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Abstract This paper addresses a unified tone mapping operation (TMO) for HDR images with fixed-point arithmetic. A TMO generates a

low dynamic range (LDR) image from a high dynamic range (HDR) image by compressing its dynamic range. A unified TMO can perform tone

mapping for various HDR image formats with a single common TMO. Since HDR images are generally expressed in a floating-point data format,

a TMO also deals with floating-point data even though resulting LDR images have integer data. As a result, conventional TMOs require many

resources such as computational and memory cost. To reduce the resources, the method which allows to replace a floating-point number with two

8-bit integer numbers was proposed. However, this method has a limitation of available input HDR image formats. The proposed unified TMO

can be applied for various formats such as the RGBE and the OpenEXR by introducing an intermediate format. Moreover, the method can conduct

all calculations in the TMO with fixed-point arithmetic. By using both integer data and fixed-point arithmetic, the method reduces not only the

memory cost but also the computational cost. The experimental and evaluation results show the proposed method reduces the computational and

memory cost, and gives almost same quality of LDR images, compared to the conventional method with floating-point arithmetic.
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1. Introduction

High dynamic range (HDR) images are diffusing in many

fields: photography, computer graphics, on-vehicle cameras,

medical imaging, and more. These images have a high reso-

lution of pixel values, i.e., numerous pixel tones. Compared

with the current standard for low dynamic range (LDR) im-

ages, which are expressed in 8 bits, HDR images have an ex-

tremely long bit depth and high dynamic range of pixel val-

ues. To fully utilize this dynamic range under limited mem-

ory space, the pixel values are expressed as floating-point

data, such as in OpenEXR or RGBE format. Moreover, dis-

play devices which can express the pixel values of HDR im-

ages are not popular yet. Therefore, the importance of a tone

mapping operation (TMO) which generates an LDR image

from an HDR image by compressing its dynamic range has

been growing.

Various research works on tone mapping have so far been

done [1–11]. Many of these are focused on compression

techniques or quality of tone mapped images. Unlike these

research works, this paper considers to reduce resources

such as computational and memory cost during a TMO. In

general, reducing computational and memory cost is an im-

portant issue in image processing. HDR images are gen-

erally expressed in floating-point data formats such as the
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OpenEXR [12] and the RGBE [13]. Because of this, a TMO

is executed with floating-point arithmetic, and it requires

large computational and memory cost. Specifically, embed-

ded systems often have only limited resources: low-memory

or low-performance processor without a floating-point unit

(FPU). Furthermore, real-time processing, such as an HDR

video, requires speeding-up or parallelization of computing.

For these reasons, reducing computational and memory cost

regarding a TMO is an important issue.

To reduce the computational cost, fixed-point arithmetic

is effective. Fixed-point arithmetic is often utilized in im-

age processing and embedded systems because of the advan-

tages such as low-power consumption, the small circuit size

and high-speed computing [14–18]. However, executing a

TMO with fixed-point arithmetic is difficult due to the wide

range value of HDR images. On the other hand, fast tone

mapping functions were proposed in [19–24]. The authors

in [19, 20] focus on speeding up of the trilateral filter-based

HDR tone mapping technique. However, it still takes a long

time for processing because the trilateral filter-based tech-

nique itself is heavy. In [21, 22], visibility and contrast are

simply controlled with a single parameter. Nevertheless, it

does not directly contribute to reducing resources, and tone

mapping functions for this approach is limited to a specific

one. Moreover, the tone mapping function is only one pro-

cess out of many processes in a TMO.

The proposed method considers the whole process of a

TMO, and focuses on global tone mapping [1,2]. Unlike the

lightweight tone mapping approach, an integer TMO, which
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deals with resource reduction was proposed in [25,26]. Con-

sidering not only a function itself, but also the whole process

of a TMO, this method tries to resolve the essential problem

on high demand of resources. In these methods, any kind

of global tone mapping functions can be used. The method

in [25] treats a floating-point number as two 8-bit integer

numbers, which correspond to a exponent part and a man-

tissa part, and applies tone mapping to these integer num-

bers separately. The method reduces the memory cost using

8-bit integer data instead of 64-bit floating-point data. More-

over, using 8-bit integer data facilitates executing calcula-

tions with fixed-point arithmetic because it eases the limi-

tation of the bit length. The method in [26] executes the

integer TMO with fixed-point arithmetic, and therefore it re-

duces the computational cost as well.

The proposed method is based on [25, 26]. The integer

TMO [25, 26] was designed for the RGBE format; if using

for other formats, it is necessary to design a new algorithm

dedicated to each format. The method introduces an inter-

mediate format to relieve the limitation of the input HDR

image format, and expands the integer TMO for the interme-

diate format. The proposed integer TMO can be applied for

various HDR image formats by converting the input image

to the intermediate format. Moreover, the method can con-

duct all the calculations of the TMO with only fixed-point

arithmetic. By these features, the method can be executed

under limited resources, such as processors without a FPU

or low-memory. The experiments and evaluation confirmed

that the proposed method reduces the computational cost

and the memory cost, and keeps the quality of tone mapped

images, compared to the conventional method with floating-

point arithmetic [1].

This paper is organized as follows. In Section 2, the con-

ventional TMO and two floating-point HDR image formats

are described. The concept and basis of the proposed method

are then summarized in Section 3, and the fixed-point im-

plementation of the method is described in Section 4. The

experimental results are summarized in Section 5. Finally,

the conclusion is presented in Section 6.

2. Preliminaries

In this section, the conventional TMO and HDR image

formats are described.

2. 1 Global Tone Mapping Operation

A TMO generates an LDR image from an HDR image

by compressing its dynamic range. There are two types of

a TMO: global tone mapping and local tone mapping, this

paper deals with global tone mapping. A procedure of the

conventional TMO [1] is described in this section. Figure 1
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Fig. 1 The outline of the photographic tone reproduction [1].

shows “Photographic Tone Reproduction” which is one of

the well-known global TMOs [1]. Each step in this figure is

described as follows.

First, the world luminance Lw(p) of the HDR image is

calculated from RGB pixel values of the HDR image,

Lw(p) = 0.27R(p) + 0.67G(p) + 0.06B(p), (1)

where R(p),G(p), and B(p) are floating-point RGB pixel

values at located p of the HDR image, respectively.

Next, the geometric mean L̄w of the world luminance

Lw(p) is calculated as follows

L̄w = exp

⎛⎜⎜⎜⎜⎜⎜⎝
1
N

∑

p

loge (Lw(p))

⎞⎟⎟⎟⎟⎟⎟⎠ , (2)

where N is the total number of pixels in the input HDR im-

age. Note that Eq. (2) has the singularity due to zero value of

Lw(p). It is avoided by introducing a small value as shown

in [1]. However, its affection is not negligible for pixel val-

ues in a resulting LDR image because a typical HDR image

format such as the RGBE can express a small pixel value.

Therefore, only non-zero values are used in this calculation.

Then, the scaled luminance L(p) is calculated as

L(p) = k · Lw(p)
L̄w
, (3)

where k ∈ [0, 1] is the parameter called “key value”.
Next, the display luminance Ld(p) is calculated using a

tone mapping function y() as follows

Ld(p) = y(L(p)). (4)

The Reinhard’s global operator [1] which is one of the well-

known tone mapping functions is defined as

yReinhard(L(p)) =
L(p)

1 + L(p)
. (5)

Finally, the floating-point pixel values CF(p) of the LDR

image is calculated as follows
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Fig. 2 The bit allocation of the RGBE format.
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Fig. 3 The bit allocation of the OpenEXR format.

Table 1 The range of the normalized number and the denormalized

number in the OpenEXR format.

Range

Denormalized number 0, 2−24 − 2−14
Normalized number 2−14 − 65504

CF(p) = Ld(p) · C(p)Lw(p)
, (6)

where C(p) ∈ {R(p),G(p), B(p)} is the floating-point
RGB value of the input HDR image, and CF(p) ∈
{RF(p),GF(p), BF(p)}.
The 24-bit color RGB values CI(p) of the LDR image is

derived from

CI(p) = round (CF(p) · 255) , (7)

where round(x) rounds x to its nearest integer value, and

CI(p) ∈ {RI(p),GI(p), BI(p)}.
Despite the resulting LDR image is integer data, the data

and arithmetic in the above procedure are both floating-

point. Large computational and memory cost is required

from this.

2. 2 HDR Image Formats

This section describes HDR image formats.

( 1 ) The RGBE Format

Figure 2 shows the bit allocation of the RGBE for-

mat [13]. Each pixel is 32 bits long in this format. It consists

of 8-bit common exponent and 8-bit mantissa for each RGB

channel. The relation among a real number F1, the exponent

part F1E and the mantissa part F1M is given as

F1 = (F1M + 0.5) · 2F1E−136. (8)

( 2 ) The OpenEXR Format

Figure 3 shows the bit allocation of the OpenEXR for-

mat [12]. Each pixel is 48 bits long in this format. This for-

mat has two expressions: the normalized numbers and the

denormalized numbers. The range of the normalized num-

bers is restricted as shown in Table 1. The denormalized

Intermediate

TMO LDR Image

RGBE

OpenEXR

A certain format

TMO
Format

LDR Image

(a) Unified TMO

(b) Dedicated TMO

Two-integer data or floating-point data

Various formats

Fig. 4 The scheme of a unified tone mapping operation.

Fig. 5 The bit allocation of the proposed intermediate format.

numbers are used to express the small absolute values which

cannot be expressed in the normalized numbers. Therefore,

the OpenEXR format has two different encoding processes

and decoding processes, respectively. The relation among a

real number F2, the sign s2 ∈ {0, 1}, the exponent part F2E
and the mantissa part F2M in the decoding process for a nor-

malized number is given as

F2 = (−1)s2 · (1 + F2M · 2−10) · 2F2E−15. (9)

On the other hand, the relation for a denormalized number

is described as

F2 = (−1)s2 · (F2M · 2−10) · 2−14. (10)

3. Proposed Unified TMO

This section describes a scheme of a unified TMO, an in-

termediate format, and an integer TMO for the intermediate

format.

3. 1 Unified TMO

Figure 4 shows the scheme of a unified tone mapping. In

(a), various input HDR image formats are converted to an

intermediate format, and then a TMO for the intermediate

format is applied [27]. Thus, (a) is a unified method which

can process various HDR image formats using a single com-

mon TMO. On the other hand, in (b), each input HDR image

format is processed by a TMO dedicated to each format. The

proposed method is a unified TMO which can be applied for

various formats such as the RGBE and the OpenEXR.

3. 2 Intermediate Format

An input HDR image is converted to the intermediate for-

mat at the first step of the proposed method. The proposed
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Fig. 6 The difference between the conventional method [1] and the

proposed integer TMO.
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Eq.13

Eq.11-12

Fig. 7 A new process defined in the proposed integer TMO.

integer TMO can be applied for various HDR image formats

by converting the input image to the intermediate format.

Figure 5 shows the bit allocation of the intermediate format.

Unlike the RGBE format, the exponent part of each RGB

channel in this format is independent, and it reduces the er-

ror of the format conversion. As an example, this section de-

scribes the case of 8-bit mantissa and 8-bit exponent; the bit

length of the intermediate format will be discussed in later

section. The encode functions which yield the exponent part

FE and the mantissa part FM of each RGB channel F are

defined as

FE =
⌈
log2 F + 128

⌉
, (11)

FM =
⌊
F · 2136−FE

⌋
, (12)

where �x� rounds x to the nearest integer greater than or
equal to x, and �x� rounds x to the nearest integer less than
or equal to x. On the other hand, the decode function which

yields the original RGB value from the intermediate format

is defined as

F = (FM + 0.5) · 2FE−136. (13)

3. 3 Integer TMO for the Intermediate Format

The integer TMO is defined as the TMO which is imple-

mented with integer input and integer output. Figure 6 shows

the difference between the conventional method [1] and the

integer TMO. The integer TMO defines new processes and

replaces each tone mapping process by them. These new

processes are composite functions shown in Figure 7. In the

proposed TMO, the numerical range in the processes is sig-

nificantly reduced because the exponent part and the man-

tissa part are separated as two integer numbers. Note that

this technique of the integer TMO works well by using the

proposed intermediate format. The technique does not work

well for the IEEE754 format because it has denormalized

numbers as well as the OpenEXR [28].

The proposed integer TMO converts RGB values C(p)

into the intermediate format described in section 3. 2 at the

first step. The exponent partsCE(p) ∈ {RE(p),GE(p), BE(p)}
and the mantissa parts CM(p) ∈ {RM(p),GM(p), BM(p)} are
calculated as

CE(p) =
⌈
log2C(p) + 128

⌉
, (14)

CM(p) =
⌊
C(p) · 2136−CE (p)

⌋
. (15)

Then, the exponent part LwE (p) and the mantissa part

LwM (p) of the world luminance Lw(p) of the HDR image are

calculated as

LwE (p) =
⌈
log2 ML(p) − 8

⌉
, (16)

LwM (p) =
⌊
ML(p) · 2−LwE (p)

⌋
, (17)

ML(p) = 0.27(RM(p) + 0.5) · 2RE (p)+
0.67(GM(p) + 0.5) · 2GE (p)+

0.06(BM(p) + 0.5) · 2BE (p), (18)

where 0 <= LwE (p) <= 255 and 0 <= LwM (p) <= 255. The

method sets LwE (p) = LwM (p) = 0 if CE(p) = 0, and the

method sets LwM (p) = 255 if LwM (p) = 256.

Next, the exponent part L̄wE and the mantissa part L̄wM of

the geometric mean L̄w of the HDR image are calculated as

L̄wE =
⌈
S LwM + S LwE + 128

⌉
, (19)

L̄wM =
⌊
2S LwM+S LwE−L̄wE+136

⌋
, (20)

S LwE =
1
N

∑

p

(
LwE (p) − 136

)
, (21)

S LwM =
1
N

∑

p

log2
(
LwM (p) + 0.5

)
, (22)

where 0 <= L̄wE <= 255 and 0 <= L̄wM <= 255. Here, L̄wE and

L̄wM are computed using only non-zero LwE (p)’s.

Then, the exponent part LE(p) and the mantissa part

LM(p) of the scaled luminance L(p) of the HDR image are

calculated as

LE(p) =
⌈
log2(ALw(p)) + LwE (p) − L̄wE + 128

⌉
, (23)

LM(p) =
⌊
ALw(p) · 2136+LwE (p)−LE (p)−L̄wE

⌋
, (24)

ALw(p) = k · LwM (p) + 0.5
L̄wM + 0.5

. (25)
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The method sets LE(p) = LM(p) = 0 if LE(p) < 0, and

LE(p) = LM(p) = 255 if LE(p) > 255. That is, 0 <= LE(p) <=
255, 0 <= LM(p) <= 255.

Next, the method calculates the exponent part LdE (p) and

the mantissa part LdM (p) of the display luminance Ld(p).

This calculation depends on tone mapping functions. Here,

the tone mapping function of Eq. (5) is used as an example,

LdE (p) =
⌈
log2(FL(p)) + 128

⌉
, (26)

LdM (p) =
⌊
FL(p) · 2136−LdE (p)

⌋
, (27)

FL(p) =
LM(p) + 0.5

LM(p) + 0.5 + 2136−LE (p)
. (28)

The method sets LdE (p) = LdM (p) = 0 if LdE (p) < 0,

and LdE (p) = LdM (p) = 255 if LdE (p) > 255. That is,

0 <= LdE (p) <= 255, 0 <= LdM (p) <= 255.

Finally, the 24-bit RGB pixel values CI(p) of the LDR

image is obtained as

CI(p) = round
(
RL(p) · 2CE (p)+LdE (p)−LwE (p)−136 · 255

)
,

(29)

RL(p) =
(LdM (p) + 0.5)(CM(p) + 0.5)

LwM (p) + 0.5
. (30)

In the above processes, the input and output data of each cal-

culation are all 8-bit integer data. The memory cost can be

reduced by using integer data. The next section describes

fixed-point implementation of the method.

4. Fixed-Point Implementation

In the integer TMO, only the data are converted to inte-

ger, and the memory cost is reduced. However, the inter-

nal arithmetic of the integer TMO is still with floating-point.

This section describes the way to execute the internal arith-

metic with fixed-point arithmetic. The proposed method in-

troduces fixed-point arithmetic to reduce the computational

cost as well.

Most of equations can be calculated with fixed-point

arithmetic because each variable is expressed in 8-bit inte-

ger [26]. Nevertheless, Eq. (28) is difficult to be calculated

without floating-point arithmetic because the range of value

of the denominator is very wide. Because of this, the method

deforms Eq. (28) as follows

FL(p) =
1

1 + 2136−LE (p)
LM (p)+0.5

. (31)

Furthermore, the method branches Eq. (31) into three cases

and approximates it based on the power of two in the de-

nominator as follows.

Case 1:If 136 − LE(p) > 15 in Eq. (31), ‘1’ in the denom-
inator can be ignored because the right part of the denomi-

nator is very large, and so it is approximated as

Pixel-based processing

HDR Image

CE (p), CM(p)

World Luminance

Eq.16-18

Geometric Mean

Eq.19-22

Scaled Luminance

Eq.23-25

Display Luminance
(Branching and Approximation)

Eq.31-37

Round

Eq.29-30

LDR Image

: Fixed-Point Arithmetic

: Integer Data

LwE
(p), LwM

(p)

LwE
(p), LwM

(p)

L̄wE
, L̄wM

LE(p), LM(p)LdE
(p), LdM

(p)

CI (p)

Format Conversion

Eq.14-15

Fig. 8 The outline of the proposed method.

FL(p) =
LM(p) + 0.5
2136−LE (p)

, (32)

LdE (p) =
⌈
log2(LM(p) + 0.5) − (136 − LE(p)) + 128

⌉
,

(33)

LdM (p) =
⌊
(LM(p) + 0.5) · 2LE (p)−LdE (p)

⌋
. (34)

Case 2:If 136 − LE(p) < −8 in Eq. (31), the right part of
the denominator can be ignored because it is very small, and

so it is approximated as

FL(p) = 1, (35)

LdE (p) = 128, (36)

LdM (p) = 255. (37)

Case 3:Otherwise, it can be calculated with fixed-point

arithmetic.

In addition, the method uses pre-calculated tables for cal-

culations of 2x (in Eq. (20)) and log2 (in Eq. (22)). Each

table consists of 16 × 256 bits. In Eq. (14) - Eq. (37), divi-
sion operations are simply done by division, not right shift.

Moreover, 2x and log2 are conducted by using simple bit

shift operation except Eq. (20) and Eq. (22). The method

can calculate all equations of the TMO with only fixed-point

arithmetic by these branching, approximation, and tables.

Note that the conventional method [1] consists of floating-

point data and floating-point arithmetic. In contrast, the pro-

posed method consists of integer data and fixed-point arith-

metic.

5. Experimental Results

The proposed method introduces the intermediate format

to relieve the limitation of formats. Moreover, the compu-

tational cost of the TMO is reduced by using fixed-point

arithmetic instead of floating-point arithmetic in the pro-

posed method. However, errors can occur by these format

conversion and fixed-point arithmetic. To confirm the effi-

cacy of the proposed method and the errors involved with it,
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Fig. 9 The block diagram of the experiments.

(a) The examples of HDR images in the RGBE format.

(b) The examples of HDR images in the OpenEXR format.

Fig. 10 The examples of HDR images used in the experiments.

the experiments and evaluation were carried out. These ex-

periments and evaluation consist of measurements of peak

signal-to-noise ratio (PSNR) of the resulting LDR images

and processing time of the TMO, and evaluation of mem-

ory usage. Figure 9 shows the block diagram of these ex-

periments. The HDR images in the RGBE format and the

OpenEXR format were used as input images. Figure 10

shows examples of these images. The input HDR image is

converted to IEEE754 floating-point format [29] in the con-

ventional method [1] at the first step. On the other hand,

it is converted to the proposed intermediate format in the

proposed method. Negative values in the OpenEXR format

were set to zero. Both the proposed method and the conven-

tional method [1] were implemented in C-language.

5. 1 The Relation between the Bit Length and the

Tonemapped LDR Image Quality

This experiment was carried out to examine the relation

between the bit length of the intermediate format and the

tone-mapped LDR image quality. In this experiment, 32 im-

ages in the RGBE format and 42 images in the OpenEXR
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A
v
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g
e 

P
S

Bit length of the exponent part and the mantissa part each [bit(s)]

RGBE

OpenEXR

Fig. 11 The relation between the bit length of the intermediate format

and the average PSNR. The exponent part and the mantissa

part have same bit length.

Table 2 The conditions in the experiments and the evaluation.

Arithmetic Data

Proposed 32-bit Fixed-point 8-bit Integer

or 64-bit Floating-point

Conventional 64-bit Floating-point 64-bit Floating-point

Table 3 The maximum, minimum, and average PSNR between the

proposed method (with floating-point arithmetic) and the

conventional method [1]

PSNR [dB]

Maximum Minimum Average

RGBE 59.19 54.47 56.03

OpenEXR 69.26 48.89 57.27

Table 4 The maximum, minimum, and average PSNR between the

proposed method (with fixed-point arithmetic) and the con-

ventional method [1]

PSNR [dB]

Maximum Minimum Average

RGBE 59.23 55.01 56.29

OpenEXR 68.23 48.89 57.32

format were used. Figure 11 shows the relation between the

bit length of the intermediate format and the average PSNR,

where the exponent part and the mantissa part have same bit

length. It indicates that the PSNR values get better with in-

crease in the bit length, and they can be a little less than 60

dB at 8-bit. Therefore, the other experiments and evaluation

used the intermediate format with 8-bit exponent part and

8-bit mantissa part.

5. 2 Tone Mapped LDR Image Quality

This experiment applied tone mapping for 32 HDR im-

ages in the RGBE format and 42 images in the OpenEXR

format using the proposed method and the conventional

method [1] , and measured the PSNR of the tone mapped

LDR images. Table 2 shows that condition of this experi-

ment. The parameter k was set to 0.5.

Table 3 shows the maximum, minimum, and average

PSNR values of the proposed method with floating-point

7
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Conventional method [1] Proposed method

Fig. 12 LDR images comparison (OpenEXR).

Conventional method [1] Proposed method

Fig. 13 LDR images comparison (RGBE).

arithmetic. In all cases, high PSNR values were obtained in

the proposed method. The proposed method involves many

rounding operations, however, the PSNR results still indi-

cated high values. Therefore, the errors with accumulative

rounding do not significantly affect the resulting LDR im-

ages. On the other hand, Table 4 shows the PSNR values of

the proposed method with fixed-point arithmetic. The dete-

rioration of PSNR is insignificant compared with the method

with floating-point arithmetic. Figures 12 and 13 show LDR

images obtained by the proposed method (with fixed-point

arithmetic) and the conventional method [1]. It indicates

that it is impossible for human eyes to distinguish these two

images. From the above results, it was confirmed that the

proposed method can execute the TMO with high accuracy,

even though it involves the format conversion and the fixed-

point arithmetic.

5. 3 Comparison of the Processing Time

This experiment applied tone mapping for HDR images

with 393216 pixels in the OpenEXR and the RGBE format

using the proposed method and the conventional method [1]

, and measured the processing time of the methods. The

experimental environment was with Marvell PXA270 ARM

Processor 624MHz and 128MB RAM. Note that this proces-

sor does not have a FPU. The proposed method used 32-bit

fixed-point arithmetic, and the conventional method [1] used

64-bit floating-point arithmetic in this experiment.

0.77

13.19 

1.17 

12.21 

0 2 4 6 8 10 12 14

Proposed

Conventional [1]

OpenEXR

RGBE

Processing Time [s]

Fig. 14 The processing time of the proposed method and the conven-

tional method [1].

Table 5 The memory usage of the conventional method [1] and the

proposed method.

The data used in Memory usage [bits]

the methods Conventional [1] Proposed

An HDR image A × B × 192 A × B × 48
World luminance A × B × 64 A × B × 16
Geometric mean 64 16

Table (for log2 and 2
x) − 8192

Figure 14 compares the processing time of the proposed

method and the conventional method [1]. The proposed

method was 10.44 and 17.13 times faster than the conven-

tional method when the input HDR image formats were the

OpenEXR and the RGBE, respectively. Therefore, this ex-

periment confirmed that the proposed method reduced the

computational cost by using fixed-point arithmetic.

5. 4 Comparison of the Memory Usage

Table 5 shows the memory usage of each calculation when

the size of the input HDR image is A × B pixels. The rest
of calculations which is not included this table can be con-

ducted per pixel, and it is indicated in Figure 8. The mem-

ory usage which depends on the image size is reduced by

75.0% in the proposed method. The method uses two pre-

calculated tables, and each table consists of 16 × 256 bits.
Therefore, the total memory usage of the proposed method

which includes the tables is A×B×64+8208 bits. The 8208
bits are cancelled out if the size of the input HDR image is

larger than 42 pixels.

6. Conclusion

This paper proposed the unified tone mapping operation

with fixed-point arithmetic and low-memory. The proposed

method can apply the TMO for various HDR image formats

by using an intermediate format. By using the intermediate

format, the method can apply the tone mapping to two 8-

bit integer numbers which correspond to the exponent part

and the mantissa part, separately. The method reduces the

memory cost by using 8-bit integer numbers instead of a
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64-bit floating-point number. Furthermore, the method per-

forms the TMO with only fixed-point arithmetic to reduce

the computational cost. As a result, the method is effec-

tive on a computer with low-memory and a low-performance

processor. The experimental results confirmed that the pro-

posed method can execute the TMO with high accuracy,

even though it is with fixed-point arithmetic and integer data.

The future work is applying the method to local tone map-

ping operations.

References

1) E. Reinhard, M. Stark; P. Shirley, J. Ferwerda: “Tone Reproduction for Digital
Images”, ACM Trans. Graphics, 21, 3, pp.267-276, (2002)

2) E. Reinhard, G. Ward, S. Pattanaik, and P. Debevec, W. Heidrich, K.
Myszkowski: ”High Dynamic Range Imaging - Acquisition, Display and Image
based Lighting”, Morgan Kaufmann, Burlington, MA, U.S., (2010)

3) F. Drago, K. Myszkowski, T. Annen, and N. Chiba: “Adaptive logarithmic map-
ping for displaying high contrast scenes”, Computer Graphics Forum, , 22 ,3,
pp.419-426, (2003)

4) R. Fattal, D. Lischinski, and M. Werman: “Gradient Domain High Dynamic
Range Compression”, ACM Trans. Graphics, 21, 3, pp.249-256, (2002)

5) M. Iwahashi and H. Kiya: “Efficient Lossless Bit Depth Scalable Coding for
HDR Images”, Signal and Information Processing Association Annual Summit
and Conference (APSIPA), No.OS.37-IVM.16-4, (2013)

6) M. Iwahashi and H. Kiya: “Two Layer Lossless Coding of HDR Images”, IEEE
Int. Conf. on Acoustics, Speech and Signal Processing (ICASSP), pp.1340-1344,
(May 2013)

7) R. Xu, S. N. Pattanaik, and C. E. Hughes, “High-Dynamic-Range Still Image En-
coding in JPEG2000”, IEEE Trans. Computer Graphics and Applications, Vol.25,
No.6, pp.57-64, (Nov. 2005)

8) Y. Zhang, E. Reinhard, and D. Bull: “Perception-based high dynamic range video
compression with optimal bit-depth transformation”, IEEE Int. Conf. on Image
Processing (ICIP), pp.1321-1324, (2011)

9) G. Ward, M. Simmons: “JPEG-HDR: a backwards-compatible, high dynamic
range extension to JPEG,” ACM SIGGRAPH Courses, No.3, (Jul. 2006)

10) T. Odaka, W. Sae-tang, M. Fujiyoshi, H. Kobayashi, M. Iwahashi, and H. Kiya:
“A Lossless Compression Method Using Histogram Packing for HDR Images
in OpenEXR Format”, International Workshop on Advanced Image Technology
(IWAIT), no.E1-061, pp.237240, (January 2014)

11) T. Murofushi, R. Suzuki, and H. Kiya: “Bit Depth Scalable Coding of HDR
Images Using SNR Scalability in JPEG 2000”, International Workshop on Ad-
vanced Image Technology (IWAIT), National Cheng Kung University, (January
2015)

12) F. Kainz, R. Bogart, and D. Hess: “The Openexr Image File Format”, ACM SIG-
GRAPH Technical Sketches, (2003)

13) G. Ward, “Real Pixels”, Graphics Gems 2., pp.80-83, San Diego, CA, USA: Aca-
demic Press, (1992)

14) T. Viitanen, P. Jaaskelainen, O. Esko, and J. Takala: “Simplified Floating-point
Division and Square Root”, IEEE Int. Conf. on Acoustics, Speech and Signal
Processing (ICASSP), pp.2707-2711, (2013)

15) C. H. Lampert, and O. Wirjadi, “Anisotropic Gaussian Filtering Using Fixed
Point Arithmetic”, IEEE Int. Conf. on Image Processing (ICIP), pp.1565-1568,
(2006)

16) K. J. Hass: “Synthesizing Optimal Fixed-Point Arithmetic for Embedded Signal
Processing”, IEEE Int. Midwest Symp. on Circuits and Systems (MWSCAS),
pp.61-64, (2010)

17) C. S. Cho, Y. H. Kim, H. S. Shin, B. H. Choi: “Implementation of a fixed-point
MPEG-4 scalable lossless coding encoder”, IEEE Int. Symp. on Broadband Mul-
timedia Systems and Broadcasting (BMSB), pp.1-5, (2010)

18) J. Marrot, S. Bourennane: “Fast tensor signal filtering using fixed point algo-
rithm”, IEEE Int. Conf. on Acoustics, Speech and Signal Processing (ICASSP),
pp.921-924, (2008)

19) J. Shen, X. Jin, H. Sun: “High dynamic range image tone mapping and retex-
turing using fast trilateral filtering”, The Visual Computer, 23, 9-11, pp.641-650,
(2007)

20) J. Shen, S. Fang, H. Zhao, X. Jin, H. Sun: “Fast approximation of trilateral filter
for tone mapping using a signal processing approach”, Signal Processing, 89, 5,
pp.901-907 (2009)

21) J. Duan and G. Qiu: “Fast tone mapping for high dynamic range images”, Int.
Conf. on Pattern Recognition (ICPR), pp.847-850, (2004)

22) S.K. Thakur, M. Sivasubramanian, K. Nallaperumal, K. Marappan, N. Vish-
wanath: “Fast tone mapping for high dynamic range images”, IEEE Int. Conf.

on Computational Intelligence and Computing Research (ICCIC), (2013)
23) M. Slomp, and M. M. Oliveria: “Real-Time Photographic Local Tone Reproduc-

tion Using Summed-Area Tables”, Computer Graphics International, pp.8291,
(2008)

24) Q. Tian, J. Duan, and G. Qiu: “GPU-accelerated local tone-mapping for high dy-
namic range images”, IEEE Int. Conf. on Image Processing (ICIP), pp.377-380,
(2012)

25) T. Murofushi, M. Iwahashi, and H. Kiya: “An Integer Tone Mapping Operation
for HDR Images Expressed in Floating Point Data”, IEEE Int. Conf. on Acous-
tics, Speech and Signal Processing (ICASSP), pp.2479-2483, (2013)

26) Dobashi, T.; Murofushi, T.; Iwahashi, M.; Kiya, H.: A Fixed-Point Tone Map-
ping Operation for HDR Images in the RGBE Format. Signal and Information
Processing Association Annual Summit and Conference (APSIPA), No.OS.37-
IVM.16-4, (2013)

27) T. Dobashi, M. Iwahashi, and H. Kiya: “A Unified Tone Mapping Operation for
HDR Images Including Both Floating-Point and Integer Data”, LNCS, Y. -S. Ho,
J. Sang, Y. M. Ro, J. Kim, and F. Wu, Eds. Springer-Verlag, vol.9314, pp.321333,
(Sep. 2015)

28) T. Murofushi, T. Dobashi, M. Iwahashi, and H. Kiya: “An Integer Tone Mapping
Operation for HDR Images in OpenEXR with Denormalized Numbers”, IEEE
Int. Conf. on Image Processing (ICIP), no.TEC-P10.6, (2014)

29) “Information technology - Microprocessor Systems - Floating-Point arithmetic”,
ISO/IEC/IEEE 60559, (2011)

Hitoshi Kiya received his B.Eng. and M.Eng. de-
grees from Nagaoka University of Technology, Japan, in 1980
and 1982, respectively, and his D.Eng. degree from Tokyo
Metropolitan University in 1987. In 1982, he joined Tokyo
Metropolitan University as an Assistant Professor, where he be-
came a Full Professor in 2000. From 1995 to 1996, he attended
the University of Sydney, Australia as a Visiting Fellow. He
was/is the Chair of IEEE Signal Processing Society Japan Chap-
ter, an Associate Editor for IEEE Trans. Image Processing,
IEEE Trans. Signal Processing and IEEE Trans. Information
Forensics and Security, respectively. He also served as the Pres-
ident of IEICE Engineering Sciences Society (ESS), the Editor-
in-Chief for IEICE ESS Publications, a Vice President of AP-
SIPA, and the Editor-in-Chief for IEICE ESS publications. His
research interests are in the area of signal and image processing
including multirate signal processing, wavelets, video coding,
compressed-domain video manipulation, and security for multi-
media. He received the IWAIT Best Paper Award in 2014 and
2015, the ITE Niwa-Takayanagi Best Paper Award in 2012, the
Telecommunications Advancement Foundation Award in 2011,
the IEICE ESS Contribution Award in 2010, and the IEICE Best
Paper Award in 2008. He is a Fellow of IEEE, IEICE and ITE.

Toshiyuki Dobashi received his B.Eng. and
M.Eng. degrees from Tokyo Metropolitan University, Japan in
2012 and 2014, respectively. He is currently a candidate for
Ph.D. degree at Tokyo Metropolitan University, Japan. His re-
search interests include image processing.

9

Invited Paper » An Efficient Unified-Tone-Mapping Operation for HDR Images with Various Formats 


