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Abstract

Most camera images are saved as 8-bit standard RGB

(sRGB) compressed JPEGs. Even when JPEG compres-

sion is set to its highest quality, the encoded sRGB image

has been significantly processed in terms of color and tone

manipulation. This makes sRGB-JPEG images undesirable

for many computer vision tasks that assume a direct rela-

tionship between pixel values and incoming light. For such

applications, the RAW image format is preferred, as RAW

represents a minimally processed, sensor-specific RGB im-

age with higher dynamic range that is linear with respect

to scene radiance. The drawback with RAW images, how-

ever, is that they require large amounts of storage and are

not well-supported by many imaging applications. To ad-

dress this issue, we present a method to encode the nec-

essary metadata within an sRGB image to reconstruct a

high-quality RAW image. Our approach requires no cali-

bration of the camera and can reconstruct the original RAW

to within 0.3% error with only a 64 KB overhead for the ad-

ditional data. More importantly, our output is a fully self-

contained 100% complainant sRGB-JPEG file that can be

used as-is, not affecting any existing image workflow - the

RAW image can be extracted when needed, or ignored oth-

erwise. We detail our approach and show its effectiveness

against competing strategies.

1. Introduction

The vast majority of images used in computer vision

and image processing applications are 8-bit standard RGB

(sRGB) images, typically saved using the JPEG compres-

sion standard. Virtually all image processing application

workflows support sRGB and JPEG images. There are

many drawbacks, however, when working with sRGB im-

ages, e.g. it is well known that sRGB images have a number

of non-linear operations applied that makes it difficult to re-

late the sRGB values back to scene radiance [3, 8, 13, 17,

22, 24].

(a) sRGB JPEG (9,788KB + 64KB) 

 

(b) Groundtruth RAW (25,947KB) 

 

(c) Reconstructed RAW  
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Figure 1. (a) A 5616× 3744 resolution high-quality sRGB-JPEG

with our metadata embedded (original JPEG size of 9,788 KB,

new size of 9,852 KB). (b) Original RAW image is 25,947 KB. (c)

Our reconstructed RAW image using the data in the self-contained

JPEG. (d) Error map between (b) and (c). Overall reconstruction

error is 0.2%.

Most cameras now allow images to be saved in a RAW

image format that is an uncompressed, minimally processed

image representing the response from the camera sensor.

RAW has many advantages over sRGB, including linear re-

sponse to scene radiance, wider color gamut, and higher

dynamic range (generally 12 − 14 bits). Not surprisingly,

RAW is desirable for many computer vision applications,

such as photometric stereo, image restoration (e.g. deblur-

ring), white-balance, and more. RAW is also preferred

by photographers as it allows the most flexility in post-

processing image manipulation. One of the major draw-

backs is that RAW files takes up significantly more space

than their sRGB counterpart. In addition, the vast major-

ity of all existing image-based applications are designed

to work with 8-bit sRGB images. Images saved in RAW

must typically undergo some intermediate process to con-

vert them into sRGB to be useful for many existing tasks.

Given the utility of RAW image data, there has been a

number of approaches to map sRGB images back to the
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their RAW values. Work by Yuan and Sun [31] demon-

strated an effective hybrid-image method that stored a lower

resolution version of the original RAW image (e.g. 1

2
or 1

4

resolution) and applied smart upsampling that leveraged the

sRGB image. One impetus for [31] is that many cameras

now support a small-RAW format that save the RAW im-

age in either half and quarter-size resolutions. However, it

is important to note that these smaller RAW images still re-

quire roughly 1.5 − 6 MB to store. Other closely related

work [30, 3, 17, 19, 20] used a calibration procedure to

compute parameters to model the onboard camera process-

ing pipeline in order to reserve sRGB values back to their

RAW values. While this calibrated metadata is generally

smaller than the 1.5 − 6 MB needed using the small-RAW

strategy, these methods still have a drawback that additional

metadata needs to be stored separately for reconstructing

the RAW image. Moreover, the calibration procedure needs

to be done for several different settings on the camera. The

goal of this paper is to provide a fully self-contained JPEG

image that allows RAW image reconstruction. In addition,

we want to do this with a small memory overhead and in

a manner that is 100% compatible with existing JPEG stan-

dards. Figure 1 shows an example of our proposed method’s

ability. An sRGB-JPEG image is embedded with 64 KB of

metadata that is used to reconstruct the RAW image with

an overall reconstruction error of less than 0.3% (in RAW

pixels values).

Contribution We provide a straight-forward and effective

procedure to extract the necessary data for reconstructing a

RAW image given the corresponding sRGB-JPEG image.

As part of this procedure, we describe a fast breadth-first-

search octree algorithm for finding the necessary control

points to provide a mapping between the sRGB and RAW

sensor color spaces. In addition, we also describe a method

to encode our data efficiently within the allowed 64 KB text-

comment field that is supported by the JPEG compression

standard. This allows our method to be fully compatible

with existing JPEG libraries and workflows. We compare

our approach with existing methods and demonstrate the

usefulness of the reconstructed RAW on two applications:

white-balance correction and image-deblurring.

2. Related Work

Work related to RAW image reconstruction can be cat-

egorized into two areas: radiometric/camera color calibra-

tion and methods for image-upsampling.

Radiometric/Color Calibration are methods that aims to

compute the necessary mappings to invert the non-linear

transformations applied onboard cameras in order to have

pixel values that are linear with respect to scene radiance.

Conventional radiometric calibration algorithms used mul-

tiple images taken with controlled exposures in order to

compute inverse response functions of the camera output in-

tensity values to the incoming light. These methods targeted

greyscale images [21], or computed a individual response

functions per color channel [8, 13, 22, 24]. The main differ-

ence among these methods are the models used to represent

the response function, e.g. exponentiation [22], polyno-

mial [24], non-parametric [8], and PCA-based model [13].

These early methods discarded RGB values that were

too saturated, treating them as outliers to the radiometric

model. Work in [2] and [17] found that these outliers were

due to limitations in the radiometric models being used. To

overcome this, Chakrabarti et al. [2] proposed a method

that used combinations of cross-channel linear transforms

with per-channel multi-variate polynomials to model the

camera color mapping process. Kim et al. [17] proposed

a in-camera imaging model that introduced an additional

gamut mapping step for handling the out-of-gamut (i.e. sat-

urated) colors. Later, Chakrabarti et al. [3] extended this

idea and suggested using uncertainty modelling for han-

dling the quantization of the sRGB colors. These methods

significantly improved the ability to reverse sRGB images

back to their RAW values, however, they do have two lim-

itations with respect to the problem addressed in this pa-

per. The first limitation is the need to calibrate the color

models for a given camera. As discussed by [17], this in-

volves computing multiple parameterized models for dif-

ferent camera settings (e.g. different picture styles). As a

result, a single camera would have several different color

mappings. Such calibration can be burdensome in practice.

The second drawback is the parameterized models are still

saved as offline data and the appropriate model based on the

camera settings needs to be determined when one desires to

reverse an sRGB image.

Image Upsampling are methods that attempt to increase

the resolution, or quality, of an image. Representative work

include interpolation-based methods [15, 29], edge-based

methods [6, 9, 27], and example-based methods [11, 12].

These methods leverage a dictionary of image patches from

high-quality images that are used to guide the upsampling

process. The most similar to the problem addressed in this

paper is the work by Yuan and Sun [31] who demonstrated

a hybrid-image method that stored a low resolution version

of the RAW image. The low resolution RAW image was

upsampled to have the same resolution as the sRGB image

by using the sRGB image to guide the upsampling process.

The RAW images used in this work were one half or one

quarter size of the original RAW image. While these small-

RAW are smaller than the original RAW image, they are

still require approximately 1.5 − 6 MB to store. Also, like

the work of [17] and [3], this approach requires additional

data to be stored separately from the JPEG image in order

to perform upsampling.

The work in this paper is distinguished from prior work

in two ways. First, the aim here is to embed the neces-
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Figure 2. This figure shows an overview of our approach. The section of the paper detailing each component is shown.

Orignal Size Type Storage Size (byte)

T−1

w 3× 1 double 24

T−1

s 3× 3 double 72

f−1 256× 1 int16 512

g−1 4728× 6 int16 56, 736

Table 1. This table shows the amount of data allocated to model

the camera-pipeline parameters for a RAW-sRGB image pair. The

goal is to keep this within 64KB. The g−1 allows up to 4728 con-

trol points pairs consisting of an sRGB and RAW-rgb color point

(i.e. 6 values in total).

sary information for RAW reconstruction inside the existing

sRGB-JPEG image. This is more practical than requiring

the user to maintain a companion file containing the neces-

sary data for reconstruction (e.g. small-RAW file or cam-

era calibration data). Second, unlike the radiometric ap-

proaches, our approach does not require a calibration pro-

cedure involving multiple images. Instead, we only need

to estimate a mapping between the given sRGB and RAW

image pair provided by the camera. To this end, our goal

is to efficiently estimate this necessary metadata such that it

can fit inside a single 64 KB text-based comment that can

be embedded in the JPEG image [1, 14].

3. Proposed Approach

The work by Kim et al. [17] and Chakrabarti et al. [3]

have shown the processing from RAW to sRGB can be de-

scribed by a number of parameters that model various steps

in the onboard camera color processing pipeline. In partic-

ular, there is a white-balance matrix Tw, and a color correc-

tion matrix Ts, that is first applied. The color correction ma-

trix is used to convert the camera-specific RAW color space

into a device-independent color space. This is followed by

a tone map operator f applied to all color channels and a

gamut mapping g that maps an 3-D color value to a new 3-D

color value. The work in [17, 3] parameterized these mod-

els by using many sRGB-JPEG pairs of color charts under

different illuminations captured by the camera with specific

settings. This type of parameterization is necessary when

the input is an arbitrary sRGB image. We follow a similar

procedure, but our problem is slightly simplified as we only

need to compute these parameters for a single pair of RAW

image E and sRGB-JPEG image I . In addition, our ap-

proach needs to keep the results to within 64 KB overhead

and embed this as a text field in the JPEG image.

Figure 2 provides a diagram that illustrates the overall

procedure of our method. Our input is the RAW image

captured from the camera and the corresponding sRGB-

JPEG. We assume the RAW image has been demosaiced

and use the DCRAW utility [5] to perform this task. The

data storage budget for each part of the camera model is pre-

allocated as shown in Table 1. The total budget is less than

64 KB because it will later be converted to a text format that

avoids a 0x00 bit sequence (described in Section 3.3). The

following sections describe how the metadata is computed

and embedded in the sRGB-JPEG file.

3.1. In­Camera Imaging Model Estimation

Our first step is to compute an inverse tone-curve, f−1,

from a pair of sRGB-JPEG and RAW images. This is used

to make the sRGB values more linear with respect to the

RAW value. We assume that the color correction matrix

did not change the brightness of the RAW colors. Addi-

tionally, it is assumed that the gamut-map targets chromatic

colors, e.g. g(p) = p’ where p is an achromatic color (i.e.

sRGB saturation value less than 0.2). Based on these two

assumptions, the images are converted into the HSV color

space, and the V channels are selected to estimate the in-

verse tone-curve f−1. This curve can be estimated using

the spline fitting technique [26] as follows:

1

N

∑N

i=1
||f−1(Ii)− Ei||

2 + λ||▽2f−1||2,
s.t ▽

1f−1 ≥ 0
(1)
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