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ABSTRACT 
 
One of the most important physical quantities to be evaluated in diagnostic radiology is the radiation exposure 
time experimented by the patient during the X-ray examination. IAEA and WHO organizations have suggested 
that any country must create a quality surveillance program to verify if each type of ionizing radiation 
equipment used in the hospitals and medical clinics are in conformity with the accepted uncertainties following 
the international standards. The purpose of this work is to present a new high precision methodology for 
measuring true exposure time in diagnostic X-ray examinations: pulsed, continuous or digital one. An electronic 
system named CronoX, which will be soon registered at the Brazilian Patent Office (INPI), is the equipment 
that provides such a high precision measurement. The principle of measurement is based on the electrical signal 
captured by a sensor that enters in a regeneration amplifier to transform it in a digital signal, which is treated by 
a microprocessor (uP). The signal treatment results in a two measured times: 1) Trx, the true X-ray exposure 
time; 2) Tnx, the time in which the X-ray machine is repeatedly cut off during the pulsed irradiation and there is 
no delivery dose to the patient. Conventional Polymat X-ray equipment and dental X-ray machines were used to 
generate X ray photons and take the measurements with the electronic systems. The results show that such a 
high precision instrumentation displays the true exposure time in diagnostic X-ray examinations and indicates a 
new method to be purposed for the quality surveillance programs in radiology.  
 
 
 

1. INTRODUCTION 
 
The radiation exposure time, which the patient is undergoing to the X-ray examination, is one 
of the most important physical quantities to be evaluated in diagnostic radiology [1]. 
Although several types of diagnostic procedures need a short time interval, (ms, for example), 
the photonic intensity of the ionizing radiation can reach stronger values and the delivery 
dose could considerably be high. In fact, it is the reason that cause worries to the international 
organizations (IAEA, ICRP and WHO) and they have published some concepts and rules to 
be followed by the institutions that use ionizing radiation as a tool to make diagnosis 
procedures [1-3]. However, there are not many types of electronic systems dedicated to 
measure such a radiation exposure time (e.g. Thin-X system), mainly for the pulsed X-ray 
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equipment frequently used in dental radiology. Actually, for such a type of evaluation, the 
Thin-X system gives information about whole time in which the X-ray machine is turned on 
(Ton) instead the true exposure time: it takes the number of pulses, N, and calculates the 
exposure time, T, multiplying by a constant, Cte=1/f, where f is the frequency of the 
commercial alternate current (110 or 220 V AC). Unfortunately, as the readout depends on the 
frequency (50 or 60 Hz) and also the photon intensity, which varies following the exposure 
time set, errors can happen frequently. Then, Thin-X system shows T=N·Cte which consists 
of a poor accuracy measurement. The purpose of this work is to present a new high precision 
methodology for measuring true value of the exposure time in diagnostic X-ray examinations. 
The innovation is based on the treatment of the electrical signal captured by a sensor that 
enters in a regeneration amplifier. The analog signal is then digitalized by a microprocessor, 
which is the main element to analyze the signal and chronometer the true exposure time.  
 
 
 

2. MATERIALS AND METHOD 
 

2.1.  Electronic systems  
 
The main electronic system of this work, called CronoX, consists in an innovative electronic 
circuit developed at the Laboratório de Instrumentação Nuclear (LIN) at CRCN-NE/CNEN. 
The CronoX system [5] is based on the analysis of the electrical signal captured by a 
semiconductor sensor. The analog signal enters in a regeneration amplifier to transform it in a 
digital signal, which is treated by a microprocessor (uP). The signal treatment results in two 
measured times: 1) Trx, the true X-ray exposure time; 2) Tnx, the time in which the X-ray 
machine is repeatedly cut off during the pulsed irradiation and there is no dose to the patient. 
Actually, the details are not presented here due to patent registration secret. However, the 
CronoX system can be seen in Fig. 1 and the screen of the computer program in Fig. 2. 
 
 
 

 
 

Figure 1:  CronoX system with the two faces of the printed circuit boards. 
 
 
 



INAC 2013, Recife, PE, Brazil. 
 

 
 

Figure 2:  Screen of the computer program used to acquire the true value of the 
measured exposure time from the CronoX system. 

 
 
The second equipment used to measure the exposed time by a patient is in Fig. 3, Thin-X 
electronic system, developed by UNFORS [4]. Thin-X is one of the most modern instrument 
traded on the world market, however the measured time is based on the pulse count technique 
for dental X ray machine. In fact, the Thin-X readout consists of a poor accuracy 
measurement because it takes number of pulses, N, and calculates the exposure time, 
T=N·Cte, where Cte=1/f, and f is the frequency of the commercial alternate current. 

 
Figure 3: Thin-X system, UNFORS. 

 
 
To compare the readout of the two electronic systems presented above we have chosen the 
TDS2024B Tektronix oscilloscope (Fig. 4), which was calibrated against the Rubdium 
Atomic Clock, Fluke 910R, at the Laboratório de Instrumentação Nuclear do Centro regional 
de Ciências Nucleares do Nordeste (LIN/CRCN-NE/CNEN). Such a clock is a secondary 
metrology standard system and it has the uncertainty less than 2 ps. 

 
 

      
 
Figure 4: Reference systems for measuring the true X ray exposure time: a) TDS2024B 

osciloscope, Tektronix; b) Rubdium atomic clock, Fluke 910R. 
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2.2.  X ray equipment 
 
Polymat Plus 30/50 clinical X ray diagnostic equipment was used to take measurements of 
the continuous radiation exposure time (Fig. 5). On the other hand, a Spectro II dental X ray 
equipment was used for measuring the pulsed radiation exposure time as shown in Fig. 6.   

 
 

 
 

Figure 5: The clinical X ray diagnostic equipment used for measuring continuous 
radiation exposure time. 

 
 

 
 

 
 

Figure 6: Dental X ray equipment used for measuring pulsed radiation exposure time. 
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2.3.  Methodology 
 
First of all, the signal generated by the Rubidium Atomic Clock was injected into the 
oscilloscope input aiming to obtain a correction factor. A photodiode in series with a 30MΩ 
resistor was used to measure the true radiation exposure time with the oscilloscope.  
Basically, the method of measurement consists to set the X ray machines for some exposure 
times to compare the readout from each used electronic system: CronoX, Thin-X and the 
oscilloscope. For each exposure time five readings were performed to make statistics: 
average and uncertainties. 
 
Exposure times from 50 ms up to 200 ms were set for measuring continuous X ray. In this 
case, the parameters of the clinical X ray machine was set to be 73kV and 117kV potentials, 
both at 16 mAs, via its digital panel.  
 
For pulsed X rays photons, which has a fixed 90kV potential, we choose times: 50, 100 and 
200 ms. In this case, each time is set via its graduated scale with an analog potentiometer and 
for that reason the values of the exposure times have approximate values.  
 
 

3. RESULTS  
 
The first result to be presented is the oscilloscope correction factor, fc=1.000001, obtained 
from the comparison with the Rubdium Atomic Clock. Actually, the oscilloscope guarantees 
that such an instrument is sufficiently accurate to take time readings and consequently be 
used as the reference instrument. 
 
Table 1 displays the readout of the oscilloscope, CronoX and Thin-X for selected continuous 
X ray exposure times. In a comparison between the electronic measurement systems with the 
reference instrument, one can observe that both systems provide uncertainties less than 1% 
for both set kilovoltages in almost all cases. The main difference between CronoX and Thin-
X, for continuous radiation exposure times, is the fact that the former has 0.1 ms resolution 
and the second one has 1 ms resolution. In fact, taking the 50 ms nominal time, each Thin-X 
readout was exactly 52 ms for the 5 readings and this sequence of values yields an 
uncertainty to be equal to 0.0 ms.  
 
 

Table 1:  Results for continuous X ray exposure times in mili-seconds (ms).  
 

 Nominal Oscilloscope CronoX Thin-X 

73 kV 

50 52.1±0.2 52.3±0.2 52.0±0.0 
100 107.0±0.0 106.8±0.6 106.2±1.8 
160 170.0±0.0 170.0±0.4 172.0±0.0 
200 214.1±0.5 214.1±0.8 215.0±2.4 

117 kV 

50 52.4±0.0 52.8±0.3 52.0±0.0 
100 107.0±0.0 107.5±0.3 107.2±0.4 
160 171.4±0.9 172.1±0.7 173.2±0.4 
200 214.4±12.2 215.3±0.7 215.0±0.9 
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Table 2 displays the readout of the oscilloscope and CronoX for selected exposure times with 
the pulsed X ray equipment. The data correspond to the time interval between the rise of the 
first pulse until the fall of the last pulse here called Ton (X Ray turned on). The data from 
Thin-X missing in Table 2 stems from the fact that the Spectro II X ray equipment did not 
provide enough radiation intensity to sensitize the instrument like (Fig. 7). Table 3 displays 
some data from Thin-X system for readings obtained with 100 ms exposure time.  
 
 

Table 2:  Some results for pulsed X ray exposure times in mili-seconds (ms).  
 

 Nominal Oscilloscope CronoX Thin-X 

90kV 
50 53.5±0.7 53.5±0.6 - 
100 103.2±1.3 103.3±1.1 82.5±13.6 
200 198.0±9.4 201.8±1.0 - 

 
 
 

Table 3:  Thin-X results for pulsed X ray exposure times.  
 

Nominal 
time (ms) 

Number of 
pulses 

Thin-X 
readout (ms) 

100 

7 104 
6 87 
5 71 
5 71 
5 71 
5 71 
5 71 
7 104 
6 88 
6 87 

 
 
 
 

 
 

Figure 7: Error in Thin-X readout because of the low intensity of the X ray photons. 
 
 
The signals presented in Fig. 8 correspond to two acquisitions with the oscilloscope and they 
show how the analog and digitized signals are. One can observe that Tns time is greater than 
Trx time, which represents the moment when the X ray equipment is generating photons. Note 
that the analog signal has the first pulse with the amplitude more weak than the others and it 
can perform an error in the Thin-X readout. Actually, the true total exposure time is the sum 
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of the time of each pulse, which can vary randomly. For this example (digitized signal), Thin-
X system gives 67 ms which corresponds to N·Cte (=5·16.7) whereas CronoX provides the 
true exposure time: 19.1 ms. Thus, from the computer program of the CronoX system the 
Table 4 was created to show Trx times for each set nominal time in the Spectro II X ray 
equipment.  
 

 

          
 

Figure 8: signals captured by the oscilloscope: analog and digitized. 
 
 
 

Table 4:  CronoX results for pulsed X ray exposure times.  
 

Nominal 
time (ms) 

Number of 
pulses Tnx (ms) Trx (ms) Ton (ms) 

50 

4 34.9±0.1 19.1±0.1 54.0±0.2 
5 37.5±0.1 22.4±0.1 59.9±0.2 
4 34.7±0.1 19.0±0.1 53.7±0.2 
5 37.4±0.1 18.6±0.1 56.0±0.2 
4 35.0±0.1 18.9±0.1 53.9±0.2 

100 

7 70.3±0.1 31.2±0.1 101.5±0.2 
6 57.9±0.1 28.6±0.1 86.5±0.2 
7 70.4±0.1 31.0±0.1 101.4±0.2 
6 58.1±0.1 28.8±0.1 86.9±0.2 
6 57.8±0.1 29.2±0.1 87.0±0.2 

200 

10 121.4±0.1 47.9±0.1 169.3±0.2 
13 156.7±0.1 62.1±0.1 218.8±0.2 
10 121.6±0.1 47.3±0.1 168.9±0.2 
10 122.2±0.1 47.4±0.1 169.6±0.2 
11 134.4±0.1 50.6±0.1 185.0±0.2 

 
 

The Table 4 clearly shows that there is a great discrepancy between Trx, the true value of the 
exposure time, and Ton, the time in which the dental X ray equipment is turned on. Thin-X 
system always provides readout quantized in multiple of Cte constant value and consequently 
a poor resolution for pulsed X ray machines. On the other hand, CronoX system can provide 
a high resolution readout and the data can be used to estimate the real dose in which a patient 
will receive when undergoing dental X ray examinations. 
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4. CONCLUSIONS  
 
In this work, we have analyzed the exposure times for continuous and pulsed X ray machines 
using three electronic systems: CronoX, Thin-X and an oscilloscope, which is the reference 
for us. The results show that both systems can provide precision measurements if the X ray 
equipment is a continuous type. However, Thin-X system has a poor resolution and 
consequently a great discrepancy occurs for measuring photons from a pulsed X ray. On the 
other hand, CronoX system presents a greater resolution than Thin-X in this case and it can 
measure the true value of the exposure time for pulsed X ray machines with high resolution 
and precision. Actually, this work can suggest that the more accurate method is used to assess 
the exposure time of X-ray machines, mainly for that one which works in pulsed mode. 
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