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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons engaged
in the development and approval of the document at the time it was developed. Consensus does not
necessarily mean that there is unanimous agreement among every person participating in the development
of this document.

The National Electrical Manufacturers Association (NEMA) Standards and guideline publications, of which
the document contained herein is one, are developed through a voluntary consensus Standards
development process. This process brings together volunteers and/or seeks out the views of persons who
have an interest in the topic covered by this publication. While NEMA administers the process and
establishes rules to promote fairness in the development of consensus, it does not write the document and
it does not independently test, evaluate, or verify the accuracy or completeness of any information or the
soundness of any judgments contained in its Standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature whatsoever,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, application, or reliance on this document. NEMA disclaims and makes no guaranty or
warranty, express or implied, as to the accuracy or completeness of any information published herein, and
disclaims and makes no warranty that the information in this document will fulfill any of your particular
purposes or needs. NEMA does not undertake to guarantee the performance of any individual manufacturer
or seller’s products or services by virtue of this Standard or guide.

In publishing and making this document available, NEMA is not undertaking to render professional or other
services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances. Information and other Standards on the topic covered by this
publication may be available from other sources, which the user may wish to consult for additional views or
information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health
purposes. Any certification or other statement of compliance with any health or safety—related information
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker
of the statement.

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022

Page i

CONTENTS
e T =TT oY (o ix
K5 T= oY o B TR o o - 1
1.1 R (ST (=T (o1 1
1.1.1  NOIMALIVE REIEIENCES.....ceeeiiiit e et e e e e e e e s et e e s ebaa s 2
A O | g (=T Gl 4= (=] (=] 4 [T 3
IO T 0 | = o3 £ 4
1.2 Definitions, Acronyms, and ADDIEVIAtIONS..........c.iiiiiiiiiiee e e e e e e e s enes 5
1.3 (©00] 01 V7=T 01110 1T 11
1.3.1 ReEferencCeS t0 DICOM ..ottt e e et e e e e e et et e s e eatreeeeaeresenan 11
1.3.2 Entity-Relationship (E-R) MOGEI .........ocuuiiiiiiiiii e 11
1.3.3  SEOUEBIICES.....utiiiiiieeiiiitte et e ettt e ettt e e e s et r et e e e s et r e e e s e n e e e e e e e 12
I A A 11 ] o 10 (IR = Vo] (o 12
1.3.5  USE Of PriVate ATIDULES ......eiiiiiieeie ettt e et e e e e e st e s e e et s e e e saaeeseaes 15
1.3.6  ALIDULE TP ceeeieiieiiiitte ittt et e e e e e e st e e e e e e e e e sabbaeeeeaeeeeaane 16
1.3.7 Enumerated Values and Defined TEIMS ......o.uu i e eae 17
1.3.8 Value Representation (VR)........c.uuuiiiieiiiiiiiiie ettt e e e e s sibrae e e e e e e e e saaes 18
1.3.9 Display Order Versus Coding OFAEN..........ccuuuiiiieeeiiiiiiiieeee e e sesiieeee e e e e s senrnaneeeeeeeeanes 19
1.3.10 Attribute Value LENGLN ........cooiieeee e e 26
1.3.11 Explicit and Implicit Data Elements with a VR 0f OD ..........coociiiieiieieiiiiiiieeeee e 26
1.4 [ LAY = e W (o1 4 1= 1 (o T 27
15 DICOS TranSTEI SYNTAX......eeiiiiiiiiiiiiiee ettt sttt e bt e e sbb e e e sbbaeeesnnneeas 27
SECHION 2 OVEIVIBW ...ieeeriiiriiaiireessiirenssirrenssrrssssssrenssssresssssressssssssnsssssessssssensssssssnssssssnsssssensssssssnssssennnsssnen 28
21 DICOS Example—Person Traveling with One Checked Bag and One Carry-on ................... 31
2.2 BACKGIOUNG..... .ottt ettt e s bt e e st e e s b et e e s nnneees 36
2.3 Elements of an Information Object Definition (IOD) ...........eeiiiiiiiieiiiiiieieee e 37
2.3. 1 TOD DESCHPLION ...eetiieeiiiiiteeie ettt e ettt e e e e e s bbb e e e e e e e e sanbebeeeae e e e e snnbeeeaaaeeas 37
2.3.2 10D Entity-Relationship Model .............oooiiiiiiiii e 37
2.3.3 Overview of the Composite IOD Module CONteNt ............euvieiieeiiniiiiiiieeee e 41
Section 3 OO0I OWNEr MOAUIES.........ccoiiiiieeiiiiiiireem e resssssss s nsaasa e rsnssssssrrrraannssssssseeresnnnnnnnn 46
3.1 OOI OWNEr MOAUIE ALIDULES ..veeiieeeieeeeee e e e e e e s e et s e e e s e e eeebaaas 46
Section 4 Object of Inspection (OOI) MOAUIES........ccoiiiecceirirre e sssme e s e s s smsne e e e e s s s s ssnmnnes 50
41 OO] MOAUIE ATTIDULES ...ttt ettt e e et e e et e e et e e e e e e e e eaaeeereras 51
4.2 INEIArY MOUIE ... .ottt et e e s st e e s st e e e s nnbeeee e e 52
4.2.1 ltinerary Module Attribute DeSCIIPLONS ......ccoiiiiiiiiiiiieeeiie et 54
Section 5 General SCAN MOAUIES .........ciieeiiiiieiiii e ree s ress s s ressss s ranssssransssssansssssesnssssennnssnnen 55
5.1 General Scan MoAUIE ATIHDULES ......o.uueiiiie et e e e e e s e e e e e s 55
Section 6 General Series MOAUIES .......ccceeuiiiiiiiiiie e e sssssss s et essssssssss s e e rasansssssssseressnnnnsnn 56
6.1 General Series Module ATIIDULIES .........oiiie e e 56
6.2 1 [e o F= 111 Y PP U STOPPTPPRTRTN 57
Section 7 Computed Tomography (CT) Image Information Object Definition (IOD)........c.ccccccceerennnes 58
7.1 (O I 1o F=To T (@ T I B =T or g o] (o o SRR 58
7.2 CT Image 10D Entity-Relationship (E-R) MOGEL..........ccuvviieiiiiiiiieiee e 58
7.3 CT Image 10D ModUIe TabIe..........uuuiiiie i e s eee e e e s 58
7.3.1 CT Image Multiframe Functional Group MacroS ...........ccccuiriieeeiniiiiiieeee e sesieeeeeee s 59
7.4 (O3 I 11 F= T TP PP TP R PP PPPTPPRPN 59
3 R O I Y=Y (<Y 1Y, o 1o U] <IN 59
7.4.2 CTIMAGE MOUUIE ......ooiiiiiiii it 60
7.4.3 CT Image Functional Group MaCIOS .........ccciiuiiieiiiiiie it 63
7.5 (07e] 1011 0T0] s IO I B T=Tox ¢ o] 1 T0] o PP URT TP 66
7.5.1 Image Type and Frame TYPE ....cooiiuuiiiiiiiia ettt a e e eaeeaae s 66

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022

Page ii
7.5.2 Common CT Image DeSCrption MACKO .........ccuuiieiiiiiieiiiie et 68
Section 8 Digital X-Ray (DX) Information Object Definition (I0OD).........c.cccciiiiiimriniisnninsr e 72
8.1 Digital X-Ray (DX) Image Information Object Definition (I0D)...........ooccuiieiiiieiiiiiiiiieieee e 72
8.2 X-Ray Image I0OD Entity-Relationship (E-R) MoOdel..............ooiiiiiiiie e 72
8.2.1 X-Ray IOD ModUIE TaDIE ......coiiiiiiiiieeie e 72
8.2.2  X-RAY MOAUIES ......coiiiiiiiteie ettt e e e e e e e snabeeeeaae s 73
Section 9 Advanced Imaging Technology (AIT) Information Object Definition (IOD)...........cccccevuueee 91
9.1 Reference Coordinate System (RCS) ......uuiiiiiiiiiiiiiiiiee e e e e e rrrrre e e e e e e enaes 92
9.1.1 AIT Image Position and Image Orientation ..........ccccccevveiiiieeiiee e 92
9.1.2 Person Reference Coordinate System (PRCS) and RCS to PRCS Relationship....... 93
9.2 2D Advanced Imaging Technology (AIT) Information Object Definition (IOD)............cccceeuneee. 99
9.2.1 Advanced Imaging Technology (AIT) IOD Entity-Relationship (E-R) Model............... 99
9.2.2 2D AIT IOD MOdUIE TADIE ..ottt 100
0.2.3 2D AIT MOGUIES ...ttt ettt ettt e bt be e et e e e saaeesneeas 101
9.3 3D Advanced Imaging Technology (AIT) Information Object Definition (IOD)...................... 108
9.3.1 3D AIT Image 10D Entity-Relationship (E-R) Model .............ccccooiiiiiiiiiiie, 109
9.3.2 3D AIT Image 10D Module Table ..........oooiiiiii e 109
0.3.3 3D AIT MOUIES ...ttt ettt st et e e sabe e sbneesnneas 110
9.3.4 Common 3D AlIT DESCHIPLONS .....ccciiiiiiieiiee e e e ettt e e e e e s sr e e e e e e s e e e e e e s senrnreees 115
9.4 RAW Data COlBCHION ......eeeeiieeiiee ettt e e s ane e 120
Section 10 Quadrupole Resonance (QR) Information Object Definition (IOD)............ccccvsvemiienrnnnen 121
10.1 QR IOD Entity-Relationship (E-R) MOEL ...........oovviiiiiiiiiiiiiiei e 121
02 @ ] (@] 1 o To [ L= 1= ][ USRS 121
00 I @ ] = 3 1V o T[] =SSR 122
10.3.1 QR SEri@S MOAUIE .......oeiiiiiieeiie e e e e e e eeeeae s 122
10.3.2 QR Measurements MOTUIE ..........uuuiiiiiiiiiiiiee e e 122
Section 11 Explosive Trace Detector (ETD) Information Object Definition (IOD)...........ccccevviineenne 124
11,1 ETD IOD DESCHPON ...ttt ettt ettt et e e e e e et e e e e e e e s nbabe e e e e e e e e snnbnbeees 124
11.2  ETD IOD MOAUIE TABIE ..ot 124
Section 12 Threat Detection Report (TDR) Information Object Definition (IOD) ........cccccccerreeneennnes 129
12.1  TDR SMHES MOUUIE ......eeiieiieiie ettt ettt e e e e 129
12.2  Additional Inspection Selection Criteria MOAUIE .............ccocviiiiieriiei e 130
12.2.1 Additional Inspection Selection Criteria Attributes .........ccccceevvvvciiiieeie e, 130
12.3  General REPOIM MOAUIE ..........ooiiiiiiie ettt st e e s sebaeee e 130
12.4  Threat Detection Report (TDR) MOAUIE .........coooiiiiiiiiiiiie e 131
12.5 Threat SEqUENCE MOTUIE .......oooiiiii et e e rrae e 134
12.5.1 Baggage-Specific TDR DetailS MACIO..........uuieiiiiiieiiiiie e 137
12.5.2 Person-Specific TDR Details MaCrO..........ccuvieiiiiiiiiiiie e 140
12.6  Threat Detection Report (TDR) Examples (INfOrmative) ............ooccuvieeiiiiiiiiiiiiieeeeee e, 141
12.6.1 Basic TDR Examples (INfOrMatiVe) ..........ocuvuiiiiiiiiiiiiiiieeee e 142
12.6.2 Automatic Threat Detection Report (ATDR) Examples for Bags (Informative)....... 143
12.6.3 Automatic Threat Detection Report (ATDR) Examples for Bags with
Operator Threat Detection REPOrtS (OTDRS)...uuuiiiieiiiiiiiiiieee ettt e e e e 147
12.6.4 Automatic Threat Detection Report (ATDR) Examples for Persons ............c.c........ 157
12.6.5 Example 12, ATDR, 6 PTOs; Example 13, OTDR, 3 PTOS......ccccccccvveeeiiiiriinnennenn, 161
12.6.6 Example 14 and 15, Machine TDR and Operator TDR for Alarm Bag with
One EDS Explosive and One Non-Threat Laptop.........ccooveieeiiiieeenniiiee e 170
12.7  Modality AQGregate TDR ........oooiiiiiii ittt e e st e e s b e e e s abreee e e 173
Section 13 Additional Screening DEVICES .........ccciiiiriiiriiiiiir s 185
R 0 Y o To 1= 0 Y o= | = SRR 185
L3101 X RAY ittt bbb et be e e aaeeaa 185
13.1.2 Computed Tomography (CT) .t e e e 185
13.1.3 Advanced Imaging Technology (AIT) ......cccciiiiiieeeeecce e 185

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022
Page iii

13.1.4 Quadrupole Resonance (QR)........uiiiuiiieiiiiii ettt 186

13.2  Bottle Liquid SCANNET (BLS) .....coiiiiiiiiiiie ettt a e e e e e e e e e ee e 186
L13.2.1 X RAY ittt bbb e e eaae e 186

13.2.2 Computed Tomography (CT) ...t e e 186

13.2.3 Advanced Imaging Technology (AlT) ..o 186

13.2.4 Quadrupole Resonance (QR).........uueiii it aeeeee e 187

13.2.5 Explosive Trace DeteCtor (ETD)......uuuua it 187

13.3  Enhanced Walk-Through ANomaly DetECLON ........cccceiiiiiiiieiieee e e e s e e 187
R 3 N | @ o o SRR 188
13.4.1 Orthogonal Air Cargo TeChNOIOGIES ........cccuviiiiii e 189

13.4.2 Heartheat DEECION .......uuuiiiie e ittt e e s e e e e e s e s e e e e e e s e snnreneeeaees 190

13.5 Bulk Resolution TOOIS (BRTS) ..c.iuuuiiiiiiiiieiiiiiee it sie ettt sttt et e e e s sibae e e s sebaeee e e 190
13.5.1 BUIK RESOIULION TOOIS . ...uuiiiiiiiiiiiiiiiiiie ettt e e e e e s saebeeeeeee s 190
Section 14 Common Information Entity (IE) Modules and Macros............ccccuvveimiinssmnnnnsssesnnssseennns 191
141 Common EqQUIpMENt IE MOGUIES ........c.uiiiiiiiiiee ettt 191
14.1.1 General EQUIPMENt MOUIE..........ouiiiiiiiiie e 191

14.2 Common IMage 1B MOAUIES ..........uuuiiiiiiie e 195
14.2.1  Image PixXel MOAUIE .........ooiiiiiiee et 195

14.2.2 Supplemental Palette Color Lookup Table Module..........ccccccooviviiieereeeiiiciiiieeee, 207

14.2.3  ICC Profile MOAUIE .......ccoiiiiiieii et 208

14.2.4 Overlay Plane MOAUIE ..........ccooiuiiiiiiiie e e e e reeeeae s 209

14.2.5 VOI LUT MOUUIE ...ttt s s e e e e e e s e s e e e e e e s e nnnnnaneeeaee s 211

14.2.6 Image Histogram MOAUIE ...........c..oeiiiiiiiiiiiiie e 216

14.2.7  Acquisition CONtEXE MOAUIE ...........oiiiiiiiii i 219

14.2.8 Threat Image Projection (TIP) Image Module ............ccoceiiiiieiiiiiiee e 221

14.3  Common IMAage |E MOGUIES .........ueiiiiiiiee ettt e e e e 222
14.3.1 General IMage MOQUIE ..........oiiiiiiii e 222

14.4  SOP COMMON MOAUIE........iuiiiiiiiiiiie ittt e e e e s sree e e s sarnee e e e 227
14.4.1 SOP Common Attribute DeSCHPONS ..ot 231

145 Common Instance Reference MOAUIE ............ccoiiiiiiiiiiiiic e 236
14.6  Inspection Selection Criteria MOAUIE ..........cccuiiiiiiii e 236
14.6.1 Inspection Selection Criteria AtHDULES ..........ovveieeiiiiiiieece e 237

14.7  Series and Instance ReferenCe MaCIO .........cc.uvuiiiieei i 237
14.8  SOP Instance RefErenNCe MAaCIO........uuiiiii ittt e e e e s e e e e e e nneneeees 237
14.9  Hierarchical SOP Instance Reference MaCrO..........ccoiviuuiiiiiiiee e 237
14.10 Basic Pixel Spacing Calibration MaACIO...........cciiiiiiiiiiiiie et 239
14.10.1 Basic Pixel Spacing Calibration Macro Attribute DeScriptions ...........ccccoeeveeeennnee 239

14.11 Encoding of Coded ENtry DATA.........coocuuiiiiiiiieiiiiiie ettt e e sbree e 241
14111 COUE VAIUE ...ttt 241

14.11.2 Coding Scheme Designator and Coding Scheme Version ...........ccccccovviiiienennn. 241
I G R @ To [ 1V [ T= T T o o [P P UUUT PP 242
14.11.4 MapPiNg RESOUICE .....uuueiiieeeiiiiiiiiiieee e e e e sittre e e e e e e s s st aeeeaaeesssnastaaeeeeeeesasnsraaeeaeees 242
14.11.5 CoONtEXt GrOUP VEISION ..eeiiieii ittt e ettt s s e e e e s e s e e e e e e e s e snnraaeeeaee s 242

14.11.6  CONEXE IAENTITIEL ...oiviiiiiiieiee e 242
14.11.7 ContexXt Group EXIENSIONS. ........uuiiiiiiiiie et 242
14.11.8 Standard Attribute Sets for Code Sequence Attributes...........cccocevviiiiiiinennne 243

14.12 Extended Code SEUENCE MEACKD ........uuiiiiiiiiiee it sieie ettt et e et e e s snbeeee s snbaeee e e 244
14.12.1  Extended CoAe VAIUE.........cooi ittt e e eneeeeeeee s 245

14.12.2 Extended COde MEANING .......coouuiiiiiiiiiie ittt st 245

14.13 Person Identification IMBCTO ........ooueiiiiiieee et e e e e e e e e e 245
14.14 Common FUNCLiONal GrOUP MACTOS ....coiiiiiiiiiiiiiie ettt e e e e e e e e e 246
14.14.1  PiXel MEASUIES MACTO ... .evviiiiiiiii ettt ettt s e e 247
14.14.2  Frame CONENE MACIO. ........uiiiiiriiie it 247
14.14.3  Plane POSItION MECIO.......ccccuuiiitiieriiieitie ettt sie e sne e e snee e 253
14.14.4  Plane Orientation MACTO........cocuiiiiiiiiiieiiee sttt esnee e 255

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022

Page iv
14.14.5 AIT Plane Orientation MaCIO .........euiieeiiiiiiiiiiieie e rieiie e e e e s seiieeee e e e e snnieeeeeae s 256
14.14.6 Referenced IMage MaCIO ..........uuiiiiiiiai ittt e e e raebeeee e e 256
14.14.7 Derivation IMage IMACKO ........oiuuiiiiiiiee ettt e e e e eeeeae s 257
14.14.8 Frame VOI LUT MECIO ....cciuiiiiiieiiei ittt ettt ettt sbe e s snee e 258
14.14.9 Real-World Value Mapping MacCrI0 ..........cccuuiiiieeiiiiiiiiiee et snreee e 262
14.14.10 Pixel Intensity Relationship LUT MaCTO ........cceiiiiiiiiiiiiieieee e 265
14.15 Frame of Reference MOUUIE...........cooi i 266
14.15.1 Frame of Reference UID .........cccoiiiiiiiieniie et 267
14.15.2 Position Reference INAICALON .........ccviivierieeiie e 267
14.16 Multiframe DIMeNnSIioN MOGUIE ...........eiiiiiiiiiieiee e 267
14.16.1  DiIimenSiON INQICES .....uvuiiiiieeeii et e e sre e e e e e s e e e e e e e e s e snnraaeeeaees 269
14.16.2 Dimension Organization UID ...........ccciiiiiiiiiiiiiiie e 270
14.17 Multiframe Functional Groups MOGUIE ...........eeiiiiiiiiiiiie e 271
14.17.1 Multiframe Functional Groups Module Attribute Description............ccccveeviieeeennnne 273
14.18 Image SOP INstance ReferenCe MAaCIO..........ueiiiiiiieiiiiie ettt 275
14.19 X-Ray EQUIPMENT MOGUIB.....ccii e e e e e e 276
14.20 EXternal RefErenNCES MACIO .........uuiiiiiiiiee ittt e e e e s e e e s snrneee e e 279
Section 15 Data TranSMISSION .........ciicccirirrecrerrsserrrrsser e rssssr e rssss e e re s s sr e e s sssssessssnsesasssnsesanssnsenanssnnenanns 280
15.1 DICOS SOP Instance Transfer with DICOM TransSmisSion ServiCes..........cccvvvveriereneeennn 280
Section 16 DICOS SOP ClasSSes .......cciciririummiimeinisnisisisss s ssssss s s s sssss s s sss ssssssssmssssnnes 281
T S (o] - To [T @ ] = O T SRR 281
16.1.1 DICOS Standard Storage SOP CIaSSES .......ccciruiiieiiiiiieiiiiiee i 281
16.1.2 Specialization for DICOS Standard Storage SOP ClasSSes........ccccvevvviereiniieeennnne 283
16.1.3 Pixel Format Specific FOrMAaL ..........coouiiiiiiiiiieiiiie e e 284
16.2  DICOS Document File EXIENSION .....uueiiiieiiiiiiiiiee ettt e e e e e e st e e e e e e e s neneees 285
Section 17 Content Mapping RESOUICES ........ccccoiimiiiiiiiiicsmeirr s s s s ssme e s s e e e e s e s nnnnan 286
0 R o] 0 V7= o1 1o o PR 286
17.2  COAING SCREIMES ...ttt e et e e e e e e e bttt e e e e e e s abbbe e e e e e e e e annrnbees 287
17.3  DICOS Context Tables and General ConteXt GrOUPS.......ceeieiaaiiiiiiiiiiieae e e e e e 287
17.3.1 CID DCS1 Chemical Compound Identification...............ueeeeeeiiiiiiiiieieee e 287
17.3.2 CID DCS2 AIT BOGY ZONES ......ceetiiiiieee ettt e e s sitaaee e e e e s e saaaan e e e e e e s e snnraaeeaaee s 288
17.3.3 CID DCS3 AIT Secondary Inspection Methods .........cccccceeveeiiiviiiiieeece e, 289
17.3.4 CID DCS4 Identification ENCOING TYPE ...evveieiiiiiiieiiiiiee et 289
17.4  Context Group UID VAIUES .........c.ueiiiiiiiiie ettt st et e e s snbaee e e 290
17.5 Controlled Terminology DefinitioNS .........ccoouiiiiiiiiiii e 290
Section 18 Appendix Sensor Data Interface (SDI) and Corrected Data Interface (CDI)
Information Object Definition (IOD) MOdUIES .........ccociiiiiiiiiiccr s 291
18.1  Sensor Data Interface (SDI) and Corrected Data Interface (CDI) IOD Module .................... 292
18.1.1 Sensor Data INterface (SDI) .....cc.uueiiiiieaiiiieeee e 292
18.1.2 Corrected Data Interface (CDI) .......cooiiiiiiiiiiieieee e 293
18.1.3  ServViCE-ODJECE PAIT.......ueiiiiiieiiiiiiei ittt e e e baeeeeae s 295
18.2  Addition of General Support Files Required to Support SDI/CDI Data Collection................. 295
18.2.1 GEOMELrY Map FilE ...t e e e e rae e e e e 296
18.2.2 X-Ray Detector Read File for a Bag IMage........ccoovviiviiiiie i 302
18.2.3 X-Ray Static Bad Detector Map File.........cccuviiiiiiiiiiie e 302
18.2.4 Offset TADIE File ...t rneeeae s 302
S T2 T AN 1= o] L= 1 PR 302
18.2.6  Dark CUITENT FlE ...t e e e e e eeeeeae s 302
18.2.7 CT IOD MOAUIE FlE.....ciiiiiiiiiieiiie ettt ettt e st e e snaeeeneeens 302
18.2.8 OEM Proprietary ATR Information File............coooiiiiiiiiie e 303
18.3 Changes to CT IOD Additional MOAUIES ............ooiiiiiiiiii e 303
18.3.1 X-Ray Positioning Module AttHDULES............vuiiiiieeeiiee e 303
18.3.2 X-Ray Detector Module AfIHDULES ..........ccociiiiiiee e 303
18.4  CoOrdinate REFEIENCE .....c.ueiiiiieiiii ettt e sbne e 303

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022

Page v
18.5  Overview of Data FIow Through the ProCESS.........ccoiiiiiiiiiiiiieiiiiiee e 303
Section 19 Appendix Streaming via Concatenation.............cccooiiiiiiiiiiiicccc s 305
Figures
Figure 1 RelationShip CONVENTION ......ooiiiiiiiiiiiiie ettt e e e e e e e e e e e e e e s e snabreeeeaeeas 11
Figure 2 Hierarchy of DICOS Data Structure for Capturing Security Screening Information............... 29
Figure 3 High-Level Overview of a SECUNtY SYSIEM ......cccviiiiiiiiiiiiec e 30
Figure 4 DICOS Example—Owner Contains Passenger and Checked/Carry-on Bag ..........ccccceeeee.... 31
Figure 5 Screening Procedures Performed as Passenger OOl Traverses Security System
(Blue Arrow), with Corresponding Changes to Attributes in DICOS v03 Hierarchy ............cccoceeeenne 33
Figure 6 Screening Procedures Performed as Checked-Bag OOl Traverses Security System
(Left to Right), with Corresponding Changes to Attributes in DICOS v03 Hierarchy ...........ccccvveeeee.... 34
Figure 7 Screening Procedures Performed as Carry-on Bag OOl Traverses Security System
(Left to Right), with Corresponding Changes to Attributes in DICOS v03 Hierarchy ............ccccvveeeeee.n. 35
Figure 8 Data Interfaces for Digital Information-Based Devices or SyStems ..........ccceeeeeeeeiiiiiiiieeeeenn, 37
Figure 9 DICOS v03 Composite Instance IOD E-R MOdEl............oooiiiiiiiiiiiiiiiiieeee e 39
Figure 10 Sample OOI in the Context of Air TrAVEL........couvii i 50
Figure 11 MONOCHROME?2 Photometric Interpretation—Supplemental Palette Color Mapping....... 70
Figure 12 Explanation of Presentation INtENE TYPE .....uuriiieei i e e srree e e 75
Figure 13 Explanation of X-Ray Detector Configuration .............cccovueeeiiiiiie e 85
Figure 14 Explanation of X-Ray Image CoOrdiNates...........ccouiiiiiiiiiiie it 86
Figure 15 Explanation of X-Ray DeteCtor GEOMELIY ........cuueieiiiiieiiiiiee et 87
Figure 16 Reference Coordinate SYstem (RCS) .......uuiiiiiiiiiiiiiie e 92
Figure 17 lllustration of Rotated Coordinate SYSIEMS.........ccoiiiiiiiiiiiiee e 94
Figure 18 Person Reference Coordinate System (PRCS) and Person Standard
UNIE VECLOT (PSUV) ...ttt ettt et e e oottt e e e e e s kbbbt e e e e e e e e s anbbbeeeee e e s e annnbneeaaaeeas 95
Figure 19 PRCS to RCS Example 1—Person Facing Front of VOIUME ..., 96
Figure 20 PRCS to RCS Example 2—Person Turned 90 Degrees to Right..........cccveeeveiiiniiiiienenen, 97
Figure 21 PRCS to RCS Example 3—Person Facing Back of Volume ........cccccccovvcviiieeeeciiiciiiieeee, 98
Figure 22 PRCS to RCS Example 4—Person Turned 90 Degrees to Left ..........cccvvvveeeeeiiiiiiininnenenn, 99
Figure 23 Explanation of Presentation INENt TYPE .....cooiiiiiiiiiiiieeiiie e 103
Figure 24 MONOCHROME?2 Photometric Interpretation—Supplemental Palette Color Mapping..... 119
Figure 25 Example—PTO Sequential NUMDEING.......cooiiiiiiiiiii e 142
Figure 26 Example for Development of the Aggregate TDR from the ACME EDS Image and
Sequence Flow Through the Screening Process with Accompanying TDRS ........ccccceiiiiiieieniinen. 173
Figure 27 Aggregate TDR SOIULION ......ccoiuiiiiiiiiiie ittt e st e e sbneee e e 174
Figure 28 Example—Pixel DIMENSIONS .........uiiiiiiiiiiiiieiie ettt a et e e e e e e aeneees 207
Figure 29 Example—Histogram Bin Width ... 218
Figure 30 Example—Pixel Row and Column SPACING .....cccceeiiiiuiiiiiiieeeiiiieeee e 240
Figure 31 Relationship of Timing-Related AttribULES.........ccoooiiiiiiiii e 249
Figure 32 Identifying Attributes for Concatenation, SOP Instances, Frames, and Stacks................. 251
Figure 33 Example—MUItiple StACKS........cccuuiiiiiii e 252
Figure 34 Reference Coordinate SYSLEM .......oouuiii ittt e s sbeee e 254
Figure 35 RCS CalCUIALION ........ueiiiiiieiee ettt e e e st e e e snbe e e e s snbaeee e e 255
Figure 36 Real-World Value LUT and Image Viewing Pipeline...........cccviiiiiiiiiiiiiiiiee e 264
Figure 37 Example—Mapping Stored Values to Real-World Values...........cccocoeeiiiiiieiiiiiciiiieeee 265
Figure 38 Purpose of Pixel Intensity Relationship LUT .........cooiiiiiiiiiii e 266
Figure 39 Example—Use of Dimension Organization Module...............cooceiiiiiiiiiiiiec e 270
Figure 40 Graphical Presentation of Multiframe Functional Groups Structure ............cccccceeeeiiiiinneen. 274
Figure 41 Concatenating SOP INSLANCES ........coiiiiiiiiiiiiiiie e e e 275
Figure 42 InChl Chemical Formula EXamPpPle ..........coccuiiiiiieee et e e 288
Figure 43 Draft DICOS v03 Implementation of Transmitting Raw X-Ray Detector Data................... 291

© 2022 National Electrical Manufacturers Association



NEMA 1IC 1 v03 2022
Page vi

Figure 44 Data Interfaces for Digital Information-Based Devices of Systems Along with Data

[ (11T E] [ T [P RTTT RO 304
Tables
Table 1 Referenced Series Sequences AttHDULE ... 12
Table 2 EXample—ModUIE FIQUIE ..........uuiiiie et e e e e e e s s st reeeeaeeaeannns 13
Table 3 EXAMPIE—MACTO .....uuiiiieieee ittt e e e st e e e e e s s e e e e e s st e e e e e e s s santeaeeeeeeeassnnstaaneeeaeeseanns 13
Table 4 Example—Module Figure Without Use of an Attribute Macro............ccccvvveveeeeiiviciiieeece e 13
Table 5 EXaMPIe—IOD MOUUIES ......ccooueiiiiiiiiie ettt e e saba e e nbaee s 14
Table 6 Attribute TYpe DeSIGNALIONS .......cooiiiiiiiiiiiiie e nbeee s 16
Table 7 Value Representations (Excerpted from DICOM PS 3.5 Table 6.2-1 and Amended) ............ 19
Table 8 Data Element with EXPIICIt VR OF OD ........ooiiiiiiiiiiiiiiii it 27
Table 9 Data Element with Implicit VR Of OD..........oiiiiiiiiiiiii e 27
Table 10 File Meta INfOrMELION ... ...ttt e e et e e e e e e bbb b e e e e e e e e e aaans 27
Table 11 Composite IOD MOAUIES OVEIVIEW .........eeiiiiiiiiiiiiietee e e et e e e et e e e e e e e sabereeeaaeeaeaaae 41
Table 12 OOI Owner Module ALIHDULES .......oooiiiiieii e e e e e 46
Table 13 OO MOAUIE AIDULES ......ciiiiieiee ettt e e s e e st e e e sb e e e snbeeeesnreeees 51
Table 14 Itinerary Module AttHIDULES. ........ooei i r e e e e e e anes 52
Table 15 General Scan Module ALHDULES ........oooiiiiiii e 55
Table 16 General Series Module ALHDULES .........c.ueiiiiiiii s 56
Table 17 CT IMage [OD MOUUIES ......coouiiii ittt sabe e e saeee s 58
Table 18 CT Image Multiframe Functional Group MACIOS .........cocueiiiiiiiiiieiiiiiee it 59
Table 19 CT Series Module AIDULES .........ooiiiiiii et e e e e e e e e e e aanes 60
Table 20 CT Image Module ALHDULES.........oueiiii e 60
Table 21 Image Type and Frame TYpe Value 4 fOr CT......oiiiiiiiiiiiieiiiiie et 63
Table 22 CT Image Frame Type Macro AttHDULES .........oiuiiiiiiiee e 64
Table 23 CT X-Ray Details Sequence Macro AttHDULES ..........coooiiiiiiiiii e 65
Table 24 CT Pixel Value Transformation Macro AttribDULES ... 66
Table 25 Image Type and Frame TYPE VaAlUE L.......ccccoiiiiiiiiiiiie et e et e erree e e e e s 67
Table 26 Image Type and Frame TYPE VAIUE 2........coooi ittt etnane e e e e 67
Table 27 Image Type and Frame Type Value 3 COMMON .......ccooiiiiiiiiiiiieiiiieee i 68
Table 28 Image Type and Frame Type Value 4 COMMON .........oiiuiiiiiiiiiieiiiieee it 68
Table 29 Common CT Image Description Macro AttribULeS..........c.eeviiiiiiiii e, 69
Table 30 Pixel Presentation AttribUte VAIUES .........cooiiiiiiiiieiiie e e 69
Table 31 Volumetric Properties Attribute ValUes. ....... ..o 70
Table 32 Volume-Based Calculation Technique Attribute Values............cccoovveiiiiiiiiiieee e 71
Table 33 X-Ray [OD MOAUIES..........ooeeeieee et e et e e e e e st e e e e e e e e e aaaes 72
Table 34 X-Ray Series Module ALHDULES ...t e e 74
Table 35 X Image Module ALHDULES ........ooii e e e e e e 76
Table 36 X-Ray Detector Module AttHDULES ..........ueeiiii e e e 82
Table 37 X-Ray Positioning Module AttrDULES .........cooii i 88
Table 38 X-Ray Generation Module ARIDULES...........ceoi i 88
Table 39 X-Ray Filtration Module AtHDULES............eiiiiiiie e 89
Table 40 2D AIT IOD MOUUIES ....ccce it e ettt e et e e e e s e e e e e e e e sssseateeeeeaeessnnntnreneeeeeanannes 100
Table 41 2D AIT Series Module ARIHDULES ..........uviiiiie e e e e e 102
Table 42 2D AIT Image Module ALHDULES ........ooiiiiiiie e 103
LI o] SR A [ g F= o L= Y o OO PP PP 106
Table 44 2D AIT FUNCHONAI MACTOS ......ueiiiieeiiiiiiie ettt e e e sttt ee e e e e e s et e e e e e e e s sentnreeeaaeeeeannes 108
Table 45 3D AIT IMage 1OD MOAUIES ........cooiiiiiiiiiiie et e e 109
Table 46 3D AIT Image Multiframe Functional Group MacCrOS............ueeeiiieeiiiiiiiiiiee e 110
Table 47 3D AIT Series Module AtHDULES ........ooiiiiieiie e 110
Table 48 3D AIT Image Module ALHDULES ..........oviiiiiee e e e 111
Table 49 Image Type and Frame Type Value 4 for AlT ... e 114
Table 50 3D AIT Image Frame Type Macro AttribDULES..........oovvveeiiii e 115

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022

Page vii
Table 51 Image Type and Frame TYPE VaAlUE L.......coooiiiiiiiiiiieiiiie et 116
Table 52 Image Type and Frame Type Value 3 COMMON ......ccooiiiiiiiiiiiiaie it e e 116
Table 53 Image Type and Frame Type Value 4 COMMON ......ccooiiiiiiiiiiiiaia et eieee e e 117
Table 54 Image Type and Frame TYPe VAlUE 2.......cooo it 117
Table 55 Common 3D AIT Image Description Macro Attributes .........cccceeee i, 117
Table 56 Pixel Presentation Attribute VAIUES ..........cooiiiiiiiiiiiiie et 118
Table 57 Volumetric Properties Attribute ValUES.........cooiiuiiiiiiiiii e 119
Table 58 Volume-Based Calculation Technique Attribute Values.........ccccce o 120
Table 59 QR IOD MOUUIES ....uoeiiiieei ittt e e e e e e s e e e e e e e sa st a e e e e eaeessnnnrnreeeeaeesaanns 121
Table 60 QR Series MoAUIE AHDULES ........ccii i e e e e e e s rrere e e e e e e e e enes 122
Table 61 QR Measurements Module ARIDULES ..........ooiiiiiiiiiiee e 122
Table 62 ETD IOD MOUUIES .....ccceiiiiiiiiieiiee e e e eeeteiie et e e e s e sttt e e e e e e ss e eeeaeessnnssetaeeeeeeesannrnreneeeeesnannes 124
Table 63 ETD SerieS MOAUIE ..ottt e e e e ettt e e e e e s st e be e e e e e e e e annes 124
Table 64 Explosive Trace Detector (ETD) MOUUIE...........ooiiiiiiiiiiie et 125
Table 65 TDR [OD MOUUIES ....cciiiiiiiiiiieiie ettt e e e e s ettt e e e e e e s e snbabe e e e e e e e s annnbereeeaaeeseannns 129
Table 66 TDR Series MOAUIE AIIDULES ........ooiuiiiiieeie ettt e e e e e 129
Table 67 Additional Inspection Selection Criteria Module AttrDULES...........oooiiiiiiiiiiiin e 130
Table 68 General Report Module AttHDULES ...........iiiii e 131
Table 69 Threat Detection Report Module AttribULES ...........evvviie i 132
Table 70 Threat Sequence Module AtHBULES .........coiee i 135
Table 71 Baggage-Specific TDR DetailS MACIO.........ccciiiiuiiiieiie e iiciiieee e et e e e e ssrree e e e e e 137
Table 72 Person-Specific TDR Details Macro AttribDULES. .........cooiiiiiiiiiiie e 140
Table 73 Example 1, Cleared Bag, and Example 2, Aborted Bag (OVErSIZ€) ......cccceevvivreveriiireeennnne 143
Table 74 Example 3, ATDR, X-Ray, Liquids Detection, & Example 3A, OTDR, X-Ray,
[0 [0]Te Sl B =) (=Tt i o] o BT PP T PP OUP PP PPPPPPT 144
Table 75 Example 4, ATDR; Example 5, OTDR PVS; and Example 6, OTDR SVS ........ccccccceerrnne 148
Table 76 Example 7, ATDR; Example 8, OTDR PVS; and Example 9, OTDR SVS ........cccccceeerrnnee 152
Table 77 Example 10, AIT ATDR, and Example 11, OTDR PVS ... 157
Table 78 Example 12, BHS ATDR with Six Threats, Example 13, OTDR with Six Threats .............. 161
Table 79 Example 14 and 15, Alarm Bag with Explosive Threat and Non-Threat Laptop................. 170
Table 80 TDRs for Four Different Detection Algorithms Applied to the
Same Machine-Generated Bag IMagE........cc.uvviiiiie i e e e e e e e e e e e aaneeees 174

Table 81 The Summation of Four Different TDRs into One Aggregated TDR Is Shown in the Second
Column; Threats Are Referenced from Original Source TDRs and Their Bitmaps Are Not Always

o 10 o T o SRR 179
Table 82 Safety Technology 10D MOAUIES...........c.uuiiiiiiiiie et 187
Table 83 Orthogonal Air Cargo Technology 10D MOUIES...........ccueiiiiiiiieiiiiiie e 189
Table 84 General Equipment Module ATHDULES .........oouiiiiiiiii e 191
Table 85 Image Pixel Module AttriDULES..........o..eeie e 196
Table 86 Image Pixel Macro AMINDULES ........ooiiiiiiiiiiie et e e 198
Table 87 Supplemental Palette Color Table Lookup Module Attributes...........c..veeviiiiiiiiiiiiieeieeeee 207
Table 88 ICC Profile Module ALIDULES ........c.euiiiiii e 208
Table 89 Overlay Plane Module AttHDULES ............ueiiii i e e e 209
Table 90 VOI LUT Module ALHDULES........oooiiiiiie ittt 211
Table 91 VOI LUT MaACIO AIHDULES ......ueiiieeeiiiiiiiieie e st e e e e s st ee e e e e e ssneeteeee e e e s s snnsnnneneeeesnannns 211
Table 92 Image Histogram Module AttHDULES ..........oiiiiiiii e 216
Table 93 Acquisition Context Module ARIHDULES..........ocuiiiii e 219
Table 94 TIP Image Module AIDULES ..........uiiiii e e 221
Table 95 General Image Module AMIDULES. ...........uuiiiiii e 222
Table 96 SOP Common Module ARIHDULES .........ouiiiiiiii e 227
Table 97 Defined Terms for Single-Byte Character Sets Without Code Extensions ............ccccc.oe..... 232
Table 98 Defined Terms for Single-Byte Character Sets with Code EXtensions ............cccccceveeeennee 233
Table 99 Defined Terms for Multi-Byte Character Sets with Code EXtenSionS.............ccccvvveveeeeeiennnns 234
Table 100 Defined Terms for Multi-Byte Character Sets Without Code ExXtensions...........ccccccceeeunes 235
Table 101 Common Instance Reference Module AHIHDULES .........cceveiiiiii i 236
Table 102 Inspection Selection Criteria Module AttrDULES ........ccoiviiiiiiiiee e 236

© 2022 National Electrical Manufacturers Association



NEMA 1IC 1 v03 2022
Page viii

Table 103 Series and Instance Reference Macro Attributes............coovviii i
Table 104 SOP Instance Reference Macro AtHDULES ...........coiiiiiiiiiiiiii e
Table 105 Hierarchical SOP Instance Reference Macro Attributes ..o
Table 106 Hierarchical Series Reference Macro AttHbULES ..........oooueiiiiiiiiiiiiiieeee e
Table 107 Basic Pixel Spacing Calibration Macro AttribULES ..........ccuvieeeeiee e
Table 108 Common Attribute Set for Code Sequence AtrbULES. ...
Table 109 Common Attribute Set for Extended Code Sequence Attributes .........ccccccovviiiiiieeieennnnnes
Table 110 Person Identification Macro Attributes DeSCHPLION ........ccvvveeeeveei i
Table 111 Pixel Measures Macro AtHDULES.........c.ueiiiiiiee e
Table 112 Frame Content Macro AHIDULES ........ocuiiiiiiiiie e
Table 113 Plane Position Macro AttHDULES ..........uuiiiie e e e e e e e
Table 114 Plane Orientation Macro AttHDULES ........ooveeiiiiiiiiieeee e e e e e e e e enes
Table 115 AIT Plane Orientation Macro AtHDULES .........ccuuiiiiiiie e
Table 116 Referenced Image Macro AttHDULES...........ocuiiiiiiii e
Table 117 Derivation Image Macro AttrDULES ..........cooiiiiiiiii e
Table 118 Frame VOI LUT MaCro AtHDULES .........eeiiiiiiiiieie e
Table 119 Real-World Value Mapping Macro AttHDULES ...........cooiiiiiiiiiiiie e
Table 120 Pixel Intensity Relationship LUT Macro AttribULES .........c.eveiiiiiiiiiiiieieeeeee e
Table 121 Frame of Reference Module AtrDULES ..........eviiiiiiiei e
Table 122 Multiframe Dimension Module AttrDULES...........oooiiiiii e
Table 123 Multiframe Functional Groups Module AttribBULES ..........cccvvieirei e
Table 124 Image SOP Instance Reference Macro AttribULES ........cccevvveereeee i
Table 125 X-Ray EqQUIPMENT MOGAUIE........cooiiiiiii it e
Table 126 External REfereNCES MACIO .......cciiiiceiiiiiiie et s e r e e e e s e e e e e e s snnrereeeeeeeenannes
Table 127 Application Context Names for DICOS ..........uiiiiiiiiieiiiie et
Table 128 DICOS Standard Storage SOP CIASSES .......uueiiiiiiiieiiiiie ittt
Table 129 DICOM SOP ClasS UIDS........cciciiiiiiiiiiiieeiiiiie e ssiee e s siee e siaee e s siaea e s ssbaeesssbeeesssraeesensnes
Table 130 Example—Context Groups Table Style........ooouiiiiiiiiii e
Table 131 Example—Extended Context Groups Table Style ...
Table 132 CodiNG SCREMES .....cooi et e e e e e s be e e e e e e e aanes
Table 133 CID DCS1 Chemical Compound Identification..............cccccvieiieee e
Table 134 CID DCS2 AlT BOUY ZONES.....ccccoiiiitiiieiee e e sttt e e s e s ee e e e e e s s staba e e e e e e e s sentaraeaeaeesnanes
Table 135 CID DCS3 AIT Secondary Inspection Methods ...........cccceiiiiiiiiiiiinei e
Table 136 CID DCS4 Identification ENCOAING TYPE .eooiueiiiiiiiiiie ittt
Table 137 Context Group UID VAIUES ........couuiiiiiiiie ettt
Table 138 DICOS Code Definitions (Coding Scheme Designator ‘DICOS’

Coding SCheme VErsion ‘017) ...ttt ettt e e e annee s
Table 139 Computed Tomography (CT) Raw Sensor Data Interface Files Used for

(D= (¢ W CT: 11 0 =] 11 o [P RPTT PP
Table 140 Computed Tomography (CT) IOD Series IE Specialization Modules Used for
Generating the Raw Sensor Data INTEIfACE .........cooiiiiiiiiiii e
LI 10 I R RS B ST = PP
Table 142 Computed Tomography (CT) Corrected Sensor Data Interface Files Used for Data

LCT= 11 =TT USSR
Table 143 CT Corrected Data Interface (CDI) IOD Series IE Specialization Modules ......................
QIR o Lo o T R =T TS
Table 145 Geometry Map PItCh File ........eii i
Table 146 Example CSV File for a Stationary SYSteM .........ccueieiiiiieiiiee e
Table 147 Example CSV File for a ROtation SYSIEM........ccoiiiiiiiiiiiie e
Table 148 Example CSV File for a Multi-Planes SYStEM ..........ccoiiiiiiiiiiie e

© 2022 National Electrical Manufacturers Association



NEMA IIC 1 v03 2022
Page ix

Foreword

The Digital Imaging and Communications in Security (DICOS) standard, this standards publication, is
formally designated as NEMA IIC 1 v03. NEMA IIC 1 v03 is inspired by and relies heavily on elements of
Digital Imaging and Communications in Medicine (DICOM). NEMA 1IC 1 v03 adapts DICOM as necessary
for security screening applications. While NEMA 1IC 1 vO3 was retained as the formal standard
designation, NEMA 1IC 1 v03 is referenced informally as DICOS v03.

DICOS v03 revises, corrects, and clarifies the predecessor standard, DICOS v02a, reflecting “lessons
learned” as a result of TSA implementation of the predecessor version of DICOS v03. Because significant
functionality was not added or removed, the designation DICOS v03 was selected.

The predecessor of DICOS v03, designated as DICOS v02a, was published in 2019.

Note: The user’s attention is called to the possibility that compliance with this standard could
require the use of an invention covered by patent rights. By publication of this standard, no
position is taken with respect to the validity of any such claim(s) or of any patent rights in
connection therewith. If a patent holder has filed a statement of willingness to grant a license
under these rights on reasonable and non-discriminatory terms and conditions to applicants
desiring to obtain such a license, then details may be obtained from NEMA.

Proposed or recommended revisions should be submitted to:

NEMA Technical Operations Department
National Electrical Manufacturers Association
1300 North 17th Street, Suite 900

Rosslyn, Virginia 22209

The NEMA Imaging and Communications Council (1IC) developed DICOS v03. Council approval of
DICOS v03 does not necessarily imply that Council Members voted for its approval or participated in its
development. At the time it was approved, the Council was composed of the following Members:

Rapiscan http://www.rapiscansystems.com

Stratovan www.stratovan.com

TeleSecurity Sciences, Inc. www.telesecuritysciences.com

Integrated Defense & Security Solutions (IDSS) http://www.idsscorp.net
Rohde & Schwarz GmbH & Co. KG https://www.rohde-schwarz.com/us
TeleSecurity Sciences, Inc http://www.telesecuritysciences.com

Agilent Technologies https://www.agilent.com

Analogic Corporation http://www.analogic.com

Smiths Detection http://www.smithsdetection.com

Battelle http://www.battelle.org

Gilardoni S.p.A. a Socio Unico http://www.gilardoni.it

I.  Heathrow Airport https://www.heathrow.com

m. Leidos Security Detection & Automation https://www.leidos.com/markets/aviation/security-
detection

XTI T oe@Tmeao0oTe

The council utilized three technical working groups (TWG). Technical Working Group 1 focused on
Legacy and ML algorithms, modality enhancements for X-Ray and AIT, modality for air cargo, and other
new modalities. Technical Working Group 2 focused on SDI/CDI and streaming. Technical Working
Group 3 focused on addressing issues from OEMs, third-party developers, and vendors.
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Section 1
Scope

The Digital Imaging and Communications in Security (DICOS) standard, designated as NEMA IIC 1 v03,
provides a data interchange protocol and an interoperable, extensible file format to facilitate data
information interchange (e.g., demographic information, X-Ray radiographs, CT images, material-specific
information, trace detection signatures, threat assessment) of objects of inspection (e.g., checked
luggage, carry-on luggage, parcels, and personnel) for security screening applications.

NEMA IIC 1 v03 is inspired by and relies heavily on elements of Digital Imaging and Communications in
Medicine (DICOM). NEMA IIC 1 v03 adapts DICOM as necessary for security screening applications.
NEMA IIC 1 v03 includes many references to elements in the DICOM standard. In text, these references
take the general form, see DICOM PS X.Y. Other elements of NEMA IIC 1 v03, while initially inspired by
DICOM, were updated for airport security screening applications. NEMA IIC 1 vO3 reflects these
adaptations.

Note: From this point forward, while NEMA IIC 1 v03 is retained as the formal standard
designation, NEMA IIC 1 v03 is referenced as its informal designation, DICOS v03.

DICOS v03 expanded upon DICOS v02A with the enhancements of the Threat Detection Report (TDR),
Aggregate TDR, TIP images, additional modalities, and screening devices. In order not to be redundant,
new screening devices were referenced back to existing IODs. DICOS v03 has established a bug report
and a NEMA share site that provides support documents that help explain and provide further details to
some of the additions.

DICOS v03 has added threat updates to the Threat Detection Report (TDR), developed a method for the
generation of same modality Aggregate TDR, added X-Ray Diffraction (XRD) and Differential Phase
Contrast (DPC) and its derivatives to the CT 10D, added additional modalities of Explosive Trace
Detection (ETD), enhanced the Threat Image Projection (TIP), added the ability to obtain data from
Sensor Data Interface (SDI) and the Corrected Data Interface (CDI), and added the ability to report
additional screening devices such as shoe scanner and air cargo and the ability to obtain raw and
corrected data from the X-Ray detectors.

DICOS v03 has ensured that it covers 85% of the image and meta data format requirements for High-
Definition (HD) AIT (Advanced Imaging Technology) and Walk-Through AIT. The remaining 15% will be
addressed by the AIT OEMs in DICOS v04. In an attempt to have unity between the standards, NEMA is
working with the IEEE Committee on AIT image quality to ensure agreement in ordering formats and
data. DICOS v03 has added a proposed appendix, Section 18, for the purpose of encoding of DICOS v03
data. NEMA welcomes comments and suggestions from the DICOS implementation community and other
interested parties on this appendix.

For DICOS v03, NEMA has established a website with supplementary documents that will aid the
implementor for items like the Modality Aggregated TDR, Multiple Bounding Boxes, and ROIs solutions
and other related documents. These are supplementary documents, and for any differences between
these documents and the DICOS standard, the standard will prevail.

1.1 References

The following standards (normative references) contain provisions that, through reference in this text,
constitute provisions of DICOS v03. Additional documents and standards (other references) are
referenced that might provide a complete understanding. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to agreements based on DICOS v03 are
encouraged to investigate the possibility of applying the most recent editions of the standards indicated.

© 2022 National Electrical Manufacturers Association



	Section 1  Scope
	1.1 References
	1.1.1 Normative References
	1.1.1.1 National Electrical Manufacturers Association (NEMA)
	1.1.1.2 International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
	1.1.1.3 International Telecommunication Union (ITU)
	1.1.1.4 Internet Engineering Task Force (IETF)
	1.1.1.5 U.S. National Institute of Standards and Technology (NIST)

	1.1.2 Other References
	1.1.3 Contacts
	1.1.3.1 National Electrical Manufacturers Association (NEMA)
	1.1.3.2 IAB/RFC Documents
	1.1.3.3 ISO/IEC Standards


	1.2 Definitions, Acronyms, and Abbreviations
	1.3 Conventions
	1.3.1 References to DICOM
	1.3.1.1 DICOM Context IDs

	1.3.2 Entity-Relationship (E-R) Model
	1.3.3 Sequences
	1.3.4 Attribute Macros
	1.3.4.1 Types and Conditions in Normalized IODs
	1.3.4.2 Elements of a Module Definition
	1.3.4.2.1 Module Description and Definition
	1.3.4.2.1.1 Type Designation
	1.3.4.2.1.2 Attribute Definition

	1.3.4.2.2 Attribute Descriptions


	1.3.5 Use of Private Attributes
	1.3.6 Attribute Type
	1.3.6.1 Type 1 Required Attributes
	1.3.6.2 Type 1C Conditional Attributes
	1.3.6.3 Type 2 Required Attributes
	1.3.6.4 Type 2C Conditional Attributes
	1.3.6.5 Type 3 Optional Attributes
	1.3.6.6 Attribute Types Within a Sequence

	1.3.7 Enumerated Values and Defined Terms
	1.3.8 Value Representation (VR)
	1.3.9 Display Order Versus Coding Order
	1.3.10 Attribute Value Length
	1.3.11 Explicit and Implicit Data Elements with a VR of OD

	1.4 File Meta Information
	1.5 DICOS Transfer Syntax

	Section 2   Overview
	2.1 DICOS Example—Person Traveling with One Checked Bag and One Carry-on
	2.2 Background
	2.3 Elements of an Information Object Definition (IOD)
	2.3.1 IOD Description
	2.3.2 IOD Entity-Relationship Model
	2.3.2.1 OOI IE
	2.3.2.2 Scan IE
	2.3.2.3 Series IE
	2.3.2.4 Equipment IE
	2.3.2.5 Frame of Reference IE
	2.3.2.6 Image IE
	2.3.2.7 Threat Detection Report IE
	2.3.2.8 Owner IE
	2.3.2.9 Measurements IE

	2.3.3 Overview of the Composite IOD Module Content


	Section 3   OOI Owner Modules
	3.1 OOI Owner Module Attributes

	Section 4   Object of Inspection (OOI) Modules
	4.1 OOI Module Attributes
	4.2 Itinerary Module
	4.2.1 Itinerary Module Attribute Descriptions
	4.2.1.1 Carrier ID
	4.2.1.2 Route ID



	Section 5   General Scan Modules
	5.1 General Scan Module Attributes

	Section 6   General Series Modules
	6.1 General Series Module Attributes
	6.2 Modality

	Section 7    Computed Tomography (CT) Image Information Object Definition (IOD)
	7.1 CT Image IOD Description
	7.2 CT Image IOD Entity-Relationship (E-R) Model
	7.3 CT Image IOD Module Table
	7.3.1 CT Image Multiframe Functional Group Macros

	7.4 CT Image
	7.4.1 CT Series Module
	7.4.2 CT Image Module
	7.4.2.1 Derived Pixel Contrast
	7.4.2.2 Evidence Sequence Attributes

	7.4.3  CT Image Functional Group Macros
	7.4.3.1 CT Image Frame Type Macro
	7.4.3.2 CT X-Ray Details Macro
	7.4.3.3 CT Pixel Value Transformation Macro
	7.4.3.4 Modality LUT and Rescale Type


	7.5 Common CT Descriptions
	7.5.1 Image Type and Frame Type
	7.5.1.1 Pixel Data Characteristics
	7.5.1.2 OOI Image Characteristics
	7.5.1.3 Image Flavor
	7.5.1.4 Derived Pixel Contrast

	7.5.2 Common CT Image Description Macro
	7.5.2.1 Common CT Image Description Attribute Description
	7.5.2.1.1 Pixel Presentation
	7.5.2.1.1.1 Supplemental Palette Color LUTs

	7.5.2.1.2 Volumetric Properties
	7.5.2.1.3 Volume Based Calculation Technique Attribute




	Section 8   Digital X-Ray (DX) Information Object Definition (IOD)
	8.1 Digital X-Ray (DX) Image Information Object Definition (IOD)
	8.2 X-Ray Image IOD Entity-Relationship (E-R) Model
	8.2.1 X-Ray IOD Module Table
	8.2.2 X-Ray Modules
	8.2.2.1 X-Ray Series Module
	8.2.2.1.1 X Series Attribute Descriptions
	8.2.2.1.1.1 Presentation Intent Type


	8.2.2.2 X-Ray Image Module
	8.2.2.2.1 X-Ray Image Attribute Descriptions
	8.2.2.2.1.1 Pixel Intensity Relationship and Grayscale Transformations
	8.2.2.2.1.2 Acquisition Device Processing Description
	8.2.2.2.1.3 Derivation Description
	8.2.2.2.1.4 VOI Attributes
	8.2.2.2.1.5 Image Type


	8.2.2.3 X-Ray Detector Module
	8.2.2.4  X-Ray Positioning Module
	8.2.2.5 X-Ray Generation Module
	8.2.2.6 X-Ray Filtration Module



	Section 9  Advanced Imaging Technology (AIT) Information Object Definition (IOD)
	9.1 Reference Coordinate System (RCS)
	9.1.1 AIT Image Position and Image Orientation
	9.1.2 Person Reference Coordinate System (PRCS) and RCS to PRCS Relationship
	9.1.2.1 PRCS to RCS Orientation Examples
	9.1.2.1.1 PRCS to RCS Example 1
	9.1.2.1.2 PRCS to RCS Example 2
	9.1.2.1.3 PRCS to RCS Example 3
	9.1.2.1.4 PRCS to RCS Example 4



	9.2 2D Advanced Imaging Technology (AIT) Information Object Definition (IOD)
	9.2.1 Advanced Imaging Technology (AIT) IOD Entity-Relationship (E-R) Model
	9.2.2 2D AIT IOD Module Table
	9.2.3 2D AIT Modules
	9.2.3.1 2D AIT Series Module
	9.2.3.1.1 2D AIT Series Attribute Descriptions
	9.2.3.1.1.1 Presentation Intent Type


	9.2.3.2 2D AIT Image Module
	9.2.3.2.1 2D AIT Image Attribute Descriptions
	9.2.3.2.1.1 Pixel Intensity Relationship and Grayscale Transformations
	9.2.3.2.1.2 Acquisition Device Processing Description
	9.2.3.2.1.3 Derivation Description
	9.2.3.2.1.4 VOI Attributes


	9.2.3.3 AIT Functional Macros


	9.3 3D Advanced Imaging Technology (AIT) Information Object Definition (IOD)
	9.3.1 3D AIT Image IOD Entity-Relationship (E-R) Model
	9.3.2 3D AIT Image IOD Module Table
	9.3.2.1 3D AIT Image Multiframe Functional Group Macros

	9.3.3 3D AIT Modules
	9.3.3.1 3D AIT Series Module
	9.3.3.2 3D AIT Image Module
	9.3.3.2.1 Derived Pixel Contrast
	9.3.3.2.2 Evidence Sequence Attributes

	9.3.3.3 3D AIT Image Functional Group Macros
	9.3.3.3.1 3D AIT Image Frame Type Macro


	9.3.4 Common 3D AIT Descriptions
	9.3.4.1 Image Type and Frame Type
	9.3.4.1.1 Pixel Data Characteristics
	9.3.4.1.2 Image Flavor
	9.3.4.1.3 Derived Pixel Contrast
	9.3.4.1.4 Image Characteristics

	9.3.4.2 Common 3D AIT Image Description Macro
	9.3.4.2.1 Common 3D AIT Image Description Attribute Description
	9.3.4.2.1.1 Pixel Presentation
	9.3.4.2.1.1.1 Supplemental Palette Color LUTs

	9.3.4.2.1.2 Volumetric Properties
	9.3.4.2.1.3 Volume Based Calculation Technique Attribute




	9.4 Raw Data Collection

	Section 10  Quadrupole Resonance (QR) Information Object Definition (IOD)
	10.1 QR IOD Entity-Relationship (E-R) Model
	10.2 QR IOD Module Table
	10.3 QR Modules
	10.3.1 QR Series Module
	10.3.2 QR Measurements Module
	10.3.2.1 QR Measurements Attribute Descriptions
	10.3.2.1.1 QR Measurements Sequence
	10.3.2.1.2 Target Material Sequence Attribute
	10.3.2.1.3 Bounding Polygon Attribute




	Section 11   Explosive Trace Detector (ETD) Information Object Definition (IOD)
	11.1 ETD IOD Description
	11.2 ETD IOD Module Table

	Section 12   Threat Detection Report (TDR) Information Object Definition (IOD)
	12.1 TDR Series Module
	12.2 Additional Inspection Selection Criteria Module
	12.2.1 Additional Inspection Selection Criteria Attributes

	12.3 General Report Module
	12.4 Threat Detection Report (TDR) Module
	12.5 Threat Sequence Module
	12.5.1 Baggage-Specific TDR Details Macro
	12.5.2 Person-Specific TDR Details Macro

	12.6 Threat Detection Report (TDR) Examples (Informative)
	12.6.1 Basic TDR Examples (Informative)
	12.6.1.1 Example 1, Clear Bag
	12.6.1.2 Example 2, Aborted Bag

	12.6.2 Automatic Threat Detection Report (ATDR) Examples for Bags (Informative)
	12.6.2.1 Example 3, X-Ray, Liquid Detection, 1 Threat, 1 Shield, 1 No_Threat
	12.6.2.2 Example 3, X-Ray, Liquid Detection, 1 Threat, 1 Shield, 1 No_Threat

	12.6.3 Automatic Threat Detection Report (ATDR) Examples for Bags with Operator Threat Detection Reports (OTDRs)
	12.6.3.1 Example 4, ATDR, CT, Explosive Detection, 2 Threats
	12.6.3.2 Example 5, OTDR PVS, CT, Explosive Detection, 2 Threats, PVS Operator Clears 1
	12.6.3.3 Example 6, OTDR SVS, CT, Explosive Detection, 2 Threats, SVS Operator Clears 1
	12.6.3.4 Example 7, ATDR, CT, Explosive Detection, 2 Threats
	12.6.3.5 Example 8, OTDR PVS, CT, Explosive Detection, 2 Threats, PVS Operator Clears 1
	12.6.3.6 Example 9, OTDR SVS, CT, Explosive Detection, 2 Threats, SVS Operator Clears 1

	12.6.4 Automatic Threat Detection Report (ATDR) Examples for Persons
	12.6.4.1 Example 10, AIT, ATDR, 2 PTOs

	12.6.5  Example 12, ATDR, 6 PTOs; Example 13, OTDR, 3 PTOs
	12.6.6 Example 14 and 15, Machine TDR and Operator TDR for Alarm Bag with One EDS Explosive and One Non-Threat Laptop

	12.7 Modality Aggregate TDR

	Section 13  Additional Screening Devices
	13.1 Shoe Scanner
	13.1.1 X-Ray
	13.1.2 Computed Tomography (CT)
	13.1.3 Advanced Imaging Technology (AIT)
	13.1.4 Quadrupole Resonance (QR)

	13.2 Bottle Liquid Scanner (BLS)
	13.2.1  X-Ray
	13.2.2 Computed Tomography (CT)
	13.2.3 Advanced Imaging Technology (AIT)
	13.2.4 Quadrupole Resonance (QR)
	13.2.5 Explosive Trace Detector (ETD)

	13.3 Enhanced Walk-Through Anomaly Detector
	13.4 Air Cargo
	13.4.1 Orthogonal Air Cargo Technologies
	13.4.1.1 Carbon Dioxide (CO2) Detector

	13.4.2 Heartbeat Detector

	13.5 Bulk Resolution Tools (BRTs)
	13.5.1 Bulk Resolution Tools


	Section 14  Common Information Entity (IE) Modules and Macros
	14.1 Common Equipment IE Modules
	14.1.1 General Equipment Module
	14.1.1.1 General Equipment Attribute Descriptions
	14.1.1.1.1 Date of Last Calibration, Time of Last Calibration
	14.1.1.1.2 Pixel Padding Value and Pixel Padding Range Limit



	14.2 Common Image IE Modules
	14.2.1 Image Pixel Module
	14.2.1.1 Image Pixel Attribute Descriptions
	14.2.1.1.1 Samples Per Pixel
	14.2.1.1.2 Photometric Interpretation
	14.2.1.1.3 Planar Configuration
	14.2.1.1.4 Pixel Data
	14.2.1.1.5 Palette Color Lookup Table Descriptor
	14.2.1.1.6 Palette Color Lookup Table Data
	14.2.1.1.7 Pixel Aspect Ratio


	14.2.2 Supplemental Palette Color Lookup Table Module
	14.2.3 ICC Profile Module
	14.2.4 Overlay Plane Module
	14.2.4.1 Overlay Attribute Descriptions
	14.2.4.1.1 Overlay Type
	14.2.4.1.2 ROI Area, ROI Mean, and ROI Standard Deviation


	14.2.5 VOI LUT Module
	14.2.5.1 LUT Attribute Descriptions
	14.2.5.1.1 LUT Descriptor
	14.2.5.1.2 Window Center and Window Width
	14.2.5.1.3 VOI LUT Function
	14.2.5.1.3.1 SIGMOID Descriptor



	14.2.6 Image Histogram Module
	14.2.6.1 Image Histogram Attribute Descriptions

	14.2.7 Acquisition Context Module
	14.2.8 Threat Image Projection (TIP) Image Module

	14.3 Common Image IE Modules
	14.3.1 General Image Module
	14.3.1.1 General Image Attribute Descriptions
	14.3.1.1.1 Image Type
	14.3.1.1.2 Derivation Description
	14.3.1.1.3 Source Image Sequence
	14.3.1.1.4 Lossy Image Compression
	14.3.1.1.5 Icon Image Sequence



	14.4 SOP Common Module
	14.4.1 SOP Common Attribute Descriptions
	14.4.1.1 SOP Class UID, SOP Instance UID
	14.4.1.2 Specific Character Set
	14.4.1.3 Contributing Equipment Sequence


	14.5 Common Instance Reference Module
	14.6 Inspection Selection Criteria Module
	14.6.1 Inspection Selection Criteria Attributes

	14.7 Series and Instance Reference Macro
	14.8 SOP Instance Reference Macro
	14.9 Hierarchical SOP Instance Reference Macro
	14.10 Basic Pixel Spacing Calibration Macro
	14.10.1 Basic Pixel Spacing Calibration Macro Attribute Descriptions
	14.10.1.1 Pixel Spacing
	14.10.1.2 Pixel Spacing Calibration Type
	14.10.1.3 Pixel Spacing Value Order and Valid Values


	14.11 Encoding of Coded Entry Data
	14.11.1 Code Value
	14.11.2 Coding Scheme Designator and Coding Scheme Version
	14.11.3 Code Meaning
	14.11.4 Mapping Resource
	14.11.5 Context Group Version
	14.11.6 Context Identifier
	14.11.7 Context Group Extensions
	14.11.8 Standard Attribute Sets for Code Sequence Attributes

	14.12 Extended Code Sequence Macro
	14.12.1 Extended Code Value
	14.12.2 Extended Code Meaning

	14.13 Person Identification Macro
	14.14 Common Functional Group Macros
	14.14.1 Pixel Measures Macro
	14.14.2 Frame Content Macro
	14.14.2.1 Timing Parameter Relationships
	14.14.2.2 Frame Reference DateTime
	14.14.2.3 Frame Acquisition Duration
	14.14.2.4 Concatenations and Stacks
	14.14.2.5 Frame Label

	14.14.3 Plane Position Macro
	14.14.3.1 Position and Orientation for SAMPLED Frames
	14.14.3.2 Reference Coordinate System (RCS)
	14.14.3.3 Image Position and Image Orientation

	14.14.4 Plane Orientation Macro
	14.14.5 AIT Plane Orientation Macro
	14.14.5.1 PRCS to RCS Orientation

	14.14.6 Referenced Image Macro
	14.14.6.1 Use of Referenced Image Macro

	14.14.7 Derivation Image Macro
	14.14.7.1 Derivation Description
	14.14.7.2 Source Image Sequence

	14.14.8 Frame VOI LUT Macro
	14.14.8.1 LUT Descriptor
	14.14.8.2 Window Center and Window Width
	14.14.8.3 VOI LUT Function
	14.14.8.3.1 SIGMOID Descriptor


	14.14.9 Real-World Value Mapping Macro
	14.14.9.1 Real-World Value Representation
	14.14.9.1.1 Real-World Value Mapping Sequence
	14.14.9.1.2 Real-World Values Mapping Sequence Attributes


	14.14.10 Pixel Intensity Relationship LUT Macro
	14.14.10.1 Pixel Intensity Relationship LUT
	14.14.10.2 Pixel Intensity Relationship LUT Data Attribute


	14.15 Frame of Reference Module
	14.15.1 Frame of Reference UID
	14.15.2 Position Reference Indicator

	14.16 Multiframe Dimension Module
	14.16.1 Dimension Indices
	14.16.2 Dimension Organization UID

	14.17 Multiframe Functional Groups Module
	14.17.1 Multiframe Functional Groups Module Attribute Description
	14.17.1.1 Functional Group
	14.17.1.2 Number of Frames and Frame Increment Pointer
	14.17.1.3 Per-Frame Functional Groups Sequence
	14.17.1.4 SOP Instance UID of Concatenation Source


	14.18 Image SOP Instance Reference Macro
	14.19 X-Ray Equipment Module
	14.20  External References Macro

	Section 15   Data Transmission
	15.1 DICOS SOP Instance Transfer with DICOM Transmission Services

	Section 16  DICOS SOP Classes
	16.1 Storage SOP Class
	16.1.1 DICOS Standard Storage SOP Classes
	16.1.2 Specialization for DICOS Standard Storage SOP Classes
	16.1.2.1 X-Ray Image Storage 16 Bit SOP Classes

	16.1.3 Pixel Format Specific Format
	16.1.3.1  X-Ray Image Storage—32 Bit SOP Classes
	16.1.3.2 X-Ray Image Storage—64 Bit SOP Classes
	16.1.3.3 X-Ray Image Storage—Float SOP Classes
	16.1.3.4 DICOS CT Image Storage—32 Bit SOP Classes
	16.1.3.5 DICOS CT Image Storage—64 Bit SOP Classes
	16.1.3.6 DICOS CT Image Storage—Float Bit SOP Classes
	16.1.3.7 DICOS CT Raw Sensor Data Storage
	16.1.3.8 DICOS CT Corrected Sensor Data Storage
	16.1.3.9 DICOS 2D AIT Raw Data Storage
	16.1.3.10 DICOS 3D AIT Raw Data Storage


	16.2 DICOS Document File Extension

	Section 17  Content Mapping Resources
	17.1 Conventions
	17.2 Coding Schemes
	17.3 DICOS Context Tables and General Context Groups
	17.3.1 CID DCS1 Chemical Compound Identification
	17.3.1.1 Extended Code Value for CID DCS1
	17.3.1.2 Extended Code Meaning for CID DCS1

	17.3.2 CID DCS2 AIT Body Zones
	17.3.3 CID DCS3 AIT Secondary Inspection Methods
	17.3.4 CID DCS4 Identification Encoding Type

	17.4 Context Group UID Values
	17.5 Controlled Terminology Definitions

	Section 18   Appendix Sensor Data Interface (SDI) and Corrected Data Interface (CDI) Information Object Definition (IOD) Modules
	18.1 Sensor Data Interface (SDI) and Corrected Data Interface (CDI) IOD Module
	18.1.1 Sensor Data Interface (SDI)
	18.1.2 Corrected Data Interface (CDI)
	18.1.3 Service-Object Pair

	18.2 Addition of General Support Files Required to Support SDI/CDI Data Collection
	18.2.1 Geometry Map File
	18.2.1.1 Free Format Text File
	18.2.1.2 Example Geometry Map Pitch Files (Informative)
	18.2.1.3 Isocenter for Rotation

	18.2.2 X-Ray Detector Read File for a Bag Image
	18.2.3 X-Ray Static Bad Detector Map File
	18.2.4 Offset Table File
	18.2.5 Air Table File
	18.2.6 Dark Current File
	18.2.7 CT IOD Module File
	18.2.8 OEM Proprietary ATR Information File

	18.3 Changes to CT IOD Additional Modules
	18.3.1 X-Ray Positioning Module Attributes
	18.3.2 X-Ray Detector Module Attributes

	18.4 Coordinate Reference
	18.5 Overview of Data Flow Through the Process

	Section 19  Appendix Streaming via Concatenation

