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Figure 1. Schematic diagram illustrating the structure of DICOM image data defined in

the DICOM CD recommended guideline.
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Start Validation
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3. Check directory depth

DICOMDIR Ne
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v 2.Directory informatior v
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— rint error
DICOMDIR
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Y ! ! Y
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Validation

—

Load DICOM file

Every DICOM file is
validated

Print error
DICOM Everyting Ok’

N¢ ——» message

A

Figure 2. Flow chart of DICOM CD data evaluatio

n was utilized in the designing of
DICOM CD validation toolkit.
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Figure 3. The number of errors detected in the evaluation of DICOM CD data using the
DICOM CD validation toolkit.
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File Meta Info tag &% DICOM PS3.3: C7.21°|A] A ]¥ Patient IE

(Information Entities), Study IE, 18] 3l Series IEE #F3}$ .
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Info.En. Mo. No. Tag Attribute Name Value Reference
C-001 Preamble File Preamble (128bytes)
C-002 DICM DICOM Prefix DICM
C-003 (0002,0000) Group Length
C-004 (0002,0001) File Meta
Information Version
DICOM
C-005 (0002,0002) Media Storage #PS 3.4-2003: 1 1.4 L
File PS3.10: 7.1
SOP Class UID
Meta
C-006 (0002,0003) Media Storage #B-001
Info.
SOP Instance UID
C-007 (0002,0010) Transfer Syntax 1.2.840.10008.1.2 (IL)
UID 1.2.840.10008.1.2.1 (EL)
C-008 (0010,0010) Patient Name #B-006
C-009 (0010,0020) Patient’s ID
Patient Patient
C-010 (0010,0030) Patient’s #B-002 PS3.3:C7.1.1
IE Module
Birth Date
C-011 (0010,0040) Patient’s Sex M,F, O
C-012 (0008,0020) Study Date #B-002
General C-013 (0008,0030) Study Time #B-003
Study
Study C-014 (0008,0050) Accession Number PS3.3:C7.2.1
1IE
Module C-015 (0020,000D) Study #B-001
Instance UID
C-016 (0008,0060) Modality CR, CT, MR, US, XA, DX, MG,
General 10, OT, ES, RF
Series
Series C-017 (0020,000E) Series #B-001 PS3.3:C7.3.1
1IE
Module Instance UID
C-018 (0020,0011) Series Number

Table 1. Definition of Group C in DICOM CD guideline
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Group I DICOM%/ Hlo]EE PACS H-ol(viewer)oll Al ®H7] $]3t
4 [EEZA DICOM PS3.3: C7.6.1914 Ael¥l general image
module®} DICOM PS3.3: C7.6.3914 #A2]%¥ image pixel module¥}
DICOM PS3.3: C12.1914 Ael¥ SOP common module® +F35}S1
t}.

Info. Mo. No. Tag Attribute Name Value Reference
En.
1-001 (0008,0023) Content Date #B-002
General
1-002 (0008,0033) Content Time #B-003
Image PS 3.3:C7.6.1
1-003 (0020,0013) Instance Number
Module
(Image Number)
1-004 (0028,0002) Samples per Pixel 1,3,4
1-005 (0028,0004) Photometric Interpretation MONOCHROME],
1-006 (0028,0010) Rows
Image Image

1-007 (0028,0011) Columns
1IE Pixel PS3.3:C7.6.3
1-008 (0028,0100) Bits Allocated

Module
1-009 (0028,0101) Bits Stored
1-010 (0028,0102) High Bit
1-011 (0028,0103) Pixel Representation 0000H, 0001H
1-012 (7FE0,0010) Pixel Data
sor 1-013 (0008,0016) SOP Class UID #PS 3.6-2003:A 3L
Common 1-014 (0008,0018) SOP Instance #B-001 PS3.3:Cl12.1
Module UID

Table 2. Definition of Group I in DICOM CD guideline

w3k DICOM PS3.394 Ae® CR(Computed Radiography),
CT(Computed Tomography), MRI(Magnetic Resonance Imaging),

US(Ultrasound/US multi-frame Imaging), SC(Secondary Capture),
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XA(X-ray Angiographic/Radiofluoroscopic Imaging), DX(Digital X-
ray), MG(Digital Mammography), ZL2] 3l IO(Intra-oral Imaging) &
o] Ao HESHA AFEHA= tageES XSS [E

Z47p WEe] g ow stk

ully

KeN
=
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Figure 4. Screen illustrating the validation results of the DICOMDIR of DICOM CD
data using the DICOM validation toolkit.
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Figure 5. Screen illustrating the validation results of the CT DICOM CD data using the

DICOM validation toolkit.
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S FE do7]= DICOMDIRS PACS CD Hl°]HE HFE3SI= PACS
AA == M9 console applicationol A ABAFETH A
DICOMDIRS PACS Alx AAY PACS CD dHo|lHE AT 4= 2
= A AA7E &ut2 A DICOMDIRS A4gshA] 5 & Zlo= Alw
Ho

PACS CD dlo]El¢] DICOMDIRS ®A4& Zx, 7} B2 of&
media storage SOP instance UID$} file-set consistency flagel
Aok 28y 7P AW A] 2R/ referenced file ID7F A A
DICOM CD dloJElell 3w Hzeol dx a4 e A9-dch o)
31 el PACSOIA Ak Hbjle] &7best sFeom ddo] <
gl Hok k= wA7F AT Table 3 ¥

< DICOMDIR®| 4] Z3}oltt,

DICOMDIR Num.
DICOMDIR®] $l+= A% 7
DICOMDIR®] 1AIRF Error7b A& 75 11
DICOMDIR®] = 75 28

Table 3. Existence and nonexistence of DICOMDIR used in validation of the DICOM
CD dada

Error Type Tag Num.
Group Length (0002,0000) 10
File Meta Information (0002,0001) 10
Media Storage SOP Instance UID (0002,0003) 11
File-Set Consistency Flag (0004,1212) 11
Record In-use Flag (0004,1410) 10
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Reference File ID
Transfer Syntax UID

Referenced File ID

(0004,1500)
(0004,1512)
(0004,1500)

Table 4. Validation results of DICOMDIR files having errors

DICOM @79 Asdx= vdavt

T 9E5gA 544 me

2. WA ‘PACS CD Data
format guideline’o] ZFd3F = Common [E®} Image [EES #HE3H

I[EE #5380t Table 5

Error Type Tag NULL Empty
Value Tag

Common  Accession Number (0008,0050) 28 2
tag Series Number (0020,0011) 6 2
Patient name (0010,0010) 5 1

Patient Birthday (0010,0030) 19 3

Patient’s Sex (0010,0040) 2 2

Patient’s ID (0010,0020) 0 2

Study Instance UID (0020,000D) 0 2

Series Instance UID (0020,000E) 0 3

Group Length (0002,0000) 0 3

File Meta Information (0002,0001) 0 3

Media Storage SOP Instance UID (0002,0003) 0 1

Media Storage SOP Class UID (1.2.840.11361 0 1

9.4.2)7} &

34 e

Table 5. Validation result of Common IE occuring the import errors
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Table 62 Image IES] #4 ZAF}o|t}. E3] PACSA+= Image IE
9] tag#oll 25771 A= AS- PACS Hol(viewer)d] HoA&E 4= 7}
Sy A5 A3} Content Date(0008,0023), Content
Time(0008,0033) tag7t 7Hg wWeol EA kA erskeh. 12v A
-0 PACSOIA = o] tagEel T8 AMEH A= ekshel.

Error Type Tag NULL Empty

Value Tag
Image IE  Instance Number (0020,0013) 0 2
Sample Per Pixel (0028,0002) 0 3
Photometric Interpretation (0028,0004) 0 2
Rows (0028,0010) 0 2
Columns (0028,0011) 0 2
Bits Allocated (0028,0100) 0 2
Bits Stored (0028,0101) 0 2
High Bit (0028,0102) 0 2
Pixel Representation (0028,0103) 0 3
Content Date (0008,0023) 0 14
Content Time (0008,0033) 0 14
SOP Class UID (0008,0016) 0 1
SOP Instance UID (0008,0018) 0 1

Table 6. Validation result of Image IE occurring the import errors

Table 7 DICOM 97 dHlolge &4 Zite]rt. CR(Computed
Radiography) 949 A<, ¥4 A3} View Position(0018,5101)¢l
null gko] o] &4 sttt ®=3F Body Part Examined(0018,001)&
tag7b 1= A5 AU = AT CT F7e 45 dA 143 A
g = F 30 /e AgzdA R/ #s AT F UAATE Rescale
Intercept (0028,1052), Rescale Slope (0028,1053)=2. % Null 4to]
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Dol =4 st tagAAT A A e ASES g £ A
74§ Conversion Type (0008,0054)

A Utk Ade ApgE BE US JAelA Curve
Number(0020,0024), Curve Dimension(5000,0005), Number of
Points(5000,0010), Type of Data (5000,0020), Data Value
Representation(5000,0103), Curve Data(5000,3000) tag #E°] &=
A skA @tk MR 93¢ 49 Slice Thickness (0018,0050),
Patient Position (0018,5100) tag %k &°] Null gto= &A) 3}¢laL,
Sequence Variant (0018,0021) tag”} <£A] 3t#] &= A5 &9l
st = 9l th XA9 4% Frame Time Vector(0018,1065)7F Null %t

(3]

2 7HRor, gt 24 84 gt 498 B @ 5 YA

rir
‘i}i
M
2
of
O

—

il

Modality Error Type Tag NULL Empty
Value Tag
CR View Position (0018,5101) 11 0
Body Part Examined (0018,0015) 0 1
CT Rescale Intercept (0028,1052) 1 4
Rescale Slope (0028,1053) 1 4
Conversion Type (0008,0054) 0 1
Frame of Reference UID (0020,0052) 0 2
Patient Position (0018,5100) 0 2
Slice Thickness (0018,0050) 0 2
Image Position (0020,0032) 0 2
Image Orientation (0020,0037) 0 2
Study Time (0008,0030) 1 0
Pixel Spacing (0028,0030) 0 1
Image Type (0008,0008) 0 1
SC Conversion Type (0008,0054) 1 0
USs Curve Number (0020,0024) 0 4
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Curve Dimension (5000,0005) 0 4
Number of Points (5000,0010) 0 4
Type of Data (5000,0020) 0 4
Data Value Representation (5000,0103) 0 4
Curve Data (5000,3000) 0 4
Slice Thickness (0018,0050) 1 0

Patient Position (0018,5100) 1

MR

Sequence Variant (0018,0021) 1 1
Scanning Sequence (0018,0020) 1 0
XA Frame Time Vector (0018,1065) 1 1

Table 7. Validation result of DICOM CD data occurring the import errors

NM, PT, 10 949 45 g HdoAwt F4s FHst 4= &
Attt NM 949 4% Series Number(0020,0011), Content
Date(0008,0023), Content Time(0008,0033)7} null #kolt o
Detector Vector(0054,0020) & tag7t &4 3] &4th. PT 9739
7dF-oll== Series Number(0020,0011)7} null FtolRe™  Pixel
Aspect Ratio(0028,0034)% tagZ7t <A 3FA] o™ Image
Orientation(0028,0037)3} Image Position(0028,0032) Z}7}9]
DICOMe| Aol VM=3, VM=6 ¢ ®E #HES 2 A= FUrh
10 5l 749 Image  Laterality(0008,0062), Patient
Orientation(0020,0020), Burned in  Annotation(0028,0031),
Intensity Relationship sign(0028.1040), Rescale Type(0028,1054),
Lossy Image Compression(0028,2110), Presentation LUT
Shape(2050,0020), Image Pixel Spacing(0018,1164), Anatomic
Region Sequence(0008,2218), Positioner Type(0018,1508) tagE9]

A shA ek gk
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DICOM 9= 974 R AR AF3 F4lol Wi ko] shtol
ok A AAH R JHg "] welEoA A = EFolth o=
2 PACSEH] o A AATgE A HQ1I PACD CD Hlolg 9] &34 A
& detstara 35kt

Ak o Z PACD CDe 49| o] HAMARE A ol &3ti F
2 AAE wjAlste], 71Ee dERY HL Hjgow dxte] HAL 4
I oled & 9o 1 et SuiE vk H g PACSSHE]
= PACS CD 9] 98 ZHo= Bysta A= e 7157k PACS
CDhHlolEl 9] T84S FF3t7] 98t V& A" Ve 7iE S
TAEITE 7] BAEL PACSE&o #AY AFAsR 45 o
PACS CDE PACSel Aol Hx &= oo} 1 9491 A8
71% Fd®-> DICOM Part 3¢] I0DsE ZAFsI31aL 10DS PACSO
AG=7] 98 B8 tage s AASL V& RAEHY 2855 EY
= PACS CD dHo|lHE #HFst7] 913 A5 &

AS S o83t PACST 35 Sl 3 ® PACSe| A=A &

= CDHlolHE #A3la a3t 22 23E Al

=

1. group length & &4
7} group element W= group length El1 (xxxx,0000)& zZr=H),
group lengh®] value®} 2 A group ¢ & bytes Zdo]e} Uxs#] &
© A% importT HAIRE G HolA] &ttt
2. SOP Class UID 9] &4
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SOP Class UID7} DICOM Standardel A A3+ #E

S
dele] UIDE AHE3 49 PACS o 974S AT = g3l

3. Transfer Syntax ©] A9& #3F 4AA encoding ¥ DICOM ©]
gz A e B¢

PACS HojollA DICOMe| A=A GAs &2 4 9l

%2
ns

4. DICOMDIR ¢] File ID9] &A
DICOMDIR ¢] File ID & 3¢9 A& 7lg]7]&= Aolt. spAgh
o] File ID7} AA] PACS CDol AXH A= v& 45 Asstd

PACSoll 4 vk & 4= glolth,

5. DICOMDIR®] root directoryel A&= A & 3%

bl PACSE PACS CD dlelel& w®bgje wl 2749 root
directoryE #arste] DICOMDIRS Z=th 227] wiol /49
HeEelo] DICOMDIR¥ o] EA5k#] o™ PACSe] DICOM H

oJEIE WM £ glE A7t Ak

) 2 PACS CD d|o]E]e] A4 <
A = dar, ojEe A9E vigo® A<l DICOM 3¢ 9]
TAAE B2t & AT FF 2 ATE EUE A e3tE PACS
CD RHY} A ESJOE Jldale] =4k PACS 7|8 IT7]%9] -4

= AAAdem et mwo] d Ao= YgdEn
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dAl PACS CD dolHE w3ty Riglsts WedA CDo 53t
AR B BHS A . 3840 "ojH= olfE o
AR 7 QAR T, DICOM 3.0 %ol 71&" A o] Sule
DICOM, DICOMDIR®] HH = A ¥ o] vt

= Az, wabs, PACS CD dlolE A%
E]7} DICOM 3.0 %S W3] &3t
o)z gH] e IS AT A T8 dTS T o=
¥ttt PACS CD Hlo|He 534 F4S flsixe oA 49 4
e EoiE d@A 7 e AAEo] gli= PACS CD Wyl A2 Ed)]
ol oagolr o & How Alu¥wW, THE(Integrating the
Healthcare Enterprise) PDI(Potable Display for Imaging) profile 3}
T3 SHLS AlE AFEojor & Floln}.,
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Abstract

Development of PACS CD DICOM Validation Toolkit

Sae Rome Kim

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Hee Joung Kim)

Since the Korean government decided to reimburse for filmless full-PACS
(Picture Archiving and Communications System) installation in the hospital, a
number of PACS installation had been rapidly increased. Currently, the major
(>500 beds) and minor (<500 beds) hospitals installed full-PACS are over 50
and 110, respectively. In case of patients who referred to other hospitals, their
image information which is set of DICOM (Digital Imaging and
Communications in Medicine) studies related with radiology images is
transferred to referred hospital. The DICOM studies are exported and
distributed on the portable storage media such as a CD (Compac Disk). The
DICOM images are imported from CD-ROM and sent to the PACS sever. In
YUMC (Yonsei University Medical Center), the number of referred patients is
over 3,500 a day. Hospital’ PACS staffs are trying to import the DICOM files to
the server about 50 times a day and the number of the tasks is gradually getting
increase. However, there are many problems occurred when the DICOM images
are imported. For instance, some images could not be imported from the
portable storage media. Some other cases, when they are successfully imported
some of them was not able to display. To resolve these issues, each

representative of hospitals and vendors started joint project to define and
36



validate the DICOM CD data sets to improve the compatibility between the
DICOM CD data and PACS solution. The joint project is aiming for developing
“the DICOM CD Validation toolkit” in near future. This study reports the
procedure which is to make “DICOM CD Recommended Data Guideline
Document” and the result that we validate the DICOM data sets by “the
DICOM CD Validation toolkit” which has been developing in present.

Key words : PACS, DICOM, Validation, DICOM CD
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