
Analysis of a surface imaging system using a six degree of freedom 
couch for setting stereotactic radiosurgery treatment action level

INTRODUCTION
The use of IDENTIFY (Varian Medical Systems, Palo Alto, CA) for 
stereotactic radiosurgery (SRS) tracking has not been extensively studied. 
This study aims to quantify the accuracy of the IDENTIFY surface imaging 
(SI) and presents a novel method using automated couch motions to 
evaluate an SI system. This technique can be used for commissioning and 
quality assurance of any surface imaging system.

CONCLUSIONS
The IDENTIFY SI system is used clinically for monitoring patient positions during frameless 
SRS treatments. We have seen in repeated measurements that translational residual error 
exists as the couch is moved from the initial position. These errors are small enough such 
that the IDENTIFY system is effective for monitoring patient position shifts during treatment. 
This data does not suggest that the IDENTIFY system is to be used for repositioning patients 
with reported offsets during intracranial SRS.
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AIM
To compare SI logs with MV images and linear accelerator trajectory logs 
to validate SI reported offsets on an anthropomorphic phantom for 
commissioning and routine quality assurance of a SI system used for SRS.

CONTACT INFORMATION
Richard Popple rpopple@uabmc.edu

X. ZHAO 1, E. Covington 2 and R. Popple 1

1 University of Alabama at Birmingham, AL, USA
2 University of Michigan, MI, USA

Figure 2. Comparison of phantom position reported by linear accelerator trajectory logs (black), surface imaging logs (red), and MV image 
(blue) analysis. Plots show 10 positions in a ±1.5 mm and ±0.5° range.

Figure 5. SI residual error for no pod block mean (red dot) and standard deviation (red error bar) of vertical, longitudinal, lateral directions in mm, roll, 
pitch and rotation in degree is shown for couch angle 90, 45, 0, 315, 270°. Left pod block data is shown in green diamonds, and right pod block data is 
shown in blue square. Longitudinal and lateral residual error were analyzed from IDENTIFY logs and MV imaging data, whereas the other 4 degrees 
are from IDENTIFY logs and linac trajectory logs.

Figure 3. Residual error of IDENTIFY compared to LINAC trajectory log (green) and MV imaging (red), where mean is the solid dots and standard 
deviation is the hollow dots.

Figure 4. Median (blue solid dots) and range (red error bar with hollow dots) of magnitude of translation residual error, from all 50 random couch 
positions from 5 couch angles at BB position midline with no pod block (left), with left pod block (middle) and with right pod block (right). Table 1. Tabulated values of the median and range of magnitude of translational residual error (εtr) as well as the mean and standard deviation 

of ε for roll, pitch, and yaw at the 5 different couch angles.  METHOD
• An anthropomorphic Styrofoam phantom (Floracraft, Ludington, MI) 

with a radiopaque tungsten carbide ball bearing (BB) placed midline 
was used for SI tracking and radiographic imaging.

• A region-of-interest (ROI) representative of a typical SRS ROI was 
tracked using IDENTIFY.

• Developer mode was used to systematically acquire and repeat 
measurements on an Edge LINAC (Varian Medical Systems, Inc., Palo 
Alto, CA)

• Three methods were used to track the phantom location:
o IDENTIFY SI reported offsets
o LINAC trajectory logs
o MV images

• Ten couch positions at each couch rotation (0, 45, 90, 270, 315°) were 
analysed.

• MatLab (The MathWorks, Inc., Natick, Massachusetts) was used to 
format and structure IDENTIFY and LINAC trajectory logs such that 
their timestamps were synchronized and analyse images.

• The IDENTIFY residual error (ε) -- the difference between SI reported 
offset and MV or trajectory log position was calculated.
o For lateral and longitudinal directions, ε was calculated from MV 

images 
o For vertical, and rotational ε, LINAC trajectory logs were used

• Initial couch positions for each couch rotation angle were located 
where BBs were aligned to imaging isocenter to detect couch walkout 
effects
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Table Angle θ(°) median ε𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃
(mm)

min ε𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃
(mm)

max ε𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃
(mm)

mean ε𝑅𝑅𝑛𝑛𝑅𝑅𝑅𝑅
𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃 (°) std ε𝑅𝑅𝑛𝑛𝑅𝑅𝑅𝑅

𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃 (°) mean ε𝑃𝑃𝑚𝑚𝑃𝑃𝑃𝑃𝑃
𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃 (°) std ε𝑃𝑃𝑚𝑚𝑃𝑃𝑃𝑃𝑃

𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃 (°) Mean ε𝑌𝑌𝑌𝑌𝑌𝑌
𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃 (°) std ε𝑌𝑌𝑌𝑌𝑌𝑌

𝑚𝑚𝑚𝑚𝑚𝑚,𝑛𝑛𝑛𝑛 𝜃𝜃 (°)

0 0.13 0.07 0.21 0.00 0.01 0.01 0.01 -0.01 0.01

45 0.16 0.11 0.26 -0.12 0.01 -0.16 0.01 0.05 0.01

90 0.61 0.50 0.68 0.03 0.02 -0.44 0.02 0.06 0.03

270 0.49 0.42 0.55 0.34 0.01 -0.05 0.01 -0.03 0.02

315 0.55 0.38 0.72 0.18 0.01 0.09 0.01 -0.02 0.02

Figure 1. (Left) setup of anthropomorphic Styrofoam phantom with BB placed at anterior, midline, and posterior of the phantom, with the same 
tracking ROI contoured in blue (Right).
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