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I nt roducti on

WebP is an image file format based on the Resource Interchange File

Format (RIFF) [RIFF-spec] (Section 2) that supports |ossless and

| ossy conpression as well as al pha (transparency) and ani mation. It
covers use cases simlar to JPEG [ JPEG spec], PNG [ RFC2083], and the
Graphics Interchange Format (G F) [Qd F-spec].

WebP consists of two conpression algorithnms used to reduce the size
of inmage pixel data, including al pha (transparency) information
Lossy conpression is achieved using VP8 intra-frane encodi ng

[ RFC6386]. The |l ossless algorithm (Section 3) stores and restores
t he pi xel values exactly, including the color values for fully
transparent pixels. A universal algorithmfor sequential data
compression [LZ77], prefix coding [Huffrman], and a col or cache are
used for conpression of the bul k data.

WebP Cont ai ner Specification

| Note that this section is based on the docunentation in the
| Iibwebp source repository [webp-riff-src].

1. Introduction (from"WbP Container Specification")

WebP is an inmage format that uses either (i) the VP8 intra-frane
encodi ng [ RFC6386] to conpress imge data in a lossy way or (ii) the
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WebP | ossl ess encoding (Section 3). These encodi ng schenmes shoul d
make it nmore efficient than ol der formats, such as JPEG dF, and
PNG It is optimzed for fast inmmge transfer over the network (for
exanple, for websites). The WbP format has feature parity (col or
profile, nmetadata, animation, etc.) with other formats as well. This
section describes the structure of a WbP file.

The WebP container (that is, the RIFF container for WebP) allows
feature support over and above the basic use case of WbP (that is, a
file containing a single i mge encoded as a VP8 key frane). The WbP
cont ai ner provides additional support for the follow ng:

* Lossl ess Conpression: An image can be | osslessly compressed, using
the WebP | ossl ess format.

* Metadata: An inmge nmay have netadata stored in Exchangeabl e | nage
File Format [Exif] or Extensible Metadata Platform[XMP] fornmat.

* Transparency: An image nmay have transparency, that is, an al pha
channel

* Color Profile: An inage nmay have an enbedded | CC profile (ICCP)
[1cq.

* Animation: An image may have nultiple frames with pauses between
them naking it an ani mation

Term nol ogy & Basi cs

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

A WbP file contains either a still inmage (that is, an encoded matrix
of pixels) or an animation (Section 2.7.1.1). Optionally, it can

al so contain transparency information, a color profile, and netadata.
We refer to the matrix of pixels as the _canvas_ of the inmage.

Bit numbering in chunk diagrans starts at 0 for the nost significant
bit ("MSB 0'), as described in [RFC1166].

Bel ow are additional terns used throughout this section

Reader/ Wi ter
Code that reads WebP files is referred to as a _reader_, while
code that wites themis referred to as a witer .

ui nt 16
A 16-bit, little-endian, unsigned integer

ui nt24
A 24-bit, little-endian, unsigned integer.

ui nt 32
A 32-bit, little-endian, unsigned integer

Four CC
A four-character code (FourCC) is a uint32 created by
concatenating four ASCI| characters in little-endian order. This
nmeans 'aaaa’ (0x61616161) and ' AAAA" (0x41414141) are treated as
di fferent FourCCs.

1- based
An unsigned integer field storing values offset by -1, for



exanple, such a field would store value _25 as _24_.

ChunkHeader (" ABCD )
Used to describe the FourCC_ and _Chunk Size_ header of
i ndi vi dual chunks, where 'ABCD is the FourCC for the chunk.
This element’s size is 8 bytes.

2.3. R FF File Format

The WebP file format is based on the R FF [ Rl FF-spec] docunent

format.
The basic element of a RIFF file is a chunk_. It consists of:
0 1 2 3

01234567890123456789012345678901
L e i S e I S ek i S N SR S
| Chunk Four CC |
B i s T T i i o S o T Ji I
| Chunk Size |
i I i S e S it SN DU DU SRS
: Chunk Payl oad :
e I S e I S ik i S N SR S

Figure 1: 'RIFF Chunk Structure

Chunk FourCC:. 32 bits
ASClI | four-character code used for chunk identification.

Chunk Size: 32 bits (_uint32))
The size of the chunk in bytes, not including this field, the
chunk identifier, or padding.

Chunk Payl oad: _Chunk Size_ bytes
The data payload. |If _Chunk Size_is odd, a single padding byte
-- which MJUST be 0 to conformwith RIFF [ RIFF-spec] -- is added.

| Note: RIFF has a convention that all uppercase chunk Four CCs

| are standard chunks that apply to any RIFF file format, while

| FourCCs specific to a file format are all | owercase. WDbP does
| not follow this convention.

2.4. WbP Fil e Header

0 1 2 3

01234567890123456789012345678901
e Rt T i i e o o s NI SN TR I S
| 'R | gk | F | F |
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| File Size |
T T i s T b I S S S e o
| W | E | B | P |
e Rt T i i e o o s NI SN TR I S

Figure 2: WebP File Header Chunk

"RIFF : 32 bits
The ASCI| characters 'R, 'I', "F, "F.

File Size: 32 bits (_uint32))
The size of the file in bytes, starting at offset 8. The maxi num
value of this field is 2732 mnus 10 bytes, and thus the size of
the whole file is at nost 4 G B nminus 2 bytes.

"WEBP' : 32 bits
The ASCI| characters "W, 'E, 'B, "P.



A WebP file MIUST begin with a RIFF header with the Four CC ' VEBP' .

The file size in the header is the total size of the chunks that
follow plus 4 bytes for the 'WEBP" FourCC. The file SHOULD NOT
contain any data after the data specified by File Size . Readers
MAY parse such files, ignoring the trailing data. As the size of any
chunk is even, the size given by the RIFF header is also even. The
contents of individual chunks are described in the follow ng

secti ons.

2.5. Sinple File Format (Lossy)

This |layout SHOULD be used if the inage requires |ossy encodi ng and
does not require transparency or other advanced features provided by
the extended format. Files with this |ayout are snaller and
supported by ol der software.

0 1 2 3
01234567890123456789012345678901
i S i S T T S S e it S S S S S S S

i S T S T o S S e e it Sl S S e S S S
: VP8 ' Chunk :
e i S T S S T T S i S S S S

+- +
I I
| WebP file header (12 bytes) |
I I
+- +

Figure 3: Sinple WbP (Lossy) File Fornmat

0 1 2 3

01234567890123456789012345678901
I i S T i i S e e S i e o
| ChunkHeader (' VP8 ") |
I I

i S D S T O T A T
: VP8 dat a :
B i s T T i i o S o T Ji I

Figure 4: 'VP8 ' Chunk

VP8 data: _Chunk Size_ bytes
VP8 bitstream data

| Note that the fourth character in the "VP8 ' FourCCis an ASCl I
| space (0x20).

The VP8 bitstream format specification is described in [ RFC6386].

| Note that the VP8 frame header contains the VP8 franme w dth and
| height. That is assuned to be the width and hei ght of the
| canvas.

The VP8 specification describes how to decode the image into Y CbCr
format. To convert to RGB, Recommendati on 601 [ REC601] SHOULD be
used. Applications MAY use another conversion method, but visua
results may differ anbng decoders

2.6. Sinple File Format (Lossl ess)

| Note: O der readers may not support files using the | ossless
| format.

This layout SHOULD be used if the inage requires |ossless encoding
(with an optional transparency channel) and does not require advanced
features provided by the extended fornmat.
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0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i
I I
| WebP file header (12 bytes) |
I I
B i s T T i i o S o T Ji I
: "VP8L' Chunk :
i i i T i I S i e s o o i i

Figure 5: Sinple WbP (Lossl ess) File Format
0 1 2 3
01234567890123456789012345678901
i i i T i I S i e s o o i i

| ChunkHeader (* VP8L'") |
I I

B T I e R i i i T S S e e I e ik oI I S S e S S
: VP8L dat a :
el i I e i it T e e e e i i T o S e e S e T R R

Fi gure 6: " VP8L' Chunk

VP8L data: _Chunk Size_ bytes
VP8L bitstream dat a.

The specification of the VP8L bitstream can be found in Section 3.
| Note that the VP8L header contains the VP8L i mage w dth and
| height. That is assumed to be the width and hei ght of the
| canvas.

Ext ended Fil e For mat

| Note: O der readers may not support files using the extended
| format.

An extended format file consists of:

* A’VP8X Chunk with information about features used in the file.
* An optional 'ICCP Chunk with a color profile.

* An optional "ANIM Chunk with aninmation control data.

* | nmage dat a.

* An optional 'EXIF Chunk with Exif metadata.

* An optional 'XMP ' Chunk with XMP net adat a.

* An optional list of unknown chunks (Section 2.7.1.6).

For a _still image_, the _image data_ consists of a single frane,
which is made up of:

* An optional al pha subchunk (Section 2.7.1.2).
* A bitstream subchunk (Section 2.7.1.3).

For an _animated inmage_, the _inage data_ consists of multiple
franes. More details about frames can be found in Section 2.7.1.1

Al'l chunks necessary for reconstruction and col or correction, that
is, 'VPBX, '"ICCP, "ANNM, "ANWF, 'ALPH, VP8 ', and 'VP8L', MJST
appear in the order described earlier. Readers SHOULD fail when



chunks necessary for reconstruction and col or correction are out of
order.

Met adata (Section 2.7.1.5) and unknown chunks (Section 2.7.1.6) MAY
appear out of order.

| Rationale: The chunks necessary for reconstruction should

| appear first inthe file to allow a reader to begin decodi ng an
| image before receiving all of the data. An application may

| benefit fromvarying the order of metadata and custom chunks to
| suit the inplenentation.

0 1 2 3
01234567890123456789012345678901

+
Canvas Wdth M nus One | ..
T I R o ol i ol s S S e S e S ik i it (EIE I S SR e TR
Canvas Hei ght M nus One |
R T i T i e s ik T e R T

R e s T o T S R El ok i R e e S S e o o s
I I
| WebP file header (12 bytes) |
I I
B i s T T i i o S o T Ji I
| ChunkHeader (’ VP8X' ) |
I I
R i T I e T S S e S TR S T e i I S e S e e e e o o
| Rsv| 1| L] E| X] Al R| Reserved |
+ i s i T e i S S I T sl ATt S S
|

+

- -

Figure 7: Extended WebP Fil e Header

Reserved (Rsv): 2 bits
MUST be 0. Readers MJST ignore this field.

ICC profile (1): 1 bit
Set if the file contains an '|I CCP Chunk.

Al pha (L): 1 bit
Set if any of the frames of the inage contain transparency
information ("al pha").

Exi f netadata (E): 1 bit
Set if the file contains Exif netadata.

XMP netadata (X): 1 bit
Set if the file contains XVMP net adat a.

Animation (A): 1 bit
Set if this is an animated inage. Data in 'ANIM and ' ANV
Chunks shoul d be used to control the ani mation.

Reserved (R): 1 bit
MUST be 0. Readers MJUST ignore this field.

Reserved: 24 bits
MUST be 0. Readers MJST ignore this field.

Canvas Wdth M nus One: 24 bits
_1-based_ width of the canvas in pixels. The actual canvas wi dth
is 1 + Canvas Wdth M nus One.

Canvas Height M nus One: 24 bits
_1-based_ height of the canvas in pixels. The actual canvas
height is 1 + Canvas Height M nus One.

The product of _Canvas Wdth_ and _Canvas Hei ght _ MJST be at nost



2"32 - 1.

Future specifications may add nore fields. Unknown fields MJST be
i gnor ed.

2.7.1. Chunks

2.7.1.1. Aninmmtion

An animation is controlled by "ANIM and ' ANMF Chunks.

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| ChunkHeader (" ANl M) |
I I

i e e R e o o e i ol S N B S
| Background Col or |
B i s T T i i o S o T Ji I
| Loop Count |
D i T S L e

Figure 8 *ANIM Chunk

For an animated inmage, this chunk contains the _global paraneters_
the ani mati on.

Background Color: 32 bits (_uint32)

of

The default background color of the canvas in [Blue, Geen, Red,

Al pha] byte order. This color MAY be used to fill the unused

space on the canvas around the frames, as well as the transparent

pi xels of the first frame. The background color is also used
when the Disposal nethod is 1.

Not es:

* The background col or MAY contain a nonopaque al pha val ue, even

if the Al pha_flag in the 'VP8X Chunk (Figure 7) is unset.

*  Viewer applications SHOULD treat the background col or val ue
a hint and are not required to use it.

* The canvas is cleared at the start of each |oop. The
background col or MAY be used to achieve this.

Loop Count: 16 bits (_uint16 )
The nunber of times to loop the animation. If it is O, this
means infinitely.

This chunk MJUST appear if the Animation_ flag in the 'VP8X Chunk

set. If the Animation_flag is not set and this chunk is present,

it MJST be ignored.

0 1 2 3

01234567890123456789012345678901
I i S T i i S e e S i e o
| ChunkHeader (" ANMF ) |
I I

i e e R e o o e i ol S N B S
| Frame X |
e o I e e ol i I T T T S S e e e e i i ol it T R R

Frame Y | Frame Wdth M nus One
++++++++++++++++++++++++++++++++

+
| Frame Hei ght M nus One |
T i i et I R S e i i St I R S O i i e S e +

+- +-
Frame Duration | Reserved | B| D

as

is



B i it S SR S S S S S it St SR S S S S S i i st S SR SR SR SR SR S
: Franme Data :
BT i R ik ot I NI I R R S I R R R e e i i R R e S S i i it

Figure 9: " ANMF  Chunk

For ani mated i mages, this chunk contains information about a _single_
frane. If the _Animation flag_ is not set, then this chunk SHOULD
NOT be present.

Frame X: 24 bits (_uint24))
The X coordi nate of the upper left corner of the frame is Frane X
* 2.

Frame Y: 24 bits (_uint24)
The Y coordinate of the upper left corner of the frame is Frane Y
* 2.

Frame Wdth Mnus One: 24 bits (_uint24)
The 1-based_ width of the frane. The frame width is 1 + Frane
Wdth M nus One.

Frame Height M nus One: 24 bits (_uint24_)
The _1-based_ height of the frame. The frane height is 1 + Frane
Hei ght M nus One.

Frame Duration: 24 bits (_uint24)
The tine to wait before displaying the next frame, in
1-mllisecond units. Note that the interpretation of the Frame
Duration of 0 (and often <= 10) is defined by the inplenmentation
Many tools and browsers assign a mnimumduration simlar to G F.

Reserved: 6 bits
MUST be 0. Readers MJST ignore this field.

Bl ending nmethod (B): 1 bit
I ndi cates how transparent pixels of _the current frane_ are to be
bl ended with correspondi ng pixels of the previous canvas:

* 0. Use al pha-blending. After disposing of the previous franeg,
render the current frame on the canvas using al pha- bl endi ng.
If the current frane does not have an al pha channel, assune
the al pha value is 255, effectively replacing the rectangle.

* 1. Do not blend. After disposing of the previous frane,
render the current frame on the canvas by overwiting the
rectangl e covered by the current frane.

Di sposal method (D): 1 bit
I ndicates how the current frame_ is to be treated after it has
been di spl ayed (before rendering the next franme) on the canvas:

* 0: Do not dispose. Leave the canvas as is.
* 1. Dispose to the background color. Fill the _rectangle_ on

the canvas covered by the current frame_ with the background
color specified in the "ANIM Chunk (Figure 8).

Not es:

* The frame disposal only applies to the _frame rectangle_, that
is, the rectangle defined by Franme X, Frame Y_, frane
width , and frane height . It may or may not cover the whole
canvas.

* Al pha- bl endi ng:



G ven that each of the R G B, and A channels is 8 bits and
the RGB channels are not prenultiplied_ by al pha, the fornula
for blending 'dst’ onto ’'src’ is:

blend. A = src.A+ dst.A* (1 - src.A /] 255)
if blend. A = 0 then
blend. RGBB = 0
el se
bl end. R&B =
(src.RGB * src. A +
dst.RGB * dst.A* (1 - src.A/ 255)) / blend. A

* Al pha- bl endi ng SHOULD be done in linear color space by taking
into account the color profile (Section 2.7.1.4) of the inage.
If the color profile is not present, standard RGB (sRGB) is to
be assuned. (Note that sRGB al so needs to be linearized due
to a gamma of ~2.2.)

Frame Data: _Chunk Size_ bytes - 16
Consi sts of:

* An optional al pha subchunk (Section 2.7.1.2) for the frane.
* A bitstream subchunk (Section 2.7.1.3) for the frame.
* An optional list of unknown chunks (Section 2.7.1.6).

| Note: The ' ANMF payload, _Frame Data_, consists of individua
| _padded_ chunks, as described by the RIFF file format
| (Section 2.3).

2.7.1.2. Al pha

0 1 2 3

01234567890123456789012345678901
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| ChunkHeader (' ALPH ) |
|+- +- +- B i T +-|+
| Rsv| C | Al pha Bitstream.. |
+- - +- B S e S i i i T I o S S

+ 7T+
+— +

4
F
- -

+— +

Figure 10: ' ALPH Chunk

Reserved (Rsv): 2 bits
MUST be 0. Readers MJUST ignore this field.

Preprocessing (P): 2 bits
These informative bits are used to signal the preprocessing that
has been perforned during conpression. The decoder can use this
information to, for exanple, dither the values or snmooth the
gradients prior to display.
* 0: No preprocessing.
* 1. Level reduction.

Decoders are not required to use this information in any
speci fied way.

Filtering nethod (F): 2 bits
The filtering nethods used are described as follows:

* 0: None.



* 1. Horizontal filter
* 2. Vertical filter.
* 3. Gadient filter.

For each pixel, filtering is performed using the follow ng
cal culations. Assune the al pha val ues surrounding the current X
position are | abel ed as:

C| B
A

Al X

Figure 11: Pixels Used in Al pha Filtering

We seek to conpute the al pha value at position X. First, a
prediction is made depending on the filtering nethod:

* NMethod 0: predictor =0
* Method 1: predictor = A
* Method 2: predictor = B

* Method 3: predictor clip(A+B- O

where clip(v) is equal to:

* 0if v <O,

* 255 if v > 255, or

* v otherw se.

The final value is derived by adding the deconpressed value X to
the predictor and using nodul 0-256 arithmetic to wap the

[ 256..511] range into the [0..255] one:

al pha = (predictor + X) % 256

There are special cases for the |left-nost and top-nost pixe
posi ti ons.

For exanple, the top-left value at location (0, 0) uses 0 as the
predi ctor value. O herw se:

* For horizontal or gradient filtering nmethods, the |eft-nopst
pi xel s at location (0, y) are predicted using the location (O,
y-1) just above.

* For vertical or gradient filtering nethods, the top-nost
pi xel s at location (x, 0) are predicted using the |ocation
(x-1, 0) on the left.

Conpression nethod (C: 2 bits
The conpressi on nethod used:

* 0: No conpression
* 1. Conpressed using the WebP | ossl ess fornmat.

Al pha bitstream _Chunk Size_ bytes - 1
Encoded al pha bitstream

Thi s optional chunk contains encoded al pha data for this frame. A



frame containing a ' VPBL' Chunk SHOULD NOT contain this chunk.

| Rationale: The transparency information is already part of the
| ’VP8L' Chunk.

The al pha channel data is stored as unconpressed raw data (when the
compression nethod is "0’) or conpressed using the | ossless format
(when the conpression nmethod is "1').

* Raw data: This consists of a byte sequence of length = width *
hei ght, containing all the 8-bit transparency values in scan
or der.

* Lossl ess format conpression: The byte sequence is a conpressed
i mage-stream (as described in Section 3) of inplicit dinensions
width x height. That is, this inage-stream does NOT contain any
headers describing the inmage di nensions.

| Rationale: The dinensions are already known from ot her sources,
| so storing them again would be redundant and prone to errors.

Once the image-streamis decoded into Al pha, Red, G een, Blue
(ARGB) col or values, followi ng the process described in the

| ossl ess format specification, the transparency information nust
be extracted fromthe green channel of the ARGB quadruplet.

| Rationale: The green channel is allowed extra transformation
| steps in the specification -- unlike the other channels -- that
| can inprove conpression.

2.7.1.3. Bitstream (VP8/VP8L)
Thi s chunk contains conpressed bitstreamdata for a single frane.

A bitstream chunk may be either (i) a 'VP8 ' Chunk, using 'VP8 "’
(note the significant fourth-character space) as its FourCC, _or_
(ii) a "VvP8L' Chunk, using 'VP8L as its FourCC

The formats of’ VP8 ' and ' VP8L' Chunks are as described in Sections
2.5 and 2.6, respectively.

2.7.1.4. Color Profile

0 1 2 3

01234567890123456789012345678901
I S i o T s S S S e s s T
| ChunkHeader (* 1 CCP") |
I I

B i s T T i i o S o T Ji I

: Col or Profile :

i I S T S S i I S A SHE N SR
Figure 12: 'I CCP' Chunk

Color Profile: _Chunk Size_ bytes
I CC profile.

Thi s chunk MJUST appear before the inage data.

There SHOULD be at nost one such chunk. |If there are nmore such
chunks, readers MAY ignore all except the first one. See the ICC
specification [I1CC] for details.

If this chunk is not present, sRGB SHOULD be assuned.

2.7.1.5. Met adat a



Met adata can be stored in "EXIF or ' XMP ' Chunks.

There SHOULD be at nost one chunk of each type ("EXIF and ' XMP ).
If there are more such chunks, readers MAY ignore all except the
first one.

The chunks are defined as foll ows:

0 1 2 3

01234567890123456789012345678901
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| ChunkHeader (" EXI F') |
I I

i i i S S S S e e

Exi f Metadata
R i T i e i i S e S S e S

Figure 13: 'EXIF Chunk

Exi f Metadata: _Chunk Size_ bytes
I mage netadata in [Exif] format.

0 1 2 3

01234567890123456789012345678901
I i S T i i S e e S i e o
| ChunkHeader (" XMP ") |
I I

i I i i I i i i S e ih it S

XMP Met adat a
e o I e e ol i I T T T S S e e e e i i ol it T R R

Figure 14: ' XMP ' Chunk

XMP Met adata: _Chunk Size_ bytes
I mage metadata in [ XMP] fornmat.

| Note that the fourth character in the 'XMP ' FourCCis an ASCl I
| space (0x20).

Addi ti onal guidance about handling netadata can be found in the
Met adat a Working Group’ s "Cui del i nes For Handling | mage Metadata"”
[ MAG .

2.7.1.6. Unknown Chunks

2.

7.

A R FF chunk (described in Section 2.3) whose FourCC_ is different
fromany of the chunks described in this section is considered an
_unknown chunk_.
| Rationale: Alow ng unknown chunks gives a provision for future
| extension of the format and al so all ows storage of any
| application-specific data.
A file MAY contain unknown chunks:
* at the end of the file, as described in Section 2.7, or
* at the end of ' ANW Chunks, as described in Section 2.7.1.1
Readers SHOULD i gnore these chunks. Witers SHOULD preserve themin
their original order (unless they specifically intend to nodify these
chunks) .

2. Canvas Assenbly from Franes



Here, we provide an overview of how a reader MJST assenbl e a canvas
in the case of an ani nated i nage.

The process begins with creating a canvas using the dinensions given
in the 'VP8X Chunk, Canvas Wdth M nus One + 1 pixels w de by Canvas
Hei ght M nus One + 1 pixels high. The Loop Count field fromthe

"ANI M Chunk controls how many tines the ani mati on process is
repeated. This is Loop Count - 1 for nonzero Loop Count val ues or
infinite if the Loop Count is zero.

At the beginning of each loop iteration, the canvas is filled using
the background color fromthe "ANIM Chunk or an application-defined
col or.

"ANMF'  Chunks contain individual frames given in display order
Bef ore rendering each frame, the previous frame’s Disposal nmethod is
appl i ed.

The rendering of the decoded frane begins at the Cartesian
coordinates (2 * Frame X, 2 * Frame Y), using the top-left corner of
the canvas as the origin. Frame Wdth Mnus One + 1 pixels wi de by
Frame Height M nus One + 1 pixels high are rendered onto the canvas
usi ng the Bl endi ng net hod.

The canvas is displayed for Frame Duration mlliseconds. This
continues until all frames given by ' ANMF Chunks have been

di splayed. A new loop iteration is then begun, or the canvas is |left
inits final state if all iterations have been conpl et ed.

The foll owi ng pseudocode illustrates the rendering process. The
notation VP8X field_ neans the field in the 'VP8X Chunk with the
same description.

VP8X. f | ags. hasAni mati on MUST be TRUE
canvas <- new i mage of size VP8X canvasWdth x VP8X. canvasHei ght with
background col or ANl M background_col or or
appl i cation-defined col or.
| oop_count <- AN M | oopCount
di spose_nethod <- Dispose to background col or
if loop_count ==
| oop_count = inf
frame_paranms <- nil
next chunk in inmage_data is ANMF MUST be TRUE
for loop = 0..lo0p _count - 1
cl ear canvas to ANl M background _col or or application-defined col or
until eof or non- ANMF chunk
frame_parans. franeX = Frame X
frame_parans. franeY = Frame Y
frame_paranms.franeWdth = Frane Wdth Mnus One + 1
frame_parans. franeHei ght = Frame Height Mnus One + 1
frame_parans. franeDuration = Franme Duration
franme_right = frame_parans. frameX + franme_parans. frameWdth
frame_bottom = frame_parans. frameY + frame_parans. f raneHei ght
VP8X. canvasW dt h >= frame_right MJUST be TRUE
VP8X. canvasHei ght >= frane_bottom MJUST be TRUE
for subchunk in ’Frame Data’:

i f subchunk.tag == "ALPH":
al pha subchunks not found in ’Frame Data earlier MJST be
TRUE
franme_parans. al pha = al pha_data
el se if subchunk.tag == "VP8 " OR subchunk.tag == "VP8L":
bi t stream subchunks not found in ' Frame Data’ earlier MJST
be TRUE

franme_parans. bitstream = bitstream data
appl y di spose_net hod.
render frame with frame_parans. al pha and frane_parans. bitstream



on canvas with top-left corner at (frame_parans.frameX,
frame_parans. franeY), using Bl endi ng nethod
f rane_par ans. bl endi ngMet hod.

canvas contains the decoded inmage.

Show the contents of the canvas for

frame_parans. franeDuration * 1 ms.

di spose_net hod = frame_parans. di sposeMet hod

2.7.3. Exanple File Layouts
A | ossy-encoded i mage with al pha may | ook as foll ows:

Rl FF/ W\EBP

+- VP8X (descriptions of features used)
+- ALPH (al pha bitstream

+- VP8 (bitstream

Figure 15: A Lossy-Encoded Inmage with Al pha
A | ossl ess-encoded i nrage may | ook as foll ows:

Rl FF/ V\EBP

+- VP8X (descriptions of features used)
+- VPBL (Il ossl ess bitstream

+- XYZW (unknown chunk)

Fi gure 16: A Lossl ess-Encoded | nage

A lossless image with an I CC profile and XMP netadata may | ook as
fol |l ows:

Rl FF/ VEEBP

+- VP8X (descriptions of features used)
+- I CCP (color profile)

+- VPBL (Il ossl ess bitstream

+- XMP (netadat a)

Figure 17: A Lossless Image with an ICC Profile and XMP Met adat a
An animated image with Exif metadata may | ook as foll ows:

Rl FF/ V\EBP

+- VP8X (descriptions of features used)
+- ANIM (gl obal aninmation paraneters)
+- ANMF (franel paraneters + data)

+- ANMF (frane2 paraneters + data)
+- ANMF (frane3 paraneters + data)
+- ANMF (frane4 paraneters + data)
+- EXIF (netadat a)

Figure 18: An Animated Image with Exi f Metadata
3. Specification for WebP Lossl ess Bitstream

| Note that this section is based on the docunentation in the
| 1ibwebp source repository [webp-Iossless-src].

3.1. Abstract (from"Specification for WebP Lossl ess Bitstreant')

WebP | ossless is an inmage format for | ossless conpression of ARGB

i mges. The | ossless format stores and restores the pixel values
exactly, including the color values for pixels whose al pha value is
0. The format uses subresol ution inages, recursively enbedded into
the format itself, for storing statistical data about the inages,
such as the used entropy codes, spatial predictors, color space
conversion, and color table. A universal algorithmfor sequential



data compression [LZ77], prefix coding, and a col or cache are used
for conpression of the bulk data. Decoding speeds faster than PNG
have been denponstrated, as well as 25% denser conpression than can be
achi eved using today’'s PNG fornat [webp-| ossless-study].

3.2. Introduction (from "Specification for WbP Lossl ess Bitstreant)

Thi s section describes the conpressed data representation of a WbP
| ossl ess i nage.

In this section, we extensively use C progranm ng | anguage syntax
[1SO 9899. 2018] to describe the bitstream and assune the existence of
a function for reading bits, ReadBits(n). The bytes are read in the
natural order of the streamcontaining them and bits of each byte
are read in least-significant-bit-first order. Wen nultiple bits
are read at the sane tinme, the integer is constructed fromthe
original data in the original order. The nost significant bits of
the returned integer are also the nost significant bits of the
original data. Thus, the statenent

b = ReadBits(2);
is equivalent with the two statements bel ow

b = ReadBits(1);
b |= ReadBits(1l) << 1

We assune that each col or conponent (that is, alpha, red, blue, and
green) is represented using an 8-bit byte. W define the
correspondi ng type as uint8. A whole ARGB pixel is represented by a
type called uint32, which is an unsigned integer consisting of 32
bits. In the code showi ng the behavior of the transforns, these

val ues are codified in the following bits: alpha in bits 31..24, red
in bits 23..16, green in bits 15..8, and blue in bits 7..0; however,
i npl erentations of the format are free to use another representation
internally.

Broadly, a WebP | ossl ess i nage contai ns header data, transform
informati on, and actual inage data. Headers contain the width and
hei ght of the inmage. A WebP | ossless inage can go through four
different types of transforns before being entropy encoded. The
transforminformation in the bitstreamcontains the data required to
apply the respective inverse transforns.

3.3. Nonencl ature

ARGB
A pi xel value consisting of al pha, red, green, and bl ue val ues.

ARGB i mage
A two-di nensi onal array containing ARGB pi xel s.

col or cache
A smal |l hash-addressed array to store recently used colors to be
able to recall themw th shorter codes.

col or indexing image
A one-di nensi onal inage of colors that can be indexed using a
small integer (up to 256 within WbP | ossl ess).

col or transforminage
A two-di nensi onal subresol ution image contai ni ng data about
correlations of col or components.

di stance nappi ng
Changes LZ77 di stances to have the smallest values for pixels in



two-di nensional proximty.

entropy inage
A two-di nensi onal subresol ution inmage indicating which entropy
codi ng should be used in a respective square in the inmage, that
is, each pixel is a neta prefix code.

LZ77 [LZ77]
A dictionary-based sliding wi ndow conpression algorithmthat
either emts synbols or describes them as sequences of past
symnbol s.

meta prefix code
A small integer (up to 16 bits) that indexes an elenment in the
meta prefix table.

predi ctor image
A two-di nensi onal subresolution image indicating which spatia
predictor is used for a particular square in the inmage.

prefix code
A classic way to do entropy coding where a smaller nunber of bits
are used for nore frequent codes.

prefix coding
A way to entropy code | arger integers, which codes a few bits of
the integer using an entropy code and codifies the renmaining bits
raw. This allows for the descriptions of the entropy codes to
remain relatively small even when the range of synbols is |arge.

scan-1ine order
A processing order of pixels (left to right and top to botton)
starting fromthe left-hand-top pixel. Once a rowis conpleted
continue fromthe left-hand col um of the next row.

Rl FF Header

The begi nning of the header has the RIFF container. This consists of
the follow ng 21 bytes:

1. String 'RIFF.

2. Alittle-endian, 32-bit value of the chunk |length, which is the
whol e size of the chunk controlled by the RIFF header. Nornally,
this equals the payload size (file size mnus 8 bytes: 4 bytes
for the "RIFF identifier and 4 bytes for storing the val ue
itself).

3. String 'WEBP (RIFF container nane).

4. String 'VP8L' (FourCC for |ossless-encoded i nage data).

5. Alittle-endian, 32-bit value of the nunber of bytes in the
| ossl ess stream

6. 1-byte signature 0x2f.
The first 28 bits of the bitstream specify the wi dth and hei ght of
the imge. Wdth and height are decoded as 14-bit integers as

f ol | ows:

int image width = ReadBits(14) + 1;
int image _height = ReadBits(14) + 1

The 14-bit precision for inmage width and height limts the maximm
size of a WebP | ossl ess inage to 16384x16384 pi xel s.



The al pha_is _used bit is a hint only and SHOULD NOT i npact decodi ng.
It SHOULD be set to 0 when all al pha values are 255 in the picture
and 1 otherwi se.

int alpha_is_used = ReadBits(1);

The version_nunber is a 3-bit code that MIUST be set to 0. Any other
val ue MJUST be treated as an error

int version_nunmber = ReadBits(3);
3.5. Transforns

The transforns are reversible nmani pul ati ons of the i mage data that
can reduce the renaining synbolic entropy by nodeling spatial and
color correlations. They can nake the final conpression nore dense.

An i mage can go through four types of transfornms. A 1 bit indicates
the presence of a transform Each transformis allowed to be used
only once. The transforns are used only for the mmin-Ilevel ARGB

i mge; the subresolution inmages (color transforminmage, entropy

i mage, and predictor inmage) have no transforms, not even the 0 bit

i ndi cating the end of transforns.

| Typically, an encoder would use these transfornms to reduce the
| Shannon entropy in the residual inmage. Al so, the transform
| data can be deci ded based on entropy minimzation

while (ReadBits(1)) { // Transform present.
/1 Decode transformtype
enum Transfornlype transformtype = ReadBits(2);
/| Decode transform dat a.

}
/1 Decode actual inmage data.

If atransformis present, then the next two bits specify the
transformtype. There are four types of transforns.

Yoo 4 ===+
| Transform | Bit |
+ooooooooooooooooo—————————4—-—=—==+
| PREDI CTOR_TRANSFORM | 0 |
I T +----- +
| COLOR TRANSFORM | 1 |
I T T T +----- +
| SUBTRACT _GREEN TRANSFORM | 2 |
e T I +----- +
| COLOR_| NDEXI NG TRANSFORM | 3 |
I T +----- +

Table 1: Transform Types

The transformtype is followed by the transformdata. Transform data
contains the information required to apply the inverse transform and
depends on the transformtype. The inverse transforns are applied in
the reverse order that they are read fromthe bitstream that is,
| ast one first.
Next, we describe the transformdata for different types.

3.5.1. Predictor Transform

The predictor transform can be used to reduce entropy by exploiting



the fact that nei ghboring pixels are often correlated. 1In the
predictor transform the current pixel value is predicted fromthe
pi xel s al ready decoded (in scan-line order) and only the residua

val ue (actual - predicted) is encoded. The green conponent of a

pi xel defines which of the 14 predictors is used within a particul ar
bl ock of the ARGB image. The _prediction node_ determ nes the type
of prediction to use. W divide the inage into squares, and all the
pi xel s in a square use the sane prediction node

The first 3 bits of prediction data define the block wi dth and hei ght
in nunber of bits.

int size_ bits = ReadBits(3) + 2;

int block width = (1 << size_hits);

int block height = (1 << size_bits);

#define DIV_ROUND UP(num den) (((num + (den) - 1) / (den))

int transformw dth = DI V_ROUND _UP(i mage_w dth, 1 << size_bits);

The transform data contains the prediction node for each bl ock of the
imge. It is a subresolution inmage where the green conponent of a

pi xel defines which of the 14 predictors is used for all the

bl ock_wi dth * bl ock_height pixels within a particular block of the
ARGB i mage. This subresolution inmage is encoded using the sane
techni ques described in Section 3.6.

The nunber of bl ock colums, transformw dth, is used in two-
di mensi onal indexing. For a pixel (x, y), one can conpute the
respective filter block address by:

int block_ index = (y >> size_bits) * transformw dth +
(x >> size_bits);

There are 14 different prediction nodes. |n each prediction node,
the current pixel value is predicted fromone or nore neighboring
pi xel s whose val ues are already known.

We chose the neighboring pixels (TL, T, TR, and L) of the current
pi xel (P) as follows:

XX0000
XX0000
XX0000
XX0000
XX™ 400
XXTVT-H0O0
><><><;_U|OO
XXX00O0
XXX00O0
XXX00O0
XXX00O0

Figure 19: Nei ghboring Pixels of the Current Pixel (P)

where TL means top-left, T nmeans top, TR neans top-right, and L means
left. At the tinme of predicting a value for P, all O TL, T, TR, and
L pi xel s have already been processed, and the P pixel and all X

pi xel s are unknown.

G ven the precedi ng nei ghboring pixels, the different prediction
nodes are defined as foll ows.

[ sl st o}
| Mode | Predicted Value of Each Channel of the Current Pixel

| O | Oxff0O00000 (represents solid black color in ARGB) |
R o +
| 1 | L I
S . +
| 2 | T I
oo T e +



| 4 | TL |
S . +
| 5 | Average2(Average2(L, TR), T) |
oo N 'S +
| 6 | Average2(L, TL) |
R o +
| 7 | Average2(L, T) |
S . +
| 8 | Average2(TL, T) |
oo T TS +
| 9 | Average2(T, TR |
R o +
| 10 | Average2(Average2(L, TL), Average2(T, TR)) |
S RS +
| 11 | Select(L, T, TL) |
oo e T eSS +
| 12 | d anpAddSubtractFul I (L, T, TL) |
R o +
| 13 | O anmpAddSubtract Hal f (Average2(L, T), TL) |
S R +

Tabl e 2: Prediction Mdes
Average?2 is defined as follows for each ARGB conponent:

uint8 Average2(uint8 a, uint8 b) {
return (a + b) / 2;

}

The Sel ect predictor is defined as foll ows:

uint32 Select(uint32 L, uint32 T, uint32 TL) {
/1 L =1left pixel, T =top pixel, TL = top-left pixel.

/1 ARGB conponent estimates for prediction.
int pAl pha = ALPHA(L) + ALPHA(T) - ALPHA(TL);
int pRed = RED(L) + RED(T) - RED(TL);

int pGeen = GREEN(L) + GREEN(T) - GREEN(TL);
int pBlue = BLUE(L) + BLUE(T) - BLUE(TL);

/1 Manhattan distances to estimates for left and top pixels.

int pL = abs(pAl pha - ALPHA(L)) + abs(pRed - RED(L)) +
abs(pGreen - GREEN(L)) + abs(pBlue - BLUE(L));
int pT = abs(pAl pha - ALPHA(T)) + abs(pRed - REIXT)) +
abs(pGreen - GREEN(T)) + abs(pBlue - BLUE(T));

/1l Return either left or top, the one closer to the prediction.
if (pL < pT) {
return L;
} else {
return T,
}

}

The functions C anpAddSubtract Full and C anpAddSubtractHal f are
performed for each ARGB conponent as foll ows:

[l danp the input value between 0 and 255.
int danp(int a) {

return (a<0) ?2 0: (a>255) ? 255 : a;
}

int CanpAddSubtractFull (int a, int b, int ¢) {
return lanmp(a + b - ¢);
}



int CanpAddSubtractHalf(int a, int b) {
return lanmp(a + (a - b) / 2);
}

There are special handling rules for sonme border pixels. |If there is
a predictor transform regardl ess of the mode [0..13] for these

pi xel s, the predicted value for the | eft-topnost pixel of the image

i s Oxff000000, all pixels on the top row are L-pixel, and all pixels
on the leftmost colum are T-pi xel

Addressing the TR-pixel for pixels on the rightnost colum is
exceptional. The pixels on the rightnost columm are predicted by
using the nodes [0..13], just like pixels not on the border, but the
| eftnost pixel on the same row as the current pixel is instead used
as the TR-pi xel

The final pixel value is obtained by addi ng each channel of the
predi cted value to the encoded residual val ue.

voi d PredictorTransformut put (ui nt 32 residual, uint32 pred,
ui nt 8* al pha, uint8* red,
ui nt 8* green, uint8* blue) {
*al pha = ALPHA(residual) + ALPHA(pred);
*red = RED(residual) + RED(pred);
*green = GREEN(residual) + GREEN(pred);
*bl ue = BLUE(residual) + BLUE(pred);

}

.2. Color Transform

The goal of the color transformis to decorrelate the R G and B
val ues of each pixel. The color transformkeeps the green (G val ue
as it is, transforns the red (R) value based on the green val ue, and
transforns the blue (B) val ue based on the green value and then on
the red val ue.

As is the case for the predictor transform first the inage is
divided into blocks, and the sane transformnode is used for all the
pi xel s in a block. For each block, there are three types of col or
transform el enents.

typedef struct {
uint8 green_to red;
uint8 green_to_ bl ue;
uint8 red_to_blue;

} Col or Tr ansf or nEl enent ;

The actual color transformis done by defining a color transform
delta. The color transformdelta depends on the

Col or TransfornkEl enent, which is the sane for all the pixels in a
particular block. The delta is subtracted during the col or
transform The inverse color transformthen is just addi ng those
del t as.

The color transformfunction is defined as foll ows:

voi d Col or Transform(uint8 red, uint8 blue, uint8 green,
Col or Tr ansf or nEl enent *trans,
uint8 *new red, uint8 *new blue) {
/1 Transfornmed val ues of red and bl ue components
int tnp_red = red;
int tnp_blue = blue;

/1 Applying the transformis just subtracting the transformdeltas
tnp_red -= ColorTransfornDelta(trans->green_to_red, green);



tnmp_bl ue -= Col or TransformDel ta(trans->green_to_bl ue, green);
tnp_blue -= ColorTransfornmDelta(trans->red_to_blue, red);
*new red = tnp_red & Oxff;

*new blue =t bl ue & Oxff;

}

Col or TransfornmDelta is conputed using a signed 8-bit integer
representing a 3.5-fixed-point nunber and a signed 8-bit RGB col or
channel (c) [-128..127] and is defined as foll ows:

int8 ColorTransformDelta(int8 t, int8 c) {
return (t * c) >> 5;
}

A conversion fromthe 8-bit unsigned representation (uint8) to the
8-bit signed one (int8) is required before calling

Col orTransformDelta(). The signed value should be interpreted as an
8-bit two's conpl ement nunber (that is: uint8 range [128..255] is
mapped to the [-128..-1] range of its converted int8 val ue).

The nultiplication is to be done using nore precision (with at |east
16-bit precision). The sign extension property of the shift
operation does not matter here; only the lowest 8 bits are used from
the result, and in these bits, the sign extension shifting and

unsi gned shifting are consistent with each other

Now, we describe the contents of color transformdata so that
decodi ng can apply the inverse color transform and recover the
original red and blue values. The first 3 bits of the color
transformdata contain the width and hei ght of the imge block in
nunber of bits, just like the predictor transform

int size bits = ReadBits(3) + 2;
int block width = 1 << size_bits;
int block _height = 1 << size_bits;

The remai ning part of the color transformdata contains

Col or Transf or nEl enent i nstances, corresponding to each bl ock of the
i mge. Each Col orTransfornEl ement 'cte’ is treated as a pixel in a
subresol uti on i mage whose al pha conmponent is 255, red conponent is
cte.red_to_blue, green conponent is cte.green_to_blue, and bl ue
component is cte.green_to_red.

Duri ng decodi ng, Col or Transf or nEl enent i nstances of the blocks are
decoded and the inverse color transformis applied on the ARGB val ues
of the pixels. As nentioned earlier, that inverse color transformis
j ust addi ng Col or Transf or nEl ement values to the red and bl ue
channel s. The al pha and green channels are left as is.

void I nverseTransform(uint8 red, uint8 green, uint8 bl ue,
Col or Tr ansf or nEl ement *trans,
uint8 *new red, uint8 *new blue) {
/1 Transforned val ues of red and bl ue conponents
int tnp_red = red;
int tnp_blue = blue;

/1 Applying the inverse transformis just adding the
/1 color transformdeltas
tnmp_red += ColorTransformDelta(trans->green_to_red, green);
tmp_bl ue += Col or TransformDel ta(trans->green_to_bl ue, green);
tnmp_blue +=

Col or TransformDel ta(trans->red_to_blue, tnp red & Oxff);

*new red = tnp_red & Oxff;
*new _blue = tnp_blue & Oxff;



}

3.5.3. Subtract G een Transform

The subtract green transform subtracts green values fromred and bl ue
val ues of each pixel. Wen this transformis present, the decoder
needs to add the green value to both the red and bl ue values. There
is no data associated with this transform The decoder applies the

i nverse transformas foll ows:

voi d AddG eenToBl ueAndRed(ui nt8 green, uint8 *red, uint8 *blue) {
*red = (*red + green) & Oxff;
*blue = (*blue + green) & Oxff;

}

This transformis redundant, as it can be nodel ed using the col or
transform but since there is no additional data here, the subtract
green transform can be coded using fewer bits than a full-blown col or
transform

3.5.4. Color Indexing Transform

If there are not many unique pixel values, it may be nore efficient
to create a color index array and replace the pixel values by the
array’s indices. The color indexing transformachieves this. (In
the context of WebP | ossless, we specifically do not call this a
pal ette transform because a simlar but nore dynanic concept exists
in WebP | ossl ess encodi ng: col or cache.)

The col or indexing transform checks for the nunber of unique ARGB
values in the image. |If that nunber is below a threshold (256), it
creates an array of those ARGB val ues, which is then used to repl ace
the pixel values with the correspondi ng i ndex: the green channel of
the pixels are replaced with the index, all alpha values are set to
255, and all red and blue values are set to O.

The transform data contains the color table size and the entries in
the color table. The decoder reads the color indexing transformdata
as foll ows:

/'l 8-bit value for the color table size
int color_table_ size = ReadBits(8) + 1

The color table is stored using the image storage format itself. The
col or table can be obtained by reading an i nage, w thout the RIFF
header, image size, and transforns, assum ng the height of 1 pixe

and the width of color_table_size. The color table is always
subtraction-coded to reduce i mage entropy. The deltas of palette
colors contain typically nmuch | ess entropy than the colors

thensel ves, leading to significant savings for smaller inmages. In
decodi ng, every final color in the color table can be obtai ned by
addi ng the previous col or conponent val ues by each ARGB conponent
separately and storing the |least significant 8 bits of the result.

The inverse transformfor the image is sinmply replacing the pixe
val ues (which are indices to the color table) with the actual col or
table values. The indexing is done based on the green conponent of
the ARGB col or.

!/l I nverse transform
argb = col or _t abl e[ GREEN(ar gb) ] ;

If the index is equal to or larger than color _table size, the argb
col or val ue should be set to 0x00000000 (transparent bl ack).

When the color table is small (equal to or less than 16 colors),
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several pixels are bundled into a single pixel. The pixel bundling
packs several (2, 4, or 8) pixels into a single pixel, reducing the
i mage width respectively.

| Pixel bundling allows for a nore efficient joint distribution
| entropy coding of neighboring pixels and gives sone arithnetic
| coding-like benefits to the entropy code, but it can only be

| used when there are 16 or fewer uni que val ues.

color _table size specifies how many pi xel s are conbi ned:

[ sl oo ©}
| color_table_size | width_bits val ue

+ o4 oo ——=—=+4
| 1..2 | 3 |
R I I I R I I I +
| 3..4 | 2 |
R i R i +
| 5..16 | 1 |
R i R i +
| 17..256 | 0 |
R I I I R I I I +

Table 3: Color Table Size to
Bundl ed Pixel Bit Wdth Mapping

width bits has a value of 0, 1, 2, or 3. A value of 0 indicates no
pi xel bundling is to be done for the image. A value of 1 indicates
that two pixels are combi ned, and each pixel has a range of [0..15].
A value of 2 indicates that four pixels are conbined, and each pixe
has a range of [0..3]. A value of 3 indicates that eight pixels are
conbi ned, and each pixel has a range of [0..1], that is, a binary
val ue.

The val ues are packed into the green conponent as foll ows:

* width_bits = 1: For every x value, where x = 2k + 0, a green val ue
at x is positioned into the 4 |east significant bits of the green
value at x / 2, and a green value at x + 1 is positioned into the
4 nost significant bits of the green value at x / 2

* width_bits = 2: For every x value, where x = 4k + 0, a green val ue
at x is positioned into the 2 | east significant bits of the green
value at x / 4, and green values at x + 1 to x + 3 are positioned
in order to the nore significant bits of the green value at x / 4.

* width_bits = 3: For every x value, where x = 8k + 0, a green val ue
at x is positioned into the | east significant bit of the green
value at x / 8, and green values at x + 1 to x + 7 are positioned
in order to the nore significant bits of the green value at x / 8.

After reading this transform imge width is subsanpl ed by
width_bits. This affects the size of subsequent transforms. The new
size can be cal cul ated using DIV_ROUND UP, as defined in
Section 3.5.1.

DI V_ROUND_UP(i mage_wi dth, 1 << width_bits);

i mge_wi dth
| mage Dat a

Image data is an array of pixel values in scan-line order
1. Roles of Inmage Data

We use inmage data in five different roles



1. ARGB immge: Stores the actual pixels of the imge.

2. Entropy image: Stores the neta prefix codes (see "Decoding of
Meta Prefix Codes" (Section 3.7.2.2)).

3. Predictor image: Stores the netadata for the predictor transform
(see "Predictor Transform (Section 3.5.1)).

4. Color transformimge: Created by Col or Transfor nEl enent val ues
(defined in "Color Transform' (Section 3.5.2)) for different
bl ocks of the inage.

5. Color indexing inmage: An array of the size of color_table_size
(up to 256 ARGB val ues) that stores the netadata for the color
i ndexi ng transform (see "Col or |ndexing Transforni
(Section 3.5.4)).

3.6.2. Encoding of |Image Data
The encoding of inmage data is independent of its role.
The image is first divided into a set of fixed-size blocks (typically
16x16 bl ocks). Each of these bl ocks are nodel ed using their own
entropy codes. Also, several blocks may share the sane entropy
codes.
| Rationale: Storing an entropy code incurs a cost. This cost
| can be mnimzed if statistically sinmlar blocks share an
| entropy code, thereby storing that code only once. For
| example, an encoder can find sinilar blocks by clustering them
| wusing their statistical properties or by repeatedly joining a
| pair of randomy selected clusters when it reduces the overal
| amount of bits needed to encode the inage.
Each pi xel is encoded using one of the three possible methods:

1. Prefix-coded literals: Each channel (green, red, blue, and al pha)
i s entropy-coded i ndependently.

2. Lz77 backward reference: A sequence of pixels are copied from
el sewhere in the inage

3. Color cache code: Using a short multiplicative hash code (col or
cache index) of a recently seen color.

The foll owi ng subsections describe each of these in detail.
3.6.2.1. Prefix-Coded Literals

The pixel is stored as prefix-coded val ues of green, red, blue, and
al pha (in that order). See Section 3.7.2.3 for details.

3.6.2.2. LzZ77 Backward Reference
Backward references are tuples of _length_ and _di stance code_:

* Length indicates how many pixels in scan-line order are to be
copi ed.

* Distance code is a nunber indicating the position of a previously
seen pixel, fromwhich the pixels are to be copied. The exact
mapping i s described below (Section 3.6.2.2.1).

The |l ength and di stance values are stored using *LZ77 prefix codi ng*.

Lz77 prefix coding divides large integer values into tw parts: the



_prefix code_ and the _extra bits_. The prefix code is stored using
an entropy code, while the extra bits are stored as they are (w thout
an entropy code).

| Rationale: This approach reduces the storage requirenent for
| the entropy code. Also, large values are usually rare, so

| extra bits would be used for very few values in the inmage.

| Thus, this approach results in better conpression overall.

The following table denotes the prefix codes and extra bits used for
storing different ranges of val ues.

Not e: The maxi mum backward reference length is limted to 4096
Hence, only the first 24 prefix codes (with the respective
extra bits) are neaningful for length values. For distance
val ues, however, all the 40 prefix codes are valid.

B sl sl s °}
| Val ue Range | Prefix Code | Extra Bits

‘o4 oS-+ oS- -—=—=—=—=—=—==+
| 1 | 0 | 0 I
I i I Fom e e a - - Fommm e - - - +
| 2 | 1 (Y I
L I I I I I +
| 3 | 2 (Y |
I I I I +
| 4 | 3 | 0 I
I i I Fom e e a - - Fommm e - - - +
| 5..6 | 4 | 1 |
L I I I I I +
| 7..8 | 5 | 1 |
I I I I +
| 9..12 | 6 | 2 |
I i I Fom e e a - - Fommm e - - - +
| 13..16 | 7 | 2 I
L I I I I I +
| | | |
I I I I +
| 3072..4096 | 23 | 10 |
I i I Fom e e a - - Fommm e - - - +
I I I I
L I I I I I +
| 524289..786432 | 38 | 18 |
I I I I +
| 786433..1048576 | 39 | 18 |
I i I Fom e e a - - Fommm e - - - +

Table 4: Value to Prefix Code and Extra
Bi ts Mappi ng

The pseudocode to obtain a (length or distance) value fromthe prefix
code is as follows:

if (prefix_code < 4) {
return prefix _code + 1
}
int extra bits = (prefix_code - 2) >> 1
int offset = (2 + (prefix _code & 1)) << extra_bits;
return offset + ReadBits(extra_bits) + 1

3.6.2.2.1. Distance Mpping

As noted previously, a distance code is a nunber indicating the
position of a previously seen pixel, fromwhich the pixels are to be
copied. This subsection defines the mappi ng between a di stance code
and the position of a previous pixel



Di stance codes |arger than 120 denote the pixe
of fset by 120.

or der,

The smal | est distance codes [1..120] are special

a cl ose nei ghborhood of the current pixel
consi sts of 120 pixels:

* Pixels that are 1 to 7 rows above the current pixe

di stance in scan-1line

and are reserved for
Thi s nei ghbor hood

and are up to

8 colums to the left or up to 7 colums to the right of the
current pixel

* Pixels that are in the same row as the current pixe
8 colums to the left of the current pixe

The mappi ng between di stance code di stance _code and the nei ghboring

[ Tot al

such pixels =7 * (8 +1 + 7)

= 112].

[ 8 such pixels].

and are up to

pi xel offset (xi, yi) is as follows:

(0, 1), (1, 0), (1, 1), (-1, 1), (0, 2), (2, 0), (1, 2),
(_11 2)1 (21 1)1 (_21 1)1 (21 2)1 (_21 2)1 (01 3)1 (31 0)1
(11 3)1 (_11 3)1 (31 1)1 (_31 1)1 (21 3)1 (_21 3)1 (31 2)1
(_31 2)1 (01 4)1 (41 0)1 (11 4)1 (_11 4)1 (41 1)1 ('41 1)1
(31 3)1 ('31 3)1 (21 4)1 ('21 4)1 (41 2)1 ('41 2)1 (01 5)1
(3, 4, (-3, 4, (4 3), (-4 3), (5 0, (1,5, (-1, 5,
(5, 1), (-5 1), (2,5, (-2, 5, (5 2), (-5 2), (4, 4),
(_41 4)1 (31 5)1 (_31 5)1 (51 3)1 (_51 3)1 (01 6)1 (61 0)1
(11 6)1 (_11 6)1 (61 1)1 (_61 1)1 (21 6)1 (_21 6)1 (61 2)1
(_61 2)1 (41 5)1 (_41 5)1 (51 4)1 (_51 4)1 (31 6)1 ('31 6)1
(61 3)1 ('61 3)1 (01 7)1 (71 0)1 (11 7)1 ('11 7)1 (51 5)1
(-5, 9, (7, 1), (-7, 1), (4, 6), (-4, 6), (6, 4, (-6 4),
(2, 7, (-2, 0, (7, 2), (-7, 2), (3, 7), (-3, 7), (7, 3),
(_71 3)1 (51 6)1 (_51 6)1 (61 5)1 (_61 5)1 (81 0)1 (41 7)1
(_41 7)1 (71 4)1 (_71 4)1 (81 1)1 (81 2)1 (61 6)1 ('61 6)1
(81 3)1 (51 7)1 (_51 7)1 (71 5)1 (_71 5)1 (81 4)1 (61 7)1
('61 7)1 (71 6)1 ('71 6)1 (81 5)1 (71 7)1 ('71 7)1 (81 6)1
(8, 7)

Figure 20: Distance Code to Nei ghboring Pixe

For exanpl e,
t he nei ghboring pixel,

pi xel
direct
pi xel

The decoder can convert a di stance code

order

(xi,
di st
if (di

di st
}

wher e
wi dt h

3.6.2.3.

Col or

yi)
= Xl

O fset Mapping

the distance code 1 indicates an offset of (0, 1) for
that is, the pixel above the current pixel (O
difference in the X direction and 1 pixel difference in the Y
ion). Simlarly, the distance code 3 indicates the top-Ieft

di stance _code to a scan-line
di stance dist as foll ows:

= di stance_map[ di stance_code - 1]
+ yi * inmage _w dth
st < 1) {

=1

di stance_map i s the mappi ng noted
of the image in pixels.

above, and image width is the

Col or Cache Coding

cache stores a set of colors that have been recently used in

the i mage.

Rational e: This way, the recently used colors can sonetines be
referred to nore efficiently than emitting themusing the other
two nmethods (described in Sections 3.6.2.1 and 3.6. 2. 2).
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Col or cache codes are stored as follows. First, there is a 1-bit
value that indicates if the color cache is used. |If this bit is 0,
no col or cache codes exist, and they are not transmitted in the
prefix code that decodes the green synbols and the length prefix
codes. However, if this bit is 1, the color cache size is read next:

int color_cache_code_bits = ReadBits(4);
int color_cache_size = 1 << color_cache_code_bhits;

col or _cache code bits defines the size of the color cache (1 <<

col or _cache_code_bits). The range of allowed val ues for

col or _cache_code bits is [1..11]. Conpliant decoders MJST indicate a
corrupted bitstream for other val ues

A color cache is an array of size color_cache_size. Each entry
stores one ARGB color. Colors are |ooked up by indexing them by
(Ox1e35a7bd * color) >> (32 - color_cache_code_bits). Only one
| ookup is done in a color cache; there is no conflict resolution

In the beginning of decoding or encoding of an inmage, all entries in
all color cache values are set to zero. The color cache code is
converted to this color at decoding tinme. The state of the color
cache is nmaintained by inserting every pixel, be it produced by
backward referencing or as literals, into the cache in the order they
appear in the stream

7. Entropy Code
7.1. Overview
Most of the data is coded using a canonical prefix code [Huffman].
Hence, the codes are transnitted by sending the prefix code
| engths_, as opposed to the actual _prefix codes_.
In particular, the format uses *spatially variant prefix coding*. In
other words, different blocks of the inmage can potentially use
different entropy codes.
| Rationale: Different areas of the inmage nmay have different
| characteristics. So, allowing themto use different entropy
| codes provides nore flexibility and potentially better
| conpression.
7.2. Details
The encoded i mage data consists of several parts
1. Decoding and building the prefix codes.
2. Meta prefix codes.
3. Entropy-coded i nage dat a.

For any given pixel (x, y), there is a set of five prefix codes
associated with it. These codes are (in bitstream order):

* *Prefix code #1*: Used for green channel, backward-reference
I ength, and col or cache.

* *Prefix code #2, #3, and #4*: Used for red, blue, and al pha
channel s, respectively.

* *Prefix code #5*: Used for backward-reference distance

From here on, we refer to this set as a *prefix code group*.



3.7.2.1. Decoding and Building the Prefix Codes

This section describes howto read the prefix code | engths fromthe
bi tstream

The prefix code | engths can be coded in two ways. The nmethod used is
specified by a 1-bit val ue.

* |f this bit is 1, it is a _sinple code |length code_.
* If this bit is 0, it is a _norrmal code | ength code._.

In both cases, there can be unused code lengths that are still part
of the stream This may be inefficient, but it is allowed by the
format. The described tree nust be a conplete binary tree. A single
| eaf node is considered a conplete binary tree and can be encoded
usi ng either the sinple code |l ength code or the nornmal code |ength
code. Wen coding a single | eaf node using the _normal code | ength
code_, all but one code length are zeros, and the single |eaf node
value is marked with the length of 1 -- even when no bits are
consuned when that single |leaf node tree is used.

3.7.2.1.1. Sinple Code Length Code

This variant is used in the special case when only 1 or 2 prefix
synbols are in the range [0..255] with code length 1. Al other
prefix code lengths are inplicitly zeros.

The first bit indicates the nunber of synbols:
int numsynbols = ReadBits(1) + 1

The followi ng are the synbol values. This first synbol is coded

using 1 or 8 bits, depending on the value of is first 8bits. The
range is [0..1] or [0..255], respectively. The second synbol, if
present, is always assuned to be in the range [0..255] and coded

using 8 bits.

int is first 8bits = ReadBits(1);

synbol 0 = ReadBits(1 + 7 * is first _8bhits);

code_l engt hs[ synbol 0] = 1

if (numsynbols == 2) {
synbol 1 = ReadBits(8);
code_lengths[synbol 1] =1

}

| The two synmbols should be different. Duplicate synbols are
| allowed, but inefficient.

| Note: Another special case is when _all_ prefix code |engths

| are _zeros_ (an enpty prefix code). For exanple, a prefix code
| for distance can be enpty if there are no backward references.

| Simlarly, prefix codes for al pha, red, and blue can be enpty

| if all pixels within the same meta prefix code are produced

| using the color cache. However, this case doesn’'t need speci al
| handling, as enmpty prefix codes can be coded as those

| containing a single synbol O.

3.7.2.1.2. Normal Code Length Code
The code |l engths of the prefix code fit in 8 bits and are read as
follows. First, numcode | engths specifies the nunber of code
| engt hs.

int numcode_|lengths = 4 + ReadBits(4);



The code | engths are thensel ves encoded using prefix codes; | ower-

| evel code lengths, code | ength code lengths, first have to be read.
The rest of those code_ | ength code | engths (according to the order in
kCodeLengt hCodeOrder) are zeros

i nt kCodelLengt hCodes = 19;
i nt kCodelLengt hCodeOr der [ kCodeLengt hCodes] = {
17, 18, 0, 1, 2, 3, 4, 5 16, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15

} i)
int code | ength_code_| engt hs[ kCodeLengt hCodes] = { 0 }; [/ Al zeros
for (i =0; i < numcode_lengths; ++i)
code_| engt h_code_I engt hs[ kCodeLengt hCodeOrder[i]] = ReadBits(3);
}

Next, if ReadBits(1l) == 0, the nmaxi num nunber of different read
synbol s (max_synbol) for each synbol type (AL R G B, and distance)
is set to its al phabet size:

* G channel: 256 + 24 + col or_cache_si ze

* COher literals (A, R and B): 256

* Di stance code: 40

O herwise, it is defined as:

int length nbits

2 + 2 * ReadBits(3)
i nt max_synbol +

2 ReadBi ts(l ength_nbits);

If max_synbol is larger than the size of the al phabet for the synbo
type, the bitstreamis invalid.

A prefix table is then built from code_ | ength_code | engths and used
to read up to max_synbol code | engths.

* Code [0..15] indicates literal code |engths.
- Value 0 neans no synbols have been coded.
- Values [1..15] indicate the bit Iength of the respective code.
* Code 16 repeats the previous nonzero value [3..6] tines, that is,
3 + ReadBits(2) times. |If code 16 is used before a nonzero val ue

has been emtted, a value of 8 is repeated.

* Code 17 enmits a streak of zeros of length [3..10], that is, 3 +
ReadBi ts(3) tinmes.

* Code 18 enmits a streak of zeros of length [11..138], that is, 11 +
ReadBits(7) tines.

Once code lengths are read, a prefix code for each synbol type (A R
G B, and distance) is formed using their respective al phabet sizes

3.7.2.2. Decoding of Meta Prefix Codes

As noted earlier, the format allows the use of different prefix codes
for different blocks of the inage. Meta prefix codes_ are indexes

i dentifying which prefix codes to use in different parts of the

i mage.

Meta prefix codes may be used only when the inage is being used in
the role (Section 3.6.1) of an _ARGB i nage_.

There are two possibilities for the meta prefix codes, indicated by a
1-bit val ue:



* |f this bit is zero, there is only one neta prefix code used
everywhere in the inage. No nore data is stored

* |If this bit is one, the image uses multiple neta prefix codes.
These neta prefix codes are stored as an _entropy inage_
(descri bed bel ow).

The red and green conponents of a pixel define a 16-bit neta prefix
code used in a particular block of the ARGB inmage.

3.7.2.2.1. Entropy | nmage

The entropy inmage defines which prefix codes are used in different
parts of the inmage.

The first 3 bits contain the prefix_bits value. The dinmensions of
the entropy i mage are derived fromprefix_bits:

int prefix bits = ReadBits(3) + 2;
int prefix_ imge width =

DI V_ROUND _UP(i mage_width, 1 << prefix_bits);
i nt prefix_imge_height =

Dl V_ROUND_UP(i mage_hei ght, 1 << prefix_bits);

where DIV_ROUND UP is as defined in Section 3.5.1

The next bits contain an entropy inmage of width prefix_inage wi dth
and hei ght prefix_i mage_hei ght.

3.7.2.2.2. Interpretation of Meta Prefix Codes

The nunber of prefix code groups in the ARGB i nage can be obtai ned by
finding the largest neta prefix code_ fromthe entropy inmage:

int numprefix_groups = max(entropy imge) + 1

where nmax(entropy inage) indicates the largest prefix code stored in
the entropy i mge.

As each prefix code group contains five prefix codes, the tota
nunber of prefix codes is:

int numprefix codes = 5 * num prefix_groups;

Gven a pixel (x, y) in the ARGB i mage, we can obtain the
correspondi ng prefix codes to be used as foll ows:

int position =

(y >> prefix_bits) * prefix_image width + (x >> prefix_bhits);
int neta _prefix_code = (entropy_inmage[position] >> 8) & Oxffff;
Prefi xCodeG oup prefix _group = prefix _code_groups[neta prefix_code];

where we have assunmed the exi stence of PrefixCodeG oup structure,
which represents a set of five prefix codes. Al so,

prefix_code groups is an array of PrefixCodeG oup (of size

num prefix_groups).

The decoder then uses prefix code group prefix_group to decode the
pi xel (x, y), as explained in Section 3.7.2.3.

3.7.2.3. Decoding Entropy-Coded | mage Data
For the current position (x, y) in the imge, the decoder first

identifies the corresponding prefix code group (as explained in the
| ast section). G ven the prefix code group, the pixel is read and



decoded as
Next, read
| Note
| colo

| colo
The interp

1. If S«

fol | ows.

synbol S fromthe bitstreamusing prefix code #1.
that Sis any integer in the range 0 to (256 + 24 +
r_cache_size - 1). See Section 3.6.2.3 for details about
r_cache_si ze.

retation of S depends on its val ue:

256

Use S as the green conponent.

Read red fromthe bitstreamusing prefix code #2.
Read blue fromthe bitstreamusing prefix code #3.
Read al pha fromthe bitstream using prefix code #4.
= 256 & S < 256 + 24

Use S - 256 as a length prefix code.

Read extra bits for the Iength fromthe bitstream

Det erm ne backward-reference length L fromlength prefix
code and the extra bits read.

Read the distance prefix code fromthe bitstream using
prefix code #5.

Read extra bits for the distance fromthe bitstream

Det er mi ne backward-reference distance D fromthe distance
prefix code and the extra bits read.

Copy L pixels (in scan-line order) fromthe sequence of
pi xel s starting at the current position mnus D pixels.

= 256 + 24

i Use S - (256 + 24) as the index into the col or cache.

ii. Get AR® color fromthe col or cache at that index.

Structure of the Fornmat

Below is a viewinto the format in Augnmented Backus- Naur Form

iv.
2. If S>
i.
ii
i
iv.
V.
Vi
Vi i
3. If §S>
3.8. Overal
[ RFC5234]
i mge (EQO

(image_wid

| Note
| tine
| repr

3.8.1. Basic

f or mat

Rl FF- heade
i mage- head
i mage- si ze
al pha-is-u
versi on

i mage-stre

[ RFC7405]. It does not cover all details. The end-of-
) isonly inplicitly coded into the nunber of pixels
th * image_hei ght).

that *el ement neans el ement can be repeated 0 or nore
s. Selement neans elenent is repeated exactly 5 tines. %
esents a binary val ue.

Structure

Rl FF- header inmage- header inage-stream

r %" R FF* 4CCTET %" WEBPVP8L" 4COCTET

er % 2F i mage-si ze al pha-is-used version
14BIT 14BIT ; width - 1, height - 1
sed 1BIT
3BIT; O

am optional -transform spati al | y- coded-i mage



3.

8.

2. Structure of Transforns

optional -transform
transform
transform

(%1 transformoptional -transform / %0
predictor-tx / color-tx / subtract-green-tx
col or-i ndexi ng-tx

~

predi ctor-tx
predictor-inmge

%00 predictor-imge
3BI T ; sub-pixel code
entropy- coded-i mage

col or-tx
col or-i mage

%01 col or-image
3BI T ; sub-pixel code
entropy- coded-i mage

%10

subtract-green-tx

col or-i ndexi ng-tx
col or-i ndexi ng-i mage

%11 col or-indexi ng-i mage
8BIT ; color count
entropy- coded-i mage

3.8.3. Structure of the Inmage Data

spati al | y- coded-i nage
ent ropy- coded- i mage

col or-cache-info neta-prefix data
col or-cache-info data

%0
(%1 4BIT) ; 1 followed by col or cache size

col or-cache-info
col or-cache-info

~

met a- prefix %0 / (%1 entropy-inmage)

dat a
entropy-i nage

prefix-codes |z77-coded-i mage
3BIT ; subsampl e val ue
ent ropy- coded-i mage

prefi x-codes
prefi x- code- group
S5prefix-code ; See "Interpretation of Meta Prefix Codes" to
; understand what each of these five prefix
; codes are for.

prefi x-code-group *prefix-codes

prefix-code si mpl e-prefi x-code / normal -prefix-code
si mpl e- prefi x-code ; see "Sinple Code Length Code" for details
nor mal - prefi x-code ; see "Normal Code Length Code" for details

| z77- coded- i mage =
*((argb-pixel [/ 1z77-copy / col or-cache-code) |2z77-coded-i nage)

The followi ng is a possible exanpl e sequence:

Rl FF- header inage-size %1 subtract-green-tx
%1 predictor-tx %0 col or-cache-info
%0 prefix-codes |z77-coded-i mage

Security Considerations

I mpl enentations of this format face security risks, such as integer
overfl ows, out-of-bounds reads and wites to both heap and stack,
uninitialized data usage, null pointer dereferences, resource (disk
or menory) exhaustion, and extended resource usage (long running
time) as part of the denuxi ng and decodi ng process. |In particular,

i npl ementations reading this format are likely to take input from
unknown and possibly unsafe sources -- both clients (for exanple, web
browsers or enmil clients) and servers (for exanple, applications
that accept uploaded images). These may result in arbitrary code
execution, information |eakage (nenory |ayout and contents), or
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crashes and thereby allow a device to be conprom sed or cause a
deni al of service to an application using the format [mtre-1ibwebp]
[i ssues-security].

The format does not enploy "active content” but does allow netadata
(for example, [XMP] and [Exif]) and custom chunks to be enbedded in a
file. Applications that interpret these chunks may be subject to
security considerations for those formats.

Interoperability Considerations

The format is defined using little-endian byte ordering (see

Section 3.1 of [RFC2781]), but denuxi ng and decodi ng are possi ble on
platforns using a different ordering with the appropriate conversion
The container is based on RIFF and al | ows extension via user-defined
chunks, but nothing beyond the chunks defined by the container format
(Section 2) are required for decoding of the inage. These have been
finalized, but they were extended in the format’s early stages, so
some ol der readers may not support |ossless or aninmated i mage

decodi ng.

I ANA Consi derations
| ANA has registered the 'inage/ webp’ media type [ RFC2046].
The ' i mage/ webp’ Media Type

This section contains the nedia type registration details per
[ RFC6838] .

.1. Registration Details
Type nanme: inmage
Subt ype nane: webp
Required paraneters: NA
Optional parameters: NA
Encodi ng consi derations: Binary. The Base64 encodi hg [ RFC4648]
shoul d be used on transports that cannot accomodate binary data
directly.
Security considerations: See RFC 9649, Section 4.
Interoperability considerations: See RFC 9649, Section 5.
Publ i shed specification: RFC 9649
Applications that use this nedia type: Applications that are used to
di splay and process imges, especially when snaller inage file
sizes are inportant.
Fragnment identifier considerations: NA
Addi tional information:
Deprecated alias nanmes for this type: NA
Magi ¢ nunber(s): The first 4 bytes are 0x52, 0x49, 0x46, 0x46
("RIFF ), followed by 4 bytes for the 'RIFF Chunk size. The
next 7 bytes are 0x57, 0x45, 0x42, 0x50, 0x56, 0x50, 0x38
(" WVEBPVPS’ ) .
File extension(s): webp

Appl e Uniform Type ldentifier: org.webnproject.webp conforms to
public.imge
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hject ldentifiers: NA

Person & email address to contact for further information: James

Zern <jzern@oogl e. conp

I ntended usage: COMMON
Restrictions on usage: NA
Aut hor: Janes Zern <jzern@oogle. conp

Change controller: |ETF
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