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Abstract: 

The paper discusses a mobile device based application software for performing calculations 

required in industrial film radiography using radioisotope sources. The application enables 

the user to find residual life of a radioactive source, saving multiple source details in the 

phone memory, exposure time calculation required in gamma radiography and running 

multiple countdown clocks for accurate and convenient counting of exposure time. The 

application is also able to provide vibrating and audio alarms when the countdown finishes, 

automatic SMS facility to multiple users informing details of low activity sources in custody 

and cordon-off distances for open-source radiography. The application has been developed to 

work under Android, I-phone (Apple), Blackberry (RIM), Windows, Symbian operating 

systems and J2ME enabled feature phones. A simplified version of this application with 

limited features runs on java enabled low-cost mobile phones and tablets. 

  



Introduction 

A search of the existing app leads to a few on android app store that calculate the residual life 

of a radioactive gamma source [1] using the law of exponential decay. One of the apps which 

comes the closest to our application has the features of exposure time calculations and a 

single timer setting [2]. The same application is also available on blackberry app store [3]. 

Windows phone application store has an app which converts the different units used in 

connection with radioactive contamination under the name of “Radioactivity Calculator” 

which is not relevant in this discussion [4]. J2ME application can be uploaded generally on 

the web and need not be ‘registered apps’ and therefore it’s difficult to keep track of them all. 

However a general Google search on J2ME apps did not yield any application on this line. 

Our review is restricted to English language apps.  

Majority of the film radiography work carried out on the field requires frequent calculation of 

some parameters related to radioisotope source. Current activity of the source, duration of 

exposure, cordon off distance during an open field radiography etc. These calculations are 

based on different properties of the radioisotope source and the sample under inspection. 

Besides, these calculations are required to be done very frequently on the field. Any human 

error in calculations leads to insufficient or overexposure and consequently rework. Errors in 

calculating current activity of a radio-isotope and exposure time can cost a lot in terms of 

unnecessary exposure to radiations, loss of man hours, logistics like extra films and 

processing chemicals, delays in completion of work etc. It reflects badly on the overall 

quality of work and results in inefficient use of human resource. An operator may not always 

have the data like half life, Half Value Thickness (HVT) and RHM etc readily available 

especially for isotopes and specimen that are not frequently used by them. In this paper we 

present an efficient and accurate method of calculating such parameters using the handheld 

smart phones. ‘YaKsha’ is a smart phone app which enables its user to calculate current 

activity and lets the user store the data related to different sources in possession to reduce 

calculation time and effort subsequently and provide better data logistics for other purpose 

like repositing radioactive source when activity is lower than optimal. A mobile phone based 

software application developed for performing such and few other routine calculations related 

to radiography testing when all necessary geometrical and other details are available. The 

application is a step forward in increasing convenience and accuracy of calculations by 

reducing the element of human errors and the resulting wastage of man-hours in reshooting 

and film processing.  



Mobile phone, in general, falls into three broad categories: basic phones, multimedia phones, 

and smart phones, progressing from 2G (second generation) into 3G (third generation) 

technology. Similarly, a tablet computer, or simply tablet, is a one-piece mobile computer.  

Smart phones and tablets represent a substantial share of mobile market today and it is 

expected to increase manifolds according to market experts. With that the demand for mobile 

phone application in different spheres of work and life is increasing. The convenience of 

computer, laptop is now being ported to handheld cell phones. These devices typically have 

high-resolution touch screens with finger or stylus gestures replacing the 

conventional computer mouse. The mobile operating systems (OS) used by modern smart 

phones include Google's Android,  Apple's iOS,  Nokia's Symbian,  RIM's BlackBerryOS, 

Samsung's Bada, Microsoft's Windows Phone, Hewlett-Packard's webOS, and embedded 

Linux distributions such as Maemo and MeeGo. This application is developed to work on 

such devices. There are two different versions of the app. The smart phone version is 

developed on java platform using Codename One [5]. Codename One is a set of tools for 

mobile application development that derive a great deal of its architecture from Java. It stands 

both as the name of the start-up that created the set of tools and as a prefix to the distinct tools 

that makes up the Codename One product. It is an open source and free for all development 

tool which builds applications for Android, iOS, Blackberry, Windows phones and J2ME. A 

simpler version of the same app, with limited features, works on non-touch screen; java 

enabled low cost mobile phones. The personalised nature of these devices enable information 

specific to individual use more portable and easily accessible. The idea of this app also 

embodies the concept of an efficient logistics of the available radioactive resources with an 

individual. 

 

Functions and Features 

The main menu screen or form of the app is shown in figure 1a below. The user can choose 

for among the options available by touching the particular icon. In case of non-touch feature 

phone app, as shown in figure 1b, there is a single form for all calculations and the values can 

be selected using navigation button on the phone and values are entered using the keypad.  



 

  

As is known, the current activity of the radioisotope source is an exponential function of 

time. The normal practice followed is to calculate the current activity based on the known 

activity on a particular day. Normally activity of a source and the date of its loading are 

imprinted on the radiography exposure device which is used by operators to find the current 

activity. In ‘YaKsha’ it has been assumed that the source is loaded at 1200 hours i.e. 

afternoon and the total time elapsed in millisecond between the ‘date of loading’ till the 

moment of use is calculated. Half life used for the different radio-isotope source is 

documented in table 1.  

The current activity is calculated by a simple and well known expression in equation 1.  
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         (1) 

Where, 

A = Activity after time T; 

A0 = Initial activity at time = 0; 

T = time between time = 0 and the instance when activity is to be calculated; 

(a)          (b) 

Fig. 1: Home screen of the ‘YaKsha’ app a) Smart phone version b) Feature phone version 



Figure 2 and figure 3 below show the form for calculations of current activity in both 

versions. 

 

 

This evaluation, albeit simple, requires use of calculators or other standalone apps, rulers etc  

which perform the limited task of activity calculations. Calculations could be erroneous and 

other sources require frequently referring to the device for noting the activity and time 

details. Manually finding time T in this equation is a tedious task and it is calculated 

generally as total number of days from the date of source loading imprinted on the exposure 

device also known as radiation camera. Using this app one only needs to put the date of 

loading and activity at the time of loading (A0) once and save it to the memory so that the 

current activity is displayed just by recalling the source. The activity estimations are accurate 

because total milliseconds elapsed between the midday i.e. 1200 hrs of the date of loading to 

current time are used in the above formula.  

Fig. 2: Form for finding current activity in feature phone app 

Fig. 3: Form for finding current activity of a radioisotope in the smart phone version. 



Exposure time for radiography shot is commonly evaluated using the following 

expression.[6]  
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       (2) 

Where,  

t = time in minutes; 

F.F. = film factor = exposure in roentgen required to get optical density = 2 on a film with 

standard processing; 

SFD = source to film distance in cm; 

thk = specimen thickness; 

RHM = roentgen per hour per curie at 1 meter from given radio-isotope source; 

A = current activity of source;  

It is a common practice in the industry to use SFD in cm and specimen thickness or job 

thickness in mm. The exposure time is routinely measured in minutes as in eq. (3).   
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       (3) 

Fig. 4:  Exposure time form for smart phone and feature phone app respectively. 



In this app one has to only feed the film factor, SFD and specimen thickness to evaluate 

exposure time. The simulator output is shown for exposure time calculation in figure 4. The 

source activity is required if the source is not already in the memory and exposure time is 

available at the touch of a button. A timer can be started with countdown clock which is 

displayed on a separate form. This enables use of the app for additional calculations while the 

timer runs in the background. Multiple timers can be set with the respective source ids tagged 

to each clock for identification as shown in figure 5. 

 Cordon off distance depends on factors like workload, human occupancy, public dose limit, 

type of radioisotope and its activity. The equation to evaluate cordon off distance is derived 

from the following equation. 

 
  

  
 

Where, 

D = cordon off distance in meter; 

Work load = hours of work per week; 

A = Activity of source; 

RHM = roentgen per hour per curie at 1 meter from given radio-isotope source; 

OC factor = Occupancy factor; It is a fraction based on human occupancy in the area where 

radiography is being done. OC Factor is 1 for ‘full’ occupancy, 0.25 or (¼) for ‘partial’ 

occupancy and 0.0625 or (1/16) for ‘occasional’ occupancy. 

 

Fig. 5: Multiple timers with source-id tag in YaKsha 



 

Fig 6: Cordon Off distance for open field radiography using the app 
 

Public dose limit = weekly permissible dose limit taken as 2mR or (1mSv/year) in this case. 

The distance obtained above is without any collimation and can be suitably modified when 

directional collimators are used. The screenshot is shown in figure 6. 

 

Other Features 

The app has several useful features listed below, 

1. One can store the source available in radiography cameras with its serial number and 

other details like the type of isotope, source loading date, activity at the time of 

loading. This information is stored as a file in the phones storage memory which can 

be set by the user to a memory card in case the inbuilt device memory is not 

sufficient. The total bytes for such storage are negligible. The saved source appears in 

a list on every form and can be conveniently recalled for any calculations like 

exposure time, open field cordon off distance etc.  Practically any number of such 

sources can be saved providing a good data logistics. 

2. Periodically the entries can be deleted and re-entered when new source is loaded in 

the same camera.  

3. Multiple timers can be started using the exposure time form. Each timer is identified 

with the corresponding source id in a timer list. The clocks run simultaneously and 

they are displayed on a separate form. For each timer a vibration alert is sounded 



when 10 % of the total duration is remaining. The timer stops itself with a slightly 

longer vibration alert on completion. All the timers can be forced to stop at once in 

case required by pressing a Stop All Timers button. 

4. A radiography company has more than a few exposure devices which need to be 

periodically monitored for loading new source when the original source activity 

reduces below an optimum value. ‘YaKsha’ has the provision to check the current 

activities of all the saved sources on the press of a button so that an SMS is sent to 

five different numbers informing about the sources whose current activity is below a 

certain value set by the user.   

The user can choose any value considered as optimum value for reloading an 

exposure device with new source. The phone numbers can be stored and edited in the 

SMS settings form shown in figure 7. This feature can be useful to the regulatory 

authorities as well, since they can initiate suitable actions when they receive such a 

message and the company concerned is unable to take necessary action within a 

stipulated period of time. Similarly, the agency responsible for source replacement 

can get advance intimations for an oncoming demand. The administrative staff can 

organise necessary transport and documentations with such advance intimations so 

that unintentional delays are avoided.  

 

Fig 7: Form for SMS settings and automatic source inventory check 

 



Smart phones are becoming increasingly internet friendly but the sites where a radiography 

operator has to work may not have easy access to the web and therefore this app is designed 

to be self sufficient and not dependent on internet or any telecom signals. 

The feature phone version of the application is designed to work on almost all low cost java 

enabled phones. It enables determination of current activity of a source, exposure time 

calculation. Being an app for low cost feature phones the other features have been omitted 

because they may hinder with the basic functionalities of the app. The authors have not come 

across any such app for low cost handheld devices during their search.  

Data Table: 

The data used for all calculations is tabulated below and taken from [7]. 

 

Table 1 : Data used in the application [7]. 

Sr. 

No. 
Radioisotope 

Half Life 

(days) 
RHM* 

HVT of Material under Inspection (cm) 

Lead Steel Aluminium Concrete 

1.  
Iridium 

(Ir-192) 
74 0.518 0.24 0.92 2.64 2.98 

2.  
Cobalt 

(Co-60) 

5.3*365=

1934.5 
1.332 1 1.66 4.65 5.2 

3.  

Caesium 

(Cs-137+Ba-

137mc) 

30*365=1

0950 
0.3515 0.53 1.19 3.35 3.77 

4.  
Selenium 

(Se-75) 
119.8 0.518 0.12 0.62 1.79 2.01 

5.  
Thulium 

(Tm-170) 
128.6 0.01776 0.03 0.18 0.51 0.57 

6.  
Radium 

(Ra-226) 

1.6x103*3

65= 

584000 

0.00814 0.09 0.48 1.4 1.58 

7.  
Ytterbium 

(Yb-169) 
32 0.3626 0.06 0.3 0.87 0.97 

*RHM- roentgen per hour at one meter for one curie source. 



 

Testing and demonstration 

The codename one platform for building mobile phone application has a proven test record 

on multiple smart phone OS. This includes iOS, Blackberry, Android, J2ME, Symbian (using 

J2ME build) and Windows phones. Currently there are a number of different applications 

running on different devices including smart phones, tablets etc. The current application is 

tested on Android OS driven devices like Samsung galaxy y. Extensive testing is undertaken 

and reviews are being received as we write this report. Users may report issues to the authors 

for corrections in case of individual handsets returning errors or exceptions. Majority of the 

other devices running on similar OS are working fine.  

The feature phone application has been tested on a wide range on handheld devices viz. 

phones including Nokia C6, Nokia 6330, LG GD510, Micromax X650, Samsung 5620, etc. 

No problems have been reported so far from any of the above models. These tests can be 

taken as an indication of the viability of the app to run on almost any java enabled handset. 

Conclusion 

A personalised, portable handset based software application running on java had been built. 

The app can do routine calculations involved in film radiography using radioisotope sources. 

It provides an efficient method of storing information related to radioactive sources with an 

individual in his personal digital device for easy access at any time and any place. The 

convenience offered can enable the safety officers to divert more time and resource towards 

ensuring radiological safety, security and efficacious use of radioactive isotopes in their 

custody. 

Disclaimer: 

YaKsha’ is developed for the convenience of the radiography operators. In our observation 

we found that there are variations in the data like half life, RHM, half value layer thickness 

etc from different sources of information. Estimation of correct exposure time depends on the 

knowledge of all these variables along with field conditions like scattering radiations among 

others. The use of the app is therefore discretionary in nature.  
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