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Abstract This research is focused on an analysis on the structure of RAW image file and the development of
a RAW image file viewer for an embedded device. Recently, several RAW image file formats are being used
for saving and displaying the images created by various DSLR cameras, and the necessity of handing RAW
images in mobile multimedia devices is increasing. For the development of RAW image decoding/encoding
library applicable to WinCE-based embedded devices viewer, an analysis of RAW image file formats, such as
CRW, CR2, PEF, NEF, MRW, have been performed because their formats are not released in public. By using
the library, the analysis software which can extract RAW image data, 2~3 JPEG image files and other
informations such as the specification of a camera and various photographic parameters from RAW image files,
were developped and a RAW image file viewer which can run in WinCE-based embedded devices. The
experimental result has shown that the viewer could encode and decode RAW image files successfully and it
took approximately 10secs to load them to the screen in S3C6410 based embedded platform. The outcomes of
this research cloud be a good information and solution to multimedia application developers.
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DSLR 7hle}5o] m shje} 97 sholalet oA
7helete 42 RAW oJu]R] S Al Fsl7] wielch

Ak TAY Ak BAE olalA F2 IPEG
(Joint Photographic coding Expert Group) EW O] w2
A= X5t DSLR 7he|2k= JPEG 9t ofue} rafet
9] RAW o]u] ] 5kl 4|43t 4= 9Ick. RAW oju]x]
£ shllet AAoA B A ojulst el Bk
e i O 25 A3t RAW oju|x]of= o]w|]
23 Ak opjz B ko) 2% sllet Yus
23617] wZoll JPEG T} Hasto] oF 3~4uf A=
T gFo] At} DSLR Fh|2to] ARg-E= A7 A 2]
gFo] A YA T WS RAW o|n|z] oS #45}
e FRsA o TAE] RAW olnlx] stele
DSLR 7hH[e}e] 423 LCDE AjAYste] Zelsh= A 4
A otk ol et FAIEE AT 4= = WO R A
53 9 Aol Fehg Weultle] 7]7]e1419] RAW of
o x| opd 2R 715 Aholth DSLR Zh|eke] A7l
Aol A= o] Q= RAW o]u]®] 545 Fri-g He|n]
tjo] 717]e) Al&38HA Bidste] TAd 7hd|eke] A7l
A 78 vz s 5 4 L, FHE HER|He] 7]7]
of o, TAHE LCDE £} RAW ofulx] sjle] ot
7], Az, 23 55 A&k FAdshA geld = Aok

S}A)4k, DSLR t]<|e 7holet AlzAtel 7t et 715
E RAW oln|x] =} zHio] Afolsh, sl Zlo] &
AMozm  EAER o7 9lom@  PMP(Portable
Multimedia Player) S2] Foi-8& HEu|t]o] 7|7]1EL
RAW ou]x] 5} A 7]5-Z eHslA | eshA] 23]
1 Qe webd kg Heluo] 7)7] et B
Ao A= Thdet RAW ofu]z] 2t szHiof gt 4]
Q) 41 W of Tjelg MEl= Ao AT 4 3]
< glojEeg] AUS RR skar Uri8].

B ATOIAL oleidt ATARS st Slat B
o2 Tere Eale] RAW o]u]x] mhele] s sl

5

1, 08 7Jekem PCE RAW ofu|x] BHES fusl
gon, 2FAoR WinCE 7]5ke] QMts ZHES
RAW o]u]x] Folg pusleict. 24ol i RAW ofu]
%) welo] Tjgt EFok RAW oju]x] mele] 7127} i
TIFF 3oo] oja) At 380l 4L of2] RAW o]u]
7| sele] 728 BHSAT, 480lME o]F Jwtos
7juket PCE RAW o]1]%] 24152] RAWImageo] tja
M) SOl AE WinCE 7]4ke] Qs Zeizo
5 RAW o]u]x] Holo] ts] sl 64-e 2
olct.
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2. RAW o|O| X| mtd

2.1 72} ®MZAME RAW O|0|X| mpd z=oH

[# 1] DSLR 7hd2} Al2APE RAW oju)x] 5}l )
20

Az | ZEs) Hg =2
Canon CRW, CR2 Digital Photo Professional
Nikon NEF Nikon Capture
SONY MRW, SRF Lightbox SR
Pentax PEF, DNG Photo Browser Laboratory
Fuji RAF RAW File Converter LE
Minolta MRW Dimage Viewer, Master
Olympus ORF Olympus Master
Kodak DCR Kodak Photodesk
Sigma X3F SIGMA Photo Pro
SAMSUNG DNG Samsung raw converter

DSLR Camera "
—+ | Thumbnail View |=—— | Decoding BMP Image | mmmm Image Viewing
RAW Files 1 RAW File
Backup Select
Photo Meta | _, |Photn Meta Data Display
Memory Card Data

File Management System

RAW Data Decoding Engine

Photo Viewer

[28 1] RAW ofn]x] sl ALY 9l A4 7y

1342



DLSR 7hi|eto] RAW ofu]x] mhe) 24 9 jujr]=

A& RAW olu|x] ftof 7

TUelo EA1E oheFst DLSR 7HH|elrt x| dh=
RAW o]u]z] 2}¢] ZHE A|ZAPEE th2n, Ky
L Zo|7k Stk RAW ofm| x| mpel o] Aslgt 2 7
gl AzAqA 0] AR S o2 dRtlA 5414
o7 FAEA A ek F 12 A|2APE RAW o]n|x
ot 2 s RAW ofn]X] BtS YA 4= Sl
PC Z-§ ZEIHolri{1].

slo] 3ol Upeh Ble} ol DSLR 7hle Al
S LRT RAW o|u]4] 7}l Fuke AgSHT Qow

2, dug= Aujox] RAW o]u|z] ot QA 7]5-3
Aht7] felie BE omX] mty o] gt 2to]
Hejg] Gt5o] dasit)

7hel A zAlubeh okl @419 RAW o]z 2+¢d
RS WhE0] AME-She AdgollA AdobeAtell 4] RAW o]
)z ZW ®Z2S 7HEX DNG(Digital Negative)d=
NZe RAW olujz] wto] TS wHEQTh DNGL

RAW olo] ] 342lg Saste] maat 4 9 ojv|4] 7}
) YR DNG U AP S 2 0.2
215 DLSR 7Helel A olefe DNG

SR

]
2 7|

2.2 TIFF 3=ztcH
RAW o]u]z] 2}¢] szfio] TefstA| ExshA|Nt o] &2
71 % O & TIFF(Tag Image File Format)E 7|§lo.2 3}

o 9lek. TIFFS] 71212 2ol sl Fa ofal
A% 9 Z5E S wofoll $-8317] Q1% ofm|A| #ER
Aoz 1986\ AldusAtollA] ®LaskGich o] % A& B
o] HAE|o] 1992 TIFF 6.00] U3 =L, ofe] 3-8
ofof| A ZulA ARE-E|IL @tk RAW o|u]z] kY i &
Ao QhA] TIFFQ] 25 AHEH 3t 23]

TIFF= Header(IFH), Image File
Directory(IFD), Bitmap Data2 AJEIt} TIFF:= s1U-9
gl o 79 oA & e 4> glom, o] H&
3t o|m| x| 3t 7|9] IFD2} bitmap data”} I Q3|c) 3
A7 2 2 ololxE ole) TRIsh) g SE2 2
2 onAE F4AX] thumbnailZ F WA o|w|A| & E
L PESE

Image File

[ 2] TIFF 7}919] o]u]] w9l &g
Offset :yt(t)afs Description

0x0000 2 Byte-order Identifier (“II” or "MM")
0x0002 2 TIFF version number (0x002a)
0x0004 4 Offset of the first IFD

IFHE 3 29} Zo] 37 " A%, TIFF 1}
AlZE f1z)e] sHtolE 7|2 ARt A WA e+
Byte-order Identifier® TIFF 3}do] do]g|7} little-
endian(Intel format)¥} big-endian(Motolora format) < ¢]
L ooz AdEo] ezt o] Zhol
"I1"(0x4949)0|H, little-endian, "MM" (0x4d4d)o]H
big-endians &|m|gtt). 0] 29| HoJE= o] BEofA 4
3l %] byte-ordering scheme©] w2} A& o] Ik = =H
A =& TIFF X9 HA-E st 34} 42(0x002a)
& 7HAch wheba TIFF 3 0] AS5E d 4uto]
Eo] z}o] 0x4949 0x2a000]7L} Oxdddd 0x002a0]H
TIFF atoletal kst 4= glok A Wa FE=+= TIFF
sfele] A WA IFDY] 9IXE Uiy 32m|Ee]
offsctgrolth. 3 v} IED7} IFHo| o]ojs] $1715h= 2
o] gk 0x080] ek

P a4k, 217] 5o oful Busxt ofizk 7}
wlete] A A7)s, w2 AR, SUE, ALY B B
S| sldlelel MR A ARG Eehet S Qi e
OIF #8502 1291= 2lel = Bl Ak

EX bitmap datao] 3t EH3E AHE I35l

4. 7t BEL TIFFOlA elsta gl d-s] o) 7
B|o, Public Tag®} Private Tag® HFE|C}

derE

11;9..1}1&

Byte Order
Version Number
First IFD Offset

IFH
Image File Header

IFD
Image File Directory 1

—

v
Tag Entry Count Tag Entry Count
Tag 0 Tag 0 Tag 0
Tagl Tag 1l Tag 1l
Tagn Tagn Tagn
Next IFD Offset Next IFD Offset Next IFD Offset

Image Data 1 ﬂ

[O8! 2] TIFF =9 1tx

Tag Entry Count

(< 4
Image Data 0 I

Image Data n

I3 2% 39} IFDE FAE TIFF 1+l

Y] RAW o]u|z] 342 TIFF 25 7|9e
5 HYske] ARSSEAL Qo RAW ofu|x] w2 &
kel A BEI} 22 JEE Z5HL glo] FYH ofq|
A& theksiA 288 o= ek E3h RAW oju|z] oty
o= RAW o]u]z] djo]€|2} JPEG Z 2] Thumbnail ©]
u|Z|7} gk 7 o)A 23tE]e] §low, JPEG o|u]X]¢9] 7
o 9 e RAW oju]®] 5ty zdfof whet o2t}

el
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2.3 ':'E"E|D|E|0‘|7|7|9| RAW O|O|X| mH x|
= Al Fl WEH u|1;|o1 717] Z o= A=
dlo] RAW o] 513 91, %
stz 7t E%}tﬂ RAW o]u];q sho] LS wWalat
Al Z1ABHA] k3 it} H T A= 9) "
]‘—401 717152 7|EA o= RAW o]u]x] TtAAX
T ARl Wi QAL 5 A o) gE k3L
= %%POIE}.

L
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H:l

rlr
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3. RAW 0|O|X| ot =B 2 M

B ol AL E 19 olg] RAW oju]x] mkal m 2
CannonA}l2] CRW, CR2, NikonAl2] NEF, PentaxA}2]
PEF, Minoltarle] MRWES E.A8it}. CRWS} CR2:=
TIFFE W&3}9]1, CR27} TIFF Zlof 7171, NEF:
TIFF W3} GAFSITH4,5.6,7]. ZF RAW o]u]%] k2] i
P chokgh Pl ARE sleR BAskT, AE o
u|2| o] Y flolE £A4& S BATTE & =7
Az BAE of2] RAW ofu|z] 2t¢) o] thelsh AR
& TE THeRE Ayt

3.1 CannonA}le| CRW

CRW<x= CannonAte] & Wz RAW o]u]z] o}l Zui
S &, Cannon D30, D60, 10D, 300D, Power Shot Prol,
G1~G6, S30~S70 52| wdloA ARMgFch

CRW ZW-2 TIFFE 7|8tC & 3}, 17]9] Main IFD
£ EFss TR0k CRW 79| SEli: & 33} o]
TIFFS] 3t & 72 or afn] di d=rh 271l

[# 3] CRW =R &y =
Offset :ytoefs Description Value
0x0000 2 Byte order "II"” or "MM"
0x0002 4 Header Length 0x0000001a (26)
0x0006 8 Signature "HEAPCCDR"
0x0014 4 CRW Version 0x00010002
0x0018 8 Reserved 0

CRW #Ejo] o]o] $A|5H= FE telze] B2 72
49} 2}, o] T2 TIFFO] IFDO] /e 485
QAT Ffol o] glrk.

= r[r

[E 4] CRW £39] tjelze] Se] 7z

. foset # of Value Description
within block | bytes
0 S - ValueData
S 2 N HeEe] dEed 5
S+2 N*10 - CRW tfjgEz] <EZ]
S+2+N*10 any - Other data
BlockSize-4 4 S ValueData size

Hole] 2L BA51] QAL WA B2 w Hof
T 4Hto]| EE glojof gith o] Zh2 ValueData =17]
£ ojulahu], Hjo]e] B2 2o A% ValueData 271
9] X7t o= RAW OIHIZL thumbnail o] z]H|o]E
S} Jle ool 9 sbdlet me guop AgEc
ValueDatao]| 9<% 2 Hlo|EQ] ZFe tjdEz|Ujo] e
g 42 oJusti, 2 AEL 108} 7|8 7K
A TheFs RS skl Gt

3.2 CannonA}l?| CR2

CR2X= Cannon RAW version 25 2]u|5}, Cannon
Digital EOS Camera 350D, 20D, G9, 1D Mark II 59} &2
dlof| A ARR-EIT) CR2 EZW-& TIFF ZW2 7|Hlo 2 5}
o, 71 33} o] 4719] IFDE EtsH= 20|t} TIFF
L) A IFDO0]| Maker Note 5-2] W82 57}5}o] CR2
ZHO B ARESEIL QlT}. IFD 0~20] 37]¢] JPEG o]u]7]
7} ZFrE]o] 91aL, TFD30]| AA| RAW o]n]x] mteo] 2
26k slauh AP o o] gt

@
(Fo1) [ |
(702)  [smmmenies |

[O2 3] CR2 W X%

CR2 shole] el & 59k 2ol TIFF shele] sel&
Zlgo sho] AR BEI} 27FEATL, CRWS} ozt

#ol7} giek.
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DLSR 7}wj2te] RAW olu]A] stel 54 9 QIW|tj= 3|8 RAW ofu]x] Fo 7

[# 5] CR2 =W & =

Offset :ytc;fs Description Value
0x0000 2 Byte order “II" or "MM"
0x0002 2 TIFF magic word 0x002a
0x0004 4 TIFF offset 0x0000 0010
0x0008 2 CR2 magic word “"CR" or 0x4352
0x000a 1 CR2 major version 0x02
0x000b 1 CR2 minor version 0x00
0x000c 4 RAW IFD offset RAW IFD offset

IFD 725 3% 67} 21, CRWO] IFD 127} HAE%
ok A WA IFDE E4% o|n|AE S4310] Y53t JPEG
oJu]x] X, EXIF (Exchangeable Image File Format) X,
Maker note AHE Z3}sich T+ WA IFD= 160x120 27|
9] JPEG oJu|R] FRE i3It Al WA IFD= Y=5EA|
2 ZA4¥ RAW ofu|z] ot ARE 233t v WA
IFD= &4¢l= JPEGeE 5% RAW Ho|EE Z3gt
t}. CR29] IFHO] u}x|u} =9l RAW offset BEZlo] U]
WA IEDO] A|2} 9112 Lehdick

[# 6] CR2 99| IFD %

NEF 1919} &||tj= TIFF ot 3||t| et F U5t} NEF
o see] d4og 1709 IFD7F EARIeh Primary
IFD(IFD0)o}l+= thumbnail ©]u]x]9] jAtE, U=rH,
raster G|0]E|Q] offset, raster §]o|E] =7], EXIF ©|o]¥
£ x38l= IFDQ] offset 53} 3174 Secondary IFD2]
offset JHZE 3EJFSICE Secondary IFD(SubIFD)= o]n]
A19] raw raster Hlo|e] B ARE TG AR o
Are, F=HMH | raster G|o]E] Q] offset, raster H|o]E] =7]
59 ARE EZ3SI} Primary IFDO]| EXIF H|o]E|E
3tst= SublFD7} ZA|&hY, offset (EXIF Pointer)2
primary IFDo] 4750} Sith. o] FDJE 7huet w2
I AR7} E§EE|o] 1al, Maker Note2l= SubIFD7}
EA8taL, thumbnail o]m]x]7} EAgict.

u}2}A4] NEF 3} o= NEF compressed 2] 0.2 ¢F=
F RAW o|n|z] m}), T18)AE Q] JPEG 22, thumbnail
& JPEG T}4, NikonAte] 72} Hdlof A ARg-s}7] ]
%l thumbnail-§ JPEG 3}&lo] ZAstct.

3.4 PentaxAl2| PEF

PEF(Pentax Electronic File)= PextaxA[2] Z}H[E}el
*ist DL, K20D, K100D, K200D 59] 7]3of|A] AlA =)=
RAW ojujz] m}d xmio 2 TIFF 3} il 7|uko g
5bH, LWLz CR2, NEF 729} SAlSich

# of .
Offset Description
bytes
0x0000 2 Number of entries (N) / o
I or ‘MM’ ™ /| Number of entries | .~ TagID
0x0002 12 entry #0 0x002a / Directory Entry #1 Tag Type
0x000e 12 entry #1 1 IFD Offset , / Directory Entry £.. | ™. Comp.Number
1 IFD i | offset/ata
(3936X2624) Directory Entry #N “
Next IFD Offset
2+12%(N-1) 12 entry #N-1
24 IFD \ Data Block #1
2+12*N 4 Next IFD offset a60x120) | \ [Data slock ..

3.3 NikonA}l2e| NEF

NEF(Nikon Electronic Format)== Nikon®] RAW ©o]u]
A wtel EHOE TIFFS} GAFsha, AL 17 49 2
c}.

3008 * 2000 JPEG

Raw Image Data

Exif Pointer

[O2! 4] NEF 9 11X

1536 * 1024 JPEG

16
il

\| Data Block #N

391FD
(3872X2592)

[23 5] PEF =9 £z

719 5% PentaxA}2] K200DX €l o] oju]z] 2] W 3
A=E U Zolth K200D+= TIFF W #Aof 7]%
3l 1709 Header9} & 37l¢] IFDE 714t} ZF IFDo]|
= o8 79 Entry Directory7} ¢lom 3}1}9] Entry
Directory:= &2 TagID, TagType, Number of value,
offset5= FAEICE 1A IFDoJ|4]+= PEF Compression
upa] 0 2 OFEE] 3936x2624 FJAFEC] RAW o]u] K| Z 7}
2w, 28R IFDO A= 160x120 SJAFES] OF3%l JPEG
oJu|X|E 7}AH, 3HA IFDoJ A= 33872x2592 AT
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o] QF2El JPEG o|u|xE 7bAick.
PEF 3ZW9] &|tj= Byte order, TIFF magic word,
TIFF offset2] 37H9,] e 0 2 LA of 010131, gulo| B

o] 27|15 ZHeth E 78 PEF SY 722 ek
[E 7] PEF W9} I[FH 7%
Offset # of Value Name
bytes
“II” (0x4949) or

0 2 MM (0xdddd) ByteOrder(Il or MM)

2 2 0x002a TIFF magic word

4 4 0x0000 0008 TIFF offset

PEF 7td 9 o] 27k IFD: PEFO] ARlS ¢
7] 93l Badt nE YRS TI3ACE E 82 7|EH <l
IFD 35 Uetdc.

[¥ 8] PEF ZWe] IFD 1%

Offset within block :y:;fs Name
0 2 number of entries (N)
2 12 entry#0
14 12 entry#1
2+12*%(N-1) 12 entry #N-1
2+12*N 4 next IFD offset

[¥ 9] PEF 3"9] Directory Entry G-

Offset Size in Name
bytes
0 2 Tag ID
2 2 Tag type
6 4 Number of value
8 4 Value, or pointer to the data

Z+7Fo] TFD2] 0HFHA) offsetof| Al+= 3t IFDW 9] entry
= otk o 2HA offset}E] 2+12*(N-1)HH offset

7M. Z N7 9] entryEo] AR UdEoh N7jY
entry & 2+12*NHA| offsetof A t}h2 IFD A|Z} offset-S
A Er) =, BE Directory entryS-2 22 IFDUjo) 4]
f&o =2 dEo] glon g tlolE e U ojtof
SHE 93/ 4 Sioh IFDE I ohg a9l7as 23 9)
O 3 9 FD7} 2% 1290 =9] B9l Leiick

TagIDE= Tag®] w83t WBol] £2b5olAL Gt

TagTypee AZ == 22t oul= B A7
Zrarshd Hroh IFDO] uhA|d} dbyter= THe-9| data®] £k
< 71el7Im, 1 ghol dbyte® RAER| £ v AW
I g UBY= offsets Yozt

37019] IFDZ0)|A] A WA IFD= ExiflFD, Makernote
313} ExifIFD2} MakerNoteTe oAl g3t -
= w21, ExiflFDQ} Makernote2] Value?} oJu|E &+
3}7] Y|4 = Exiftool = Pentax MakernoteS 21l
bl o,

lopo N mlm

[e]

3.5 MinoltaAt2] MRW

MRW+= MinoltaAle] 7h|etollA] /%= RAW ©]
o] x] o O R = 7 63 Zrh MRW ofu]]
shole MRW 223} ojulx] HloE® TEEs, TIFF
722 7JRo® s ThE RAW ofu]x] i} Fjo]7h
k. MRW 552 ojujx] dHolgE A2% PRD
(Picture ~ Raw TTW(TIFF  Tags),
WBG(White Balance Gains), RIF (Requested Image
Format), PAD(Padding) %52 33§31t}

MRM Block

[O2 6] MRW xW X

Dimensions),

TTWBlock

~Block Name
-Block Length
-Block Data

-Block Name
-Block Length
-Block Data

4. PC 7|4t9| RAW O|O|X| EME 74t
RAW ofulx] sel X9l 54| AutE sHelsty] 9l
% A W AT 3 AL RAW ofulx) ot
A7rS 167<1 42 HIlslo] ol WinHexZ= T2
- of A4 RAW o[u|xZ e %8 2} FD7H
A Spol T, T WA WO 2 RAW oo
o] sz3tE oheket Bl HHeF WE JPEG HYS S
T 4= Q= ZTRIOHES CHRE Jhgstglch

2] FAZFe XA BAE U Z QR o
v} 2l 1Y 78 WinHex T2 19 ALE-
3to] CRW T‘EHQ sample.crw TUE 163148 HEgH
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DLSR 7hleke] RAW olu]] whel 4 9 Qu|t|= AX§ RAW ofu]] Hof 7

A7 % Sl SR ekl Zojch

Offset 0123 46567 6 9101112131415 1617181920 @
0 4949 1A 00 00 00 48 45 41 50 43 43 44 52 02 00 01 00 00 00 00 -
21 00O 00 00 DO OO 00 OO OO 00 00 OO 00 00 00 00 00 00 00 00 00 0o
42 00 00 00 0O OO 0O OO OO 00 00 OO OO OO 00 00 00 00 00 00 00 00
63 00 0000 0O 00 0O OO OO0 00 Q0 OO OO OO0 DO QOO0 00 D00 Q000 DD

[38! 7] sample.crw@] 3] HHE

g% 79 sl WS gelsw 0w 2o
sample.crw YL ByteOrder Zlo] "II"o|w, “II"=
little-endian© 2 &J<=0] HPO|ER uldo] AL 32

==
ouger dE Al debyedE & AT
"HEAPCCDR"o|g}= EXldg=® &l ufeJo] CRW :ZH
Qo] selsm, akel WAe 120]ch
[¥ 10] sample.crw 3|5 W&
Off [B}o]
set [E2 Hex Value Name
0| 2 49 49 1T ByteOrder
2| 4 1A 00 00 00 0x0000001a | Hieader
Length
6 8 | 48 45 41 50 43 43 44 52 | HEAPCCDR | Signature
14 | 4 02 00 01 0x00010002 CR\.V
Version
18 | 8 | 00 00 00 00 00 00 00 0O 0 Reserved
ole} 2 AAE Fa HAE RAW ofn|x] o X
W TEE 4F

B XE RAWImage Viewer= %
%3] E 7|8FC. & Visual C++ 6.0
o8 AFEIYTL, RAW o]u]7] B23} Tag 43 20|
%2 7]5olck. o] XRIYPL RAW ofu]x] kel Exko]
wz} RAW olo]7] dlojelel JPEG Tl e 32 9 A
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