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Using ImageJ for estimating the survival rate of
green grass
Yi-Chun Chang®™ Wen-Guey Chung®’

ABSTRACT The green landscaping works for the environmental engineering applications,
and the transformation of an integral part of the project, which grass is the basic element in
the project execution. The main purpose of this paper is to use generally commercially
available digital camera and image analysis software ImageJ establishing a simple analysis
method for estimating the grass survival rate, as the greening project quality management
and acceptance of reference. First use a camera shooting images of bare soil and the ImageJ
for calibrating camera parameters such as ISO, aperture, focal length and shutter etc. Then,
several color models (RGB, HSB, XYZ, Yxy, YUV, YIQ, Luv, Lab- YUV, YQ1Q2, HIS, HSV,
HSL, LCH-Luv, LSH-Luv, LCH-Lab, etc.)provided by ImageJ were used for analysis of the
grayscale value of the image color model component, thereby statistics screened stable
color identification bare soil and lawn characteristics component, as the background of an
image segmentation basis. In order to maximize the use of the sampling method analysis
estimates image in the grass survival, map projection method was finally used to correct
the image deformation. Test results show that LCH-Luv color component in the color
component H with a stable of grey scale values, suitable for planting grass identification
and segmentation of images, and less on the bare soil characteristics identification of ISO,
aperture, focal length, shutter, the amount of water, the effects of changes in factors such
as angle and height. When using the color component H for analyzing lawn growth, the
results shown that the component H of the practice on the growth of the correlation
coefficient of 0.89. Using auto mode of the camera photo sampling, analysis and color
components H for estimating grass survival rate, the results compared with the traditional
point-box method are approaching the absolute error value between 0.04%~5.77%, which
concludes that the analysis method of estimation of survival rate of planting grass on the
establishment here has a confidence in accuracy. It has practical value on the application.
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Fig.2-1 Design of Sample container. Fig.2-2 Camera setting configuration.
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Table 2-1 Physical and Chemical Properties of Soil.

FEkI% ¥ (g/ cm3) 2.55
HERSH Y (g/ cm3) 1.51
FhHL (%) 31.67
HHz (%) 56.67
o3k (%) 11.66
=t FE+
pH {H 5.6
THEE(mS/cm) 0.53
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Fig.2-3 The tripod of Camera. Fig.2-4 Digital Camera of Nikon Coolpix P510.
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Table 2-2 The specifications of digital camera.

BRGE 1605 &
R EESS CMOS
B ISO 100 % ISO 6400
= 24mm £ 1000mm
SRl F3.0 £ F8.4
HRFY 4s % 1/4000 s
4 Image) =S
File Edit Image Process Analyze Plugins Window Help
B ool <« «8|Ala|@O] |oxsw|g|e]| | | [>]

“More Tools™ menu (switch toolsets or add tools)

2-4 ImageJ BENME
Fig.2-4 User interface of ImageJ
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Fig.2-5 The whole procedure of this study.
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H&(130cm ~ 160cm ~ 190cm) » +1#E/KE (Okg ~ 1kg ~ 2kg FHF41F= 2-3) » HILE 1mX 1m [F]
RRAVER T B THAAH RS - AR B2 G BRI Lt Bt Gt R S B Es Ry B AUEEE
B EEL 18 [EamErEROEEE 3 E(RGB 2 B-HSB Y H-XYZ 2 Z - Yxy ~ x~ YUV Z V-~ YIQ
ZI-LuvZzu-~Lab~Z a~ACI1C2 7 C2 111213 7 I3~ Yuv 2 v~ YQ1Q2 Z Q2 -HIS Z H -~
HSV ~” H-HSL > H- LCH-Luv 2 H -~ LSH-Luv > H 1 LCH-Lab 2 H %) -
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Table 2-3 The conditions of shutting sample photos.

/17 {5
o RE e m we moeE mE mE SRk

24mm

gy 22l 28mm X F4.2 1/6S 1SO800 900 160cm Okg
35mm

F3.0

S F4.2 24mm X 1/6S ISO800 900 160cm Okg
F6.6

1/4S
(Z 1/68 24mm F4.2 X ISO800 90o 160cm Okg
1/13s
1SO400

JEOERE ISO800 24mm F4.2 1/6S X 900 160cm Okg
ISO1600

300

AR 88° 24mm F4.2 1/6S 1ISO800 X 160cm Okg

130cm

= 160cm 24mm F4.2 1/6S ISO800 90o X Okg
190cm

Okg
TEEKE  1kg 24mm F4.2 1/6S ISO800 90- 160cm X
2kg
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EFRAIREZR SR S BT HUEE - FRFYE SN E D EIRAV I B SR EE(L - B GnE -
DRIE > Bk DOCHRTT I S RRAYRR RS » AW BITEREARAY = (87 (M 25 BEAHHUBE 1 20 > — (a5t
HRAHEUEE 3 KR U R B B A A S G PR B LA TR A U5 3 I PTG SR BLREAE % (point-frame
method)HYfERERIFLLEEREE - DAMECRA SRR M T AR Rl T B AT S -
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P - RIEERE RN E e ImX 1m EZHT 4 [ETEZ AR EL B 00y) © () © (% Ys)
(X0, Vo) SRARPERE » EIE R (x1,y) ~ (X, Yy) ~ (X, Ys) ~ (xa,y,) SEERECOE 3-1)  AEREEHIY
(G AR R D T BB B ke TR (-

B 3-1 #EREF. BEBE

Fig.3-1 Image correction before and after comparison chart.

®3-1 FTEZGEREZRLIARLERR
Table 3-1 The original images of bared soil samples.
E ISO A AEDLEE
ISO800 ISO F4.2 F6.6

AERFHE
1/6s 1/13s
IEETE A
60° 900

32 MEREGREACHER

HSATEE(24mm - 28mm - 35mm) > Y5 (F3.0 - F 4.2 -F 6.6) » }:f9(1/4S-1/6S~1/13S) >
JEEFE (1SO400 - ISO 800 - ISO 1600) » #1HZ £ (300 ~ 600 ~ 900) - &S (130cm ~ 160cm -
190cm) - +3EE/KE (Okg ~ 1kg ~ 2kg % 21 TARYIRMH R T » BB THIAHHUEE - fEHL 21
RARER G YR 3-1 R -
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Giatoris 21 RSP G 2 SEOBA BIKIEE 2 FRAEE  FINHER - &R 80 RGB 2
B -HSBXH -XYZ2Z Yxy 2 x-YUVZV-YIQZI-LuvZu-Lab~a-ACIC2 > C2-
111213 2 13~ Yuv 2 v~ YQ1Q2 ¥ Q2~HIS > H-HSV - H-HSL . H-LCH-Luv > H-LSH-Luv
Z HELLCH-Lab 2 H % 18 (AR & - S2RYIA15R 3-2 Frr > PR RAE S EA G
R BB R BRI T &

£ 3-2 TEAFBHAH Image] SEHECER Y ERTRNBEZBEZLER

Table 3-2 The comparison of statistical standard deviation of image gray values using ImageJ
color models.

TR IrE A7 TR A=A A7 tidl A=A RS
R 27.041 L 10.630 H 0.009
G 26.902 u 2.411 S 0.046
RGB B 24.924 Luv v 3.940 HSI I 0.102
H 2.056 L 10.640 H 0.008
S 15.778 a 1.433 S 0.062
HSB B 27.042 Lab b 2780 SV % 0.106
X 9.244 A 5.364 H 0.008
Y 9.725 C1 0.740 S 0.031

XYZ ACIC HSL
7z 7.860 2 c2 0.697 L 0.101
Y 9.725 1 0.102 L 10.584
0.012 2 0.014  LCH- C 4.190

Y 2 11121

4 y 0.008 28 13 0.005 Luv H 0.078
Y 0.106 Y 0.102 L 10.647
U 0.028 u 0.037  LSH- S 87.300
YoV \ 0.013 Yuv v 0.011 Luv H 0.078
Y 0.104 Y 0.102 | L 10.584
Y10 I 0.012 YO102 01 0.010 o C 2.747
0 0.040 Q2 0.023 H 0.762

TR I BACBUET - BOS T FItn B P B R FIBA T B -
EFEE2REEI THNERERESE

MRGBZB-HSBZH-XYZ>ZZ -YxyZx~YUVZV-YIQZI-Luvzu-Lab> a-
AC1C2 >z C2-111213 7 I3~-Yuv 2 v~ YQ1Q2 2> Q2-HIS - H-HSV > H-HSL 2> H- LCH-Luv
Z H-LSH-Luv 7 H 8 LCH-Lab z H % 18 {#EHEMERI S & » oitEEsE G ETTE - 4558
i~ LCH-Luv-H » LSH-Luv-H §; LCHLab-H % = HgamER S BV E T E - ¥R A k(g
AR > WIF 3-3 PR o HSRMEE SHEEAYAL - AIEERE S I @R R R T BEST - [Nt fRE—F
AT DU T HY 3 B RERY -

3. MEHeEEsBERESERERMLRBAIRLIEGZREN

Llgiak LCH-Luv .2 H ~ LSH-Luv 2 H 81 LCHLab .2 H FE @A & - /3#f 21 SRAFERL
ARG 45REURA LCH-Luv 2 H 81 LSH-Luv 2 H WHBAEERI S BN E T E - HEHEEN
FIEEA - R 3-4 - 5] LCH-Lab Z HEAGIEAI Y & - HEJTERIZHRATRERZL « AlEE )
Afi » B3 3-5 > AAHERA LCH-Luv 2 H 81 LSH-Luv .2 H R{EHBA #8785 LCH-Lab 2 H
IR TR GV E T EBS ERRE - R EHE AR IR ERIRR Mt -
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®3-3 WERARFGRATHOEESECESBLERR

Table 3-3 The comparison of image histogram of grass samples using various color models.

£ ELE B
ﬁ% 7R ﬁ% H71R E% 7R
RGB 2~ ‘ Luv 2 ﬂ‘ HIS >~
B e T, ' u _ H
HSB > Lab > ' HSV >
XYZ 2 ' ACIC2 ' HSL
Z - C2 e mam H
LCH-
Yx§ > . 1112123 pd i Lav >
YUV Yuv 2 ' ILSIE
v __AM. v L Luv 2
H
YIQ > N YQ1Q2 > ‘ beHZ
I Elie mass Ql b —_— aH

RIS FRFR » BREOBERL Sy BAY B 5 [ 250 A

R34 BIEZEEHBA LCH-Luv & LSH-Luv 2 H 22 ES B LL®REK

Table 3-4 The comparison of image histograms of bares soil samples using LCHLuv-H or

LSHLuv-H.
AEEDEE AEDEEE
ISO400 ISO800 ISO1600 F3.0 F4.2 F6.6
T A i
24mm 35mm 85mm 1/6s 1/13s
RlIfarE
300 600 900

160cm
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#%3-5 #B+HABEGA LCH-Lab 2 H 2z EHBELLEE

Table 3-5 The comparison of image histogram of bared soil samples.

AEEOLE AEDEREE
1S0400 1S0800 1SO1600 F3.0 F4.2 F6.6

e
- 35mm 1/6s - 1/13s

R
_ 1kg 200
/7: e }E e
30cm 160cm

4. DBEeERE BREERUANEERRCRBEN

AIFiat LCH-Luv 2 H » LSH-Luv 2 H 81 LCH-Lab 2 H FEAOHAII & - IpHie & AR R I
HEJTEZAE - SREUNE = (FEA OB BAVETE - GEEY2RBENEL - AE 3-6 - [k
gAY 7> 8 LCH-Luv 2 H 81 LSH-Luv 2 H SEEAE 1) 8 Bl & 4 RAIHRIAEIS K 0.89:
FE 3-2A 1 LCH-Lab .z H BRI S BUE & A RATHRI(GE, 0.79 - FIE 3-2B - HLIEAEH
Ry & BfE S A RAVAHRA MR AT #0R - LCH-Luv 2 H 82 LSH-Luv 2 H #f{i#ft LCH-Lab 2 H#Y4
U E Ryt S I ARV R MR S -

*3-6 EHEAREEHELEE

Table 3-6 The comparison of image histograms of growing grass with various color models.

LCHLuv-H E¢

RE R LSHLuv-H LCHLav-H
- B
- N
- W
- W
- W
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1.6 3.5
1.4 3
2.5
H 1.2 H
2
1 y =0.0103x + 0.88 1.5 . ¥y =0.0379x + 1.1926
R2 = 0.8909 R2 = 0.7923
0.8 e 1 e
0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49
ERCHIFEL R8s

3-2A LCH-Luv 2 H EffE4+ RNERMY 3-2B LCH-Lab 2 H B4+ REEREMY

Fig.3-2A The LCHLuv-H correlation with Fig.3-2B The LCHLab-H correlation with grass
grass growth. growth

B 3-3 LCH-Luv Z H 5 &I &7
Fig.3-3 The segmentation of Grass images using LCHLuv-H.

5. B o ENECKE T ERMERE

%%é%ﬂﬂﬂ’ﬂﬁffﬁ%%%ﬁ% BRAER Sy 8 LCH-Luv 2 H 81 LSH-Luv 2 H @i H#)t LCH-Lab
- BARREE N E T B A e R - R E A Rt T IEE R BT - (R
K’ﬁ%%#ﬁ?ﬁ’éﬁﬁ”ﬁi LCH-Luv 2 H 2¢ LSH-Luv 2 H {E & EZHI#2 G BB A 8 - 5550
LCH-Luv 2 H 2 LSH-Luv 2 H W& fismE KIS E - BT A BHRE T4 % P e A (E
AU —E G oy BB R BRIA] - A SR GEE Image] WHGIRBEACIER TR
LCH-Luv 2 H » SEHUGIE{E(E R G EIRIPTERIE - 2@ SR B IR EE R 408 3-3 A -

3.3 FHBMCHEERERMEE

BT AT E TR PSR SRS T B DB (R 580
B PR 45  1SO SEEITE() » HEAHILL 1mX 1m (EEREEE TR - JR05S R
ST AR RS B » AR = R S R 1% S

SRR 3 2 - SR B AR « PR G0 (B LOH-Luv 2 Hi
B CBRIS R + DAL IR e R U 2 SO - WU S LT T
TG w%S7%T'?%ﬁ%ﬁﬁ@%ﬁ%@%%ﬁﬁ&=%¥i§’%ﬁﬁﬁﬁﬁﬁw
TR )  SHE S PR SBSIREE 0.04%~5.77%2 R » 0% 3-8 Fi7T -
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£ 3-7 Image] ¥ EEBEWISE

Table 3-7 The image processing steps under Imaged.

it B 1 B 2 R 3 L 4 R S
SRt SEAHEUE , %My\ft PR HPPRE 507

*® 3-8 MWEFERZHELFEMERE Image] D HTELER

Table 3-8 Grass coverage for Analysis method of point-frame method and ImageJ was
compared.

s ImageJ 53
4k SRR P ER

Resals o ) ool o)
File Edit Font Resulis
|| ‘Area ‘M\n ‘Max % I

FAE % e

1 1 125316 Oo0s6 625 94.23% 100% 5.77%
2 125316 B.088E-6 £.279
3 125316 0.001 6.276
< n
4 Results
File Edit Font Results
[area win [z
2 1 ome oos 6o 40.06% 40% 0.06%
2 125316 2 446E-4 6268
3 125316 9.506E-4 6216
(Ex] "
Crene L i)
File Edit Font Resulis
[area [win [max_Narea | -
3 1 125316 8.088E-6 62618 6.950 L 6_86% 4% 2 86%
2 125316 8.088E-6 &258f 6121 §|°
3 125316 B022E-5 6.258) 7810
< . G
Results e )
File Edit Font Results
‘Area ‘Min |Max hArEa el
4 1 12536 0003 5.182f 0.089 ! I 0.04% 0% 0.04%
2 125316 0007 50764 0.016 1
3 129316 0.002 35.368j 0.010 5
< i G

M, f&
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Attached Table The Statistical standard deviation of Gray value of Different image quality.

4
f*i% JEERE (ISO) S (F) HRFI(s) £ (mm) fEfE 5 (cm) KR (ke) o
A E
B .
. 400 | 800 |1600| 3.0 | 42 | 6.6 | 1/4 | 1/6 |1/13| 43 | 5.3 | 7.1 | 300 | 600 | 900 | 130 | 160 | 190 0 1 2 #=
R]100.73]149.81|191.65|185.39(150.58| 84.72 |179.96]|149.45|103.55[152.20|142.57|142.67|169.16|158.66|150.58{146.16|150.58(153.27|154.04|114.95|113.54|27.04
RGB|G| 85.01 |129.56|173.55/166.92]|130.74| 71.95 [160.79[131.26 86.67 [130.57[123.65[130.32|155.10[149.85(130.74|131.23[130.74(133.31|134.96( 93.33 | 92.22 [26.90
B| 60.24 | 96.61 [147.74|136.19| 97.27 | 49.78 |128.71| 96.40 | 62.17 | 92.05 | 88.17 |102.59|112.10|124.72| 97.27 [100.72| 97.27 | 96.63 | 99.03 | 64.79 | 65.86 |24.92
H| 25.28 | 25.69 | 26.43 | 26.21 | 26.07 | 26.26 | 26.11 | 27.29 | 24.46 [ 26.54 | 27.05 | 29.11 | 31.58 | 31.25 [ 26.07 | 28.09 | 26.07 | 26.88 | 27.11 [ 23.49 | 22.77 [ 2.06
HSB|S|105.58| 92.98 | 59.08 | 68.90 | 92.53 [107.70| 73.97 | 92.96 |105.29(103.14| 99.98 | 74.23 | 86.80 | 55.12 [ 92.53 | 81.49 [ 92.53 | 96.42 | 93.16 [112.68]|108.94[15.78
B|100.73[149.81|191.65|185.39|150.58| 84.72 |179.96|149.45|103.55|152.20[142.57|142.68|169.17|158.69]|150.58|146.16|150.58(153.27(154.04|114.95|113.54|27.04
X| 10.68|24.26143.56|40.14|24.44| 7.32 | 37.08|24.36 | 11.06 | 24.43 | 21.69 | 23.61 | 31.92129.83 | 24.44 | 24.02 | 24.44 | 25.21 | 25.77 | 12.92 | 12.77 | 9.24
XYZ |Y]| 10.93 | 24.96 | 45.03 | 41.68 | 25.20 | 7.53 | 38.44 [ 25.33 | 11.25 | 25.16 [ 22.47 | 24.88 | 34.03 | 31.70 | 25.20 [ 25.16 | 25.20 | 26.08 | 26.74 | 12.90 | 12.74 | 9.73
Z| 6.60 |15.97]35.70 [30.82 | 16.08 | 4.49 | 27.52|15.96 | 6.90 | 14.76 | 13.54 | 17.76 [ 20.98 | 24.78 | 16.08 | 17.09 | 16.08 | 16.01 | 16.75| 7.32 | 7.55 [ 7.86
Y| 10.93|24.96]|45.03|141.68|25.17| 7.53 | 38.44|25.33|11.25]25.16]22.47|24.88|34.03|31.70]25.20|25.16|25.20 | 26.08 | 26.74 | 12.90 | 12.74 | 9.73
Yxy |x| 0.38 0.38 0.35 0.36 0.38 0.38 0.36 0.38 0.39 0.39 0.38 0.36 0.37 0.35 0.38 0.37 0.38 0.38 0.38 0.39 0.39 | 0.01
y| 0.39 0.39 0.36 0.37 0.39 0.39 0.38 0.39 0.39 0.39 0.39 0.38 0.39 0.37 0.39 0.38 0.39 0.39 0.39 0.39 0.39 [ 0.01
Y| 0.34 [ 052 | 0.69 | 0.66 | 0.52 | 0.27 | 0.64 | 0.52 | 0.35 | 0.52 | 0.49 | 0.51 | 0.61 | 0.59 | 0.52 | 0.52 | 0.52 | 0.53 [ 0.54 | 0.38 | 0.38 |0.11
YUV |U| -0.05 | -0.07 | -0.05 | -0.06 | -0.07 | 0.06 | -0.07 | -0.07 | -0.05 | -0.08 | -0.07 | -0.05 | -0.08 | -0.05 | -0.07 | -0.06 | -0.07 | -0.07 | -0.07 | -0.06 | -0.06 | 0.03
V| 0.05 | 0.06 | 0.05 | 0.06 [ 0.06 | 0.01 | 0.06 | 0.06 | 0.05 | 0.07 | 0.06 | 0.04 | 0.05 | 0.03 | 0.06 | 0.05 | 0.06 | 0.06 | 0.06 | 0.06 | 0.06 |0.01
Y| 0.34 0.52 0.69 0.66 0.52 0.29 0.64 0.52 0.35 0.52 0.49 0.51 0.61 0.59 0.52 0.52 0.52 0.53 0.54 0.38 0.38 | 0.10
YIQ |[I| 0.07 0.09 0.08 0.08 0.09 0.06 0.09 0.09 0.07 0.10 0.09 0.06 0.09 0.05 0.09 0.07 0.09 0.09 0.09 0.09 0.08 | 0.01
Q| -0.08 | -0.12 | -0.19 | -0.18 | -0.12 | -0.06 | -0.17 | -0.13 | -0.08 | -0.12 | -0.11 | -0.14 | -0.15 | -0.02 | -0.12 | -0.13 | -0.12 | -0.12 | -0.13 | -0.08 | -0.08 | 0.04
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Attached Table (Continued) The Statistical standard deviation of Gray value of Different image quality.

4
L meiso) S (F) F(s) #£8(mm) FarE FiJtE(om) S *
A AE

s

BRE ”
- 400 | 800 | 1600| 3.0 4.2 6.6 | 1/4 ] 1/6 [1/13]| 4.3 5.3 7.1 300 | 60c | 900 | 130 | 160 | 190 0 1 2 =
L |36.72|54.98|71.67]69.09|55.42|31.05|66.86|55.4137.59|55.44|52.51|54.57|164.14|62.01 | 55.42[55.16| 55.42 | 56.38 | 56.93 | 40.08 | 40.37 |[10.63

Luv |u|11.12|14.85(12.69|13.66|14.62| 891 |13.91]13.59]11.9116.22]14.16 9.21 |11.30| 6.80 | 14.6211.10| 14.62|14.92 | 14.26| 15.58| 15.17 | 2.41
v |18.25]25.43|21.15]24.53|25.77|15.80|24.44|26.46 18.31 | 28.9826.64|21.31131.91|19.60|25.77 | 23.42|25.77 |27.84 |27.33]|21.54]20.17 | 3.94
L |36.72|54.98|71.67|69.09|55.4231.05|66.86|55.41|37.59|55.44|52.51|54.57|64.14|62.01|55.42|55.16|55.42|59.38 | 56.93 | 40.84 | 40.37 |10.64

Lab al| 265|252 | 247|197 | 256 | 1.82 | 2.10]| 1.69 | 3.16 | 2.70 | 2.03 | 0.23 | -1.39|-097 | 2.56 | 090 | 2.56 | 2.16 | 1.86 | 4.62 | 4.79 | 1.43
16.75]120.73 | 15.66 | 18.39|20.93|15.2419.33(21.42|16.78 |23.91|22.08]16.74 [ 24.48 | 14.47 | 20.93 | 18.5920.93 [ 22.60 | 22.01 | 19.63 | 18.38 | 2.78
A |-25.68]-15.51| -8.61 | -9.62 |-15.24(-29.12|-10.43|-15.30]-24.92|-15.22]-16.65|-15.86]-11.32]-12.22|-15.24-15.46|-15.24|-14.78|-14.57|-22.68|-23.05[10.64
AC1C2|C1| 3.70 | 3.09 | 1.96 | 2.18 | 3.01 | 3.52 | 2.34 | 2.85 | 3.79 | 3.31 | 3.13 [ 2.09 | 2.05 | 1.32 | 3.01 | 2.40 | 3.01 | 3.01 | 2.87 | 4.23 | 4.22 | 0.74
C2| 4.07 | 3.41 190 | 2.33 |1 340 | 420 | 2.55 | 349 | 400 | 396 | 3.84 | 2.68 | 3.36 | 1.93 | 3.40 | 296 | 3.40 | 3.63 | 3.48 | 4.30 | 4.07 | 0.70

[1] 0.32 | 0.49 | 0.67 | 0.64 | 0.50 | 0.27 | 0.61 | 0.49 | 0.33 | 0.49 | 0.46 | 0.49 | 0.57 | 0.57 | 0.50 | 0.49 | 0.50 | 0.50 | 0.51 | 0.36 | 0.36 | 0.10

111213 (12 ] 0.08 | 0.10 | 0.09 | 0.10 | O0.11 | 0.07 | 0.10 | 0.10 | 0.08 | 0.12 | 0.11 | 0.08 | 0.11 | 0.07 | 0.11 | 0.09 | 0.11 0.11 0.11 | 0.10 | 0.09 |0.01
I3] 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.02 | 0.01 0.02 | 0.02 | 0.02 | 0.03 | 0.02 | 0.01 | 0.01 | O0.01 0.02 | 0.02 | 0.01 | 0.01 |0.00

Y| 032 ] 049 | 0.67 | 0.64 | 0.50 | 0.27 | 0.61 | 0.49 | 0.33 | 0.49 | 0.46 | 0.49 | 0.57 | 0.57 | 0.50 | 0.49 | 0.50 | 0.50 | 0.51 | 0.36 | 0.36 |0.10

Yuv |u| 0.08 | 0.16 | 0.17 | 0.19 | 0.16 | 0.06 | 0.19 | 0.16 | 0.08 | 0.18 | 0.15 | 0.12 | 0.19 | 0.11 | 0.16 | 0.13 | 0.16 | 0.17 | 0.17 | 0.11 | 0.10 | 0.04
v | 0.01 | 0.02 | 0.02 | 0.03 | 0.02 | 0.01 | 0.03 | 0.03 | 0.01 | 0.O3 | 0.0O3 | 0.03 | 0.06 | 0.03 | 0.02 | 0.03 | 0.02 | 0.03 | 0.03 | 0.01 | 0.01 |0.01

Y| 032 ] 049 | 0.67 | 0.64 | 0.50 | 0.27 | 0.61 | 0.49 | 0.33 | 0.49 | 0.46 | 0.49 | 0.57 | 0.57 | 0.50 | 0.49 | 0.50 | 0.50 | 0.51 | 0.36 | 0.36 | 0.10
YQ1Q2|Q1] 0.55 | 0.54 | 0.53 | 0.53 | 0.54 | 0.54 | 0.53 | 0.54 | 0.55 | 0.54 | 0.54 | 0.53 | 0.52 | 0.52 | 0.54 | 0.53 | 0.54 | 0.54 | 0.54 | 0.55 | 0.55 ]| 0.01
Q2] 0.64 | 0.61 | 0.57 | 0.58 | 0.61 | 0.64 | 0.59 | 0.61 | 0.63 | 0.63 | 0.62 | 0.59 | 0.60 | 0.56 | 0.61 | 0.60 | 0.61 0.62 | 0.61 | 0.64 | 0.64 | 0.02
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Attached Table (Continued) The Statistical standard deviation of Gray value of Different image quality.

4
4?% B (ISO) Sl (F) HiP(s) i (mm) e Filem) S
B
s
B .
400 800 1600 | 3.0 4.2 6.6 1/4 1/6 1/13 4.3 5.3 7.1 300 600 900 130 160 190 0 1 2 =
fs
0.10 0.10 0.11 |0.11] O.10 0.11 0.11 0.11 0.10 0.11 0.11 0.12 0.13 0.13 0.10 0.11 0.10 0.11 0.11 0.09 0.09 [0.01
HSI 0.28 0.24 0.14 |1 0.17] 0.24 0.29 0.18 0.24 0.28 0.28 0.27 0.19 0.23 0.14 0.24 0.21 0.24 0.25 0.24 0.30 0.28 | 0.05
I] 0.32 0.49 0.67 10.64 | 0.50 0.27 0.61 0.49 0.33 0.49 0.46 | 0.49 0.57 0.57 0.50 0.49 0.50 0.50 0.51 0.36 0.36 [ 0.10
H| 0.10 0.10 0.11 |0.11] 0.10 0.11 0.10 0.11 0.10 0.11 0.11 0.12 0.13 0.12 0.10 0.11 0.10 0.11 0.11 0.09 0.09 |0.01
HSV S| 0.42 0.37 0.23 10.27 | 0.37 0.42 0.29 0.37 0.42 0.41 0.39 0.29 0.34 0.22 0.37 0.32 0.37 0.38 0.37 0.44 0.43 | 0.06
V| 0.40 0.59 0.75 10.73 | 0.59 0.33 0.71 0.59 0.41 0.60 0.56 | 0.56 0.66 0.62 0.59 0.57 0.59 0.60 0.60 0.45 0.45 [0.11
H| 0.10 0.10 0.11 |0.11] O.10 0.11 0.10 0.11 0.10 0.11 0.11 0.12 0.13 0.12 0.10 0.11 0.10 0.11 0.11 0.09 0.09 |0.01
HSL S| 0.27 0.26 0.29 10.30 | 0.26 0.27 0.29 0.26 0.27 0.29 0.27 0.20 0.27 0.17 0.26 0.22 0.26 0.27 0.27 0.29 0.28 [ 0.03
L| 0.32 0.48 0.67 10.63 | 0.49 0.26 0.61 0.48 0.33 0.48 0.45 0.48 0.55 0.56 0.49 0.48 0.49 0.49 0.50 0.35 0.35 [ 0.10
L] 36.72154.98 |71.67 |69.09] 55.42 | 31.05|66.86|55.41|37.59|55.44|52.51 |54.57 | 64.14 | 62.01 | 55.42 | 55.04 | 55.42 | 56.38 | 56.93 | 40.84 | 40.37 |10.58
LCH-Luv|C|21.55]29.62 | 25.02 |28.11] 29.78 | 18.24 | 29.14 1 29.91 | 21.99 | 33.37 | 30.32 | 23.41 | 33.94 | 20.87 | 29.78 | 25.91 | 29.78 | 31.73 1 30.98 | 26.69 | 25.36 | 4.19
H| 1.00 1.03 1.02 | 1.07| 1.05 1.05 1.06 1.09 0.98 1.05 1.07 1.16 1.23 1.25 1.05 1.10 1.05 1.07 1.08 0.94 0.92 |0.08
L] 36.7254.98 | 71.67 |69.09] 55.42 | 31.05|66.86|55.41|37.59|55.44|52.51 |54.57 | 64.14 | 62.01 | 55.42 | 55.04 | 55.42 | 56.38 | 59.93 | 40.84 | 40.37 |10.65
LSH-Luv|S|273.15(378.03|318.46]28.11(380.12]|229.98|371.82|381.77|278.80]|426.62|387.01|297.39|434.07]|264.49|380.12|329.75|380.12]|405.36|395.59|339.94|322.64|87.30
H| 1.00 1.03 1.02 | 1.07| 1.05 1.05 1.06 1.09 0.98 1.05 1.07 1.16 1.23 1.25 1.05 1.10 1.05 1.07 1.08 0.94 0.92 10.08
L] 36.72154.98 |71.67 |69.09] 55.42 | 31.05|66.86|55.41|37.59|55.44 | 52.51 |54.57 | 64.14 | 62.01 | 55.42 | 55.04 | 55.42 | 56.38 | 56.93 | 40.84 | 40.37 |10.58
LCH-Lab|S| 17.14 1 21.08 | 16.18 [18.67| 21.22 | 15.45| 19.57|21.62 | 17.22|24.19|22.30]| 16.92 | 24.58 | 14.60[21.22118.77]21.22|22.8222.21]120.26| 19.12 | 2.74
H| 1.68 1.64 1.73 | 1.88| 1.69 1.83 1.78 2.13 1.50 1.70 1.96 3.06 4.22 3.98 1.69 2.60 1.69 1.85 2.00 1.35 1.32 10.76




