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Summary: A portable human skin detector based on a human skin index, NDHI, is 

introduced in this paper. The aim of system is at the safe, real-time and robust detection of 

human skin under various illumination conditions by the combination of the active pulse il-

lumination of two low power LEDs, i.e. 1070 and 1550nm, with high frequency and the 

phase sensitive detection. The detection performance of the proposed system is evaluated 

under clear sky and in dark place. 
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1.  INTRODUCTION 

 

Immediately after large-scale disaster, e.g. an 

earthquake, tsunami, storm, quick lifesaving is one 

of the top prioritized activities to mitigate the impact 

of disasters because of abrupt decrease in survival 

rate after 72 hours from the outbreak of the disaster. 

Automatic human detection based on remote sensing 

is an indispensable technology for immediate 

searching for casualties from a wide area. However, 

human body detection in remote sensing image is a 

big challenge. Human detection by range imager is 

feasible in case that the object is at close-range and 

the surrounding background is flat. However, the 

object detection at long-range from complicated 

backgrounds, e.g. debris, is difficult. Although ther-

mal infrared imager is used for human detection 

from a wide area, it is difficult to detect human bo-

dies with low biological activities. Motion-based 

detection based on optical sequential video images is 

not applicable when the victim is in low biological 

activities, or surrounded by other moving objects. 

Shape-based human detection is widely used in the 

computer vision filed. However, the detection is not 

feasible when only parts of human body are observ-

able. 

Human skin detection by means of spectral in-

formation is a promising methodology which over-

comes the above-mentioned difficulties because the 

detection is possible without processing the spatial 

structure of objects. Human is the only object whose 

bare skin is exposed to air, so that the extraction of 

human skins from other various non-skin objects in 

background by characterizing the spectral difference 

between human skin and other objects is possible. 

We have shown that a normalized difference 

human detection (NDHI) [1] based on two bands in 

shortwave infrared range, i.e. 1070 and 1550nm, 

performed satisfactory precision for human skin de-

tection from various backgrounds. 

For the actual situation of all-weather outdoor 

search of human body, a portable human skin detec-

tor capable of robust detection under various illumi-

nation conditions is required. The aim of this paper 

is a development of portable human skin detector 

based on active infrared illumination by which accu-

rate detection under clear sky and in dark place is 

possible. At first, optical properties of human skin 

are briefly reviewed. Then, human indices defined 

by two bands in infrared range are introduced. A 

real-time, portable human detector based on active 

infrared illumination is proposed. Finally, the detec-

tion performance under 80,000 lux and 0 lux back-

ground illumination conditions is validated. 

 

 

2. NORMALIZED DIFFERENCE HUMAN 

INDEX  

 

2.1. Structure of human skin 

 

Spectral characteristics of human skin have 

been widely investigated in the fields of cosmetics, 

computer vision and medicine. Since human is al-

most the only object whose bare skin is exposed to 

air, the structure contains protective function from 
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sun exposure and bacteria, heat, cold and contact. 

The characterization of spectral feature in human 

skin is worthwhile for human detection. 

Skin is composed of three layers, i.e. epider-

mis, dermis and subcutaneous tissue [2]. The epi-

dermis, a 100μm-thick thin outer layer, is mainly 

composed of keratinocytes and melanocytes. The 

keratinocytes build a barrier against environmental 

damage. The melanin produced by the melanocytes 

acts as scattering media and pigments. The melanin 

has a protective role against harmful UV radiation. 

The lipid in the layer shows a pigment property. 

The dermis is located between the epidermis 

and subcutaneous tissues. Thickness of the dermis 

varies from 1mm to 4mm. The dermis consists of 

connective tissue and contains blood vessels, lymph 

vessels, nerves, collagen, elastin, etc. The layer 

functions as protection from physical stress and reg-

ulation of temperature. The scattering property is 

mainly dependent on collagen and elastin fibers. 

Oxyhemoglobin and deoxyhemoglobin in the blood 

vessels, and water mainly define absorption proper-

ties of the dermis. 

The third layer, the subcutaneous tissues, is 1-

6mm thick. The layer contains fibrous bands, fat, 

blood vessels, etc. The scattering properties are af-

fected by the connected tissues [3]. Lipid, hemoglo-

bin and water are the principal pigments in subcuta-

neous tissues. 

 

2.2. Human skin optical properties 

 

The optical properties of human skin is well-

approximated by various multi-layer reflection mod-

els composed of pigments and scattering properties, 

e.g. Kubelka-Munk theory based model [4], and 

Monte-Carlo based model [5]. Kubelka-Munk 

theory-based model is a simple model in which pig-

ment absorption and two fluxes, i.e. forward and 

backward direction, are assumed. Monte-Carlo 

based model is a more rigorous stochastic model 

based on Monte Carlo techniques. In this section, we 

present a  brief review of the optical properties of 

human skin.  

The scattering in skin is caused by the interac-

tion between particles in skin and photons. Small 

melanin dust, collagen and elastin fibrils (<30nm) 

causes Rayleigh scattering [6]. Large melanin par-

ticles (>300nm in diameter), lipids and proteins em-

bedded in skin cause Mie scattering [6]. Results of 

experimental measurements of epidermis and dermis 

show a steady decrease of scattering coefficients 

with the increasing wavelength in visible-infrared 

range [3, 7]. The results are caused by (i) a decrease 

of contribution of Rayleigh scattering, and (ii) an 

increase of contribution of Mie scattering with in-

crease of the wavelength. 

The absorption coefficient of the melanin is 

peaked at ultraviolet range, and shows monotonic 

and smooth decline with an increase of the wave-

length. The volume fraction of the epidermis occu-

pied by melanosomes varies from 1.6% to 43% [8]. 

Oxyhemoglobin has absorption peaks at 415, 540 

and 576nm which forms an m-shape absorption fea-

ture [9]. Deoxyhemoglobin has the absorption peaks 

at 430, 555, and 760nm [10]. There are a few narrow 

absorption peaks of water, i.e. strong absorption 

around 1430 and 1950nm, and weak absorption 

around 970 and 1200nm [11, 12]. The absorption 

peaks of lipid are 1710 and 1780nm [13]. In [14], 

the wavelength dependence of the absorption coeffi-

cient of human skin in vitro is observed. In visible 

range, the coefficient peaks are at 410, 540 and 

575nm which are affected by the absorption of oxy-

hemoglobin. In infrared range, strong peaks are dis-

tributed around the absorption peaks of water and 

lipid, i.e. 1430, 1710 and 1780nm. 

The optical penetration depth is dependent on 

the scattering property and the absorption property 

in skin. It is shown that the penetration depth varies 

with wavelength [14]. The depth is maximal at the 

range of 800-900nm and 1000-1100nm with the 

depth of up to 6-6.5mm. The findings indicate that 

reflectance of skin at the range of 800-900nm and 

1000-1100nm is high because (1) the penetration 

depth is long enough to reach the subcutaneous tis-

sue, and (2) the reflectance of the subcutaneous tis-

sue at 800-900nm and 1000-1100nm is high [9]. On 

the other hand, that reflectance of skin at the range 

of 1400-1600nm is considerably low in comparison 

with the reflectance at 800-900nm and 1000-

1100nm, because (1) the penetration depth is short 

due to the absorption of water and lipid, and (2) the 

reflectance of subcutaneous tissue at 1400-1600nm 

is low [9]. 

Figure 1 shows spectral profiles of human 

skin of mongoloid and other objects. The above-

mentioned properties, e.g. m-shape oxyhemoglobin 

absorption at 540 and 576nm, high reflectance at 

800-900nm and 1000-1100nm, low reflectance at 

1400-1600nm, are confirmed. Since the spectral 

fluctuation by the variation of melanin contents in 

infrared range is considerably lower than that in a 

visible range [9], the characterization of human skin 

in infrared range containing 1000-1100nm and 

1400-1600nm is expected to be robust. A range of 

1350-1500nm, is removed to eliminate the strong 

vapor absorption range.  
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Figure 1. Spectral profiles of human skin and other ob-

jects. 

 

2.3. Normalized Difference Human Index 

 

There are abundant applications of normalized 

difference indices in hyperspectral and multispectral 

remote sensing field [15-17]. Normalized difference 

indices are defined by a ratio of the difference be-

tween reflectances of two bands to the sum. Equa-

tion (1) is a definition of the normalized difference 

index. 

    (1) 

where  and  are reflectances of wave-

length  and . A normalized difference vegetation 

index (NDVI) [17], based on red and near-infrared 

bands, indicates high value for vegetation area, be-

cause spectral profiles of vegetation show steep in-

crease in reflectance around 700nm, red edge, 

caused by chlorophyll absorption at red band and 

high reflectance at near-infrared (Figure 2). A nor-

malized difference water index (NDWI) is intro-

duced to detect water content of targets. The defini-

tion bands are near-infrared independent of water 

absorption, e.g. 860nm, and bands affected by water 

absorption, e.g. 1240, 1640, 2130 [15, 18, 19] (Fig-

ure 2). Spectral range in strong water absorption 

peaks, i.e. 1450n, and 1950nm, are eliminated in 

order to avoid the effect of water vapor. 

 

500 1000 1500 2000 2500
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

wavelength [nm]

re
fl
e

c
ta

n
c
e

 

 

fresh

dry

 
Figure 2. Reflectance of a fresh and dry oak leaf. 

 

Two almost identical normalized difference 

indices, i.e. NDHI [1] and NDSI [9], are proposed 

for human skin detection. The definition bands are 

pigment-free near-infrared range, 1000-1100nm, 

with high reflectance and range affected by water 

and lipid absorption with low reflectance, 1550-

1600nm (Figure 1).  

    (2) 

    (3) 

The distribution of NDHI values of human 

skin and other objects are shown in Figure 3. The 

NDHI values are calculated based on hyperspectral 

reflectance data collected by ASD FieldSpec® 3. 

The numbers of skin and other objects are 30 and 

1400, respectively. It is confirmed that the NDHI 

values of human skin is above 0.6, whereas the 

NDHI values of other objects are distributed in the 

range below 0.6. Human skin extraction from vari-

ous backgrounds based on NDHI is shown in Figure 

4. The white regions in Figure 4(b) corresponds to 

NDHI>0.6. The pseudo-color image and the NDHI 

image are generated from a hyperspectral image ac-

quired by a hyperspectral array sensor, 1000-

1700nm range and 5nm spectral resolution. 

 

 
Figure 3. Distributions of NDHI values, (a) human skin, (b) cotton, (c) wool and fur, (d) polyester, (e) nylon, (f) vegeta-

tion, (g) steel, (h) asphalt and concrete,(i) plastic, and (j) glass. 
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Figure 4. (a) Pseudo-color image (R,G,B) = (1144, 1477, 1585nm), (b) NDHI>0.6. 

 

 

3. HUMAN SKIN DETECTOR BASED ON 

ACTIVE ILLUMINATION 
 

3.1. Overview 

 

NDHI is a reflectance-base index. Since ref-

lectance is a ratio of the reflected flux to the incident 

flux, the acquisition of the spectral characteristics in 

illuminating light is required for detecting human 

skin under various conditions in illumination, e.g. 

cloudless sky, overcast and artificial light. For hu-

man search at night and in the dark places, the ob-

servation of reflected light is not feasible. 

Active narrow-band infrared LED illumina-

tion sensing system is a promising tool which over-

comes the above-mentioned difficulties because the 

spectral profile of incident illumination is known 

and the acquisition of reflected light under low 

background light is possible. In this section, a hu-

man skin detector based on active infrared illumina-

tion is introduced (Figure 5). 

The reflection flux based on active illumina-

tion corresponds to the difference between reflection 

flux under active illumination and the flux under 

non-illuminated condition. The reflectance is calcu-

lated based on the observed reflection flux and the 

specification of illumination. Reflection of two 

NDHI-related bands is collected by generating a pair 

of mutually exclusive pulse train signals correspond-

ing to two bands. 

The illumination is generated from low power 

LEDs to protect eye and skin from damage. In order 

to extract reliable information from the noisy signals 

due to the low level illumination, the observed sig-

nals are processed by the phase-sensitive detector 

(PSD). NDHI is derived based on the PSD outputs 

correspond to the NDHI-related bands. 

The processing flow is shown in figure 6.  
 

Light-emitting and light-sensing module

12V battery

NDHI indicator

(LED)

NDHI indicator

(buzzer)

LED light-emitting pulse generator

and signal processor

NDHI indicator

(voltmeter)

 
Figure 5. Portable human skin detector. 

 

 
Figure 6. Flow of process. 
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3.2. Light emitting and light sensing module 

 

Two NDHI-related low power LED modules, 

LED #1 and #2, are driven by light pulse train pat-

terns generated by a LED light-emitting pulse gene-

rator. The light pulse train patterns are shown in 

Figure 7(a). The pulse width is determined by the 

frequency of the clock, e.g. 62.5μs for 16kHz clock. 

The reflected light is sensed by an InGaAs 

photodiode with a spectral response range from 1000 

to 1700nm. The time constant, e.g. 66nm, is consi-

derably shorter than the pulse width, so that the sen-

sor output shows prompt response to the input pulse 

trains. The input at the lighting phase is a sum of the 

LED illumination and background light, and the in-

put at the non-lighting phase is the background light. 

The sensor response is a sum of the response to the 

input illumination and noise. The sensed data are 

amplified in a pre-amplifier, then sent to a signal 

processor. 

The light-emitting and light-sensing module is 

shown in Figure 8. The maximum permissible expo-

sures (MPE) defined in IEC 60825-1[20] and power 

of the emitted lights are shown in Table 1 in which 

sufficient safety of the system is guaranteed.  

 

 
 

Figure 7. (a) LED light-emitting pulse trains, (b) chop-

ping signal #1, (c) chopping signal #2. 

 

1070nm LED

1550nm LED

InGaAs Photo Diode

ChopperPre-amp

(a) (b)  
Figure 8. Light-emitting and light-sensing module. 

 

Table 1. The maximum permissible exposures and power 

of the emitted lights. 

 1070nm 1550nm 

MPE (human skin) 1 W/cm2 100 mW/cm2 

MPE (human cornea) 1.78 mW/cm2 100 mW/cm2 

NDHI sensor 0.22 mW/cm2 0.27 mW/cm2 

3.3. Signal processor 

 

The signal processor is a combination of a 

phase synchronous detector and a detector module. 

The phase synchronous detector is composed of a 

pair of choppers, sample-and-hold circuits, bandpass 

filters and lock-in amplifiers [21]. The choppers, 

sample-and-hold circuits and lock-in amplifiers are 

operated based on clock signals. 

The output of the amplified sensor is sampled 

by the chopper circuits based on chopping signals in 

Figure 7(b) and (c). The sampling signals in Figure 

7(b) and (c) are periodic patterns that consist of a 

lighting period and a non-lighting period. The sam-

pled signals by the chopper #1 and #2 are sent to the 

sample-and-hold circuits. In the sample-and-hold 

circuits, the sampled signal levels are hold at a con-

stant level while the lighting intensities are constant. 

Figure 9 shows simulation results. In Figure 9(a), the 

high and low level pulses correspond to sampled 

signals under the lighting period and non-lighting 

period, respectively. The output of the sample-and-

hold circuit is shown in Figure 9(b). The high fre-

quency components are removed by CR low-pass 

filter. The output patterns by the sample-and-hold 

circuit #1 and #2 are signals with the identical fre-

quency and phase shift π/2. 

The rectangular output waves from the sam-

ple-and-hold circuits are sent to narrow bandpass 

filters whose target period is 16 times the pulse 

width. The output signals are sinusoid waves as 

shown in Figure 9(c). 

 

 
Figure 9. Simulation results, (a) sampled signal, (b) out-

put of sample-and-hold circuit, (c) output of bandpass 

filter, (d) detection reference, and (e) phase sensitive de-

tection output. 

 

In the lock-in amplifiers, the reflection re-

sponse corresponding to the active illumination is 

extracted by the phase synchronous detection based 

on detection reference signal shown in Figure 9(d). 

The reference signals are generated in the clock di-

vision and delay circuit in which the clock signal is 
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divided by 16. The phase shift between the two ref-

erence signals is π/2. The output of the lock-in am-

plifier is shown Figure 9(e). The peak level of the 

output is proportional to the reflection intensity by 

the active LED illumination. The detected signals 

are converted to DC signals by low-pass filters or 

sample-and-hold circuits. The DC signals related to 

the reflection intensities based on the LED #1 and 

#2, V1 and V2, are sent to the human skin detection 

module. 

 

3.4. Human skin detection module  

 

The human skin detection module is com-

posed of a NDHI calculation module and a NDHI 

indicator. In the NDHI calculation module, the addi-

tion and subtraction results, i.e. V1+V2 and V1-V2, 

are sent by operational amplifiers to an analog di-

vider. The output voltage of the divider is linearly 

correlated to NDHI. 

In order to derive reflectance-based NDHI, a 

standard white diffuse reference is observed, then 

variable resistance of the circuit are adjusted so as to 

make the addition voltage larger, while the subtrac-

tion is zero. The updating period of the NDHI value 

is 1msec on condition of 16kHz clock, so that real-

time detection is possible. 

The NDHI indicator is composed of a voltme-

ter, a buzzer and a LED light. In case the NDHI ex-

ceeds the given threshold, e.g. 0.7, human skin de-

tection is notified by lighting and sound. 

 

 

4. EXPERIMENT 

 

Close-range objects at a distance of 40 centi-

meters from the sensor are observed under back-

ground illumination conditions of clear sky (80,000 

lux) and a dark room (0 lux). The targets are human 

skins, sausage, chicken skin, chicken meat, chicken 

leaves, wood, soil, cotton, fabrics, and polyester fa-

brics. The NDHI-related voltage and NDHI values 

based on hyperspectral data acquired by ASD 

FieldSpec® 3 are shown in Table 2 and Figure 10. 

The values of human skins are mean of palms and 

backs of hands of three subjects (Mongoloid). The 

values of other materials are means of five observa-

tions. Sausage is selected as a high NDHI object be-

cause it is shown that small intestine epitheliums of 

the mammals indicate high NDHI values [22]. 

The markers in the fifth column in Table 2 

correspond to the markers in Figure 10. The correla-

tion between the NDHI-related voltages and the 

NDHI values is high, i.e. R
2
=0.97. The detection 

performance of damaged bodies based on the pro-

posed system is validated by the high NDHI value of 

human skin, chicken skin and meat (>0.41). The 

NDHI-related voltages under 80,000 lux are highly 

correlated with the voltages under 0 lux, i.e. 

R
2
=0.9991. The accurate detection under various 

background light conditions is feasible using the 

proposed system.  
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Figure 10. Relation between NDHI-related voltages and 

NDHIs. 
 

Table 2. NDHI-related voltages and NDHIs 

Object NHDI 
Voltage 

Marker 
daylight Dark room 

Human skin 0.76 4.8 4.8 ● 

Sausage 0.73 4.3 4.4 ✭ 

Chicken (skin) 0.69 4.1 - ▲ 

Chicken (meat) 0.89 4.5 - ￭ 

Chicken (bone) 0.67 3.8 - ♦ 

Leaf 0.54 3.1 3.0 ○ 

Wood 0.12 1.0 0.90 ☆ 

Soil -0.12 -0.40 -0.40 △ 
Cotton 0.07 -0.35 -0.34 ☐ 

Pоlyester -0.01 -0.35 -0.35 ♢ 

 

 

5. CONCLUSION 

 

After a brief review of optical properties of 

human skin, two characteristic bands, 1000-1100n, 

and 1400-1600nm, which differentiate human skin 

from other objects, are identified. Human skin index 

based on the bands is introduced. In order to realize 

the robust detection under various illumination con-

ditions, a portable human detector based on active 

infrared illumination is proposed. It is confirmed 

that the proposed system accomplishes real-time, 

accurate and robust detection under clear sky and in 

dark place. 

The ongoing development of long-range ob-

ject detection system is aiming at search for missing 

human bodies in practical situations. The expansion 

of the targeting range is realized by the combination 

of (i) the parallel light beam generated by a parabol-

ic reflector and a light source and (ii) the focusing 

viewing angle by a telephotographic lens in front of 

the sensor, e.g. the viewing diameter at 10 meter 

from the detector is 27mm. 
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РАЗВОЈ ПРЕНОСИВОГ ДЕТЕКТОРА ЉУДСКЕ КОЖЕ НА ОСНОВУ  

АКТИВНОГ ИНФРАЦРВЕНОГ ОСВЈЕТЉЕЊА 

 

Сажетак: У овом раду је описан преносиви детектор људске коже заснован на 

индексу људске коже, NDHI. Циљ система је сигурно и робусно откривање људске 

коже у стварном времену у различитим условима освјетљења, комбинацијом актив-

ног импулсног освјетљења двије LED мале снаге, одн. од по 1070 и 1550 nm, мале 

фреквенције и фазно-осјетљиве детекције. Перформансе детекције предложеног 

система оцјељиване су у условима ведрог неба и на мрачном мјесту.   

Кључне ријечи:  dетекција људске коже, инфрацрвено, активно освјетљење, 

NDHI. 

 

 

 

 

 

  


