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Abstract. the multispectral imaging used in identification of Chinese medicine
slices (CMS) can identify the authenticity of CMS and evaluate their quality by
comparing the characteristic spectral curve from spectral cube. In order to apply
multispectral imaging to actual application of CMS identification. Automatically
extracting the region of interest (ROI) is necessary. A new algorithm for image
segmentation is presented. A mask exactly extracting RIO of the multispectral im-
ages is generated by the computer automatically by employing the method. Mul-
tispectral imaging experiments with American ginseng and pilose antler were con-
ducted, and the result showed more than 95% of the ROI was extracted using the
new algorithm for image segmentation.
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1 Introduction

The accurate identification of CMS s a basis for evaluating the authenticity and quality of
CMS. The traditional detection methods are mainly the character identification, microscop-
ic identification and physicochemical identification [1-3]. The first two need people pos-
sessing certain professional knowledge about CMS identification. Physicochemical identi-
fication often requires purification, so the method can not be real-time detection, and
the process is complex, time-consuming, high-cost, destructive and not repeatable.
Multispectral imaging is an emerging technology that integrates conventional
imaging and spectroscopy to attain both spatial and spectral information from a
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sample. Multispectral imaging was originally developed for remote sensing appli-
cations [4] but has since found application in diverse fields such as environment,
telemetry, agriculture and other fields [5-7]. The technology has following advan-
tages: without pre-treat, rapid, real-time detection, non-destructive and repeatable.
So it has been a technology with strong vitality and attractive. A series
of exploratory studies have been conducted about different kinds of CMS by our
research group [8-10], and the results show that the multispectral imaging can be
used for CMS identification.

Application software, which can automatically process the multispectral data,
is required, in order to make multispectral imaging technology can be applied in
CMS identification. When multispectral images are selected, the software can au-
tomatically complete data calculation and draw the characteristic spectral curve.
Among the data processing of the software, selecting the region of interest (ROI)
in multispectral images is very important. It can directly affect the characteristic
spectral curve, which has a large influence over the accuracy of identification re-
sults.

Segmentation method based on the fixed threshold can not meet the needs of
automatic segmentation, because the spectral images are very different for differ-
ent CMS. Filter and pixel location spectrometry[11] can not select ROI accurately,
adaptive region growing segmentation method[12] depends on the manual opera-
tion on selection growth threshold, and it is difficult to realize automation in data
processing. A new algorithm for image segmentation is presented in this paper. It
has a strong adaptive ability and can extract ROI of different multispectral images
automatically.

2 Multispectral imaging system and experiments

2.1 Multispectral imaging system

The multispectral imaging measurement system was self-designed [13]. It is com-
posed of the light source, a light source filter, a liquid crystal tunable filter
(LCTF), the controller of LCTF, lens, CMOS sensor, data acquisition card and da-
ta processing software. The ray path of the testing system is shown in Fig. 1.
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Fig. 1 The ray path of the system Fig. 2 Apparatus for multispectral imaging

The excitation light sources are two mercury lamps with the center wavelength
of 254 nm in our research. The bandwidth of each lamp is 30 nm, and its optical
power is 6w. The samples partially reflect the light coming from the light source
after the interaction of light and the sample. The light passes through LCTF carry-
ing the information of the samples. The LCTF is an important component of the
system. It is a splitter component based on electrically controlled birefringence of
the liquid crystal. The LCTF divides the light and focus it on the image sensor
(CMOS). The images are captured by the image acquisition card and saved on the
host computer, as JPG format. The two-dimensional spectrum data can be
processed and the results are displayed on the monitor of the computer.

2.2 Experiments

The multispectral imaging experiment is performed employing the apparatus de-
picted in Fig.2 American ginseng and pilose antler are chosen in our experiment.

The samples are put on the underlay directly without any pre-treatment. Single
channel, continuous spectrum scan was used in the detection process. The working
wavelength of LCTF is from 400nm to 720nm, which is controlled by the control-
ler of LCTF. The wavebands from 400nm to 680nm are chosen in our experiment.
The two adjacent frames interval is 5 nm. The spectral resolution is up to 0.5 nm.
The CMOS imaging camera was adjusted so that the focal plane coincided with
the surface of the test samples at 550nm waveband. The CMOS camera was set to
continuous mode with the exposure time of 1000ms, which was synchronized with
spectral scanning time, and then the fluorescence images of the test sample were
acquired at the whole wavebands. The captured images were stored in the com-
puter with jpg format. A spectral cube of the test sample, formed by 57 frame
spectral images, can be obtained in one test. Fig.3 is the spectral cubes of Ameri-
can ginseng and pilose antler.
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Fig. 3 the spectral cubes of (a) American ginseng and (b)pilose antler

3 Data analysis and results

3.1 Selection of RO/

Select the ROI in every image to calculate the average light intensity of the cor-
responding pixel and to normalize them according to equation (1), and then the
characteristic spectral curve of the sample can be obtained.
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Where, N is the number of the pixel, I;(4) is average light intensity of the i"

image,i=12,..57 , ljm. IS the biggest light intensity among the 57 frame im-
ages.

The selection of ROI is the key to data processing. In order to achieve auto-
matic analysis in multispectral imaging, an automatic selection of ROl method is
now presented. It can be performed by the following steps:

i. Image difference. In order to enhance the characteristics of ROI and reduce
background noise, two images with the maximum gray value and two images with
the minimum gray value are chosen. The difference image can be written as:
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Where, Maxl- Max2 are the images with maximum gray value, Minl.
Min2 are the images with minimum gray value, D(x,y) is differential result.

The difference image of pilose antler is illustrated in Fig. 4. Namely, the back-
ground noise is eliminated.

(© ()

Fig. 4 (a) the average gray image of maxland max2, (b) the average gray image of minland
min2,(c) the difference image of (a) and (b), (d) the blurring imaging of (c)

ii. Blurring the difference image. The edge of the ROI in the spectral image of pi-
lose antler is not particularly obvious and there is some dark area in the ROI. In
order to automatically choose ROI by the computer, fuzzy processing of the dif-
ference image is necessary. Gauss filter is employed and the size of filter window
is 5x5. Fig. 4 (d) is the blurring imaging of (c).

iii. The threshold determination. Since the distribution of gray values for different
spectral images are not identical, the threshold, used to select the ROI, is not poss-
ible to set a fixed value. The histogram statistics method is employed to achieve
self-adaptive selection of ROI for various spectral images. Gauss filter is also used
in the processing. The formula is written as:

4 5 6 5 4
! J— - N - N N P 3
N'(x) 5 N(x 2)+2 N(x 1)+2 N(x)+2 N(x+1)+2 N(x +2) 3
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Fig. 5 is the histogram statistics before and after Gauss filtering for American
ginseng and pilose antler spectral images. As can be seen, the threshold parameter
can be uniquely determined by a computer program. Then the ROI can be exactly
selected for spectral images. The ROI of American ginseng and pilose antler spec-
tral images are shown in Fig. 6. Compared with their original images, More than
95% of the ROI is extracted.

@ 0 © (d)

Fig. 5 (a) and (b) the histogram statistics before Gauss filtering for American ginseng and pi-
lose antler. (c) and (d) the histogram statistics after Gauss filtering for American ginseng and pi-
lose antler.

(@) (b) ©

Fig. 6 (a) and (b) the ROI and original image of American ginseng, (c) and (d) the ROI and
original image of pilose antler.

(d)

The whole extracting process of ROI is shown in Figure 7.

Fig. 7 Extraction process of ROI
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3.2 Characteristic Spectral Curve

The ROI of every image in the spectral cube can be obtained by multiplying the
mask. Calculate the average light intensity of the corresponding pixel in ROI and
to normalize them according to equation (1), then the characteristic spectral curve
and the normalized characteristic spectral curve of the samples can be obtained.
Figure 8 shows the characteristic spectral curve of American ginseng and pilose
antler.
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Fig. 8 (a) the characteristic spectral curve and (b) the normalized characteristic spectral curve of
American ginseng and pilose antler.

4 Conclusion

Multispectral imaging is an emerging technology with strong vitality and at-
tractive, and has been used in environment, telemetry, agriculture and other fields.
In recent years, this technology is being applied in CMS identification. Extraction
of ROI is crux for multispectral imaging to be practically applied in CMS identifi-
cation. In order to obtain an optimal characteristic spectral curve, different me-
thods for extracting ROI should be employed for different spectral images, but the
methods are not fit for real time data analysis. Therefore, a new algorithm for im-
age segmentation is presented. A mask exactly extracting RIO of the multispectral
images is generated by the computer automatically by image difference, blurring
difference image and threshold determination. The process of the determination of
the automatically extracting RIO is described in detail. And multispectral imaging
experiments with American ginseng and pilose antler were conducted and more
than 95% of the ROl was extracted employing the new algorithm for image seg-
mentation.
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