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1. Introduction
To visualize the inside of biomedical objects, we usually use X-ray computed tomography (CT) scanners

corresponding to the objectives, and we have developed several photon-counting energy-dispersive CT scanners 
[1-3]. Using iodine and gadolinium contrast media, enhanced K-edge CT has been performed to image blood 
vessels with high contrasts.

Recently, we have constructed near-infrared-ray (NIR) CT scanners [4-6] with wavelengths of 850 and 
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940 nm to image biomedical objects using penetrating primary photons. However, it was difficult to detect 
penetrating photons, since most NIR photons were absorbed by the objects. In this regard, we developed a high-
sensitivity detector with a photo diode, and NIR-CT has been carried out using penetrating photons. 

　　In the present research, our major objectives are as follows: to form a line beam using a white power 
LED, to construct an experimental setup for measuring spectra, and to measure spectra penetrating through the 
objects. Therefore, we constructed the setup and measured spectra with wavelengths ranging from 400 to 900 
nm.

2.  Methods

　　Figure 1 shows the experimental setup for measuring penetrating-photon spectra through three objects of 
a 3-mm-thickness chicken breast, a human finger and a glass vial filled with 10-mg/ml indigo-carmine solution. 
The white line beam is formed using a 1.0-mm-diameter 10-mm-length graphite collimator and a 1.0-mm-
diameter copper pinhole, and irradiated to the object. The penetrating photons are detected using a spectrometer 
(Hamamatsu, C10083CA) through a 1.5-m-length light fiber. The measured spectra are observed on the monitor 
and recorded by the personal computer (PC). The wavelength is calibrated using two LEDs of 567-nm yellow 
green (Sanyo, SLP-3118C-5) and 630-nm red (Sanyo, SLP-9118B-51-T1). The power LED with an aluminum 
heat-dissipation substrate is cooled using an electric fan. To measure two line spectra for the calibration, the 
same spectrometer was used, and the fiber tip was set to 10 cm from the LED without a collimator and a 
pinhole.

　　The electric circuit for driving the LED is shown in Fig. 2. The LED is connected directly to a DC power 
supply with a voltmeter and an ammeter, and the DC forward current is regulated by the applied forward 
voltage. The maximum values of the DC forward current, forward voltage and electric power are 1,500 mA, 3.25 
V and 4.9 W, respectively (Table 1).

Fig. 1.  Experimental setup for measuring spectra penetrating 
through the object using the white power LED. The 
line beam is formed using a graphite collimator and 
a copper pinhole, and irradiated to the object just in 
front of the light fiber.

Fig. 2.  Electric circuit for driving the LEDs. The 
DC power supply is connected directly to the 
LED, and the forward voltage and current 
were measured using the voltmeter and 
ammeter in the power supply, respectively.

Characteristics Maximum value
DC forward current (mA) 1,500

Forward voltage (V) 3.25
Electric power (W) 4.9

Table 1. Major characteristics of the power LED.
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3.  Results

　　The VR spectra irradiated from the two LEDs for calibrating wavelength are shown in Fig. 3. The line 
spectra were sharp, and the peak wavelengths of the yellow green and red LEDs were 567 and 630 nm, 
respectively. These values corresponded well to those in the data table (Table 2), and we did not carry out any 
calculations for the calibration. Figure 4 shows the spectra from the white power LED. The spectra had two 
peak wavelengths, and the first and second peaks were 444 and 565 nm, respectively. 

　　The spectra penetrating through the three objects are shown in Fig. 5 and Table 3. The spectra through the 
3-mm-thickness chicken breast also had two peaks of 445 and 570 nm, and the first peak was lower than the 
second [Fig. 5(a)]. The spectra from the finger in the human-body window (HBW) had a peak of 616 nm [Fig. 
5(b)], and the peak from the vial filled with indigo-carmine solution was 787 nm [Fig. 5(c)].

Object Penetrating peak wavelength (nm)
10-mg-ml indigo carmine 787
3-mm-thick chicken breast 570

Human finger 616

Table 3. Penetrating peak wavelength of the three objects.

Model number Peak-wavelength 
data (nm)

Measured peak 
wavelength (nm)

SLP-3118C-5 567 567
SLP-9118B-51-T1 630 630

Table 2. Peak wavelength of the yellow-green and red LEDs.

Fig. 3.  VR spectra from the yellow-green 
and red LEDs for calibrating the 
wavelength.

Fig. 4.  VR and NIR spectra from the 
power LED. 

Fig. 5.  Penetrating spectra through 
the three objects. (a) Spectra 
penetrating through the 3-mm-
thickness chicken breast, (b) the 
human finger, and (c) the vial 
filled with 10-mg/ml indigo-
carmine solution.
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4.  Discussion

　　The white power LED is useful for measuring the spectra penetrating through the objects, and a wide 
variety of objects can be imaged using the CT scanner with the power LED. In the measurement of spectra, 
short-wavelength photons were absorbed by the chicken breast. 

　　The peak wavelength of the HBW spectra is very important to perform CT for small animals. The first-
peak photons of the power LED were absorbed by the muscle and blood, and the second LED peak shifted to 
long wavelength by the absorption. 

　　Short-wavelength photons were absorbed effectively by the indigo-carmine solution, and the peak wavelength 
was in the first living-body window range of 700-900 nm determined by the absorption coefficients of water and 
hemoglobin. In addition, this solution may be used as an infrared filter, since the VR photons are absorbed.

　　In this experiment, we measured penetrating spectra including scattering photons, because the photon 
number substantially decreased using a second pinhole for reducing scattering photons from the objects.

5.  Conclusion

　　We measured the spectra penetrating through three objects using a white power LED, and the peak 
wavelength varied substantially depending on the kind of object. Therefore, the VR-CT using the white power 
LED might be useful for imaging biomedical objects.
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