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Abstract—Effect of sensitivity improvement of Near Infrared:
NIR digital cameras on Normalized Difference Vegetation Index:
NDVI measurements in particular for agricultural field
monitoring is clarified. Comparative study is conducted between
sensitivity improved visible to near infrared camera of
CulnGaSe: CIGS and the conventional camera. Signal to Noise:
SIN ratio and sensitivity are evaluated with NIR camera data
which are acquired in tea farm areas and rice paddy fields. From
the experimental results, it is found that S/N ratio of the
conventional digital camera with NIR wavelength coverage is
better than CIGS utilized image sensor while the sensitivity of the
CIGS image sensor is much superior to that of the conventional
camera. Also, it is found that NDVI derived from the CIGS
image sensor is much better than that from the conventional
camera due to the fact that the sensitivity of the CIGS image
sensor in red color wavelength region is much better than that of
the conventional camera.
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. INTRODUCTION

Most of the commercially available digital cameras use
Silicon utilized SiICMOS or CCD for the detector. The
material of these detectors is silicon. Therefore, wavelength
regions are limited up to around 900nm due to restriction of
silicon image sensor of responsibility. Although these visible
to 900nm wavelength region of digital cameras are acceptable
for the general purposes, there are strong demands for
acquisition of camera images with visible to near infrared
region in particular for biometric security system, medical
check system, agricultural and forestry application fields. In
order to improve the sensitivity of the detector, CulnGaSe:
CIGS image sensor is developed by Rohm Co., Ltd. in Japan
[1]-[7]- The sensitivity of the image sensor covers from visible
to 1200nm with the acceptable quantum efficiency.

One of application fields of the CIGS image sensor is
vegetation monitoring. Importantly, vegetation monitoring
needs wide wavelength coverage with an acceptable
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sensitivity. There are so many types of commercially available
digital cameras. These, however, are not enough for
monitoring of vegetation index which needs an acceptable
sensitivity at red color wavelength and NIR wavelength
regions. Usually, spectral reflectance of vegetation shows very
low at the red color wavelength and quite high in the NIR
region. Due to the fact that sensitivity of the commercially
available digital cameras is not enough in NIR region while
the reflectance of vegetations in red color wavelength is low,
it would be better to improve the sensitivity of the digital
camera in NIR wavelength region together with red color
region. The CIGS image sensor gives one of solutions for
solving the above mentioned problem.

Tea farm areas and rice paddy fields are selected for
showing an effectiveness of the CIGS image sensor in
particular for improving sensitivity in red to near infrared
regions. The most important thing for tealeaves monitoring is
NDVI estimation [8]-[20]. Amino acid contents containing in
tealeaves depends on NDVI. Amino acid rich tealeaves taste
good. Also, tealeaf growing stage monitoring needs fiber
content estimation. Depending on growing stage, fiber content
is getting large. Therefore, it is possible to estimate fiber
content in tealeaves.

Meanwhile, protein content in rice crops is highly
correlated with nitrogen content in rice leaves [21]-[26].
Protein content rich rice crops taste bad. Therefore, it is
possible to estimated rice crop quality once protein content in
rice crops is estimated. Nitrogen content in rice leaves
depends on rice leaf reflectance. Therefore, it is capable to
estimate protein content in rice crops through estimation of
nitrogen content in rice leaves which is done with visible to
near infrared camera data.

In order to estimate NDVI, leaf reflectance has to be
measured in red and near infrared wavelength regions. The
sensitivity of the CIGS image sensor in these wavelength
regions is much better than those of the conventional digital
cameras which utilized SiCMOS or CCD with silicon
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materials. Therefore, it is expected that NDVI estimation
accuracy is improved. More than that, the sensitivity of the
CIGS image sensor is better than that of the conventional
digital cameras. This paper clarified these improvements
guantitatively.

The next section describes the specification of the CIGS
image sensor followed by the method and procedure of the
experiments Then experimental results are described followed
by conclusions with some discussions.

Il.  CIGS IMAGE SENSOR

A. Specific Features of the CIGS Image Sensor

One of the specific features of the CIGS image sensor is
wide spectral coverage ranges from 430 to 1025nm with the
sensitivity level (Quantum Efficiency) of 30. The wavelength
coverage of the conventional SICMOS image sensor ranges
from 400 to 750nm. Fig.1 shows wavelength coverage of the
CIGS image sensor and the conventional SiCMOS image
sensor while Fig.2 shows outlook of the CIGS image sensor.
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Fig. 1. Wavelength coverage of the CIGS and the conventional SICMOS
image sensors

Fig.3 shows structural difference between the CIGS image
sensor and the conventional SICMOS sensor. In particular,
detector surface reflectance of the CIGS image sensor is much
lower than that of the conventional SICMOS image sensor.
Also, aperture ratio of the CIGS image sensor is much higher
than that of the conventional SICMOS image sensor which
results in high sensitivity in visible to near infrared
wavelength regions.

CIGS Image Sensor

CIGS Camera Module
*CIGS : Cu (In, Ga) Se

Fig. 2. Outlook of the CIGS image sensor
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Fig. 3. Structural difference between the CIGS image sensor and the
conventional SICMOS sensor

B. Specific Applications of the CIGS Image Sensor

Fig.4 (a) and (b) shows examples of applications of the
CIGS image sensor for biometric sensors and for vegetation
monitoring, respectively. Vein patterns of human hands can be
detected by the CIGS image sensor as a biometric sensor for
identification of the registered persons for security reason. On
the other hand, vegetation monitoring can be done with the
CIGS image sensor as shown in Fig.4 (b) because the
reflectance of vegetation is very high in near infrared
wavelength region.

(a)Biometric sensor
[ 5 .

(b)Vegetation
Fig. 4. Examples of the CIGS image sensor
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Fig.4 (b) left shows the outdoor scenery of vegetation
acquired by CIGS image sensor without any filter while Fig.4
(b) right shows that with visible wavelength coverage cut filter.
It is quite obvious that vegetated areas are brighter for the
CIGS image sensor image than those areas for the CIGS
image sensor with visible wavelength coverage cut filter
image (NIR image).

IIl.  EXPERIMENTS

A. Method and Procedure

Signal to Noise ratio: S/N ratio is evaluated by assuming
the mean of the small portion of the acquired image where is
seemed to be homogeneous pixel values must be the signal
and by assuming the standard deviation of the same area of
image is the noise. On the other hand, sensitivity can be
evaluated by taking ratio between mean values of the different
homogeneous portions of images.

Comparisons of S/N ratio and sensitivity are carried out
between the CIGS image sensor and the conventional
SICMOS image sensor of Canon S100 with the replaced NIR
filter to the originally blue filter. Spectral response of the S100
camera used is shown in Fig.5.
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Fig. 5. Spectral Response of S100 Camera of which Blue Filter is Changed
to NIR filter

B. Intensive Study Araeas

The experiments are conducted at the tea farm areas of the
Saga Prefectural Institute of Tea: SPIT which is situated in
Ureshino city, Saga Japan and the Saga Prefectural Institute of
Agriculture: SPIA which is situated in Saga city, Saga Japan.
Outlooks of SPIT and SPIA are shown in Fig.6 (a) and (b),
respectively. The third tea farm field at the North tea farm
areas of Yabukita Tea at SPIT is selected as tealeaf example
while Hiyokumochi of sticky rice paddy field is also chosen as
rice leaves example.
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(b)SPIA
Fig. 6. Outlooks of the SPIT and SPIA

C. S/N Ratio and Sensitivity Evaluations

Fig.7 (a) shows top view of the acquired image of a small
portion of the Yabukita Tea field on October 4 2015.
Meanwhile, Fig.7 (b) shows the acquired image with the CIGS
image sensor of the tiny portion of a piece of tealeaf together
with histogram of the rectangle area of the tiny portion (ml
and sl denotes the mean and the standard deviation of this
portion of image, respectively) while Fig.7 (c) shows that of
the different rectangle portion of the tiny portion (m2 and s2
denotes the mean and the standard deviation of this portion of
image, respectively). On the other hand, Fig.7 (d) shows the
acquired image with the S100 camera of the almost same
portion of the tealeaf (m3 and s3 denotes the mean and the
standard deviation of this portion of image, respectively)
while Fig.7 (e) shows that of the different portion of the
tealeaf on October 7 2015 (m4 and s4 denotes the mean and
the standard deviation of this portion of image, respectively).
All these images are acquired by the CIGS image sensor and
the S100 image sensor with NIR filter.
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(a)Top view of Yabukita tealeaf
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(c)Different portion of image with CIGS camera
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(e)Different portion of image with S100 camera
Fig. 7. Acquired images of Yabukita tealeaves with CIGS and S100 cameras

Fig.8 (a) shows slant view of the acquired image of a small
portion of the Hiyokumochi rice paddy field. Meanwhile,
Fig.8 (b) shows the acquired image with the CIGS image
sensor of the tiny portion of a piece of rice leaf together with
histogram of the rectangle area of the tiny portion (M1 and S1
denotes the mean and the standard deviation of this portion of
image, respectively) while Fig.8 (c) shows that of the different
rectangle portion of the tiny portion (M2 and S2 denotes the
mean and the standard deviation of this portion of image,
respectively). On the other hand, Fig.8 (d) shows the acquired
image with the S100 camera of the almost same portion of the
rice leaf (M3 and S3 denotes the mean and the standard
deviation of this portion of image, respectively) while Fig.8
(e) shows that of the different portion of the rice leaf (M4 and
S4 denotes the mean and the standard deviation of this portion
of image, respectively).
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(e)Different portion of image with S100
Fig. 8. Acquired images of Hiyokumochi rice leaves with CIGS and S100
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S100: Normalized Sensitivity:M3/M4=154.93/107.82=1.437
Normalized SIN:M3/S3=154.93/5.61=27.617(28.82dB),
M4/S4=107.82/4.18=25.794(28.23dB)

As the results, it may say that sensitivity of the CIGS
image sensor is 10 to 50 % better than that of the S100 image
sensor while S/N ratio of the S100 image sensor is 50 to
100 % better than that of the CIGS image sensor.

D. NDVI Estimation Accuracy Evaluations

Measured spectral reflectance of Yabukita tealeaves and
Hiyokumochi rice leaves on October 4 and 7 are shown in
Fig.9 (a) and (b), respectively.
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Fig. 9. Spectral reflectance of the Yabukita tealeaves and Hiyokumochi rice
leaves

From the spectral reflectance and the measured S/N ratios,
it is capable to predict NDVI estimation accuracy
improvement by the improvement of S/N ratio as shown in
Table 1. From the S/N ratio, it becomes available to calculate
noise level. By considering the calculated noise, NDVI
estimation accuracy can be evaluated as shown in Table 1.

In these cases, plus minus 10% of noise levels for each red
and NIR wavelength regions are added in the NDVI equation.
Then as shown in Table 1, -9 to 8 % of NDVI is deviated from
the NDVI without 10% of noise for tealeaves while -2 to 2 %
of NDVI is deviated from the NDVI without 10% of noise for
rice leaves (red colored values show improvement of NDVI
calculations due to 10% improvement of S/N of the CIGS
image sensor in comparison to the S100 image sensor.

Vol. 4, No.12, 2015

TABLE I. IMPROVEMENT OF NDVI ESTIMATION ACCURACY BY
IMPROVEMENT OF S/N RATIO
Tealeaf Reflectance | S/IN(dB) | Noise NDVI+ | NDVI-
870nm 0.61 24.28 0.0373 0.8485
600nm 0.05 25.04 0.0028 0.8492 0.8477
Rice leaf 0.07988 | -0.0903
870nm 04 31.95 0.0101 0.9048
600nm 0.02 32.58 0.00047 | 0.9049 0.90456
0.01713 | -0.01802

Quantum efficiency in red wavelength is 0.75 for the S100
image sensor while that for the CIGS image sensor is 0.81. On
the other hand, quantum efficiency in NIR (870nm) is 0.19 for
the S100 image sensor while that of the CIGS image sensor is
0.63. Therefore, S/N influence of quantum efficiency
difference on NDVI calculation is as follows,

(CIGS): (N£1/0.19 - R*1/0.75)/ (N*=1/0.19 + R%1/0.75)

1)

(S100): (N*1/0.63 - R%0.81)/(N*1/0.63 + R%1/0.81)

2

where N and R denotes the signal level in NIR and red

wavelength regions, respectively. Fig.10 shows the calculation

results. When S/N ratio at red wavelength region is improved
by 10%, NDVI is not so changed and improved.

NIk

0.5 Red
0.3 NDVI+

Noise level, NDVI+/-

e NDVI-

1 10 100
S/IN

(2)10% improvement

0.9 ——

0.7 NIR

Read
nea

'O — ‘
1 10 100
S/N

Noise level, NDVI+/-
=
ot

(b)50% improvement

Fig. 10. Noise level and NDVI improvement for the cases that S/N ratio at
red wavelength region is improved by 10 and 50 %

Meanwhile, when S/N ratio at red wavelength region is
improved by 50%, then NDVI is improved by 10%. More than
that, quantum efficiency of the CIGS image sensor is 7 times
and twice much higher than those of S100 image sensor in

NIR and red wavelength regions, respectively. Therefore, it is
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expected that estimated NDV|1 is 10 to 50 % accurate.

IV. CONCLUSION

Effect of sensitivity improvement of Near Infrared: NIR
digital cameras on Normalized Difference Vegetation Index:
NDVI measurements in particular for agricultural field
monitoring is clarified. Comparative study is conducted
between sensitivity improved visible to near infrared camera
of CulnGaSe: CIGS and the conventional camera.

Signal to Noise: S/N ratio and sensitivity are evaluated
with NIR camera data which are acquired in tea farm areas
and rice paddy fields. From the experimental results, it is
found that S/N ratio of the conventional digital camera with
NIR wavelength coverage is better than CIGS utilized image
sensor while the sensitivity of the CIGS image sensor is much
superior to that of the conventional camera. Also, it is found
that NDVI derived from the CIGS image sensor is much better
than that from the conventional camera due to the fact that the
sensitivity of the CIGS image sensor in red color wavelength
region is much better than that of the conventional camera.
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