
                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                   
 
 
 
 
 
 
 
 
 
 

 

DIGITAL X-RAY 
TECHNICAL COMPENDIUM  



 

 

 
 
 
 
 
Acknowledgment: 
 
We acknowledge the efforts of all the technical staff of KIHT for their constant 
support and help rendered in preparing this technical compendium. 
 
Disclaimer: 
 
This compendium contains information obtained from authentic sources. All 
reasonable precautions have been taken by KIHT to verify the information contained 
in the dossier. However, the published material is being distributed without 
warranty of any kind, either expressed or implied. The responsibility for the 
interpretation and uses of the material lies with the reader. In no event shall KIHT 
be liable for damages arising from its use. The views expressed by authors, editors 
or expert groups do not necessarily represent the decision of the stated policy of 
KIHT. If any copyright material has not been acknowledged please write and let us 
know so we may rectify in any future reprint. Except as permitted under Indian 
Copyright Law, no part of this book may be reprinted, reproduced or transmitted, in 
any form by any electronic, mechanical, or other means without written permission 
from the publishers. For permission to photocopy or use material electronically from 
this work, please write to info@kiht.in 
 
Trademark/Copyright Notice: Product, product images or corporate names may 
be trademarks or registered trademarks, and are used only for identification and 
explanation without intent to infringe 
 

 

 

  

mailto:info@kiht.in


 

 

TABLE OF CONTENT 

 

                     EXECUTIVE SUMMARY…………………………………………………………………...1 

1. INTRODUCTION ……………………………………………….………………………..2 

1.1. Production of X-Rays ………………………………...……………………...…3 

1.2. Properties of X-Rays ..……………………………………………………..……5 

1.3. X-Ray tubes ...……………………………………..……………………………..….6 

1.4. Different Technologies………….…………………………………..………..14 

1.5. X-Ray Filming Devices……………………..………………………………….20 

1.6. Computed Radiography Systems………………………………….….….21 

1.7. Detectors and Software’s (Retrofit kits) ...……………...…...…......23 

1.8. Digital Radiography.……………………….…………………………..….…..27 

2. WORKING PRINCIPLE ...………..………………………………………………… 28 

2.1 Procedure ......………………………………….………………...…………………28 

2.2 Data Interface for Digital X-Ray ..…………………….……………………33 

2.3 Data Acquisition for Digital X-Ray………………….…………………..…33 

2.4 Data Conversion for Digital X-Ray……………….………………..………35 

2.5 Post-processing Methods for Digital X-Ray ...….……………….……36 

3. SYSTEM ARCHITECTURE …………………………………………………………40 

3.1 Construction for Digital X-Ray………………………………………….….40 

3.2 Circuit for Digital X-Ray ...……………………………………....……………41 

3.3 Specifications for Digital X-Ray ...…………………………………….…..44 

3.4 Power Management for Digital X-Ray …………………………..……..48 

4. CLINICAL WORKFLOW………………………..………………………………..…..50 

5. CLINICAL ENVIRONMENT & APPLICATIONS ……………………….…....51 

6. MORBIDITY ………………………………….………………………………….………52 

7. RADIATION SAFETY & ROOM REQUIREMENTS ...…………….…..……53 

8. COMPONENTS FOR DIGITAL X-RAY MACHINE…….………………..…..55 

9. AUTOMATIC EXPOSURE CONTROL (AEC) ADVANTAGES ...…….....63  

 

I 



 

 

10. STANDARDS ……………………………………..………..……………….....65 

                                   10.1Types of Standards ………………………..…….………………….65 

                                   10.2Digital X-Ray Standards ………………….…..…………………..70 

11. REGULATIONS ……………………………………….………………………72 

11.1. Introduction ……………………………………………..…………….72 

11.2. Life Cycle of Medical Device ………………………..…………..72 

11.3. US FDA Regulations of Medical Devices ……………….….74 

11.4. Medical Device Regulations in Europe …………………....76 

11.5. Medical Device Classifications under Indian  

                 Regulations …...…………………………………………………………77 

11.6. Therapeutic Goods Administration Medical Device 
Regulations in Australia …………………………….….….…..…78 

11.7. Japan MHLW & PMDA …………………………………………...…78 

11.8. CFDA or NMPA Medical Device Regulations ……………..79 

11.9. Regulations for Quality Systems ………………………..…….80 

11.10. Device Classifications ……………………………………...…....…81 

12. OPERATIONAL INSTRUCTION …………………………………………82 

13. X-RAY TESTING ……………………………………………………...…..…..85 

14. MARKET ANALYSIS ……………………………………………………..….86 

14.1. Global Market Overview …………………………………..………86 

14.2. Market Segment ……………………………….…………..………....86 

14.3. Indian Market ……………………………………………………..…..87 

14.4. Prominent Manufacturers – Global ……………………..…..89 

14.5. Prominent Manufacturers – India …………………..……….89 

15.  

16. REFERENCES ………………………………………...………………………….92 

 

 

 

II 

EXPORTS – IMPORTS INFORRMATION……………….……………90 



 

 

 
 

LIST OF TABLES 
 

LABEL TITLE 
PAGE 

NO. 

Table1 
Comparison Between Line Frequency X-Ray Generators 
and High-Frequency X-Ray Generators 

19 

Table 2 List Of Collateral Standards Applicable to Medical Devices 66 

Table 3 
List Of ISO/IEC Particular Standards: Requirement for 
Basic. .......................dSafety and Essential Performance 

67 

Table 4 
Classification for Assembly, Tube Housing, X-Ray, Diagnostic 
Under US FDA 

74 

Table 5 
Classification for Assembly, Tube Housing, X-Ray, 
Therapeutic Under US FDA 

75 

Table 6 
Classification for Barrier, Control Panel, X-Ray, Movable 
Under US FDA 

75 

Table 7 
Classification for Devices in Different Country’s Based on 
Their Regulations 

81 

Table 8 Digital X-Ray Device Type Market – By Type (INR Crores) 88 

Table 9 List of Global and Indian Manufacturers of Digital X-Rays 89 

Table 10 
Value of Exports and Imports and Year on Year 
Growth% (INR Crores) 

90 

Table 11 Top 10 Countries Contributing To 90% Exports In,2020-21 91 

Table 12 Top 10 Countries to Which Exports Are Done In 2020-21 91 

III 



 

 

 

LIST OF FIGURES 
 

LABEL TITLE PAGE NO. 

Figure 1 Characteristic X-Ray Production 4 

Figure 2 Characteristic X-Ray Production 4 

Figure 3 Bremsstrahlung X-Ray Production 5 

Figure 4 Bremsstrahlung X-Ray Production 5 

Figure 5 X-Ray Vaccumated Glass Tube 6 

Figure 6 X-Ray Energies and Heat 7 

Figure 7 Heat Generated During the X-Ray Production 8 

Figure 8 Cross-Section of Rotating Anode X-Ray Tube 10 

Figure 9 Block Diagram of Rotating Anode X-Ray Tube 10 

Figure 10 Stationary Anode X-Ray Tube (100 KV, 20ma) 10 

Figure 11 Various Stator and Rotors               
11 

Figure 12 Rotating Anode X-Ray Tube (20kw/40kw) 
11 

Figure 13 Block Diagram of Rotating Anode X-Ray Tube 
11 

Figure 14 X-Ray Tube; Housing for Shielding (Pb) 

11 

Figure 15 Filament Cups in X-Ray Tubes 13 

Figure 16 Focal Spot Size and Anode Angle 14 

Figure 17 X-Ray Machine Block Diagram 14 

Figure 18 Single Phase 2 Pulse X-Ray Generator 15 

Figure 19 3-Phase 6 Pulse X-Ray Generator 16 

IV 



 

 

Figure 20   3-Phase 12 Pulse X-Ray Generator 16 

Figure 21 3-Phase High-Frequency X-Ray Generator 17 

Figure 22 
Comparison of Tube Power, Current & KVP Voltage in   
Different Pulses 

18 

Figure 23 
Computed Radiography with Photo Stimulable Phosphor 
(PHP) 

21 

Figure 24 Types of Digital Radiography 22 

Figure 25 Computed Radiography Interface 23 

Figure 26   Scintillator in Charged Couple Devices 25 

Figure 27 Direct Conversion in Direct Digital Radiography 25 

Figure 28 X-Rays Incident on Image Plates 28 

Figure 29 Laser Capturing the Emitted Light from The Image Plate 29 

Figure 30 Flat Panel Detector System 29 

Figure 31 Types of Charged Couple Devices. 30 

Figure 32 Optical Lens Converting X-Ray Energy into Electrical Energy 30 

Figure 33 
 Selenium-Based Flat-Panel Detector 
System 

31 

Figure 34 Amorphous Selenium–Based Direct Conversion DR Systems 32 

Figure 35 Flow Chart of Data Interface in Digital Radiography 33 

Figure 36   Image Acquisition Process 34 

Figure 37 
Obtaining The Data from Photomultiplier and Converting it  
into Image 

36 

Figure 38 X-Ray Film with Enhanced Contrast 37 

Figure 39 X-Ray Film with Enhanced Edges 37 

Figure 40 X-Ray Image and Inverted Image (Software) 38 

Figure 41 Black And White Reversed X-Ray Film 38 

V 



 

 

Figure 42 DR-CCD Imaging System 40 

Figure 43 Low Voltage, High Voltage, and Filament Circuits in X-Ray 42 

Figure 44 X-Ray Film Divided into Pixels 45 

Figure 45 Dynamic Range Curve 46 

Figure 46 DQE Char 47 

Figure 47    Clinical Work Flow 50 

Figure 48 Structure of an Imaging Plate 55 

Figure 49   Voltage Generator in X-Ray 59 

Figure 50 High-Frequency X-Ray Generator 60 

Figure 51 Control Unit in X-Ray 61 

Figure 52 Detection Unit in An X-Ray 61 

Figure 53 Imaging Components in an X-Ray 62 

Figure 54 Automated Exposure Control System (AEC) Layout 63 

Figure 55 Digital X-Ray Standards 70 

Figure 56 Value of Exports and Imports (INR CR) 90 

 
 
 
 
 
 
 
 
 
 
 
 
  
 

VI 



 

 

 

LIST OF ABBREEVIATIONS 
 
 

PACS Picture Archiving and Communication System 

CT Computed Tomography 

MRI Magnetic Resonance Imaging 

CR Computed Radiography 

DR  Digital Radiography 

DDA Digital Detector Array 

TFT Thin film transistor 

CCD Charge Coupled Device 

FPD Flat Panel Detector 

ADC Analogue to Digital converter 

SNR Signal-to-Noise Ratio 

CsI Caesium Iodide 

KVp Kilo Voltage peak 

HS Harmonized Systems 

AEC Automatic Exposure Control 

CFDA Chinese Food & Drug Administration 

NMPA 
National Medical Products 
Administration 

JMDN Japanese Medical Device Nomenclature 

MDD Medical Device Directive 

IEC 
International Electrochemical 
commission 

 
  

VII 


