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Abstract—We use stereo-photogrammetry to detect regions of 

interest (ROIs) on a patient prior to scanning with the Lodox 

Statscan X-ray machine. The functionality of scanning smaller 

ROIs will save time and will expose the patient to less radiation. 

The 3D coordinates of landmark points defining an ROI were 

calculated from 2D digital images using stereo-photogrammetry. 

In addition, the 3D coordinates were used to calculate the 

thickness of the ROI on the patient body to determine radiation 

dose. The mean difference between actual and observed distances 

between landmark points was less than 1 centimeter. 

Keywords- stereo-photogrammetry, region of interest,   digital 

x-ray, camera calibration, triangulation 

I.  INTRODUCTION  

X-ray imaging remains the most commonly used medical 
imaging modality. However, X-ray imaging exposes the body 
to ionizing radiation. The Lodox Statscan whole-body imaging 
system provides an advantage in this regard as it delivers lower 
dose than a conventional system [1], [2]. 

As shown in Fig. 1, the fan beam produced by the X-ray source 
in the Statscan system is projected on an object of interest lying 
on the platform between the source and the detector. The 
detector with a charged coupled device (CCD) detects the 
resulting pattern of the radiation along the direction of travel of 
a C-arm resulting in an X-ray image of an object of interest [3]. 

While the Lodox Statscan imaging system is capable of 
producing a whole body image, whole body X-ray imaging is 
not always desirable. Sometimes, the radiologist may wish to 
view and store the X-ray image of a smaller region of interest 
(ROI). Whole body scanning in these cases will result in 
exposing patients to unnecessary radiation.  

In addition, manually splitting the whole body image to view 
the smaller ROI is time consuming and the larger database size 
associated with storing whole body images will decrease the 
speed and efficiency of image retrieval and viewing. Thus the 
functionality of scanning smaller regions of interest is 
desirable.   

The ROI is currently selected in the Lodox Statscan machine, 
by viewing a laser beam along with the direction of travel of C-
arm. The patient’s details such as size (infant, medium, small, 
large, extra large) are entered using the operator console as 
shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Lodox Statscan machine  

Pre-set scan parameters are selected for the chosen size of the 
patient. There are seven pre-set trauma procedures and seven 
general defined procedures. The operator selects the desired 
procedure. The settings of the X-ray generator (kV and mA) 
are automatically adjusted based on the selected size and the 
procedure. 

The operator brings the C-arm to its initial position at the ROI 
using the local positioning tool (shown in Fig. 1) by viewing 
the laser beam. The scanning process is started manually from 
the ROI and it is stopped manually when the laser beam 
crosses the ROI. Once the scanning process is over, the 
scanned region appears on the confirming image frame shown 
in Fig. 2.   

As an alternative to using a laser beam, landmark points 
obtained from digital photographs can be used to define ROIs 
on objects. In this paper, we describe the use of stereo-
photogrammetry for determining the 3D coordinates of 
landmark points defining the ROI, which can be used to 
calculate the length, width, and thickness of the ROI.   

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Operator console of Lodox Statscan machine 

 

II. METHODOLOGY 

A. Stereo-photogrammetry  

Stereo-photogrammetry is a simple, cost effective process 
of determining 3D coordinates of points in space using two or 
more digital images [4]. It can be implemented using simple 
apparatus like cameras with fast data collection [5].  

The technique can be used for objects of all sizes. The steps 
involved in obtaining 3D coordinates of landmark points using 
two or more digital images [6] are given in Fig. 3. 

 

 

 

 

 

 

 

 

 

Figure 3. Steps involved in stereo-photogrammetry 

B. Cameras  

Firefly MV FFMV-03MTC web cameras along with the 
Tamron CCTV lens (13VM2812ASII 1/3” 2.8-12mm F/1.4) 
were used to take the digital images of the patient.  

The web cameras are mounted on the C-arm of the Lodox 
machine shown in Fig. 1 in order to take digital images of the 
ROI. The camera-mounting unit (Fig. 4) is designed in such a 
manner that it does not affect normal operation of the Lodox 
machine. The distance between the two web cameras can be 
changed. In addition, the distance between the C-arm and web 
cameras is also adjustable. The cameras are able to move in 

different directions and angles. These adjustments are made in 
order to optimally cover the ROI with both cameras. 

Two pairs of web cameras are used on either side of the C-arm. 
Depending on the position of the ROI, a particular pair of web 
cameras will take the digital images of the ROI. 

C. Software  

Integrating Vision Toolkit (IVT) [7] (Version 1.3.6) 
software was used for calibrating web cameras and for 3D 
coordinate measurement. IVT is an image processing library 
freely available under the GNU license. It has an appropriate 
camera interface and can support openCV, Qt libraries and 
drivers for firewire cameras [6]. Microsoft visual C++ 2008 
Express edition was used as an integrated development 
environment (IDE). 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 4. Camera mounting unit on the C-arm of the Lodox Statscan machine. 
White arrows indicate that the distance can be adjusted. 

D. Camera calibration 

Camera calibration is the process of estimating the intrinsic, 
extrinsic, and distortion parameters of the cameras ([6], [8], 
and [9]). The intrinsic parameters of the camera are the focal 
length and the principal point. The extrinsic parameters are 
related to rotation and translation of the camera and must be 
recalculated if the camera’s position and orientation are 
changed. Error may occur in camera calibration parameters due 
to lens distortion. The lens distortion could be due to radial 
and/or tangential distortion and should be considered while 
estimating camera calibration parameters ([6], [8], and [9]).   

Different techniques exist for camera calibration, namely self 
calibration where no calibration frame is used [4], a 3D 
calibration frame [10], a 2D calibration frame [8], and 1D 
calibration frame [11]. We used a 2D chessboard pattern [8], 
shown in Fig. 5, as the calibration frame.  
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The chessboard pattern is imaged in different orientations in 
order to compute intrinsic parameters of the camera and the 
relative location and position of the camera for each orientation 
([6], [8], and [9]). 

The camera calibration application available on IVT [7] was 
used for calibrating the cameras. OpenCV libraries were used 
internally for calibrating cameras on IVT [6], [7]. Four intrinsic 
parameters, five distortion parameters (three radial and two 
tangential), and six extrinsic parameters (three rotation and 
three translation parameters) were determined. Mathematical 
details about them are given in [9]. 

The theory given in [9] was used in order to determine the 
number of rows and columns for the chessboard frame and the 
number of digital images of the chessboard pattern to be used. 
Consider that there are N corners in the chessboard pattern and 
K images of the calibration frame. Therefore, there are 2NK 
constraints. Considering the distortion to be zero, ten 
parameters should be estimated (four intrinsic and 6K extrinsic 
parameters for all the orientations). Solving for these 

parameters require 2NK ≥  6K + 4 or (N - 3) K ≥  2. If N = 2, 
ideally K=1 image should solve all the parameters for camera 
calibration. Since a chessboard pattern is used to fit the 
homography for each of the K views, a maximum of eight 
parameters can be found using four corners. Therefore, a 
minimum of two views of a three by three chessboard pattern 
should be used for camera calibration.  

The nine columns by seven rows chessboard pattern shown in 
Fig. 5 was used. Twenty images of the calibration frame in 
different orientations were used in calibration. 

 

 

 

 

 

Figure5. Seven rows by nine columns chess board pattern for calibrating two 
web cameras at a time. 

E. Correlation technique for selecting landmark points 

It is easy to manually select accurate landmark points on 
two digital images if there are unique features available on the 
ROI. However, it is very difficult to select exact landmark 
points on an object such as the human body. Therefore, we 
have used a correlation technique to provide the most probable 
region in the right digital image for the image points (landmark 
points) clicked on the left digital image. The correspondences 
are determined by utilizing epipolar geometry and zero mean 
normalized cross correlation (ZNCC), which is invariant to 
brightness differences. Before applying the correlation 
technique, both the digital images are undistorted (to reduce the 
lens distortion if present). The matching algorithm with ZNCC 
technique in IVT uses 640 X 480 resolution, gray scale (8 bit) 
digital images. Therefore, the 24 bit digital images are 
converted into 8 bit gray scale images [12]. 

The digital images are not rectified in order to retain the 
geometrical conditions of the digital images: in the rectification 

process, the epipolar lines (Fig. 6) are made parallel to each 
other [6]. The rectification process might result in strong 
distortions depending on the angle of the web cameras to each 
other [6].  

The mathematical details of the ZNCC method are given in [6].  

Epipolar geometry described in [6], [9] is used to determine the 
relationship between the image planes of two cameras and 3D 
points. Consider a 3D point P in the world coordinate system 
as shown in Fig. 6. pl and pr are the points on the left and right 
digital images. The epipolar plane is the plane formed by 
joining the projection centre Zl, the projection centre Zr, and the 
3D point P. The line Zl Zr meets the images at points el

 
and er. 

When the epipolar plane intersects with the image plane, 
epipolar lines are formed. The epipolar line for point P on the 
left digital image is ll and for the same point on the right digital 
image is lr. All the points which correspond to the point pl in 
the left digital image will lie on a epipolar line lr on the right 
digital image. The epipolar line looks like a point when seen 
from the left camera and it looks like a line from the right 
camera. Given the camera calibration parameters, Zl, Zr, el, er, 
ll, and lr can be estimated. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Epipolar geometry [6], [9] 

As presented in [6], for the clicked point in the left digital 
image, an image patch of size (2n + 1) x (2n + 1) (where n is 
greater than or equal to one)  is cut out and is normalized with 
respect to additive and multiplicative brightness differences. 
Correspondences to this image patch are then searched 
optimally along the epipolar line in the right digital image by 
calculating ZNCC for all the points lying on the epipolar line. 
The correspondence is searched only in a given disparity range. 
Disparity represents the Euclidean distance of a point on the 
epipolar line to the clicked point on the left digital image. 
Smaller disparity values represent greater distance from camera 
and vice versa [6]. The result obtained by this correlation 
technique can be validated by comparing it with a threshold 
value. If the results are greater than this value, the 
correspondences are accepted [6].  

F. 3D coordinate measurement by stereo-triangulation  

The 3D coordinates of landmark points are calculated using 
the triangulation technique given in [6]. Let the two cameras 
have the extrinsic parameters Rl, Tl (for left side camera) and 
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Rr, Tr (for right side camera), and the calibration matrices Cl 
and Cr having the intrinsic parameters for left and right side 
cameras respectively. The point P shown in Fig. 7 whose 3D 
coordinates have to be determined has image coordinates with 
pixel values pl = (x1, y1) and pr = (x2, y2) on the two digital 
images. All the 3D coordinates mapped to pl on left digital 
image will lie on a straight line. Let this line be Ll. Similarly, Lr 
is a straight line on which all the 3D points mapped to pr will 
lie. 

The camera calibration parameters are used for determining Ll 
and Lr. The intersection of these straight lines ideally represents 
the 3D coordinates of the point P in the world coordinate 
system. However, sometimes, the straight lines might not 
intersect accurately at one point due to the inaccuracies and the 
discretization of the pixels of the image sensor [6]. Therefore, 
the point P having a minimum distance from both the straight 
lines (Ll and Lr) should be searched for. A method of least 
squares could be used to determine the optimal solution [6].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Triangulation technique [6] 

We use the libraries and applications available in IVT [6], [7] 
to calculate the 3D coordinates of the landmark points. The 
distance between the two clicked points is then calculated to 
validate the obtained 3D coordinates. 

G. Scanning an ROI  

The steps involved in scanning a ROI on Lodox Statscan 
machine are given below. 

1) The two web cameras are calibrated using a chessboard 
pattern. 

2) The digital images of the ROI are taken. 

3) The operator selects landmark points defining the ROI on 
left and right digital image.  

4) The camera calibration parameters along with the 2D 
coordinates of the landmark points are triangulated. The 
output is the 3D coordinates of the landmark points 
selected. 

5) The length, breadth, and the thickness of the ROI are 
calculated using the 3D coordinates obtained in step 4. 
The calculated thickness of the ROI is used to determine 

the radiation dose. In addition, the distance of the web 
cameras from the ROI is determined based on the camera 
calibration parameters and the marked landmark points. 

6) These details are fed to the operator console for 
determining Kv and mA rating for radiation dose. 

7) The distance of the web cameras from the ROI obtained 
in step 5 is summed up with the distance of the C-arm 
from the web cameras which is measured manually. The 
output is the distance of the C-arm from the ROI.  

8) The C-arm is moved by the distance calculated in step 7 
to initialize its position at the ROI prior to the scanning 
process. The scanning process starts from this position. 

9) The C-arm travels the length of the ROI calculated in step 
5. The C-arm is stopped once the length of the ROI is 
covered. 

10) The result is an X-ray image of smaller ROI. 

 

III. EXPERIMENTS AND RESULTS 

A. 3D coordinates of the landmark points defining ROI 

The application was tested on test objects as well as on the 
human body. 

a) 3D coordinate measurement on test objects  
The accuracy of 3D coordinates on objects other than the 

human body (such as a chessboard pattern and rectangular 
boxes) was determined by calculating the distance between two 
landmark points and comparing it to the actual measured 
distance. The digital images of the test objects were taken in 
different orientations. Landmark points were marked manually. 

The distances between landmark points selected on the test 
objects were in the range of 30 to 200 millimeters. The number 
of distances measured and compared varies depending upon the 
landmark points clearly visible on the objects of interest. The 
number of distances measured varies from 2 to 13 depending 
upon the landmark points clearly visible on the test objects. 
The results for all the test objects are shown in Table 1.  

TABLE I.  DISTANCES BETWEEN LANDMARK POINTS ON 3 DIFFERENT  

TEST OBJECTS. 2 TO 13 DISTANCES WERE MEASURED ON EACH OBJECT, AND 

EACH  DISTANCE  WAS  MEASURED 3 TIMES.  

Mean absolute  difference 

between actual and observed 

distances(mm) 

Standard 

deviation 

(mm) 

Mean difference 

as a percentage of 

actual distance 

(%) 

0.7 0.5 1.3 

 

b) Testing of 3D coordinate measurement on human body  
The set-up on the Lodox machine is as shown in Fig. 4. 

Depending upon the ROI, a particular pair of web cameras will 
take the digital images of the ROI. The web cameras may be 
adjusted in order to optimally cover the ROI. We have used an 
additional chessboard pattern on the Lodox bed (indicated as 4 
in Fig. 8). Landmark points on the chessboard pattern on the 
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bed are selected in order to determine the thickness of the ROI 
on patient’s body.  

The user interface of the application is shown in Fig. 8. The 
operator selects landmark points in the left digital image first. 
Zero mean normalized cross correlation (ZNCC) is used in 
order to find the best match/correspondence in the right image 
for the landmark point clicked in the left digital image. The 
best correlated match is searched for along the epipolar line 
(indicated as 2 in Fig. 8). The operator can refine the best 
match for the landmark point clicked by manually selecting a 
pixel in the square region (found using ZNCC and indicated by 
1 in Fig. 8) on the epipolar line. The length, breadth, and the 
thickness of the ROI can be calculated using the application by 
selecting the length, breadth or the thickness in the dropdown 
box on the user interface. For calculating the thickness of the 
ROI, the difference in the height of a landmark points clicked 
on the ROI and on the chessboard pattern is used. 

The accuracy of the ZNCC correlation technique depends on 
the disparity range, image patch, depth (Z-distance) of the 
landmark point from the camera, and the threshold value. 
These values should be changed based on the image material 
used. The window size for image patch can be adjusted on the 
user interface. The depth (Z-distance) of the left camera from 
the landmark point can also be adjusted on the user interface. 
The depth information given, internally computes the rough 
estimate of disparity for the given Z-distance. The disparity 
range is decided based on this value to find out the best match 
on the right digital image.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. User interface for calculating length, breadth, thickness, and the 
distance of web cameras from the ROI. 1- region for best match using ZNCC; 2 
- epipolar lines; 3 - manually refined correlated match; 4 - chessboard pattern 
used to assist calculation of thickness of the ROI on patients’ body. 

In addition, the distance of the web cameras from the ROI can 
be calculated to obtain the distance the C-arm has to move to 
reach the beginning of the ROI 

A comparison of inter-landmark distances for a human body is 
given in Table 2, after manually refining the correlated points. 
The length, breadth, and thicknesses compared were in the 
range of 20 to 240 millimeters.  

TABLE II.  DISTANCES BETWEEN LANDMARK POINTS ON A HUMAN BODY. 
EACH DISTANCE WAS MEASURED 3 TIMES DURING TESTING. 

ROI 

Mean absolute  

difference between 

actual and observed 

distances (mm) 

Standard 

deviation 

(mm) 

Mean difference 

as a percentage of 

actual distance 

(%) 

Length 2.2 0.3 1.1 

Breadth 8.0 1.4 4.0 

Thickness 5.3 4.0 2.3 

.  

IV. CONCLUSION AND FUTURE WORK 

The mean absolute differences between the actual and 
observed distances shown in Table 1 for test objects are less 
than those for the human body in Table 2. It is easier to select 
and compare distances on test objects than on the human body, 
where landmarks are often poorly defined.  

 Error might have been introduced in selecting the landmark 
points defining the length, breadth, and thickness of the ROI on 
the digital images of the human body, and in poor matching 
between corresponding landmark points on different images. In 
addition, some errors might have been introduced in manually 
measuring the length, breadth, and the thickness of the ROI on 
patient’s body using a ruler. 

The selected ROI should be indicated within 2 % of the source 
to image distance (SID) for any linear direction, as specified by 
the Food and Drug Administration (FDA). A portion of these 
errors might be attributed to the measurement of the ROI to be 
imaged and another to the control. Therefore, our guideline is 
for the maximum error in calculating the dimensions of the 
ROI to be within 1 % of the SID. Since the SID is 1300 
millimeters, the maximum error permitted in calculating the 
length, breadth, and the thickness of the ROI is 13 millimeters. 

From the results shown in Tables 1 and 2, the mean absolute 
difference between the actual and observed distances is within 
13 millimeters. It can be concluded from these results that 
stereo-photogrammetry is an acceptable method to determine 
the 3D coordinates of the landmark points defining the ROI for 
scanning and the thickness of patient for determining radiation 
dose.  

V. DISCUSSIONS 

The 3D coordinate measurement application is highly 
sensitive to landmark points selected on both the left and right 
digital image. A small difference in selecting the landmark 
points on digital images produces large errors in the calculation 
of the 3D coordinates of the landmark points. This in turn 
might induce error in determining length, breadth, and the 
thickness of the ROI on patient’s body. ZNCC technique is 
therefore used in the application for making the landmark 
selection process easy for the operator as landmark points are 
often poorly defined on human body. The operator can refine 
the correlated match by manually clicking the best match in 
this region. 

 The correlated ZNCC technique for automatic landmark 
identification depends on disparity range and image patch 
searched [6]. These parameters should be changed if there is a 
change in the image material. The disparity range (minimum 

 



and maximum value) estimated internally by providing the 
depth of the landmark points from the web cameras should be 
large enough to contain the searched disparity. If very large 
disparity intervals are chosen, the likelihood of the wrong 
matches increases. If enough information is not available in the 
image patch (correlation window), the best match for the 
landmark point might not be found along the epipolar line. The 
web cameras should be placed in such a manner that the 
epipolar lines are parallel. This will simplify finding image 
patch along the epipolar line. If required, rectification can be 
performed in order to make the epipolar lines parallel to each 
other. The geometrical distortions produced by rectification can 
be minimized by reducing the angle between the two web 
cameras.  

A good calibration of web cameras is necessary for the ZNCC 
correlation method to search for the best match as well as for 
3D coordinate measurement. Therefore, the focal length, 
aperture range, and focusing range of the web cameras should 
be properly adjusted. In addition, the light intensity in the room 
should not vary much.  

Using additional retro reflective circular markers or artificial 
landmark points on patient’s body or on the hospital gown will 
make it easy to visualize and select landmark points for the 
operator.  
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