
study. Three groups of datasets were used: 

 Dataset A and B had 3600 DRRs taken at intervals of 0.5 degree 
 Dataset C and D had 900 DRRs taken at intervals of 1.0 degree 
 Dataset E and F had 225 DRRs taken at 2.0 degree interval 

Table 1. Image conditions of experimental datasets 
(mm) 

Dataset CT dataset 
Image 

resolution 
Slice # 

DRR 
Interval 

Slice # 
(DRR) 

A CT 1 512 x 512 566 0.5 3600 
B CT 2 512 x 512 391 0.5 3600 
C CT 1 512 x 512 566 1.0 900 
D CT 2 512 x 512 391 1.0 900 

E CT 1 512 x 512 566 2.0 225 
F CT 2 512 x 512 391 2.0 225 

We have compared our technique with software-based ray casting. This is an image 
order algorithm used in computer graphics to render three-dimensional scenes to two-
dimensional scenes by following rays of light from the eye of the observer to a light 
source. Table 2 shows a comparison of the DRRs generation time using the 2 different 
techniques. Our method is over 150 times faster than software-based ray-casting. 

Fig. 5 shows the results obtained by generating DRRs using our proposed method 
based on graphics hardware in comparison with software-based ray casting. It indi-
cates that the image quality of DRRs generated from our method is as good as that of 
software-based ray-casting. 

Fig. 6 shows the result of segmentation of confirmation markers in DRRs. The 
background image is X-ray fluoroscopy with circles indicating confirmation markers 
in X-ray fluoroscopy, and crosses indicating confirmation markers in DRRs. 

Fig. 7 shows the result of registration of DRRs generated from the 3D cardiac 
phantoms and X-ray fluoroscopy. In the case of registration of 2-degree interval 
DRRs, the confirmation markers of the DRRs are not aligned with those of the X-ray 
fluoroscopy. However, with registration of 1 or 0.5 degree interval DRRs, the confir-
mation markers are almost perfectly matched. 

 
Table 2. The comparison of DRRs generation time 

Dataset Proposed graphics 
hardware method (min)

Software-based ray-casting 
method (min) 

A 24.21 5707.85 
B 23.48 3664.28 
C 6.02 1427.01 
D 5.87 916.06 
E 1.50 356.67 
F 1.47 229.03  
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(a) (b)  

Fig. 5. The results of DRRs generation (a) proposed graphics hardware-based method (b) soft-
ware-based ray casting   

 

Fig. 6. The results of segmentation of confirmation markers in X-ray fluoroscopy and DRRs 

 
(a) (b) (c) 

Fig. 7. The results of 2D-3D point-based registration with (a) registration of 2.0 degree interval 
DRRs, (b) registration of 1.0 degree interval DRRs, (c) registration of 0.5 degree interval DRRs 
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To further evaluate the accuracy of the method, we studied the root mean square 
error between the confirmation markers of DRRs and X-ray fluoroscopy (a distance 
referred to as the ground truth). If both markers are identically aligned there will be 
no distance or angulation between them. Our results demonstrated that the distance 
between the 2 markers varied from 12 to 47mm and the rotation between them varied 
from 31.6 to 56.5 degrees in all 3 axes (see Table 3). The root mean square error var-
ied between 0.7 and 2.3 mm for distance and 0.5 and 2.8 for angulation. 

Table 3. The accuracy evaluation using RMS error 

Translation Rotation 
Ground-Truth Parameters Ground-Truth Parameters Dataset 
( Tx, mm ) ( Ty, mm ) ( xθ ,deg) ( yθ ,deg ) ( zθ ,deg ) 

RMSE 
(mm) 

30.9 30.1 53.5 48.0 56.5 
Data A 

31.0 29.0 53.7 47.9 56.3 
2.7 

12.3 17.6 35.5 50.5 45.5 
Data B 

12.0 18.0 35.7 50.3 45.4 
1.8 

29.7 46.4 32.0 50.0 42.0 
Data C 

29.0 47.0 31.6 50.5 41.6 
11.3 

22.5 30.8 36.0 42.0 42.0 
Data D 

24.0 30.0 36.2 41.6 41.9 
8.6 

20.6 28.8 54.0 54.0 48.0 
Data E 

21.0 27.0 54.9 53.5 49.4 
19.7 

15.7 15.8 47.0 36.0 54.0 
Data F 

16.0 15.0 46.1 36.9 54.8 
22.7 

4   Conclusion 

We have developed a novel technique of 2D-3D registration of three-dimensional CT 
dataset and X-ray fluoroscopy. In pre-operative procedure, the DRRs generation 
method based on graphics hardware was performed rapidly. The automatic confirma-
tion marker segmentation could remove noise and other features in both DRRs and X-
ray fluoroscopy. The hierarchical registration including in-plane and out-plane regis-
trations could reduce the search space from 6 DOF to 2 DOF. In our experiments, we 
use 3D cardiac phantom dataset to evaluate accuracy and computation time. The im-
age quality of DRRs generated from our method is as good as that of software-based 
ray casting. In addition, the DRRs generation using graphics hardware is over 150 
times faster than software-based ray casting. Experimental results showed that our 
DRRs generation method performs very fast and the hierarchical registration effec-
tively matches the DRRs and 2D images. 

Acknowledgement 

This study is supported by Bahrom research fund from Seoul Women’s University, 
2006. 



226 H. Hong, K. Kim, and S. Park 

References 

1. Gage, B.F., Waterman, A.D., Shannon, W., Boechler, M., Rich, M.W., Radford, M.J., 
Validation of clinical classification schemes for predicting stroke: results from the Na-
tional Registry of Atrial Fibrillation, Jama, Vol. 285 (2001) 2864-2870. 

2. Cox, J.L., Shuessler, R.B., D’Agostino H.J., Jr., et al., The surgical treatment of atrial fib-
rillation. III. Development of a definitive surgical procedure, J. Thorac Cardiovasc Surg, 
Vol. 101 (1991) 569-583. 

3. Wyse, D.G., Waldo, A.L., DiMArco, J.P. et al., A comparison of rate control and rhythm 
control in patients with atrial fibrillation, N Engl J Med, Vol. 347 (2002) 1825-1833. 

4. Swartz, J., Perrersels, G., Silvers, J., Patten, L., Cervantez, D., A catheter based curative 
approach to atrial fibrillation in humans, Circulation (1994). 

5. Zollei, E., Grimson, A., Norbash, W. Well., 2D-3D rigid registration of X-ray fluoroscopy 
and CT images using mutual information and sparsely sampled histogram estimators, 
IEEE CVPR (2001). 

6. Berthold, K.P., Horn, Closed-form solution of absolute orientation using unit quaternions, 
Journal of the Optical Society of America, Vol. 4, No. 4 (1987) 629-642. 

7. J. Weese, R. Gocke, G.P. Penny, P. Desmedt, T.M. Buzug, H. Schumann, Fast voxel-
based 2D-3D registration algorithm using a volume rendering method based on shear-warp 
factorization, Proc. of SPIE Medical Imaging, Vol. 3661 (1999) 802-810. 

8. R.G. Gonzalez, R.E. Woods, Digital Image Processing, Addison-Wesley (1993) 443-458. 
9. Rusinek, H., Tsui, W., Levy, A.V., Noz, M.E., and de Leon, M.J., Principal axes and sur-

face fitting methods for three-dimensional image registration, J. Nucl. Med., Vol. 34 
(1993) 2019-2024. 

10. Alpert, N.M., Bradshaw, J.F., Kennedy, D., Correia, J.A., The principal axis transforma-
tion – a method for image registration, J. Nucl. Med., Vol. 31 (1990) 1717-1722. 


	Introduction
	Fast 2D-3D Point-Based Registration
	The Generation of DRRs Using Graphics Hardware
	Automatic Confirmation Marker Segmentation
	Hierarchical Registration

	Experimental Result
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




