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Abstract—A fixed-point tone mapping operation (TMO) in-
stead of a floating-point TMO is proposed in this paper. A TMO
generates a low dynamic range (LDR) image from a high dynamic
range (HDR) image. Since pixel values of an HDR image are
generally expressed in a floating-point data format, e.g. RGBE
and OpenEXR, a TMO is also implemented in floating-point
arithmetic in conventional approaches. However, it requires a
huge computational cost, even though a resulting LDR image is
expressed in simple integers. The proposed TMO is implemented
with only fixed-point arithmetic. As a result, the proposed method
reduces a computational cost. Experimental results shows the
PSNR of LDR images in the proposed method are comparable
to those of the conventional methods.

I. INTRODUCTION

High dynamic range (HDR) images are rapidly spreading
from field of computer graphics and photographic to the
other fields, such as car-mounted camera and medical imaging
recently. In contrast, display devices which can handle wide
dynamic range of pixel values in HDR images are not still
popular. Thus, a tone mapping operation (TMO) is important
to compress dynamic range of HDR images, in order to be
treated with covnentional display devices.

So far, various researches on TMOs have been done. Most
of these are focused on finding tone mapping function which
suitable for human visual system [1]-[4]. Recently, some
researches reduced the cost for transmitting HDR images
by combining with data compression technologies [S]-[8].
Unlike those previous researches, this paper discusses on
‘resources’ for a TMO such as a computational cost for light
implementation of tone mapping.

In general, it is important to reduce a computational cost
in image processing, including tone mapping which discussed
here. Heavy demand for computation is continuously increas-
ing, e.g, large variety of color depth, a huge size of images,
and resolution of display devices. In particular, resources on
embedded systems, such as camera, are limited. Therefore,
it is still necessary to study the way to implement signal
processing under limited resources for economic reason, even
though faster machines appear in the future. A TMO especially
requires heavy resources, since it is generally composed of
floating-point arithmetic for an HDR data format such as
RGBE and OpenEXR [2].

A fast and flexible TMO has been proposed in [9]. Visibility
and contrast were simply controlled with a single parameter.
However it does not directly contribute to reducing resources.
The global tone mapping in [1], [2] has been widely used due
to its simplicity. However, a function for this TMO is limited
to a specific one. Moreover, a function itself is just a part of
whole TMO.

1 mpe- : floating-point data . N 5 o
H O: floating-point arithmetic
+—m : integer data '
'

Geometric Mean Scaled Luminance
Eq.3 L, Eq.2

L(p)

HDR RGB Values

C(p)

World Luminance
Eq.1

La(p)

LDR RGB Values

Fig. 1. The outline of the photographic tone reproduction [1].

Unlike those approaches, the method which is based on
integer values of tone mapping has been proposed in [10].
Considering not only a function itself but also whole pro-
cedure of a TMO, this method try to resolve the essential
problem on high demand of resources. In this method, any
kind of functions can be utilized as a global tone mapping.
Moreover, it is implemented with ’integer’ input and ’integer’
output. It offers almost the same result of tone mapping as a
conventional method under reduced resources of computation.
However, internal arithmetic of this method is still floating-
point.

The proposed method is based on [10], but it consists of
fixed-point arithmetic, that is, it can be implemented without
floating-point arithmetic. By this feature, the method can be
executed under limited resources, such as processors without
floating-point number processing unit (FPU). The experiment
confirms that the proposed method offers high quality of tone
mapped images comparable to conventional methods.

II. PHOTOGRAPHIC TONE REPRODUCTION

The procedure of a tone mapping is described in this section.
It generates an integer low dynamic range (LDR) image from
a floating-point HDR image. This section describes one of
well-known tone mapping procedures [1], and Figure 1 shows
the outline of it. First, it calculates world luminance L,,(p) of
a pixel p as

L,,(p) = 0.27R(p) + 0.67G(p) + 0.06 B(p), (1)
where R(p), G(p), and B(p) are floating-point RGB values

of the input HDR image. Next, the scaled luminance L(p) is
calculated as



where k € [0, 1] is a parameter called “key value.” L, denotes
geometric mean of world luminance L,,(p), and it is defined

as
L —exp< Zloge wl ) 3)

where N is the total number of p1xels in the input HDR image.
Note that Eq. (3) has singularity due to zero value of L, (p).
It is avoided by introducing a small value in [1]. However,
its arbitrariness is not negligible for pixel values in a floating
point format, since its pixel value is also small. Therefore,
in [10], only non-zero values are included in the geometric
mean. Next, display luminance L;(p) is computed with a tone
mapping function y() as

La(p) = y(L(p)), ©)
where Reinhard’s global operator [1] is specified as
L(p)
cinhard (L = T /N 5
Finally, floating-point LDR pixel value C'r(p) is derived as
C(p)
C =1L . , (6)
#(p) = La(p) o)
where C(p) € {R(p),G(p),B(p)} is the floating-

point RGB value of input HDR image, and Cr(p) €
{Rr(p),Gr(p), Br(p)}. Moreover, 8-bit integer LDR value
Cr(p) is generated as

Cr(p) = round (Cr(p) - 255) , (7

where round(z) rounds x to the nearest integer value and

Ci(p) € {R1(p), G1(p), B1(p)}-

III. PROPOSED METHOD
A. Floating-point pixel value in the RGBE format

This method deals with the RGBE format as an example of
a floating-point data format of HDR images. Each pixel is 32
bits long in this format. It consist of 8 bit common exponent
and 8 bit mantissa for each RGB channel [2]. Its exponent
Fg(p) and mantissa F)/(p) for floating-point value F(p) are
calculated by

Fp(p) = [log, F(p) + 128], (®)
Fr(p) = | F(p) - 22077+ @)] ©
where 0 < Fg(p) < 255 and 0 < Fj(p) < 255. In the

equation above, [z]| rounds z to the nearest integer greater
than or equal to z, and |z| rounds = to the nearest integer
less than or equal to x. In this format, the original floating-
point value F'(p) is represented as

Fu(p) +0.5 oFi(p)—128

Flp) = =553

(10)

B. Integer TMO

The proposed method is based on the integer TMO [10].
In this section, the integer TMO [10] is described. Figure 2
shows the outline of this method. This method is designed
for HDR images in the RGBE format. In the RGBE format,
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Fig. 2. The outline of the integer TMO [10].

the common exponent C'z(p) and each RGB value mantissa
Ch(p) are calculated as

C(p) = Nlogy {max(R(p), G(p), B(p)} +128].,
Cu(p) = |O(p) - 2107050

(1)
(12)

where 0 < Cg(p) < 255, 0 < Cyp(p) < 255, and Ci(p) €
(R (), Grt(p), Bu(p)}. 1 max (R(p), G(p), B(p)) <
10738, this method sets C(p) = Car(p) = 0 [2]. And if
Cr(p) = 256, this method sets Cpr(p) = 255. This method
treats Cg(p) and Cjs(p) as integer numbers.

First, the integer values pair for world luminance L, (p) is
calculated; exponent L., (p) and mantissa L.,,, (p) of world
luminance L, (p) are given as

Ly (p) = [logy(ML(p) +0.5) + Cru(p) — 8], (13)
Luna (p) = | (ML(p) +0.5) - 2070 ~Fes @) | - (14)
ML(p) = 0.27Rp(p) + 0.67G s (p) + 0.06 B (p), (15)

)
where 0 < L, (p) < 255 and 0 < Ly, (p) < 255. If
Chr(p) = 256, this method sets Cys(p) = 255. Next, integer
valued geometric mean is calculated; exponent Ly, (p) and
mantissa L,,,, (p) of geometric mean L,, are derived as

Lu, = [SLuy,, + SLy, +128], (16)
Luy, = PSLWM+SLwE LLUE+136J ’ (17)
SLug = 5 Z wp (p) — 136) (18)
SLy,, = ng2 war (P) +0.5), (19)

where 0 < Ly, < 255 and 0 < L,,, < 255. Here, L,
and L,,, are computed by only non-zero L, (p)’s. Then,
exponent Lg(p) and mantissa Lys(p) of scaled luminance
L(p) are calculated as

Lg(p) = [logQ(ALw(p)) + Ly (p) — Ly + 128] , (20)

Ly(p) = {ALw(p) . 2136+LwE(p)fLE(p)inJ ) (1)
Ly, (p)+0.5

AL, =k =M 22

() T 105 (22)

The method sets Lg(p) = Ly(p) = 0 if Lg(p) < 0,
and LE(p) = L]y[(p) = 255 if LE(p) > 255. That is,
0 < Lg(p) < 255,0 < Ly (p) < 255. Then, the method



calculates exponent L, (p) and mantissa Lg,,(p) of display
luminance Lg4(p). This calculation depends on tone mapping
functions. Here, tone mapping function of Eq. (5) is used as
an example

Lay (p) = [logy(FL(p)) + 1281, (23)
Lay(p) = | FL(p) - 2195 Fa @) 24)

Ly (p) + 0.5 + 2136—Le(p)”

The method sets Ly, (p) = La,, (p) = 0 if Lg,(p) < 0,
and Lg,(p) = La, (p) = 255 if Lg,(p) > 255. That is,
0 < L, (p) < 255,0 < Lg,, (p) < 255.

The final RGB value C(p) of the LDR image is obtained

as
C1(p) = round ((RL(p) - 2070 L ()L (1)136 . 955
(26)

Ly, (p) +0.5
C. Fixed-point arithmetic

The integer TMO [10] can be implemented with integer
input and integer output. However, its internal arithmetic uses
floating-point arithmetic. In the proposed method, these are
implemented with fixed-point arithmetic to reduce required
resources.

Most of equations can be calculated with integer and fixed-
point arithmetic because each variable are expressed as integer.
However, Eq. (25) 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. (25) as
follows

1

FL(p) =
1 + L]u(p)+0.5

(28)

Furthermore, the method branches Eq. (28) into three cases
and approximates it based on the power of two in the denom-
inator as follows.

Case I:If 136 — Lg(p) > 22 in Eq. (28), ‘I’ in the
denominator can be ignored because the right part of the
denominator is very large, and so it is approximated as

L +0.5
FL@>=7%§%;GT, (29)
Lay (p) = Nlogs(Lay (p) +0.5) — (136 = Lis(p)) + 1281,
(30)
Lay (p) = | (Lar(p) +0.5) - 220 ~Las @) | G

Case 2:If 136 — Lg(p) < —16 in Eq. (28), the right part of
the denominator can be ignored because it is very small, and
so it is approximated as

FL(p) = 1, (32)
Lg,(p) = 128, (33)
La,, (p) = 255 (34)

Case 3:Otherwise, it can be calculated with fixed-point
arithmetic.
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Fig. 3. The outline of the proposed method.

The method can calculate all equation of TMO with only
fixed-point arithmetic by these branching and approximation.
Note that the conventional method [1] consists of floating-
point data and floating-point arithmetic. The integer TMO [10]
consists of integer data and floating-point arithmetic. In con-
trast, the proposed method consists of integer data and fixed-
point arithmetic. Figure 3 shows the outline of the proposed
method.

IV. EXPERIMENTAL RESULTS

To evaluate the proposed method, the method was imple-
mented, and the experiment was carried out.

A. Conditions

This experiment compared the proposed method and the
conventional method, in terms of the PSNR and the processing
time.

LDR images produced by the proposed and the conventional
methods [1], [10] were used in the PSNR comparison. This
comparison experiment used 24 HDR images in the RGBE
format.

The processing time of the proposed method and the
conventional method [1] was compared in the processing
time comparison. This comparison experiment performed tone
mapping operation for the HDR image in the RGBE formt
of 512 x 768 pixels 100 times, and calculated the average
time. The experiment platform was Marvell PXA270 ARM
processor 624MHz with 128MB RAM.

In both comparison experiment, the methods were imple-
mented using C language. The proposed method worked with
32-bit fixed-point arithmetic. The conventional methods [1],
[10] worked with 64-bit floating-point arithmetic.

B. PSNR comparison

Table I shows the peak signal-to-noise ratio (PSNR) be-
tween the proposed method and the conventional method [10]
(integer TMO). Note that the internal arithmetic of the integer
TMO is floating-point. From this table, every case indicates
a high PSNR value, and the average PSNR was 66.2 dB.
Therefore, the deterioration from the change from floating-
point to fixed-point is small. Table II shows the PSNR be-
tween the proposed method and the conventional method with
floating-point data and arithmetic [1]. From this table, the
average PSNR was 56.1 dB. Note that all the arithmetic of the
conventional method [1] is floating-point. Figure 4 shows LDR
images obtained by the proposed method and the conventional



TABLE I
PSNR BETWEEN THE PROPOSED AND THE INTEGER TMO [10].

[ Image | PSNR[dB] [ Image | PSNR[dB] |

1 69.6 13 68.9
2 70.0 14 70.1
3 69.8 15 69.7
4 70.1 16 73.6
5 69.7 17 54.8
6 70.3 18 54.1
7 70.7 19 56.0
8 533 20 70.6
9 54.7 21 69.3
10 70.1 22 69.4
11 69.1 23 54.6
12 69.0 24 70.4
TABLE II

PSNR BETWEEN THE PROPOSED AND THE CONVENTIONAL METHOD WITH
ALL FLOATING-POINT DATA AND ARITHMETIC [1].

[ Image | PSNR[dB] [ Image | PSNR[dB] |

1 56.7 13 56.0
2 56.5 14 58.1
3 56.3 15 56.7
4 56.6 16 55.0
5 57.5 17 55.0
6 55.2 18 55.0
7 58.2 19 55.4
8 54.9 20 55.5
9 559 21 56.2
10 56.3 22 55.3
11 57.3 23 54.7
12 56.9 24 55.7

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 has a high accuracy, even
though it is with only fixed-point arithmetic.

C. Processing time comparison

Figure 5 shows the processing time of the proposed method
and the conventional method. The proposed method was 23.1
times faster than the conventional method [1]. It was confirmed
that the proposed method reduced a computational cost by
using a fixed-point arithmetic.

V. CONCLUSION

A fixed-point tone mapping operation has been proposed
in this paper. The proposed method can perform a TMO
with only fixed-point arithmetic. The method calculates the
equation which is difficult to calculate without floating-point
arithmetic by branching and approximation. As a result, the
method reduces a computational cost, and it can be executed
under limited resources, such as processors without FPU.
The experimental results confirmed that the proposed method
has a high accuracy even though it is with only fixed-point
arithmetic.
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