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(a) Healthy
(b) Damage
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Photoes of moso bamboo leaves in healthy
state (a) and damaged by P. Chao (b)

Fig. 1
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(1D M4t 7 (Leaf loss, LL)
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Fig. 2 Reflectance curves of moso bamboo

leaves in different pest levels
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Fig. 3 Reflectance first derivative curves of moso

erivative
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bamboo leaves in different pest levels
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(1) Fisher #| % 4> #f (Fisher discriminant analysis,
FDA) : HAEA A EIGE . BT 07 22 40 07 i S8 A8 (AL N O
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A5 ) Gy — AR RCHR . R AR AR AR L A 55 o D) Ay s G
o ) e A (3D
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(2)BP #14 /M 2% (BP neural networks, BPNN) . J&—F}
2 A T T A 4, AR SR I3 TR T e 1 5K i DL 1Y) 45
BIEF T B bR SR B /M . BP B2 4 B A R TE TR
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ELReZ e B B e o R0 2N T R G IR B
PO« R 22 B B4 55 T . 3 2 M 4 M 4% 2 Je i L Y BP
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Fig. 4 Structure of 3-layer BP neural networks
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Output layer
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Fig. 5 Modeling schematic diagram of random forest
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ZA IR HATE T RE AT AL PR i e Kt . HLJG G e 4t . b
Tl A B S AR RO I RE AR IR 1Y 40 2R L
2.4 HARITRERFEN

G SR R 7S OB TR B AR R R B ALK D S B
HOREAKL 63) MIRIEH (FEAR KL 37) I AF 5 IE K, RIKF
F Fisher J30 4087 . BP 8 28 0 2 K Bifi HL AR AR 05 047 31 55
BIRE 15,

KEBE . Kappa 2 BRI F E R 8 R® 2% G 20 2808 4
B s ASBIE TR FTIEE =45 AR P A 25 45 R 1 ol B A I S0OR . A
MRS 2 . Kappa R, R® MR, 22 W] 20850 100 B0 A6 00 20 5t
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s LZ IR,

3 iR 51he
3.1 E-F Fisher HF AR T FHEERN

BT SIS A EAE . Db LL, AR 4 3 & & RCC,
AHXS & K & RWC, J& 4R )6 3% 19 733.66 ~ 898.56 nm fH
Corssso—sonse )~ — MY B3 43 o6 1% Y 562. 95 ~ 585. 25 nm fi
(0’562 95—585.25 ) 55 706. 18~725. 41 nm A (' r05. 151725, 11 ) 5 BIAK,
SR ALE, #yREE., BEAE., hEAET REER
11 Fisher LR EH 5 (R 15 F 30 TE 21 B 2 43 31 AR A LA
A AN R EC R BRI 3 B di R 1Y ) S bR B, KRR AR
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Table 1 Linear discriminant functions of Fisher discriminant analysis

Characteristic coefficient

Test Pest level — - - ~

LL RCC RWC 0733 66~898. 56 0 562.95~585. 25 0 706.18~725. 11 ¢
Non-damage 26.256 9 1.576 8 92.977 9 —0.492 1 —95.230 2 21.412 9 —60.961 3
Mild damage 29.677 1 1. 606 3 84.786 3 —0.500 8 —85.712 8 8.158 5 —44.389 0
Moderate damage 36.103 4 1.444 1 74.478 3 —0.214 9 —62.841 4 —5.2214 —37.973 5
Severe damage 58.855 1 1.4215 77.908 7 —0.195 5 —49.143 2 —5.218 6 —48.793 4
Non-damage 22.963 5 1. 650 8 73.715 6 —0.108 5 —116. 263 2 —1.530 5 —58.200 0
9 Mild damage 27.076 6 1.792 1 65. 777 7 —0.136 4 —108. 657 1 —15.690 9 —43.934 2
Moderate damage 35.892 6 1.752 2 60.138 0 0.116 5 —94.945 4 —28.786 1 —43.033 2
Severe damage 50.934 8 1.492 2 61.768 9 0.143 4 —80.136 2 —28.046 0 —43.298 9
Non-damage 24.528 4 1. 667 5 78.181 5 —0.522 1 —96.986 8 19. 694 2 —55.821 4
5 Mild damage 25.122 7 1.894 0 74.993 5 —0.5830 —118.582 2 2.492 6 —45.439 7
Moderate damage 35.5210 1.596 7 67.054 5 —0.164 4 —92.136 5 —16.241 1 —37.954 5
Severe damage 52.590 7 1.581 4 68.059 5 —0.189 4 —84.119 4 —12.867 7 —45.176 3
Non-damage 22.513 2 1.408 5 81.208 7 —0.6050 —92.934 0 30. 210 1 —55.2551
A Mild damage 27.086 4 1.519 7 78.174 2 —0.6157 —100. 527 8 12.195 9 —42.112 8
Moderate damage 31.077 3 1.374 0 63.632 2 —0.167 3 —76.688 6 —9.236 1 —35.243 6
Severe damage 49.143 4 1.234 3 71.944 8 —0.266 0 —66.308 6 —1.836 0 —42.058 9
Non-damage 28.549 8 1. 645 9 74.091 8 —0.493 7 —179.041 0 13.292 8 —60. 889 5
5 Mild damage 28.264 5 1.589 0 70.044 4 —0.494 5 —114.451 4 6.186 0 —41.481 0
Moderate damage 34.227 1 1.479 4 59.386 3 —0.147 1 —88.429 8 —10.148 7 —36.962 4
Severe damage 50. 770 3 1.3313 63.624 1 —0.161 6 —73.889 3 —6.896 8 —41.463 5

Note: ¢ is a constant

% 2 Fisher ¥| R DR

Table 2 Detection effects of Fisher discriminant analysis

Evaluation Detection Kappa R
indicator accuracy/ % coefficient
Test 1 70. 27 0.590 1 0.728 1
Test 2 70. 27 0. 595 8 0.738 4
Test 3 67.57 0.554 2 0.706 1
Test 4 64. 86 0.516 1 0.685 8
Test 5 72.97 0.628 5 0.752'5
MR EARSEA, 3 SR 1—5 B A RS B & Kap-

pa F B [ I 0P A 2 AR S 5 SR AT A A . SR IROH:
R (E 2)., #RER, #E L LEFR A Fisher 3 51 58 54 W1

A B I A LA — T A AR 7, AR RS B AR 6400 L) I
Kappa Z 5076 0.51 P b, T R* 35T 0.68, HAiki 5 i
K AS B . Kappa 2B R® femr . HROVILE 2, B yIK
5 1, 5l 3 K. i ik 4.

S35 T B A e AR R0 A DR B 9T SR LT S8 H (6D
MUE, ARGEHESERNENEEARRES. BREGE
XS B fRe s 1K 93.33%, BfEHIRZ, K 75.00% ., HKN
e E, b 68.57%, hE fE AR W R AL, LA
36.00%,

3.2 EFBPHEZMENRMSHRESKHN

3T Matlab SE B “6— 10— 47 3 2 9 4% 45 ¥ A 1%

ZR I EAFER, S A2 B R & 2 1% 3 RN tansig, BR
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Fig. 6 Detection accuracy of Fisher discriminant

analysis in different pest levels
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59.46% ; M Kappa ZE R E, K5 3 He, N 0.561 7, i
2wz, BRAEAE 1, {5 5 AR, i 4 w2
0.462 7; NR* RFE, ik 1 5SLBRERNYEE R, N
0.706 0, {50 5 WZ, BRI 3, 35 2 NIk, i 4 &
&, 4 0.298 0, B T] I BP #jr 28 W 4% 0 B & — & B9 W AT 3%
U A F AL RE 7 . H SR LA 55 F Fisher #5143 87 .

®3 BPHEMEZH/ITER

Table 3 Detection effects of BP neural networks

Evaluation Detection Kappa R?
indicator accuracy/ % coefficient
Test 1 67.57 0. 558 6 0.706 0
Test 2 67.57 0. 560 0 0.602 0
Test 3 67.57 0.561 7 0.603 0
Test 4 59. 46 0.462 7 0.298 0
Test 5 64. 86 0.519 0 0.704 0

NEGKREE D, L ENENEERS, &
82.50% . BEfFERZ . N 66.67%, MK NEFEMRE. N
57.14% . PR E MRS BEIR AR AR, Ol 52.00% . Al fa#
LG RE RS BEA A T 22 5
3.3 ETHIZKMANTSHESEN

B LRSI A SR, PSRRI TRE. BIE
fad, B E KA E JORM R niree 24 5 000,
W5 AR mtry WO 5, G ST R ML R AR L

SR (R 4D, BEHL AR AT RIAT B 4 A5 9 A T 25 2R
B, HAGTR BEAE 81% L) 1, Kappa B EDIXF T 0. 74
PLE. R 35T 0. 84, Hrh 0 2 n R IR B8 f v » HaK

JoilEe 1, % 3 KikE 4. HUCHIKE 55 M Kappa £ HOKR
Ao X8 2 e, HOIE 3, HUCOTIAR 4, W88 1K,
W 5 ks R ORE, i8R 2 AR mm . HkCOyilsg 3,
PO 1, 1058 4 AW 38 5 RAR.

100

80 1
60 1

40

Detection accuracy/%

20

Mild damage Moderate damage Severe damage

® Testl ¢ Test2 4 Test3
% Test4 * Test5 -©- Average value
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Fig. 7 Detection accuracy of BP neural networks

Non-damage

in different pest levels

x4 BNKRKSTER

Table 4 Detection effects of random forest

Evaluation Detection Kappa R?
indicator accuracy/ % coefficient
Test 1 83.78 0.777 3 0.872 9
Test 2 86. 49 0.815 4 0. 890 8
Test 3 83.78 0.778 0 0.873 2
Test 4 83.78 0.777 8 0.8716
Test 5 81.08 0.745 3 0.845 8

MR RTF (B 8) T fE F WM BE e » 1% 100. 005
REfAFERZ., H98.33%, HRNEEEEN 91430, h
JE G RS T M e ik, b 50. 0096, AT L BE L 2R Ak} o J5E 15 3
RO BE TSR 55 . XA [R) £ 5 SR A A6 DN 158 ) IR A AN D

100 RO SE S8 BX BF o) 4

80
60

40

Detection accuracy/%

20

>
>

Non-damage Mild damage Moderate damage Severe damage

® Testl ¢ Test2 4 Test3
* Test4 * Test5 -©- Average value

8 BHEEZMINZTRAZNBE
Fig. 8 Detection accuracy of random forest

in different pest levels
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3.4 HERWHRILE

2 B 15 MR A B . Kappa REN R?,
IR H 2 s B (| 9, AT LRLE . g Fisher H) 5143 #F
N BP M2 W45, BEHILAR AR G A IR B2 4 3 14, 59 %0 AN
18.38% ; Kappa 250/ 425 0. 201 8 1 0. 246 4; R IE R®
SRR . BEVLARARET 45 00 4 2825 R 5 S e A g% Y 4
ARCRILF . . Fisher FI 5143 Hr42 &5 0. 148 7, % BP i 4 W
25N $2 1 0. 283 3, B K b, BEHLARAROT MIAT 35 ik e 3 o A
ROR B AL. HR A Fisher #4087 . FFRA BP & M 25

PR AL (3R 5), =R T 0 A [ £ 5 45 2 Y A
RE IR 22 5 0k, v B8 5 A5 1 R T A0 2R 4 R X B
2%, Hb, BP &M IS R, o 52.00% . HiKk
KB HL R AR, SR 50.00% . Fisher 3 5 48 #7009 45 3 B A%, K
36.00%; WX FLfEH . BEMFMEEGHETHR, HMILE
PR B ARG IORG B fi /85 5 Fisher )51 43 87 4F G e 5 55 9% 1 K6l fig
IR 55 L AR B A E R T R A 0 R DR B U R T BP AR 42

%39 &
K 2%
1.0
0.8709
081 07222
PR
0.64 4+ Q&
0.44
0.2
0 >

Fisher discriminant analysis BP neural networks Random forest

* Detection accuracy
+ Kappa coefficient
+ R?

- Average of detection accuracy
—— Average of Kappa coefficient
—— Average of R?
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Fig. 9 Detection effects comparison of three algorithms

x5 KNERLR
Table 5 Analysis results of different pest levels

Evaluation

Pest level

Detection algorithm

indicator Non-damage Mild damage Moderate damage Severe damage
Fisher discriminant analysis 75.00 93. 33 36. 00 68.57
Detecti
ctection BP neural networks 82. 50 66. 67 52. 00 57. 14
accuracy/ﬁ
Random forest 100. 00 98. 33 50. 00 91.43

3.5 it

I 25 0 T SR T e R I AR 1 0
T B IR G . A AR T 3 A R 0 B 3 T A
B TR X, HE R S AR B T B M
T MG 5 7 vk . 200 P 4 BF 5T AR AT
4% T R 25 0 7 T BT B L S 1 R AR M
P9 AL 2 O A 1 S SR L SR PR R B A A K
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D7 REE L AT A A A A L O T U L R o
TR o g T 0 AR TR R B . A F 5 05 52 0 1 A7 7 0
foo T R[] sl SR AT O R R L, AR R
£ RCC. MIX & KB RWC B s sssos 50+ 0020556525 R
0 705, 1625, 11 2 AR AE WA (0 JE R AL AR S A8 d L S ST
Fisher $1 514047 . BP 0 28 0 2% J AL A AR L Kl 3k =
Ry i B ok K R 7
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Pantana Phyllostachysae Chao Damage Detection Based on Physical and
Chemical Parameters of Moso Bamboo Leaves
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Abstract Pest detection algorithm research is an important guarantee to precisely and rapidly monitor the forest pest and forest
protection and quarantine. Based on the external morphology of the host and its internal physiological phenomena, taking the leaf
loss (L), relative chlorophyll content (RCC) , relative water content (RWC), and the three spectral values of the characteristic
wavelengths (orss. s5—s0s.56 » ‘0,;52.93~.535423 R p’7(15418~4723v,1] ) as the experimental data which were randomly divided into experimental
group (63) and verificantion group (37) with 5 repeated tests, then the models of Fisher discriminant analysis, random forest
and BP neural networks for pest levels were constructed. The detection accuracy, Kappa coefficient and R* were used to compre-
hensively compare the detection effects of these three algorithms. The results showed that the detection accuracy of Fisher dis-
criminant analysis, BP neural networks and random forest were 69.19%, 65.41% and 83.78% . and Kappa coefficient were
0.576 9, 0.532 4 and 0. 778 8, and R* were 0. 722 2, 0.582 6 and 0. 870 9. Overall, all of these algorithms have the capability
of pest detection, among which, the detection effect of the random forest is the best, and Fisher discriminant analysis is second-
ly, and BP neural networks is thirdly. Besides, the accuracy of random forest detection is superior to that of Fisher discriminant
analysis and BP neural networks in non-damage, mild damage and severe damage, but these three methods have insufficient de-
tection accuracy for moderate damage level. The results could be a reference tothe selection of detection algorithm in P. chao and

other types of diseases and insect pests, building a strong foundation for further study.

Keywords Pantana phyllostachysae Chao; Moso bamboo leaves; Fisher discriminant analysis; BP neural networks; Random

forest
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