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METHOD AND SYSTEM FOR STITCHING 
MULTIPLE IMAGES INTO A PANORAMC 

IMAGE 

FIELD OF THE INVENTION 

0001. The invention is related to the field of medical radia 
tion based imaging. More specifically, the invention relates to 
the Stitching or combining of several images into one pan 
oramic image. 

BACKGROUND OF THE INVENTION 

0002 Fluoroscopic X-ray images play a key-role in a vari 
ety of Surgical procedures, e.g., fracture reduction, pedicle 
screw insertion and implant positioning for treating hip frac 
tures. The Surgeon uses the mobile fluoroscopic X-ray 
machine (C-arm) in the operation room (OR), to determine 
the position and orientation of bones, implants and Surgical 
instruments. X-ray fluoroscopy instruments have several 
limitations, one of which is a narrow field of view (FOV) 
which prevents imaging a large region of interest (ROI), e.g., 
in the case of long implants placement. A way to address this 
issue is to acquire several individual overlapping images of 
the ROI and to compose the equivalent of a single X-ray image 
by finding adequate correlation between the single images. 
The final panoramic (or mosaic) image may therefore be 
several times wider than the original field of view of the 
apparatus. 
0003 Panoramic X-ray views can be useful during various 
stages of many orthopedic Surgery procedures. Preopera 
tively, they serve for diagnosis and measurements. Intraop 
eratively, where they are particularly useful, they help avoid 
positioning errors and enable the Surgeon to have a global, 
unornamented vision of the ROI. Postoperatively, they can 
also provide useful information concerning the outcome of 
the Surgery. 
0004 Panoramic X ray imaging is useful in other areas of 
medical imaging as well, including cardiovascular angiogra 
phy of long blood vessels and Digital Radiography (DR) of 
skeleton parts such as the spine or legs. Modem DR is based 
on digital X ray detectors which are typically limited in cov 
erage to 43 cm. Longer anatomies are imaged by taking 
several overlapping images and Stitching them together. 
0005 Creating panoramic views out of individual images 

is known in the prior art, and constitutes a very active field of 
research in the domain of graphic computing. Techniques for 
composing a panoramic image are disclosed for example in 
U.S. Pat. No. 5,262,856 and a method for automatic align 
ment of individual overlapping pictures can be found in U.S. 
Pat. No. 5,649.032. In brief, generation of panoramic images 
requires three distinct steps: 1) correcting the distortion of 
each single image, generally caused by the optical system, 2) 
alignment and Stitching of the individual images and 3) com 
posing the final panoramic image. Several publications relate 
to methods for correcting optical distortion in X-ray digital 
imaging such as U.S. Pat. No. 4,736,399 or U.S. Pat. No. 
6,618,494. However, the most difficult step remains aligning 
and Stitching the individual pictures. 
0006 To illustrate geometrical difficulties in generating a 
panoramic image we consider an X-ray imaging system 100 
as shown schematically in FIG. 1, X-ray source 102 emits 
conical beam 104 which is received by area detector 106. 
System 100 is used to generate one X ray image at a first 
position and then both the source 102 and detector 106 are 
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translated laterally by a distance X and used to generate a 
second image at a second position. Objects A,B,C and D 
represent features of interest in the imaging field. Object A in 
plane 108 is in the overlap region of the two images so it 
appears in both images. In order to Stitch the images, object A 
may be identified in each of the two images and the images 
translated relative to each other till the object accurately over 
laps in the two images. Under these conditions other features 
in plane 108 will appear focused in the stitched panoramic 
image. However, object B in plane 110 will appear blurred or 
doubled in the stitched image, and object Cand Din plane 110 
(which are not in overlap region) will appear focused but at 
the wrong distance between them. 
0007. In general, image alignment can only beachieved at 
a certain distance from the X-ray source, a Surface known as 
the plane of interest (POI). Despite its name. The POI is not 
limited to a single spatial plane, for example, in a whole leg 
panoramic image, it is sometimes useful to Stitch along both 
the (possibly different) femur and the tibia planes. In fact, the 
POI can be any continuous spatial surface between the X-ray 
Source and the detector. Stitching of images according to a 
certain POI causes objects out of the POI to be “blurred', a 
phenomenon commonly called parallax error. 
0008. The physical overlap between the images, the geo 
metric constraints on imaging system position, and the type of 
mapping between images are considered to be the major 
parameters influencing the Stitching procedure (Ziv et Josck 
owicz, IEEE Trans. on Med. Im., 23(1):1-9). Information 
related to imaging system translation is either provided by the 
motion control system in automated motion, or by image 
analysis methods. Early prior art Stitching methods which 
were based on image analysis rely on identification of specific 
features in consecutive pictures. However, detection and 
alignment of prominent anatomical features in X-ray fluoro 
scopic imaging is considered unreliable and occasionally 
inaccurate. Therefore, other methods using artificial markers 
specifically positioned within the FOV were developed, as for 
example described in EP 1 632 181. When one or several 
markers, being localized precisely in the plane, are present in 
two consecutive images, the exact translation can be com 
puted accordingly. 
0009. Alternatively, Ziv and Joskowicz propose a method 
for focusing the panoramic image about the true ROI using a 
manual phase in which the user indicates the edges that are to 
be “in focus’ and the POI is set accordingly Ziv et Josckow 
icz, IEEE Trans. on Med. Im., 23(1):1-9). 
0010. A software and hardware package commercially 
called “SmartStitch” is distributed by CMT Medical Tech 
nology Ltd. of Yogneham, Israel. The package allows for 
acquisition of several digital X-ray images wherein the X-ray 
source and detector are moved in parallel relative to the 
patient between shots and the patient is held still. An X-ray 
ruler operative to generate ruler marks on the Xray images is 
placed alongside the patient. In order for the Stitching to be 
Successful, the ruler must be positioned at the same distance 
from the Source as the anatomic features of interest, for 
example spine or legs. The Stitching operation involves align 
ment of the ruler marks in the regions of overlap between 
Successive images. The resulted panoramic image provides a 
focused accurate image for features in the plane of the ruler 
but not in other planes. SmartStitch does not provide a solu 
tion for cases where the POI and anatomic features therein are 
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tilted relative to the imaging system and it’s motion. Similar 
packages are provided by other vendors of DR and CR sys 
temS. 

0011. Some other solutions to obtain panoramic views by 
Stitching multiple X-ray images can be found in the following 
patents: 

(0012 EP 0 655 861 and corresponding U.S. Pat. No. 
6,097.833 provides an image composition method by 
overlapping a series of consecutive Sub-images acquired 
by an X-ray source and image intensifier translated along 
the length of the patient. In order to match accurately 
consecutive Sub-images in the Stitching process, the shift 
between two positions of the imager is determined by 
finding maximum correlation between the pixel-values 
in overlapping portions. The above references also Sug 
gest the use of an X-ray ruler embedded in the table on 
which the patient lies. However, they do not propose a 
Solution of how to reconstruct focused images at any 
POI. 

0013 EP 1 255 403 relates to an image composition 
method for use in digital X-ray imaging. The apparatus 
consists of a mobile detector, that can be translated along 
an axis in front of a static X-ray source having a specific 
collimator enabling the synchronized orientation of the 
cone beam with the detector positions. The same effect 
can be obtained by variably tilting the Xray source as the 
detector is moved without changing the focal spot posi 
tion. This method eliminates the stereoVision-like geo 
metric distortion but cannot be implemented in standard 
C-arm equipment since on a Carm the source and the 
detector move together. 

(0014 U.S. Pat. No. 5,123,056 to Wilson provides a 
processing and display technique for panoramic images 
of a whole leg in peripheral angiography setting, based 
on processing and display of high resolution images and 
low resolution images, wherein alignment of overlap 
ping images is achieved by a manual or automatic opti 
mization of the visual appearance of features in the POI. 

0.015 U.S. Pat. No. 5,833,607 to Chou et al. and U.S. 
Pat. No. 6,101.238 to Murthy et. al., both assigned to 
Siemens AG, Germany described other image composi 
tion methods for use in peripheral angiography. The 
X-ray examination apparatus consists of a motorized 
C-arm which acquires overlapping images by simulta 
neous translation of the X-ray source and the image 
intensifier. The images are processed to emphasize cer 
tain features and are aligned by detecting and matching 
meaningful features on a reconstruction plane. 

0016. This survey of the prior art shows that most of the 
methods used for creating panoramic views based on multiple 
X-ray images are based on expensive and bulky systems that 
cannot be used intraoperatively. Moreover, some methods 
developed specifically for X-ray fluoroscopic panoramic 
imaging, preferably use the position of the X-ray Source of the 
apparatus as reference for Stitching consecutive images. All 
of these systems at least partially correct the parallax error at 
a specific plane, but the POI is hard to manipulate. Also, these 
systems are unable to provide a metrical system that can 
enable the Surgeon to measure features lengths and orienta 
tions on the resulting image 
0017. It is therefore an object of this invention to provide 
a system that can be used to obtain X-ray panoramic views of 
a region of interest, larger than the field of view of the imaging 
apparatus. 
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0018. It is another object of this invention to provide a 
system that can provide Such X-ray panoramic views of a 
region of interest, focused at a POI adjustable by the operator 
according to the anatomy of interest. 
0019. It is still another object of this invention to provide a 
method for Stitching multiple X-ray images and compose a 
panoramic view, based on specific features appearing in con 
secutive images where the specific features are not necessar 
ily positioned in the POI. 
0020. It is still another object of this invention to provide a 
system that can be adapted to a mobile C-arm fluoroscopic 
machine in an operating room to obtain panoramic views 
intraoperatively. 
0021. It is still another object of this invention to provide 
the possibility of performing metric measurements in the 
reconstruction plane. 
0022. It is a further object of this invention to provide the 
possibility of inserting an additional image in a composed 
panoramic image. 
0023. Other objects and advantages of present invention 
will appear as the description proceeds. 

SUMMARY OF THE INVENTION 

0024. The present invention is a method and system for 
generating a panoramic image based on a set of partially 
overlapping images, such as those produced by a radiation 
based imaging device or system. According to Some embodi 
ments of the present invention a panoramic image of a region 
of interest (ROI) which is larger than a field of a view of the 
radiation based imaging device may be generated by posi 
tioning a set of markers along the ROI. The imaging device 
may acquire a set of images along the ROI, wherein the 
acquired images may have at least partially overlapping por 
tions. Image processing logic, which may be part of a dedi 
cated image processing system or may be code running on a 
general purpose processor, may align at least two separate 
images by aligning a common marker found in both images 
and may compensate for a difference between the distance 
from a radiation source to the marker element and the distance 
from the radiation source to a plane of interest. According to 
further embodiments of the present invention, a rendering 
module, which may part of a dedicated image processing 
system or code running on a general purpose processor, may 
combine Substantially all the aligned images by generating a 
data set including pixel values of the combined images Such 
that corresponding pixels of overlapping image portions are 
combined. 
0025. According to some aspects the invention, the radia 
tion based imaging device/system may be X-ray based. 
According to a method of obtaining an X-ray panoramic 
image of a region of interest (ROI), focused in a selected plane 
of interest (POI), the following steps may be implemented: 

0026 a) positioning stitching markers along the ROI: 
0027 b) using an X-ray system comprising an X-ray 
Source and a detector to acquire multiple X-ray images 
covering an ROI larger than the field of view (FOV) of 
the X-ray System; 

0028 c) detecting the marker elements in the separate 
X-ray images; 

0029 d) aligning the separate X-ray images according to 
the marker elements; 

0030 e) readjusting the separate X-ray images and/or 
their alignment to account for the difference between the 
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distance from the X-ray source to the surface of the 
marker elements and the distance from the X-ray Source 
to the POI; and 

0031 f) constructing the resulting panoramic image by 
Selecting or composing, for each pixel, a value from the 
appropriate pixels in the appropriate separate X-ray 
images. 

0032. The method is characterized in that the stitching 
markers are positioned Such that they are not necessarily 
positioned within the selected POI; however, they show in all 
relevant images. The method of the invention can be applied 
intra-operatively. 
0033. The acquired images can be fluoroscopic images 
acquired with a mobile fluoroscopic C-arm. In other embodi 
ments the X-ray System can be a radiographic system and the 
detector a digital radiography detector, or the X-ray system 
can be a radiographic system and the detector a computer 
radiography plate, or the X-ray system can be an angiographic 
fluoroscopy system and the method is applied to imaging of 
the cardiovascular system. 
0034. In embodiments of the method the operator can 
interactively change the POI multiple times based on a single 
acquisition of individual X-ray images. In different embodi 
ments the X-ray source and detector are moved relative to the 
imaged Subject automatically, the X-ray Source and detector 
are moved relative to the imaged Subject manually, or the 
X-ray source and detector are still and the imaged subject is 
moved relative to them. 
0035. In preferred embodiments of the method of the 
invention the acquired images overlap to the extent that only 
the center of each image is used to form the panoramic image. 
0.036 Aligning the separate X-ray images to form a single 
image may comprise aligning the markers such that the same 
markers in adjacent images overlap and may include one or 
both of the following types of motion of the image planes: 
translations and rotations around the imaging axis. 
0037 Readjusting the alignment of the separate X-ray 
images to account for the difference between the distance 
from the X-ray source to the POI and the distance from the 
X-ray source to the Surface of the marker elements may com 
prise re-scaling the images around their imaging center by the 
ratio between the two distances or may comprise translating 
the separate images relative to each other without Scaling. 
0038. In an embodiment of the method the step of com 
posing a panoramic image focused at the POI comprises the 
following steps: 

0039) i) creating a 3D geometric model of separate 
X-ray images aligned on the marker elements surface, 
the X-ray images sources and their orientations; 

0040 ii) calculating the 3D location of the POI in the 3D 
model; 

0041 iii) defining a continuous objective function 
matching each panoramic image pixel (or point) with a 
3D POI point: 

0042 iv) locating in the separate X-ray images, for each 
pixel in the target image and its corresponding 3D POI 
point, the pixels, or Sub-pixel points, that correspond to 
X-rays passing through the POI point. 

0043. In embodiments of the method of the invention, 
selecting or composing, for each pixel in the resulting pan 
oramic image, the value of the appropriate pixel in the appro 
priate separate X-ray image comprises any one of the follow 
1ng: 
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0044) i) choosing the pixel which is closest to the center 
in its original X-ray image; 

0.045 choosing an average value of the original pixels; 
0046 iii) choosing a weighted average; or 
0047 iv) choosing the maximal or minimal gray level 
value. 

0048. In embodiments of the method the POI can be 
selected by using any one of the following: 

0049 a) anatomical or artificial markers that determine 
a specific point in the POI; 

0050 b) a ruler which indicates the height and orienta 
tion of the POI: 

0051 c) manual indication of the height and the orien 
tation of the POI: 

0.052 d) tuning buttons to gradually change the height 
and the orientation parameters of the POI on a display 
device. 

0053. The acquisition of the images can be performed by a 
fluoroscopic system in a continuous pulse mode, by a fluoro 
scopic system in a standard continuous mode, optionally, 
with image de-blurring processing, or by a fluoroscopic sys 
tem in a standard pulse mode, optionally, with additional 
information relating to ROI coverage and image quality that is 
displayed for the operator. 
0054 The panoramic image acquired using the method of 
the invention allows for various types of angle and distance 
measurements along the POI. The panoramic image may 
show a ruler device, which was laid in the ROI, wherein the 
ruler device allows measurements of spatial angles and dis 
tances, wherein the measurements are not restricted to the 
POI. 

0055. The method of the invention can be used for plan 
ning a correct trajectory over a ROI larger than the FOV. It can 
also be used for visualizing and positioning virtual templates 
of medical implants and tools within the panoramic image 
SCCC. 

0056. In embodiments of the invention an additional 
image showing a drill guide, a ruler, or another type of Sur 
gical tool is inserted into the panoramic image after the pan 
oramic image is obtained. 
0057. In embodiments of the invention, after the pan 
oramic image is obtained, a new image of a portion of the 
panoramic image is captured showing a change in orientation 
or structure of an anatomical or other feature and a new 
panoramic image is computed incorporating the new image 
and adjusting the whole panoramic image for the change in 
orientation or structure. 
0058. In another aspect the invention is a system for 
obtaining an X-ray panoramic image of a region of interest 
(ROI), in a selected plane of interest (POI). The system com 
prises: 

0059 i) an X-ray apparatus capable of acquiring mul 
tiple X-ray images comprising an X-ray Source and a 
detector; 

0060 ii) a set of stitching markers that are placed in the 
FOV; and 

0061 iii) a computer and dedicated software that are 
adapted to processes the acquired multiple X-ray images 
and compose a panoramic image from the acquired mul 
tiple X-ray images. 

0062. The system is characterized in that the stitching 
markers are configured Such that they do not necessarily have 
to be positioned within the selected POI, however they are 
positioned such that they show in all relevant images; and, the 
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apparatus is adapted Such that it can be moved relative to the 
imaged subject from image to image such that there is an 
overlap between the images. 
0063 Embodiments of the system of the invention can 
also comprise a display system. 
0064. The stitching markers can be included in a rigid 
structure, in a radiation translucent flexible structure, or they 
may comprise a continuous marker. 
0065 Embodiments of the system are adapted to allow 
detection of the Stitching markers in the separate X-ray images 
automatically, using computer vision algorithms. In other 
embodiments the system is adapted to allow detection of the 
Stitching markers in the separate X-ray images manually by 
allowing the user to indicate to the system where the Stitching 
markers are visible on the separate X-ray images, using a 
pointing device. 
0066. In embodiments of the system the X-ray apparatus is 
a mobile fluoroscopic C-arm, a radiographic system and the 
detector is a digital radiography detector, a radiographic sys 
tem and the detector is a computer radiography plate, or an 
angiographic fluoroscopy system adapted to allow imaging of 
the cardiovascular system. 
0067. In embodiments of the system it is adapted to allow 
the operator to interactively change the POI multiple times 
based on a single acquisition of individual X-ray images. 
0068. The X-ray source and detector can be moved relative 
to the imaged subject automatically or manually or the X-ray 
Source and detector can be stationary and the imaged subject 
is moved relative to them. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0069. The subject matter regarded as the invention is par 
ticularly pointed out and distinctly claimed in the concluding 
portion of the specification. The invention, however, both as 
to organization and method of operation, together with 
objects, features, and advantages thereof, may best be under 
stood by reference to the following detailed description when 
read with the accompanying drawings in which: 
0070 FIG. 1 schematically illustrates the geometrical dif 
ficulties in generating a panoramic image: 
0071 FIG. 2 schematically illustrates the system of the 
invention; 
0072 FIG. 3 shows separate X-ray fluoroscopic images 
with the Stitching markers detected and marked on them. 
0073 FIG. 4 shows the panoramic image resulting from 
the Stitching process. 
0074 FIG. 5 shows the interface used for determining the 
POI after the images have been aligned at the height of the 
markers. 
0075 FIG. 6 shows an estimation of the anatomical and 
mechanical axes in the lower limb; 
0076 FIG. 7 is a panoramic image of a long proximal 
femur nail template positioned on a femoral bone; and 
0077 FIG.8A to FIG.8D illustrate the steps of the method 
of the invention for creating a panoramic view of an ROI. 

DETAILED DESCRIPTION OF THE INVENTION 

0078. The invention relates to the specific acquisition of 
multiple overlapping X-ray images, the dedicated algorithms 
which compute the Stitching parameters, the system which 
controls the panoramic image formation and visualization 
and the associated medical or other applications that make 
extensive use of Such a panoramic image. The invention 
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relates both to a system that presents novel methods of con 
struction of panoramic images and to novel applications that 
are based on the panoramic images. The system can be part of 
an X-ray imaging machine or an independent system which 
receives the image from an X-ray imaging machine, either by 
sampling the video output or by using digital connectivity. 
The X-ray imaging machine may be a fluoroscopic machine or 
a machine that takes one image at a time and is capable of 
taking a series of images. As used herein the plane of interest 
(POI) is not necessarily limited to a single spatial plane. The 
POI can be any continuous spatial surface located between 
the X-ray source and the detector. 
(0079 Referring now to FIG. 2, system 200 is an embodi 
ment of the present invention. X-ray source 202 emits cone 
beam 204 which is received by detector 206. Detector 206 
may be an image intensifier, flat panel detector or any other 
X-ray area detector known in the art. Patient 212 is positioned 
on patient Support 214 in the space between the source and the 
detector. In different embodiments the patient may be lying, 
sitting or standing and the source-detector set up may be in 
different orientation relative to the example of FIG. 2. The 
X-ray source 202 and detector 206 are mounted on a gantry 
(not shown in the figure). Such as a fluoroscopic C-arm or 
other gantry known in the art and are made to move together 
relative to the patient and generate a series of X-ray exposures 
as indicated in FIG.2 by a first beam 204 and last beam 204n. 
For clarity the plurality of beams emitted during translation 
are not shown. It is to be noted that in other embodiments of 
the system the patient support 214 with the patient on it can be 
moved relative to a stationary imaging system. The operation 
of the X-ray source and data acquisition are monitored by 
system controller 216. Attenuation data for X-rays that have 
been attenuated by patient 212 and detected by detector 206 
are acquired and processed by image processor 218 and 
optionally displayed on display monitor 220. In addition, 
according to the invention the images are processed further by 
panoramic image processor 222 and may be displayed by 
panoramic display monitor 224. System controller 216, 
image processor 218 and panoramic image processor 222 
may be integrated onto one hardware system or operate on 
separate hardware systems. Likewise, the display monitors 
220 and 224 may be integrated or separated according to the 
specific application. 
0080. The process of aligning the captured X-ray images 
with respect to one another uses radiation absorbing marker 
elements that can be automatically detected within each 
image. These markers are marked 226 in FIG. 2 where they 
are shown by a way of example to be mounted on patient 
support 214. The functionality of these marker elements 226 
is further described hereinbelow. 
I0081. The system of the present invention comprises: 

0082 an X ray machine capturing multiple images cov 
ering an ROI larger than the FOV: 

0.083 a set of marker elements placed within the FOV: 
0084 a computer, which runs computer software for 
creating a single image of the whole ROI 

0085. The method of the invention for the construction of 
the panoramic image is based on assuring that a sufficient 
overlap between the images is achieved in the acquisition 
process. Considering, for example, an embodiment using 
mobile fluoroscopic Carm, the system uses preferably the 
“continuous pulse' mode. This means a series of images are 
taken at short intervals with large overlap between consecu 
tive images. Unlike the pulsed mode, this mode of operation 
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provides multiple images each second (for example, up to 12 
pictures per second using a GE OEC 9800 C-arm). The 
advantage of the continuous pulse mode is that it provides 
sharp images unlike the multiple blurry images acquired in 
continuous mode. If the c-arm does not supporta"continuous 
pulse' mode, one can use the standard continuous mode, 
preferably with post image de-blurring processing. Alterna 
tively, one can use the standard pulse mode. in this case, the 
capturing process is preferably coupled with a display of 
additional information. The additional information comes to 
ensure the necessary overlapping between images of Suffi 
cient quality. In a preferred standard pulse embodiment, the 
system provides the operator with feedback related to ROI 
coverage and image quality, e.g. dynamic range, noise, Video 
formation, etc. The feedback can be graphical. If the Stitching 
markers have a predefined configuration, the system auto 
matically detects which areas of the ROI have not been cap 
tured well yet, and displays that information. 
I0086. The C-arm can be moved by either mechanical or 
manual means. In a preferred embodiment of the invention, 
for example, the operator pushes a C-arm gantry that has 
wheels along the ROI, for example, a patient's leg. The C-arm 
motion does not have to maintain a constant Velocity. The 
only requirement on its speed is that it must be slow enough to 
enable enough overlap between consecutive images, wherein 
the required overlap depends on the required accuracy and the 
spacing of the markers. The C-arm motion does not have to 
follow a straight line, nor it is constrained to a single plane, 
but the image planes are required to be parallel in all images. 
0087 Preferred embodiments for creating a panoramic 
view of an ROI according to the invention use the following 
information: 
0088 a) Separate X-ray images obtained with a sufficient 
overlap, containing a set of marker elements, visible in the 
X-ray images. The image planes of all X-ray images are 
required to be parallel but rotation of the imaging device 
around axis from the X-ray Source to the detector is 
allowed. 

0089 b) The distance from the X-ray source to the mark 
er's surface (the surface on which the marker elements are 
positioned) at each separate X-ray image. This information 
can either be fed into the system manually, or, preferably, 
deduced automatically by the system, using, for example, 
the size of the marker elements. A skilled engineer profi 
cient with image processing should have no trouble design 
ing marker elements and creating computer software that 
re-construct the distance of the surface of the marker ele 
ments from the X-ray source, for each separate X-ray image, 
given the geometrical model of the X-ray machine. 

0090 c) Distance of the POI from the X-ray source for each 
separate X-ray image. This again can be done manually or 
automatically, as is described herein below. 

0091 d) Embodiments in which the X-ray source motion is 
not restricted to a single plane additionally use information 
describing either the motion of the imaging device or the 
shape of the marker elements surface. 

0092 Preferred embodiments of the method of the inven 
tion for creating a panoramic view of an ROI comprise the 
following steps: 
0093 a) Positioning stitching markers along the ROI: By 
markers is meant X-radiation opaque objects of a defined 
shape which are seen in the X-ray images, such as elements 
226 in FIG. 2. Dedicated stitching markers are positioned 
such that they show in all relevant images. However, they 
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are not necessarily positioned within the POI. This relax 
ation of the constraints on the possible locations of the 
markers enables to position the markers away from the 
operated area and so simplify the operation room proce 
dure. Stitching markers may be included in a rigid struc 
ture, e.g. metal balls embedded in rigid radiation translu 
cent material, which may facilitate the detection of the 
markers in the image and the reconstruction of the marker 
position. Alternatively, the Stitching markers can have a 
radiation translucent flexible structure, e.g. metal balls 
embedded into a plastic strip which does not limit their 
positioning in space. Alternatively a continuous marker 
can be provided Such as known in the industry as X-ray 
ruler. 

0094 b) capturing multiple images covering an ROI larger 
than the FOV: 

0.095 c) detecting the marker elements: The system first 
detects the marker elements in the separate X-ray images. 
This can be done either automatically, using computer 
vision algorithms that may vary according to the shape of 
the markers, or manually. In the manual case the user 
indicates to the system where the marker elements are 
visible on the separate X-ray images, using a pointing 
device, e.g. a computer mouse. 

0096 d) spatially aligning the separate X-ray images 
according to the marker elements: The images are aligned 
Such that the same markers in adjacent images overlap. 
Alignment may include both translations and rotations in 
the plane. The resulting alignment is focused at the surface 
of the marker elements, which is not necessarily the POI. 
Note that in some cases, where the marker elements are not 
all in the same plane parallel to the imaging plane, the 
marker elements suffer from parallax error as well. This 
means that accurate alignment can not be achieved overall 
the marker elements. In this case, the alignment should 
emit some of the markers. The marker elements surface 
will only include marker elements that were used in the 
alignment process. Also, if the X-ray source was closer to a 
specific marker element in one X-ray image than in the 
other, the separate X-ray images have to be re-scaled 
accordingly. 

0097 e) Height adjustments: The system then readjusts 
the alignment of the separate X-ray images in the pan 
oramic image to account for the difference between the 
distance from the X-ray source to the POI and the distance 
from the X-ray source to the surface of the marker elements. 
One way of doing this is by re-scaling the images around 
their imaging center by the ratio between the distance from 
the POI to the X-ray source and the distance between the 
marker elements surface and the X-ray Source at the image 
center. This ratio is known as the image magnification 
ratio. Scaling the images around their center achieves two 
goals: firstly, the alignment of the images is correct for the 
POI at the separate X-ray images centers; and, secondly, the 
Scaling of the images brings them all to the same scale in 
terms of the number of pixels per millimeter. In cases in 
which there is only Small overlap between images, it is 
possible to adjust the images for the height differences by 
using transformations other than Scaling. These other 
transformations may be nonlinear. 
0.098 Another way of adjusting the alignment of the 
separate X-ray images in the panoramic image to account 
for the difference between the distance from the X-ray 
source to the POI and the distance from the X-ray source 
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to the Surface of the marker elements, is by moving the 
separate images without Scaling. This means that the 
realignment of the images is obtained by applying to 
each separate image a different translation motion, i.e., 
images are pushed closer together or further apart, 
according to their relative image magnification ratios. 
The result is an image in which similar objects closer to 
the X-ray source appear larger than those farther away 
from the X-ray source. The resulting image will be more 
similar to an actual X-ray image taken from a single 
Source, however, measurements on it will be non-linear. 

0099 f) Panoramic image construction: After alignment 
of the separate X-ray images, and adjusting them for their 
magnification ratio, the system constructs the resulting 
panoramic image by selecting or composing, for each pixel 
in the resulting image, a value from the appropriate pixels 
in the appropriate X-ray images. If such appropriate pixel 
occurs in more than one X-ray image, the preferred embodi 
ment of the invention uses the pixel which is closest to the 
center in its original X-ray image in order to minimize 
image distortion. For this pixel, the X-rays are closest to 
perpendicular to the imaging Surface. Other embodiments 
may use an average value of the original pixels, a weighted 
average, the maximal or minimal gray level value, or any 
other decision rule. 

0100 Some embodiments of the method of the invention 
for creating a panoramic view of an ROI use another way of 
composing the panoramic image such that it is focused at the 
POI. In these embodiments the original images or their 
respective alignment are not adjusted as described above. 
Instead, step e above is replaced by the following steps: 

0101 i) A 3D geometric model of the marker elements 
Surface, the X-ray images sources and their orientations 
is created. The 3D model is created using the alignment 
of the images according to the marker elements, the 
distances between the X-ray source and the marker ele 
ments surface at each image, and (possibly) information 
about the height of the X-ray source or the shape of the 
marker elements surface. 

0102) ii) The 3D location of the POI is calculated in the 
3D model. 

0103 iii) A continuous objective function matching 
each panoramic image pixel (or point) with a 3D POI 
point is defined. Examples of Such functions include a 
function that corresponds to an orthographic projection 
and a function preserving geodesic distances (in case the 
POI is embeddable in a plane). 

0104 iv) For each pixel in the target image and its 
corresponding 3D POI point, the pixels, or sub-pixel 
points, that correspond to X-rays passing through the 
POI point are located in the separate X-ray images (at 
most one per image). 

0105 Finally for each pixel in the target image its value is 
selected or composed from the values of the matching pixels 
from the separate images using one of the decision rules 
described in step f above. 
0106 FIG. 8A to FIG. 8D show a schematic example 
illustrating various steps of the procedures described above. 
In FIG. 8A is shown a group of captured images with the 
marker elements visible. In FIG. 8B is shown a panoramic 
image Stitched using the markers. The bone is shown out of 
focus. In FIG. 8C is shown a panoramic image composed of 
scaled images with a bone in focus and the markers out of 
focus (the bone is close to the marker on the left side and gets 
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closer to the X-ray source towards the right). In FIG. 8D is 
shown a panoramic image that is focused at the bone by 
translating the original images in the plane according to bone 
height. Again, the marker elements are out of focus. 
0107 Acquisition with high overlap between images 
spares the user from determining the height difference 
between the POI and the marker elements identifiable in the 
image or at least minimizes the errors associated with not 
using or with using approximated measurement of this height. 
The error in taking only the center area of each image is 
reduced because the imaging rays are nearly perpendicular to 
the POI, and the need of height dependant resealing interpre 
tation of the image is reduced While acquisition of multiple 
images with high overlap is desirable, in other embodiments 
of the invention only a few overlapping images are acquired, 
for example two or three images in digital radiography of the 
spine or the lower extremities. 
0.108 FIG. 3 shows a series of six fluoroscopic X-ray 
images of a femoral distal end. The images are consecutive 
images taken as a part of a longer series using an OEC 9800 
Vascular c-arm machine, in a 12 pulse per second (PPS) CINE 
mode, which constitutes the continuous pulse mode men 
tioned earlier. The typical circular shape of the C-arm FOV 
can be noted. The star next to the images means that algorithm 
applied by the software program of the system found these 
images Suitable for being used in the Stitching process. The 
Stitching markers laying on the patient Support table and 
appearing as black dots on the images, are identified by the 
software of the system and tagged with a circle. In this par 
ticular series of shots, 154 images were taken while the C-arm 
was moved relative to the patient and used to compose the 
panoramic image shown in FIG. 4. 
0109. After stitching the consecutive fluoroscopic X-ray 
images together and composing the panoramic view focused 
at the plane of the markers, the present invention enables the 
user to select a specific POI corresponding to anatomic fea 
ture of interest and compose for it a focused panoramic 
image. The POI depth information can be obtained in several 
ways including: 
0110 a) Using corresponding image points: Consider, for 
example, a sharp edge of a bone of interest or a small 
marker attached to such bone. Since the X-ray source 
motion is already known, this real world point within the 
POI may be detected in consecutive images, and its three 
dimensional coordinates with respect to the moving X-ray 
source may be calculated by triangulation revealing POI 
depth. A small number of POI points is usually sufficient 
for defining the distance to the POI everywhere. 

0111 b) Using one or more rulers which indicates the 
height and orientation of the POI, as described in the pend 
ing Israeli Patent application IL 184151 by the applicant of 
the present application, the description of which, including 
publications referenced therein, is incorporated herein by 
reference. By aligning the ruler with the POI, for example, 
by mounting the ruler in a known position and orientation 
with respect to the bone, the POI position and orientation 
are revealed. 

0112 c) Feeding in manually the height of the POI at 
several locations along the panoramic view. One option is 
feeding the POI depth with respect to the plane of the 
markers. 

0113 d) Using tuning buttons (defined hereinbelow). 
0114 Tuning buttons are particularly useful in obtaining 
quality panoramic images focused in the desired POI, thereby 
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avoiding critical anatomical features from looking blurred, 
doubled or “out of focus'. Tuning buttons are preferably GUI 
buttons, available in the Software program displaying the 
panoramic image, but can also be physical buttons used to 
give feedback to the computer software. The user can employ 
tuning buttons to gradually change the selected POI, while the 
system corrects the panoramic image in real time, until the 
desired features appear "in focus'. This tuning procedure can 
be done at one specific location on the panoramic image 
creating a POI of constant height, or at several locations on 
the panoramic image, thus creating a segmented POI with 
different heights according to the position in the image. In 
another embodiment, the software detects observable objects 
like anatomical features or Surgical tools in neighboring 
images. From their relative position, the Software can calcu 
late if they are above or below the specified POI, and tag them 
with colors describing their height. As the user tunes the 
height of the POI, the color of the selected features is changed 
accordingly, until the user is satisfied with the image. 
0115 FIG.5 shows a screenshot of a Graphical User Inter 
face (GUI) of an embodiment of a system of the invention. 
The left side of the screen shows the height of the C-arm ends, 
the lower part representing the source of the X-rays, located at 
height 0 cm and the top part representing the image intensifier 
used as X-ray detector. The line situated at about 65 cm rep 
resents the (known at this stage of the process) height of the 
Stitching markers with respect to the X-ray source, i.e. the 
height of the patient table on which they lie. A panoramic 
image composed of images stitched to be focused in the plane 
of the marker elements can be seen in the bottom part of the 
screen. In this particular case, the markers are very close to the 
bone that is the ROI, and so the bone does not appear to be 
“out of focus’, as is generally the case if the markers are not 
close to the POI. A virtual feature of the anatomy, a femoral 
bone in this example, is graphically displayed in the upper 
part of the screen. The Software program asks the user to give 
the exact spatial position of the bone within the space delim 
ited by the ends of the C-arm scan. To do that, the user should 
point out the horizontal position of the femur head and the 
knee on the panoramic image below and to specify their 
height (using the plane in which the markers lie as reference). 
In more complicated situations more points are needed in 
order to reconstitute the entire bone, for example, three points 
for a whole leg (femur and tibia) scan. In the manual mode, 
the user measures the actual heights of both ends of the bone 
and enters them in the software of the system (or drags the 
ends of the virtual bone with a mouse), and they are displayed 
on the screen. In the example shown in FIG. 5, the knee is 
elevated 19 cm above the markers (the table) and the femur 
head is elevated 10cm above the table. In the automatic mode, 
one or more positioning markers can be placed for example 
on the patient's knee to determine its height, thereby making 
part of the procedure automatic since the markers can be 
designed in Such way that the vertical scale on the image 
indicates their height accurately. 
0116. As said herein above, in preferred embodiments of 
the invention only the center part (with respect to the length 
direction) of each acquired image is used in the composition 
of the panoramic image. Considering now an imaging system 
which has a round, square or wide rectangular field of view, 
the “leading section and “trailing section of each image 
(except for the end images) is not used in the panoramic 
image. According to some embodiments of the invention a 
collimator is provided to collimate the beam to a (wide) fan 
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shape so that, while overlap is kept between Successive 
images, less area of each image is not being used. The colli 
mator may be provided as a part of the C-arm system, in 
which case it is adjusted to a rectangular shape. In imaging 
systems that are not equipped with an appropriate adjustable 
collimator, an external collimating plate with appropriate 
beam opening can be provided and installed anterior to the 
patient. Care should be taken to assure there are still Stitching 
marks in the overlap of any pair of Successive images. The 
advantage of using a collimator in this fashion is in the 
reduced X-ray dose to the patient. 
0117 The method and system of the invention for image 
Stitching is applicable to any part of the body, allowing the 
implementation of novel panoramic view based applications, 
for example: 
0118 a) A panoramic image which includes multiple 
joints can be used for estimation of the anatomical and 
mechanical axes of interest. It further allows for various 
types of angle and distance measurements. Measurement 
procedures are indicated for deformities such as scoliosis 
and for trauma operations. FIG. 6 shows for example an 
estimation of the anatomical and mechanical axes in the 
lower limb Anatomic Femoral Axis is in 6 degrees of 
valgus from the mechanical axis of lower limb. On the left 
side, a panoramic image, with both axes drawn, is shown. 
On the right side, the top picture shows the definition of 
anatomical femoral axis, the middle picture shows femur 
head center, and the bottom picture, the center of distal 
tibia. 

0119 b) After a panoramic image is created the system can 
enable the user to make measurements of angles and dis 
tances on the image by creating a two dimensional calibra 
tion using a marking device ruler as described in the pre 
viously described Israelipatent application IL 184151. The 
measuring device is laid in the ROI and appears in the 
images that are Stitched together to form the panoramic 
image. Using this calibration, a measurement in pixels can 
be translated to millimeters not only along the POI but also 
along any three dimensional direction defined by the ruler 
device. 

I0120 c) The method of the present invention can be used 
to plan the correct trajectory over a region of interest (ROI) 
larger than the FOV defined by the fluoroscopic machine. 
Moreover, with the method of the invention, it is possible to 
plan and visualize templates, i.e. graphic overlays repre 
senting a tool or device, that are larger than the normal 
FOV. A dynamic assessment of the template position is 
achievable based on the analysis of the current position of 
a guide wire with incorporated markers as described for 
example in the previously referenced Israeli patent appli 
cation IL 184151. This assessment allows the surgeon to 
examine a correct position for the template as a whole. FIG. 
7, for example, displays a template of a long proximal 
femur nail (PFN) on a panoramic image of the femur. This 
figure is made possible by using the “templating feature of 
IL 184151 over the panoramic image of the present inven 
tion. The method of the present invention can be used to 
follow the operation procedure in the operating room with 
the possibility of inserting an additional image in a com 
posed panoramic image. For example, after having created 
a panoramic image of the full leg (see e.g. FIG. 6), the 
Surgeon may hold a drill guide or a ruler as described in 
Israeli Patent application IL 184151 on the femur head and 
take another fluoroscopic image. The orientation of the 
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additional image is determined from the markers shown in 
it, and its correct Stitching into the panoramic image is 
computed. The alignment of the additional image within 
the panoramic image enables the guide to also be seen in 
the panoramic image. Furthermore, it enables other fea 
tures, for example, to visualization of the trajectory of a 
drill or display an implant template for the Surgeon. 
I0121. In another example of inserting an additional 
image in a composed panoramic image, the Surgeon can 
first create a panoramic image of the entire leg. He then 
changes the angle of the knee or the bone, e.g. High 
Tibial Osteotomy (HTO) procedure, and then takes 
another image of the knee (or bent bone area) only. The 
system identifies that the additional image is only of the 
knee and updates the panoramic image accordingly to 
account for the local angle change. 

0122 d) The method can be used in non-destructive test 
ing or homeland security applications wherein, for 
example, an item larger than the FOV of the imaging sys 
tem can be scanned by a series of cone beam X-ray images 
in the presence of Stitching markers. The method can then 
be used to reconstruct a series of panoramic images, each 
focused at a different height within the item. 

0123 Embodiments of the invention have been described 
by way of non restrictive examples with reference to image 
acquisition by fluoroscopic C-arm in an operating room envi 
ronment. However, the invention can be applied to other X ray 
imaging systems and other clinical or non-clinical settings. 
For example the invention is applicable to cardiovascular 
angiographic imaging systems wherein panoramic views of 
long blood vessels are required. It is also applicable to digital 
radiography and computed radiography wherein panoramic 
images of anatomy longer than the length of the imager are 
Sometimes required, for example an image of the full spine or 
the legs. Further, the invention is applicable to non-human 
X-ray imaging, e.g. in non-destructive testing and homeland 
security. 
0.124. Although embodiments of the invention have been 
described by way of illustration, it will be understood that the 
invention may be carried out with many variations, modifi 
cations, and adaptations, without exceeding the scope of the 
claims. 

1. A method for obtaining an X-ray panoramic image of a 
region of interest (ROI), focused in a selected plane of interest 
(POI), said method comprising: 

a) positioning Stitching markers along the ROI; 
b) using an X-ray system comprising an X-ray source and a 

detector to acquire multiple X-ray images covering an 
ROI larger than the field of view (FOV) of said X-ray 
system; 

c) detecting said marker elements in the separate X-ray 
images: 

d) aligning the separate X-ray images according to the 
marker elements; 

e) readjusting said separate X-ray images and/or their align 
ment to account for the difference between the distance 
from said X-ray source to the Surface of said marker 
elements and the distance from said X-ray source to said 
POI; and 

f) constructing the resulting panoramic image by selecting 
or composing, for each pixel in said resulting panoramic 
image, a value from the appropriate pixels in the appro 
priate separate X-ray images; 
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characterized in that said Stitching markers are positioned 
Such that they are not necessarily positioned within said 
selected POI; however, they show in all relevant images. 

2. A method according to claim 1, wherein the acquired 
images are fluoroscopic images acquired with a fluoroscopic 
C-arm. 

3. (canceled) 
4. (canceled) 
5. (canceled) 
6. (canceled) 
7. (canceled) 
8. (canceled) 
9. (canceled) 
10. (canceled) 
11. (canceled) 
12. A method according to claim 1 wherein, aligning the 

separate X-ray images to forma single image comprises align 
ing the markers such that the same markers in adjacent images 
overlap. 

13. A method according to claim 1 wherein, aligning the 
separate X-ray images to form a single image includes one or 
both of the following types of motion of the image planes: 
translations and rotations around the imaging axis. 

14. A method according to claim 1 wherein, readjusting the 
alignment of the separate X-ray images to account for the 
difference between the distance from the X-ray source to the 
POI and the distance from the X-ray source to the surface of 
the marker elements comprises re-scaling the images around 
their imaging center by the ratio between said two distances. 

15. A method according to claim 1 wherein, readjusting the 
alignment of the separate X-ray images to account for the 
difference between the distance from the X-ray source to the 
POI and the distance from the X-ray source to the surface of 
the marker elements comprises translating the separate 
images relative to each other without Scaling. 

16. (canceled) 
17. A method according to claim 1 wherein, choosing, for 

each pixel in said resulting panoramic image, the value of the 
appropriate pixel in the appropriate separate X-ray image 
comprises any one of the following: 

i) choosing the pixel which is closest to the center in its 
original X-ray image: 

ii) choosing an average value of the original pixels; 
iii) choosing a weighted average; or 
iv) choosing the maximal or minimal gray level value. 
18. (canceled) 
19. (canceled) 
20. (canceled) 
21. (canceled) 
22. (canceled) 
23. (canceled) 
24. (canceled) 
25. (canceled) 
26. (canceled) 
27. (canceled) 
28. A system for obtaining an X-ray panoramic image of a 

region of interest (ROI), in a selected plane of interest (POI), 
said system comprising: 

i) an X-ray apparatus comprising an X-ray source and a 
detector, said X-ray apparatus capable of acquiring mul 
tiple X-ray images; 

ii) a set of stitching markers that are placed in the FOV; and 
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iii) a computer and dedicated Software that are adapted to 
processes said acquired multiple X-ray images and com 
pose a panoramic image from said acquired multiple 
X-ray images; 

characterized in that said Stitching markers are configured 
Such that they do not necessarily have to be positioned 
within said selected POI, however they can be posi 
tioned such that they show in all relevant images; and, 
said apparatus is adapted Such that it can be moved 
relative to the imaged subject from image to image Such 
that there is an overlap between said images. 

29. (canceled) 
30. A system according to claim 28 wherein, the stitching 

markers are included in a rigid structure. 
31. A system according to claim 28 wherein, the Stitching 

markers are included in a radiation translucent flexible struc 
ture. 

32. A system according to claim 28 wherein, the Stitching 
markers comprise a continuous marker. 

33. (canceled) 
34. (canceled) 
35. A system according to claim 28 wherein the X-ray 

apparatus is a mobile fluoroscopic C-arm. 
36. A system according to claim 28 wherein the X-ray 

apparatus is a radiographic system and the detector is a digital 
radiography detector. 
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37. (canceled) 
38. (canceled) 
39. A system according to claim 28 adapted to allow the 

operator to interactively change the POI multiple times based 
on a single acquisition of individual X-ray images. 

40. (canceled) 
41. (canceled) 
42. (canceled) 
43. (canceled) 
44. (canceled) 
45. A system for generating a panoramic image from two or 

more images of radiation based imager, said system compris 
1ng: 

image processing logic adapted to aligning at least two 
separate images by aligning a common marker found in 
both images and compensating for a difference between 
the distance from a radiation source to the marker ele 
ment and the distance from the radiation Source to a 
plane of interest. 

46. The system according to claim 45, further comprising 
rendering logic adapted to render a panoramic image by com 
bining Substantially all aligned images by generating a data 
set including pixel values of the combined images such that 
corresponding pixels of overlapping image portions are 
combined. 
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