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Purpose: To manage radiation measurement equipment, a web-based management program has 
been developed in this study.

Materials and Methods: This program is based on a web service and Java Server Pages (JSP) and 
employs compatibility and accessibility. 

Results: The first step in the workflow has been designed to create accounts for each user or 
organization and to log in. The program consists of two parts: fields for listed instruments, and 
measurement information. The instruments for measuring radiation listed in this program are as 
follows: ionization chambers, survey meters, thermometers, barometers, electrometers, and 
phantoms. Instrument properties can be put in the recording fields and browsing for associated 
instruments can be performed. The main part of the program is the cross-calibration for each ion 
chamber. For instance, the ionization chamber to be used as a relative dosimeter can be registered 
by cross-calibration data with a reference chamber calibrated by an accredited laboratory. This 
program supports methods using the central axis transfer theory for cross-calibration for the 
ionization chambers. The reference and field ionization chambers were placed in a solid water 
phantom along the beam central axis at two different depths, and then the positions were 
switched. Each measured value was used for calculating the cross-calibration factor.

Conclusions: Because many instruments are used and managed in radiation oncology 
departments, systematic, traceable recording is very important. The web-based program 
developed in this study is expected to be used effectively in the maintenance of radiation 
measurement instruments.
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Introduction

Nowadays intensity-modulated radiation therapy (IMRT) 

became the dominant method for delivering radiation 

therapy to patients and the safety of radiation therapy be-

came essential. Therefore the importance of the record 

related to the radiation therapy to patients and the quality 

assurance (QA) are emphasized1,2) In addition, the impor-

tance of calibration and record of radiation measurement 

instrument is also issued. The ionization chamber and the 

electrometers are the representative instrument requir-

ing the calibration. And also the thermometers and the 

Progress in Medical Physics  30(2), June 2019
https://doi.org/10.14316/pmp.2019.30.2.59

eISSN 2508-4453

PMP 



 So Hyun Park, et al：Development of a Web-Based Program for Cross-Calibration60

www.ksmp.or.kr

baro meters, are needed to be calibrated. Many reports re-

commend that the quality assurance and the calibration 

of the instruments are to be performed periodically.3-5) Es-

pecially, the annual quality assurance must be checked by 

using the calibrated instrument. The department of radia-

tion oncology generally has many instruments of radiation 

measurement. However, to calibrate every instruments are 

difficult due to economic and calibration period reasons 

in most of clinics. Therefore, the protocols such as TRS-

398 recommend using cross calibrated instrument about 

reference calibrated by secondary standard dosimetry 

labo ratory (SSDL).3) Cross calibrated instruments also have 

the advantage of replacing the reference measurement in-

strument during calibration period. These instruments are 

important to consider traceability and easy management 

for efficient use. Each institution maintains its instrument 

through a separate form. Therefore, if the management 

system for radiation measurement instrument is easy to 

use and can be used integrally, it will not only be possible 

to cross-check the instrument by each institution, but also 

it will be easy to maintain.

Therefore, we developed web-based programs to sim-

plify complex cross calibration and to maintain radiation 

measurement instrument. 

Materials and Methods

1. Development environment and configuration

The program was built with JSP (Java Server Pages) lan-

guage based on web service considering compatibility and 

accessibility. Developed program were composed of the 

session related to recording of measurement instrument 

and a cross calibration shown as Fig. 1.

2. The session of the measuring equipment 

In the Measuring Equipment session, every instrument 

listed its period of calibration, recording and management. 

Each instrument can be configured to be able to record 

certification, calibration reports and necessary information 

for each instrument. 

3. The session of the cross-calibration

The central axis transfer method proposed by Luc 

Serré was applied for the cross calibration.6) The ioniza-

tion chamber for field to be crossly used in clinical was 

calibrated by the ionization chamber for reference which 

was calibrated by accredited institution. We supposed the 

measurement environment as source-to-surface (SSD) of Fig. 1. Diagram of web-based program configuration.

Fig. 2. The central axis transfer me-
thod, the positions of the reference 
and field ionization chambers are 
changed. The same MU is delivered 
for each condition.
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100 cm and field size of 10×10 cm2. The reference and field 

ionization chambers were respectively inserted along the 

beam central axis at two different depths in the Solid Wa-

terTM phantom. Radiation doses of same monitor unit (MU) 

were irradiated twice and the measured values of each 

chamber were read and averaged. And then, the depth of 

both ionization chambers was switched and the process 

of previous irradiation and reading was repeated as shown 

Fig. 2. According to the theory of the central axis transfer, 

the absorbed dose to water calibration factor for the field 

ionization chamber is given by the following relationship: 




 )()N( Co60
W,D Eq.1

Fig. 3. Program form of (a) the main 
screen and contents list (b) the registra-
tion window.

Fig. 4. The total list and the registration form of ionization chamber.

Fig. 5. The registration sessions for (a) survey meter, (b) thermometer, (c) barometer, (d) electrometer, and (e) phantom and etc.
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Where, (Mc)ref and (Mc)field are the mean of the values at 

the top and bottom position of the phantom for field and 

reference ionization chambers, respectively. )N( Co60
W,D  and 

)(  are the absorbed-dose-to-water calibration factor 

for the field and reference chambers. (kQ)ref and (kQ)field are 

quality factors. 

In this study, the cross calibration factor was defined by 

the ratio between (Mc)ref and (Mc)field.

Results and Discussion

The web-based program was developed to facilitate the 

maintenance by simplifying the complex cross calibration 

by constructing the data of the measurement instrument 

in the clinical site. The program was designed to access the 

program through subscription so that the list of instrument 

can be managed by each user or organization. After creat-

ing account, user can easily access with his/her ID and PW 

on the main screen as shown Fig. 3a. Through the whole 

view, it was made easy to figure out the status of the mea-

surement instrument possessed by each institution and to 

maintain the records in Fig. 3b.

Fig. 4 shows the session for registering calibration and re-

cording instrument in the program. Registered instruments 

were classified as ionization chamber and detector, survey 

meter, thermometer, barometer, electrometer, phantom, 

and other instrument according to their use and manage-

ment characteristics. The registration session of ionization 

chamber includes the basic information with the manage-

ment number and serial number. And also, information of 

ionization chamber includes the diameter and operating 

voltage that should be considered when measuring doses 

to enhance program usability. In the lower section, a cali-

bration report issued by an accredited calibration labora-

tory or user institution can be attached as a PDF file. There 

are other additional functions to browse the list and to add 

pictures of the instrument for easy management. In Fig. 5, 

Table 1, and Table 2 show the detail information of each 

instrument.

Fig. 6 shows the cross calibration session. In the first step 

of cross calibration, the date and instrument for cross cali-

bration are selectable though the management number. In 

Table 1. Common list for measurement equipment

Management number Asset number

Serial number Name of goods

Model name Manufacturer

Acquisition date Calibration date

Calibration factor Calibration institution

Table 2. Each list for measurement equipment

Equipment List

Ionization 
chamber

Measurement uncertainty, temperature, pressure, 
voltage, diameter of ionization chamber, 
calibration factor

Survey 
meter

Measurement uncertainty, temperature, pressure, 
average calibration factor, reference dose rates, 
calibration factor

Thermo-
meter

Measurement uncertainty, temperature, pressure, 
reference value, corrected value, reading value

Barometer Calibration temperature, calibration pressure, 
measurement pressure, reading pressure

Electro-
meter

Measurement uncertainty, temperature, pressure, 
calibration factor

Phantom etc. Composition, calibration history

Fig. 6. Step session for cross-calibra-
tion procedure. (a) common data, (b) 
each data, and (c) file data.
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the second step, the temperature and pressure at the time 

of measurement and the reading values of each ion cham-

ber at two depths are recorded. In the FILE DATA session, 

the calibration procedure and the final results for the certi-

fication are recorded.

Conclusion

The department of radiation oncology has a lot of infor-

mation of radiotherapy machines, and various radiation 

measurement instruments. Recording and management of 

them are also closely related to efficient and accurate ra-

diation therapy. Although automated recording and man-

agement of patient information such as electronic medical 

records (EMR) system has been used in most hospitals, da-

tabases and management systems for radiation measure-

ment instrument are not use by every institutions.7-9) 

The web-based program for the recording of the radia-

tion measurement instrument developed in this study is 

advantages in that the user can easily input information 

and trace it according to the instrument. The program can 

be also accessed anywhere because it is based on the web. 

In addition, it is advantageous that the ion chamber can be 

more easily managed for the cross calibration. 
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