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1. Purpose:
A quantitative, image-based method for the measurement of 
mechanical isocenter runout of conventional, gantry-based 
LINACs is presented.

2. Methods:
a) Instead of a person’s naked eye, a smartphone is used in a 
fixed position to digitally record the movement of a reference 
point/object (typically the tip/end of a pointer stick or a simple 
dot on a sheet of paper) with change in gantry, collimator, and 
couch angles. Set-up time is reduced because the reference 
point/object need not be placed exactly at the isocenter.  

Subjective “annual eye test” method.       Objective digital observation + offline analysis

3. Results:
Methods described here provide 
objective data and, in some cases, 
have revealed unusual 
discontinuities in mechanical 
movement which would have 
otherwise been undetectable. 
Shown below is a sample 
spreadsheet calculation table of 
the runout from gantry rotation 
alone. 

4. Conclusion: 
The usual method of mechanical isocenter runout determination is colloquially referred to by many in the 
field as "the annual eye test" because of the tedious, observer-dependent nature of the human-vision based 
procedure. The digital image-based method is fast to set up (not requiring exact placement of the pointer 
tip), relatively set-up invariant, observer independent, qualitative, reproducible, and offers increased 
precision. Unexpected, non-smooth paths of isocenter runout have been measured with this method which 
would not have been otherwise visible to the naked eye.
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The core idea of the method presented is that the path of a perfect circle 
is taken as the definition of mechanical movement with zero runout. The 
deviation of the trajectory from the average radius of a circle calculated 
from the reference point trajectory is the runout. Error in set-up is a non-
zero trajectory radius that may then be dialed out via simple subtraction. 
This method is thus insensitive to reference point setup error. Common 
image display software (with cursor coordinate display like Irfanview), 
spreadsheets and no specialized objects or custom software were 
employed as opposed to what has been done elsewhere [1]. 

b) The digitized reference point 
movement is displayed on a 
computer (with magnification 
to provide 0.05 mm resolution) 
and the coordinates versus 
mechanical angle are 
tabulated.
c) This data is used to calculate 
center of mass, average radius 
of the trajectory, and deviation 
of the actual radii from that 
average radius.

For collimator and couch runout, the digital camera is held static on an 
electron cone as it records the position of a mark made on paper that 
is taped to the couch. Couch movement will produce trajectories 
approximating a semi-circle. For gantry runout, the device is placed on 
the couch. (See set-up images to the right.)

As opposed to “minimal bounding 
spheres” described by Zhang [2] which 
connote smooth changes in runout, 
possible discontinuities in movement 
stemming from sharp, physical 
imperfections of mechanical systems have 
been observed in some cases  and a more 
appropriate description may be just “error 
blobs” to account for the possibility of 
discontinuous paths.

collimator/couch rotation set-up

gantry rotation set-up

Sample digital video of gantry movement (Youtube link). →
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