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The purpose of this study was to develop and evaluate a noninvasive method to 
assess table feed speed (mm/s) in modern commercial computed tomography 
(CT) systems. The table feed (mm/rotation) was measured at selected nominal 
table feed speeds, given as low (26.67 mm/s), intermediate (48.00 mm/s), and 
high (64.00 mm/s), by utilizing a computed radiography (CR) cassette installed 
with a photostimulable phosphor plate. The cassette was placed on the examina-
tion table to travel through the isocenter longitudinally, with a total scan length of 
over 430 mm. The distance travelled was employed to determine the total table 
feed length. To calculate the table feed speed, gantry rotation time was measured 
concurrently at a preselected nominal rotation time of 750 ms. Upon completion 
of data acquisition, the table feed and gantry rotation time were analyzed and used 
to calculate the actual table feed speed (mm/s). Under the low table feed speed 
setting, the table feed speed was found to be 26.67 mm/s. Similarly, under the 
intermediate and high table feed speed settings, the table feed speed was found to 
be 48.10 and 64.07 mm/s, respectively. Measurements of the table feed speed can 
be accomplished with a CR system and solid-state detector, and the table feed speed 
results were in excellent agreement with the nominal preset values. 
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I.	 Introduction

With the advent of slip ring technology, helical scanning computed tomography (CT) was 
introduced in 1988.(1,2) Helical scan technology, utilizing continuous gantry rotation and table 
feed, provided for longer anatomic coverage in a shorter time.  

Accurate control of the table feed speed is one of the important factors in modern CT system 
because scan pitch is a key factor in coronary CT angiography.(3,4) High-pitch (P = 3.2) CT 
angiography has been recently developed, and this technique requires a table feed speed of up 
to 430 mm/s.(4) Because scan pitch is defined as the ratio of the table feed per gantry rotation to 
the total nominal scan width,(5) a comprehensive quality assurance (QA) program should include 
assessing not only the beam width, but also the table feed speed and gantry rotation time. 

While the table feed speed is an important scan parameter of any CT scanner, the accuracy 
and precision of the table feed speed are not necessarily known to medical physicists, whose 
responsibilities may include the QA of CT scanners. The American Association of Physicists 
in Medicine (AAPM) published two reports, Report 39(6) and Report 83,(7) on the QA of CT 
scanners which evaluate specifications and test procedures. Both reports included evaluation 
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of performance of electromechanical components such as table to gantry alignment, table ver-
tical and longitudinal digital indicators, radiation dose profiles, and the X-ray-generator kVp 
accuracy. While the table feed speed was not explicitly included in these reports, the authors 
opine that verification of the table feed speed is essential for the proper assessment of a modern 
CT system. To the best of our knowledge, no published methods of measuring the table feed 
speed are available.

To determine the table feed speed, it is necessary to measure the gantry rotation time. Fukuda 
et al.(8) reported a simple noninvasive technique to measure the rotation time using two different 
types of solid-state detectors. On the basis of their investigation, we considered that a computed 
radiography (CR) system and solid-state detector would allow accurate measurement of the 
table feed speed. This study aims to provide a simple noninvasive approach to assess table feed 
speed in a modern commercial CT system.

 
II.	 Materials and Methods

A. 	 CT scanner, CR system, and solid-state detector system 
A 4-channel multidetector CT scanner was employed for this study. The scan parameters 
employed were as follows: 1) tube potential, 80 kVp; 2) tube current, 10 mA; 3) total collimation 
width, 32.0 mm (8.0 mm × 4-channel); 4) nominal table feed, 20.0, 36.0, or 48.0 mm/rotation 
(with nominal table feed speed, 26.67, 48.00, or 64.00 mm/s); 5) nominal gantry rotation time, 
750 ms; and 6) nominal scan pitch, 0.625, 1.125, or 1.500. 

A CR cassette (354 mm × 430 mm) installed with a photostimulable phosphor plate (Imaging 
Plate Cassette Type CC and IP ST-VI; FUJIFILM Holdings Corporation, Tokyo, Japan) was 
employed for this study. Thus, the maximum imaging length available was 430 mm for the 
measurement of tabletop travel. This CR system has three “exposure data recognizer” (EDR) 
modes: “auto,” “semi,” and “fixed.” The fixed mode was employed to avoid any raw data 
manipulation by CR system software. Furthermore, the CR images were processed in “fixed 
EDR” mode, with latitude = 4 and sensitivity = 5 using the AVE4.0 test menu, as described 
by Liu et al.(9) 

The Xi solid-state detector (Unfors Raysafe, Billdal, Sweden), which is designed for appli-
cation in conventional radiography and fluoroscopy,(10) was employed for the measurement of 
gantry rotation time. As such, the Xi detector is backed with a lead support to limit the detection of 
backscatter. The signal obtained is sent to a laptop computer wirelessly via Bluetooth (Bluetooth 
SIG, www.bluetooth.com), and data analysis is handled by the “Xi View” software.

B. 	 Measurement of table feed per rotation and gantry rotation time
The CR cassette in conjunction with an antiscatter grid (8:1, 60 l/cm, and focus distance 100 cm; 
Mitaya Manufacturing Corporation, Tokyo, Japan) was placed on the examination table top on 
a 1.0 mm lead plate to pass longitudinally through the isocenter, as shown in Fig. 1. Although 
the CR cassette is installed with a 0.13 mm thick lead support, an additional 1.0 mm thick lead 
sheet was added to minimize the possibility of radiation reaching the photostimulable phosphor 
plate from the back side of the cassette.

A total scan length of over 430 mm was performed to acquire a helical CT radiation profile. 
The photostimulable phosphor plate was processed as described above, and the data were 
exported to a personal computer and analyzed with ImageJ software.(11)

While the helical CT radiation profile was being obtained, the Xi detector was positioned 
face down on the gantry cover, as shown in Fig. 1. Because the Xi detector is backed with a lead 
support to shield it from backscatter, the detector can measure only the primary radiation as the 
X-ray tube passes by the detector at the bottom of the gantry where the detector is located. After 
the data were acquired, the peak times were determined with the “Xi View” software, and the 
gantry rotation time was determined as the time between two successive signal peaks.(8)
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III.	Res ults 

Figure 2 depicts the radiation dose profile from the CR cassette as it was scanned using a nomi-
nal scan pitch of 1.125 and nominal table feed of 36.0 mm/rotation. This figure includes ten 
complete radiation profiles. A feed length of 362.6 mm was measured over ten gantry rotations 
using the plot profile function provided in the ImageJ software. Thus, the actual table feed was 
determined to be 36.3 mm/rotation. 

Similarly, the actual table feed was determined to be 20.1 and 48.3 mm/rotation under the 
nominal table feed of 20.0 and 48.0 mm/rotation, respectively.

The dose rate profile obtained from the Xi detector, after processing with the “Xi View” 
software, is shown in Fig. 3. There are two peaks located at rotation times of 44 and 799 ms, 
respectively. Therefore, the gantry rotation time is determined to be 755 ms. 

Table 1 shows the comparison between the nominal preset values and measured values for the 
parameters included in this study. To obtain the table feed speed, the table feed was divided by 
the gantry rotation time. As a result, the measured table feed speeds under the low, intermediate, 
and high table feed settings were determined as 26.67, 48.10, and 64.07 mm/s, respectively. 

It was a simple exercise to measure the distance between the first and subsequent scan peaks 
derived from the CR cassette, as shown in Fig. 2. After all distances were measured, the nominal 
distances were subtracted from the measured distances to calculate the scanning location error. 
Figure 4 shows the relation between the nominal scan length and scan length error for the three 
table feed speed settings. For all table feed speed settings, the errors increased linearly as a 
function of nominal scan length.

 

Fig. 1.  Experimental arrangement for measurements of table feed per rotation and gantry rotation time. The CR cassette 
was placed on the examination table on a 1 mm thick lead plate to travel through the isocenter longitudinally for the 
measurement of table feed per rotation under the helical scan mode. Concurrently, the solid state detector was positioned 
on the inner bottom of the gantry cover for gantry rotation time measurements.
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Fig. 2.  Illustration of the radiation dose profile and table feed distance under the intermediate table feed setting. The CR 
cassette located at the isocenter was scanned with a nominal gantry rotation time of 750 ms and nominal table feed per 
rotation of 36.0 mm/rotation, with X-ray settings of 80 kVp, 10 mA, 32 mm total collimation width. The table feed length 
over ten gantry rotations is 362.6 mm and the measured table feed per rotation is 36.3 mm/rotation. 

Fig. 3.  Illustration of the detector output signals/peaks using an Xi detector for measurement of the gantry rotation time. 
The Xi detector was located on the inner gantry cover, and the measurements were conducted with a nominal gantry 
rotation time of 750 ms. The two peaks are registered at 44 and 799 ms, respectively. The measured gantry rotation time 
is 755 ms. 

Table 1.  Nominal preset values and measured values for the parameters considered in this study.

		  Table Feed Speed	 Table Feed	 Gantry Rotation Time
	 Table Feed	 (mm/s)	 (mm/rotation)	 (ms)	
	Speed Setting	 Preset	 Measured	 Preset	 Measured	 Preset	 Measured

	 Low	 26.67	 26.67	 20.0	 20.1	 750	 755
	Intermediate	 48.00	 48.10	 36.0	 36.3	 750	 755
	 High	 64.00	 64.07	 48.0	 48.3	 750	 755
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IV.	D ISCUSSION

The table feed speed is an important parameter that CT users have to manipulate when they are 
setting up scanning protocols. The ratio of scan length to scanning duration is used to determine 
the slowest table feed required to image the selected anatomical range within the desired time. 
To make the scanning protocols appropriate, it is important to understand not only the variable 
setting, but also the accuracy of the table feed speed.

In this study, the CR system and solid-state detector were employed to measure the table 
feed and gantry rotation time. The table feed speed was easily obtained by dividing the table 
feed by the rotation time. We believe that our technique is useful to physicists because 1) the 
table feed speed and gantry rotation time can be measured without a time-consuming process, 
and 2) the technique does not require complicated QA tools or software as the CR system and 
solid-state detector are devices familiar to many departments of radiology. The Xi solid-state 
detector was employed to determine the gantry rotation time. Moreover, many detectors with 
a similar temporal resolution are available in the market. Most of these detectors would appear 
to be applicable for assessing gantry rotation time, although no definite claim can be made 
without verification.

The table feed speeds for the three table speed settings were measured successfully with an 
error within 0.1 mm/s. Although the measured values were in excellent agreement with nomi-
nal preset values, the results show that measured table feed speeds were faster than nominal 
settings. On the other hand, the measured gantry rotation time (755 ms) was longer than the 
nominal setting (750 ms). As a result, scan length error was introduced, as shown in Fig. 4. In 
this study, the scan length error increase was approximately linear with nominal scan length 
(0.6%–0.9%). A scanning distance of approximately 400 cm would result in an error of over 
2 mm, as shown in Fig. 4. To reduce the error, strict control of table feed speed and gantry 
rotation time is necessary. Unfortunately, to the best our knowledge, no published studies exist 
that evaluate the impact of table feed error. 

The American College of Radiology published the 2012 CT quality control manual, which 
includes a test of table travel accuracy.(12) The objective of the test is to verify that the patient 
table translates in accordance with nominal settings. A phantom with two sets of external 
fiducial markers of known separation is set on the couch and the distance between the fiducial 
markers as determined by table travel is compared with the known distance. The ACR test 
also does not account for potential variable table feed speeds. Therefore, we believe that to 

Fig. 4.  Relation between the nominal scan length and scan length error. For all table feed speed settings, the errors increased 
linearly as a function of nominal scan length. A scan length of approximately 400 cm would result in an error of over 2 mm. 
Note that the scan length error is the nominal scan length subtracted from the measured scan length.
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maintain the accuracy of table travel, it is important to measure not only the accuracy of the 
indicator, but also the table feed speed accuracy. The ACR recommends a limit of 2 mm (1.7%) 
over the 120 mm length of the phantom for its table travel accuracy test. In this study, the 
measured error over 120 mm scan length was within 1.0 mm (0.8%), which was well within  
the ACR limits. 

It may be necessary that the measurement of table feed speed be conducted with appropriate 
tabletop loading. AAPM Report 83 recommends that scanner table tests be conducted with the 
tabletop loaded with at least 150 lb (75 kg) of distributed weight to simulate a patient.(7) In this 
study, the measurements of the table feed speed were performed without tabletop loading, but 
the same methodology could be performed with table loading, if desired.

Note that this study has two limitations. First, we had no access to a state-of-the art CT 
system having a high table feed speed of up to 430 mm/s. Under these high-speed conditions, 
it would be difficult to measure the table feed speed accurately using the CR system (354 mm 
× 430 mm) employed. A long-view CR cassette and stitching software may be a promising 
technique to overcome this limitation. 

Second, we determined the radiation beam profile at 80 kVp using a CR cassette in accor-
dance with the recommendation of Liu et al.(9) However, the CR photostimulable phosphor 
plate is not an adequate replacement for radiographic films to measure the CT beam profile 
at 120 kVp because the radiation dose is significantly high to delineate a clear radiation 
profile in “fixed EDR” mode with latitude = 4 and sensitivity = 5. Many pixels become 
saturated with the use of such high peak voltages even if the tube current is at its lowest 
setting (10 mA). Theoretically, there could be differences in the actual beam width of the 
radiation profile produced at 120 and 80 kVp; however, we believe that the scan length per  
rotation is invariant.

 
V.	 Conclusions

Despite some limitations, we proposed a simple noninvasive method for the measurement of table 
feed speed in modern commercial CT systems. We showed that measurements of CT scanner 
table feed speed can be accomplished with a CR system and solid-state detector. In addition, 
it is noteworthy to point out that the measurement results of table feed speed are in excellent 
agreement with the nominal preset values. However, the measured gantry rotation time in this 
study is higher than the nominal setting by 5 ms. Slower gantry rotation caused a scan length 
error that increased linearly as a function of the nominal scanning length. 

Finally, the data suggest that clinical medical physicists should consider adding periodic 
assessment of the accuracy and precision of the table feed speed to their QA program and 
consider this in their QC testing, where and when applicable.

 
References

	 1.	Zeman RK, Fox SH, Silverman PM, et al. Helical (spiral) CT of the abdomen. AJR. 1993;160(4):719–25.
	 2.	Kalender WA and Polacin A. Physical performance characteristics of spiral CT scanning. Med Phys. 

1991;18(5):910–15.
	 3.	Sun Z, Choo GH, Ng KH. Coronary CT angiography: current status and continuing challenges. Br J Radiol. 

2012;85(1013):495–510.
	 4.	Flohr TG, Leng S, Yu L, et al. Dual-source spiral CT with pitch up to 3.2 and 75 ms temporal resolution: image 

reconstruction and assessment of image quality. Med Phys. 2009;36(12):5641–53.
	 5.	 International Electrotechnical Commission (IEC). Medical electrical equipment. Part 2-44: Particular require-

ments for the safety of x-ray equipment for computed tomography. IEC publication No. 60601-2-44, edition 2.1. 
Geneva, Switzerland: IEC; 2002.

	 6.	Lin PJ, Beck TJ, Borras C, et al. Specification and acceptance testing of computed tomography scanners. AAPM 
Report No. 39. Report of Task Group 2 Diagnostic X-Ray Imaging Committee.  NY: American Institute of Physics; 
1993. Retrieved Aug 1, 2013 from http://www.aapm.org/pubs/reports/rpt_39.pdf



281    Fukuda et al.: Measurement of table feed speed in CT	 281

Journal of Applied Clinical Medical Physics, Vol. 15, No. 3, 2014

	 7.	Mutic S, Palta JR, Butker EK, et al. Quality assurance for computed-tomography simulators and the computed-
tomography-simulation process: report of the AAPM Radiation Therapy Committee Task Group No. 66. Med 
Phys. 2003;30(10):2762–92.

	 8.	Fukuda A, Lin PJ, Matsubara K. Miyati T. Measurement of gantry rotation time in modern CT. J Appl Clin Med 
Phys. 2014;15(1):4517.

	 9.	Liu HL, Liu RR, Reeve DM, Shepard SJ, Willis CE. Measurement of CT radiation profile width using CR imaging 
plates. Med Phys. 2005;32(9):2881–87.

	 10.	Fukuda A, Miyati T, Matsubara K. Where should we measure the entrance air kerma rate during acceptance 
testing of the automatic dose control of a fluoroscopic system? Radiol Phys Technol. 2013;6(2):313–16.

	 11.	 ImageJ [website Home Page]. Note: ImageJ is available as free software. Retrieved Aug 1, 2013 from http://
rsbweb.nih.gov/ij/

	 12.	Cody DD, Pfeiffer D, McNitt-Gray MF, Ruckdeschel TG, Strauss KJ. CT quality control manual. Reston, VA: 
American College of Radiology; 2012.


