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Near-infrared radiation imaging for the detection of alien substances under the skin
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Abstract : The wavelength range of the near infrared (NIR) light is called ‘water window.” The superficial vascular

imaging system using near infrared light sources was developed as those using both the reflected light and transmitted light.

An NIR-sensitive CCD camera was surrounded by approximately sixty light emitting diodes (LEDs), which have
alternating wavelengths of 700 (visible light), 760, 810 and 940 nm, respectively. The camera detected the reflected NIR
from superficial subcutaneous tissues at the palm and back of hands, and the wrist. Differences between wavelengths were

significantly observed. Images taken at 940 nm the most clearly showed the vascular vessels at insides of these regions. As

an application of the NIR imaging system, we examined whether the system was the beneficial tool for finding superficial

subcutaneous foreign bodies or not. Twelve light sources of 940 nm LEDs were aligned for the transmission imaging. The

alien substance examined was a mechanical pencil lead with 0.5 mm diameter. Chicken and pork meats (approx. 1 to 10

mm in thickness) were used instead of human skin. The thickness and fat contents were affected on the detection. As

results, the NIR imaging was thought to be the beneficial tool for finding subcutaneous alien substances detection.
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Table 1 The list of LEDs and the optical absorption of Hemoglobin (Hb)
Peak \Xfxt)}length Rad;cr)e\;vave Product ID Manufacturer oxzr—mHCIjl Abz:)p;;oleb
700 visible light VSF706C1 Optrans low high
760 near infra-red L760-33AU Epitex low high
810 near infra-red LSF811C1 Optrans even
940 near infra-red LSF944C1 Optrans high low

Notes: Specifications including spectral outputs are available at manufacturers’ websites, Optrans (http : //www.
optrans.com/japanese/top.htm) and Epitex (http : //www.epitex.com/), accessed at May 19, 2010. The optical
absorption is expressed by relative comparisons between oxy- and deoxy-Hb (Hemoglobin).
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which have a
wavelength of NIR’s 940 nm, were aligned in a line (left).
The positional relationship among the light source, CCD
camera and the finger is shown on the right side.

Fig.2 Twelve light emitting diodes (LEDs),

Light
Source

Object

Fig.1 Sixty light emitting diodes (LEDs), which have alternating wavelengths of visible
light 700 nm, and NIR’s 760 nm, 810 nm and 940 nm, were aligned in a circle
(left). The positional relationship among the light source, CCD camera and the

object is shown on the right side.

Vol.27 No.3 (2010)



a. 700nmLED  b. 760nmLED

¢. 810nmLED d. 940nmLED

Fig.3 Reflected NIR imaging of superficial subcutaneous tissues at the palm, wrist
and back of hand (from top to bottom) at four alternating wavelengths of 700
(visible light), NIR’s 760, 810 and 940 nm, from left to right.
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Fig.4 Transmitted NIR imaging of fingers at a wavelength of 940
nm. Three images at the right column are processed by
usual enhancement procedures. Top row: little finger
(fifth digit), Middle row : long finger (third digit), Bottom
row : thumb (first digit)
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Fig.5 Transmitted NIR imaging of a mechanical pencil lead and
chicken meat block/chop.
Left column: photographs, Right column: NIR images.
The approximate thickness of the chicken meat are as
follows ; 5 mm and 10 mm chops without fat-rich skin, 1.5
mm (fat-rich skin only), 5 mm and 10 mm chops with fat-
rich skin, from the top row to the bottom.
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Fig.6 Transmitted NIR imaging of a mechanical pencil lead and
pork meat block/chop.
Left column: photographs, Right column: NIR images.
The approximate thickness of the pork meat are as
follows ; 5 mm, 8 mm and 10 mm chops without fat-block,
3 mm and 5 mm of fat-block only, 5 mm chop with 3 mm
fat-block, from the top row to the bottom.
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