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Abstract

and near-infrared (NIR) images. Finally, we propose a
robust method for detecting human skin that uses the
spectroscopic characteristics of skin.
The remainder of this paper is organized as follows.
Section 2 describes the reﬂectance spectrum of skin. In
section 3, we explain our proposed camera developed
for acquiring Vis and NIR simultaneously without displacement between the images. Lastly, we describe an
algorithm for detecting human skin from Vis and NIR
images and we present experimental results for pedestrian detection.

Advanced driver assistance systems require fast and
robust algorithms for detecting lanes, vehicles, pedestrians, and other objects. However, the conventional
methods for detecting objects, which employ pattern
recognition, have many problems, for example, an increase in processing time, a diﬃculty of detecting occluded objects, a necessity of huge data for machine
learning and so on. To overcome these problems, we
propose a method for detecting human skin that employs a spectroscopic camera. Each substance has its
own reﬂection characteristics. In particular, human
skin reﬂects ﬂesh-colored light in the visible region and
absorbs light with a wavelength of 970 nm. Thus, to detect human skin, we developed a six-band camera that
has red, green, blue, 870, 970, and 1050 nm ﬁlters.
By using this six-band camera, we can detect human
skin in Y Cr Cb color space around the visible region
and dips around 970 nm in the near-infrared region.
We conﬁrm availability of the proposed method for human skin detection and demonstrate the eﬀectiveness
for detecting occluded pedestrians from images in road
environment.

1

2 Reﬂectance Spectrum of Human Skin
Spectroscopy is the study of how substances absorb,
transmit, or reﬂect light. We focus on UV–Vis–NIR
spectroscopy because a conventional camera sensor
with a CCD can obtain images in the ultraviolet (UV),
Vis, and NIR regions. UV–Vis–NIR spectroscopy is
applied for optical absorbance and reﬂectance measurements in the wavelength range 200–1500 nm. Because
a substance has its own unique reﬂectance characteristics, we can distinguish a substance by analyzing the
light reﬂectance.
Reﬂectance spectra of some substances, for example
asphalt, road markings and human skin are depicted
in Figure 1. The horizontal and vertical axis show the
wavelength and reﬂectance, respectively.

Introduction

Advanced driver assistance systems (ADAS) [1] have
recently been developed to promote safety and comfort. ADAS employ radar sensors and cameras to detect lanes, vehicles, pedestrians, and other objects on
the road [2][3][4][5]. Cameras have superior spatial resolutions and can be used to identify speciﬁc objects using image processing. Consequently, cameras are used
in many ADAS.
ADAS with cameras apply pattern recognition to detect pedestrians and vehicles. They use monochrome
or color cameras. However, such systems have many
problems, for example, an increase in processing time,
a diﬃculty of detecting occluded objects, a necessity
of huge data for machine learning and so on. In an
eﬀort to overcome these problems, we are developing
object detection methods based on spectroscopy. Each
substance has its own unique reﬂection characteristics
[6]. Our goal is to develop a robust object detection
method based on spectroscopy for road environment.
In this paper, we ﬁrst analyze the reﬂectance characteristics of human skin. Based on this analysis, we
next develop a camera that can acquire visible (Vis)

Figure 1. Reﬂectance spectra of various substances.
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for this conﬁguration, we can obtain diﬀerent six bands
that have the same optical axis.

Figure 2 shows only a reﬂectance spectrum of human
skin. Skin has a lower reﬂectance at shorter wavelengths (about 350 nm) than at longer wavelengths
(about 1050 nm). In particular, skin has a unique
property that it absorbs light around a wavelength of
970nm in the NIR region. We measured the reﬂectance
spectra of skin from about 50 people who have various
races; all the spectra revealed that light was absorbed
at a wavelength of 970 nm, as shown in Figure 3.

Figure 4. Photograph of six-band camera.

Figure 2. Reﬂectance spectra of human skin.

Figure 3. Spectra of various human skin.
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Figure 5. Schematic diagram of the six-band camera.

Six-Band Camera

Human skin reﬂects ﬂesh-colored light in the Vis region and absorbs light with a wavelength of 970 nm
in the NIR region. By exploiting these characteristics,
we developed a camera available for detecting human
skin.
We term this camera a ”six-band camera”. It has
two types of 3-CCD cameras: a Vis camera that acquires three images around Vis regions as a conventional color camera and a NIR camera that can acquire
three images in individual NIR wavelengths (870, 950,
1050nm). Figure 4 and Figure 5 show a photograph of
the six-band camera and a schematic diagram, respectively.
As shown in Figure 5, a NIR reﬂection mirror is installed to separate the incident light into VIS and NIR
light. Each separated light is split into three wavelengths by a prism having three band-pass ﬁlter, respectively. Figures 6 and 7 show transmission spectra
of the band-pass ﬁlters attached in the Vis and NIR
cameras, respectively. Developing a camera designed

Figure 6. Transmission spectra of band-pass ﬁlters for Vis camera.
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ing human skin are discussed and then a method to
combine both information is proposed.
In the Vis region, we utilize a conventional color image processing method to detect human skin from Vis
images. Although many color spaces are proposed, we
select the Y Cb Cr color space because it has been found
to be eﬀective for detecting ﬂesh-colored light [7]. In
Y Cb Cr , the RGB components are separated into luminance (Y), chrominance blue (Cb ), and chrominance
red (Cr ). Equation (1) is used to convert RGB values
into Y Cb Cr . We specify a pixel whose color satisfy
Equation (2) as a skin [8].


⎧
77 ≤ Cb ≤ 127
⎪
⎪
⎪
⎨
and
⎪
⎪
⎪
⎩
133 ≤ Cr ≤ 173

Human Skin Detection
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(1)

where the R, G, and B values are scaled to [0, 255].

Figure 7. Transmission spectra of band-pass ﬁlters for NIR camera.
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Algorithm

Conventionally, for detecting human skin from images, visible color image processing methods are used.
However, it has been well known that color information is easily aﬀected from a change of illumination
condition. On the other hand, [9] proposed a NIR image processing method to detect human skin. This
method is based on the characteristics of spectroscopy
around NIR region, therefore unaﬀected from visible
light. But, since clouds and water vapor absorbs light
with a wavelength of 940nm as shown in Figure 8 and
[10], it is diﬃcult to distinguish human skin, which absorbs light with a wavelength of 970nm, from clouds.

(2)

In the NIR region, the reﬂectance of human skin
tends to decrease as the wavelength increases from
870nm to 970nm as shown in Figure 2. On the contrary, it increases from 970nm to 1050nm. Thus, we
apply a method for detecting human skin based on
subtraction in NIR region[9]. Equation (3) is used for
detecting human skin in the NIR region.
⎧
Lum(870) − Lum(970) > 0
⎪
⎪
⎪
⎨
and
(3)
⎪
⎪
⎪
⎩
Lum(1050) − Lum(970) > 0
where Lum(λ) expresses the pixel intensity in the λ
nm wavelength image.
Finally, both Vis and NIR processing results are
combined to distinguish human skin in images. Figure 9 shows a ﬂowchart of the proposed method. Applying this combination, for example, soil whose color
is close to skin in the visible color space can be distinguished from human skin because the reﬂectance of
soil is clearly diﬀerent from one of human skin. In the
same way, cloud can be diﬀerentiated from human skin
by using visible image information.
The proposed method are expected to detect human
skin robustly and precisely since it utilizes a wide range
of image information (Vis and NIR) acquired by the developed six-band camera and compensates drawbacks
in an individual(Vis and NIR) image processing.

Figure 8. Reﬂectance spectra of clouds and water
vapor.

To overcome above problems, we have developed a
six-band camera described in Section II and in addition we propose a method which combines a visible
and NIR image processing methods optimized for a
six-band camera. In the following section, both visible
color and NIR image processing methods for detect-

4.2 Experimental Results
Figure 10 shows input images: the left side is a Vis
image and the right side is a NIR image. The Vis image is expressed by an RGB color model and the NIR
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Figure 9. Flowchart of proposed method.
image is expressed by a false color model in which the
values of 870, 970, and 1050 nm are displayed as values corresponding to blue, green, and red, respectively.
Figure 11 shows images for the results of human skin
detection: the left side is the image applying skin detection only for Vis and the right side is a result only
for NIR skin detection. Regions detected as human
skin appear white in Figure 11.

Figure 12. Skin detection result (six bands).

5 Eﬀectiveness of Proposed Method
Figure 10. Input images for Vis/NIR.

In this section, we assess the eﬀectiveness of using
ADAS to detect pedestrians by comparing the proposed human skin detection method and the conventional pattern recognition method for two cases.
The ﬁrst case is when a pedestrian is standing on the
road. In this experiment, we took an image of a pedestrian standing in the middle of the road. Figure 13
shows the detection results: the left image shows the
pattern recognition result and the right image shows
the result obtained using the proposed method for detecting human skin.

Figure 11. Skin detection results (Vis/NIR).
As show in Figure 11, in the Vis region, soil and
orange makers are incorrectly identiﬁed to human skin.
On the other hand, cloud and sky are recognized as
human skin. Figure 12 shows the result applying our
proposed method for detecting human skin. As shown
in Figure 12, by using both VIS and NIR images, we
can detect only human skin region successfully.

Figure 13. Pedestrian on a road.
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In order to conﬁrm the feasibility of our theory, we
developed a simple human skin detection algorithm
based on the analysis from spectroscopy in this paper. For the future work, to recognize human skin
more precisely, we will apply an image segmentation
method[11][12] to the spectroscopy based image processing. In addition, we will propose a new image features, like Color SIFT[13], employing a six-band color
information. Eventually, incorporating with our proposed methods, we aim to develop an advanced pedestrian detection system for realizing vehicles much safer.

Although, in this case, each method can detect
pedestrian correctly, combination of both results is expected to improve performance of pedestrian detection.
The second case is when a pedestrian is occluded by
another object. In this experiment, we took images of
a pedestrian standing behind a vehicle parked on the
side of the road and a pedestrian in the vehicle. The
left images of Figure 14 and Figure 15 show the pattern
recognition result and the right images show the result
obtained using the proposed method.
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Figure 14. Pedestrian occluded by a vehicle.

Figure 15. Pedestrian in a vehicle.
As shown in Figure 14 and Figure 15, the pattern
recognition method cannot detect the pedestrian in
this case. This is because the pedestrian is occluded
by ohter objects. On the other hand, the proposed
method can succeed to detect a pedestrian based on human skin detection. Compared to pattern based pedestrian detection, our proposed method has advantages
as follows; our method can detect occluded pedestrians
as long as human skin is observed and requires quite
a slight computational cost (see Equation (2) and (3))
although a pattern recognition method generally exhausts it.

6

Conclution

In this paper, we proposed a human skin detection
method by considering the reﬂection characteristics in
the Vis and NIR regions. It uses a six-band camera
that can acquire both three Vis spectrum images and
three other NIR spectrum images. By using such optical absorbance between the diﬀerent wavelengths, segmentation of materials such as skin can be performed
better than using Vis light or NIR light alone. In particular, our proposed method can detect an occluded
pedestrian, which a pattern recognition method cannot
detect. Therefore, our proposed method is conﬁrmed
to be eﬀective.
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