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H E N THRAEDRBED I RRBUBCRAE, 5050 % 6 R B R &, 7 SO R S
MR, 7E A B R BRI (MD) | BL22T8 U (M2) | He 25 1% 3 (MB3) FE 3 B 3R (M) 4 A SE kAR K. A1
ASD {E#E R G HEAR A 80 MFEAR X 19 314 AR 2 SO R HUE . JER L RAE M @ g R & . 7000
Ve E TR Ll s o T R R e 7 N I R s N B o S A A o 1 D B S R i ¥ s A i
T fE B AR MCUVE) | FEHLEESL (RF) | 554 3 35 5 5 I AR B (CARS) = Fi 5 12 i 16 i 4 R R AE %
Ko, @A R S A PLS B, X 4 A HBINY 314 ANFEA, SR SPXY BVE 434 IR 3« 1 11 L il Xl
Oy, B 240 DEEA BF4E 74 MEEA . FI MC-UVE, RF, CARS = fli 3 1 i 2 I 8 R AE I K
PHE 2% AR B CND FUERAE 28 AN (LV)O X MC-UVE 1 RF B3k . 0B (N X CARS %03 5 26 4511 3% K
ZRMEE I, A EARECRE 6 DMBREE, 43908 N=50, 100, 500, 1000, 5000 FI 10 000; X H#AE 4% 1 £ ik
B AABREE, 4B LV=15, 20, 25 f1 30, Ll PLSR HR (¥ 5 iF £ 25 5 RV E M P8 b5 . 40 BT 22 1R B0 CND Al
AR R (L) RSB 4 . BEHT MC-UVE, RF fl CARS 54 ¥ 5 16 £ 51 1% 55 45 55 41 I 1 28 Sz 0t
%M PLSR #4784 , 435132 5 MC-UVE-PLSR, RF-PLSR, CARS-PLSR, %54 % W], CARS, RF 1 MC-
UVE =F8kE BN L AR IR (L) S8 A A 4058 . (DMCUVE: # QR N=50
FRAEAR B LV =30; (2)RF. #ARKEL N=500, FFIEAF 4 LV=30; (3)CARS: R K% N=100, %I tb
TE fo AR AF I #5719 MC-UVE-PLSR, RF-PLSR, CARS-PLSR M4 & &K, % Bl RF-PLSRRR #4 %
M RE R, R2 4 0.786, RMSEV 4 3.415 mg « L™'; MC-UVE-PLS B #: g6k 2, R 0. 696, RM-
SEV 34 4. 072 mg » L™'; CARS-PLS i # [ £ 2%, R? 2} 0. 689, RMSEV 4 4.183 mg » L', Dl 455
VLW 76 0% 08 E 4% B it S R ARAE K J7 i RF B0 F MC-UVE F1 CARS, 75 3| 19 5 AE % < 58 92 ¢ 4> 1 i
JW 5 B B R AW S B .
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ARABIFE T o X I AR L S5 4 A R AR B AR
1Y 52 4 R 1% 015 B 28 B 4 B (Monte Carlo uninformative vari-
ables elimination, MC-UVE)") | B #l i Bk ( random frog,
REOM ., 2 4 [ i& MW & AL SR BE (competitive adaptive
reweighted sampling, CARS)M0) 2575 {5 5% 6 54 1 . A 4R I8 W
M1 CARS Sk 3 B AR ECH 50, BT 10 A K # 3 R
4 R ALY, RS R 0. 846, HELY R MC-UVE &
HERARREC 500, Bt 12 4> A E R RFAER K . R
GUHEETF RF SIL /AN Z g R K, RN
10 000, i 8 MR ALK .

W5 b A 0T R R EIR AW, — T AN
I 0 PR TR ik R A AL 2 S, OB R A B AR
féd; 55— . MC-UVE, RF fil CARS 83k 1 1k S 53k
ARV EE 3t R T 5 (L > A8 0% UK S HAD 2 o2 75 X A2
LA R A R, TR LR AT .

PRI 765 8 EAE Y M g RO S K b, 4350 B
MC-UVE, RF #il CARS 5%, i % 10K 2 (number of
iteration, N)Z:EUF4FE 2 £ % (latent variable, LV) X} 45
AR A G e 45 R A 2 e, Gl S PLS B8, ) W] AR U &
G345 AR R B AT RE . DA R E B A B A T AR
. WS BEMA G, DS SRS g Rt mag S
BTSSR, oA F R R RS

Potato samples

ISR

1.1 #F#

2018 AEFEAL 5T B 7 X /N 1 SRS HE Al 7R 18 JE b
ST, DA E A KVEEE". 30 mX 40 m iy [H P i
80 ANRAEIX . 7EAARM (M), He28T8 s (M2) | He25 % K
1 OMI3) FIE By BRI (M) 4 A 2R IR B SR 4 1 28 38 0 )2
% I AT AL IR
1.2 HEXEHERESHEZTIENE

K ASD FieldSpec HandHeld?2 fifi 45 2 Hi 17 56 3% 1300 42
325~1 075 nm P 751 AP KA E W) T8 2 00 15 S5 5, R A
[E]FE 1 nm, 5508 2R 3 IO . 720 AR S0
ARG . RIS A3 G BE I s M 3R & i, W Ty i
SRSk . B RBIRAE 80 4B . Horh M1 R
B AR R BOORORE . R T4 AR R . 24K
AR 314 A4 . BR RAETALFE SRR E 1 iR,
Hor, RARME IE A&7 & (standard normal variate, SNV) Jy
2 X IR OG5 it £ AT T AL BRI BR B R R T . Ot
T 5 AR B RRAE B K % 8 DL K PLSR #E B 7 matlab2014. a
78 LB

processing
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Fig. 1 Flow chart of data processing

1.3 REFMEEKFGESE

BT BB G R o B g AR, L B8 MC-UVE, RF Al
CARS 3 F A & §ifi £ 5 15 . 7€ matlab2014. a libpls # {f H 52
W,

(1H)MC-UVE %

MC-UVE % ¥ 3 F W &% /D = 7€ 8 13 (partial least
squares regression, PLSRO#2 1, MIIZE PR E —E 5 H
(MAHFEAM @ PLS T4, B M it PLS [ R E0UH
M, Sl AR RE SR HC TR bR, THE A R EA B ERE
FEEH . JE AR BICHE T A e At b, RE M LV 8
PR A AL 10 TR0 ) R R A R

(2)RF &3
RF 503520 T Al @ Bk 4% o /R il REESEHE R % . 5 PLSR
A il PLSR Z5 RBL— 45 M AR 235 20 A5 19 B /R AT K

BRI AL A e R A B, AT AT o B A A O
i

(3)CARS &k

CARS Bk 56T 1 38 17 5 1A SR Ao 41 50 i R B
B/ PLSR AR vl [o] I 38 40 SHE R M 28 & 15 31— R 40 Ik
KA T4 s ARG X B DR T4 R A i e e, M
Pl R O AR R 22 B/ A L TR CARS 553 0 i
o B B FREAT AL d A M — .

TR IR SR i AT I LT AR
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e 5 4 AT 2261

Xf CARS B3k iy (N 2 5. RF Al MC-UVE 851
1% AR BN S HORUVRAE AR 1 80 (LV) S 500 it 4 3 RR1E I
K 45 R #EAT e . AR EGRE 6 DR, 43 )
& N=50, 100, 500, 1 000, 5 000 £ 10 000; 4125 & ik
B4, 508 LV=15, 20, 25 I 30, 434 & ALK
(ND FRFAEAS R (LV) A S HON S R LA 1 DL
1.4 PLSR & & 37 5& A 4

R B e/ =3 [ )1 (PLSRO B4, il i SPXY (sam-
ple set partitioning based on joint X-Y distance) % ¥ 43 Bl 7
M1, M2, M3 Hl M4 DA KB 3 ¢ 1 A L i) o3 i AR 4
KB — L B UEEHE AT WAL IR . DA B E Y U7 22
(root mean square error of cross validation, RMSECV) k5
VIR PLSR A5 R 5 {5 4 AiF 78 1 5. 4 AF 3B < 07 8 1) 285 21 DA
PLSR #5256 1F 4 #5 AU e 7 & $X (determination coefficients of
validation set, R?) L)L M 6 3IF # 1 J7 /R 1% 22 (root mean square
error of validation, RMSEV) R BRI 45 45 . o RY ikt
BRI UE R B0 1 R BIEIE T 1, Ul U BE Y A & R ki
5. RMSEV JI2k [ Wes R i i g 5 » RMSEV /)y, 27
4 TR e R

2 HER51HE

2.1 SHEBFEYEKEEERE RGNS H
SNV K IE J& 145 A= K W9 19 B 48 % 5 12 = 4 06 1% ottt 4% 4n
2 iR, MRS, T WOGHE, h TFaERME. &
R SR IR WCAETE 400~500 5 611 ~710 nm fIk 2 K X, If
TE 400 F1 680 nm i T H PLWUL 4 5 520~610 nm KBl {0, 2%
PRBSR B SF . 550 nm BiF I A 460 S 05 . A7 B I 1A DYV 4 2E
LK PN I 2 T R I SR R Z0AF 711~760 nm PR
BHJEHEA 761~1 000 nm & RYF G X, Hf 970 nm [t
I PR A s e A . B ML E M4 #fEiE, 7 400~500
F 740~880 nm J §F F[EAK; £E 530~640 F1 910~ 960 nm
BT . H M4 L M 4353 52 305 A A K g R Y 22
o 25 UL BVE G e B e xR AR K R R R K
o ARG R, X g R R, 202k
FRE WA o0 b2
1.5

1.01

Reflectance

-1.5 T T T T T T T )
300 400 500 600 700 800 900 1000 1100
Wavelength/nm

2 SNV REFERKBER TR LIE %
Fig. 2 Average spectrum of growth potato after SNV

2.2 HXMLIMEREREINLER

SIS R R G R A A, S5 R 3
7N o TE 387~509. 519~633 il 744~844 nm P B . —FH MK
FECATE - EF 0.6, £F 678 nm 3K 1E AH 5¢ 0 (H
0.411; £ 702 nm FF7E fUAH C W& —0. 715, 845~917 nm IF
A RBOBEWFEAL, 917 nm Z G RHAAHE, IR 5HRE
WS AT WG HE . 200, OB SOGB4 — B0, (HAE M
i1 2 7R AR AR P A Z IR I AR OC RAIE AT o A 3 IBOAR 6 R B
HMENBIERK, sHFEEERIIRSZEHRL R, B
I, A SPXY Bk RN FEAZESS R INE 1 TR . J5 2Ll
TR R AT U 4 A% o 0 358 7 9k T e A ASE 12 O B R AE D% K
AN M ERY DL TE A 1 25 SR DT A R AT D A O o 2
0.8
0.6
0.41
0.21
04

Correlation cofficient

-0.41
-0.61

-0.8 T T T T T T T "
300 400 500 600 700 800 900 10001100
Wavelength/nm

B3 gtiZRSEREHERREMEXENE

Fig. 3 Correlation between reflectance and chlorophyll content
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Table 1 Statistical results of calibration set and validation set
Bt MAR ISP fe/MA A bR 2%
BB 314 41. 20 7.66 24.05 7.95
AR 240 41. 20 7.66 24.07 7.95
Il 4 74 37. 46 8. 20 24. 00 8. 00

2.3 ETFHAEHSTNIRENGRHERKGE
2.3.1 MC-UVE ¥ %

T MC-UVE 8k x} F 7] —#e ot i £od . 5 & R
BARKEL, BT 2T AR R A RE TR BN — B0, B 4
P62 AR OB CND FERAE I KRR (LD Y 20

R E N 4B 50, 100, 500, 1000, 5 000 F
10 0003k 6 ASIEAHMEE , 3BT 5 W B & A K AR 1 T %t b
MRS B RSB, L N=500 R i, iB1745 R 4 fros,
R I HUS AR I KA Rl LA 5 BN . RIE X 6 4
AR BE AR LV, i B 4R BON T Bk B LV S 15,
20, 25 1 30 AN B E R K I PLSR LR, k45 )
24 FPBERY, 455N 2 R . 4 N (BN 5 R A 4R TR
BERVKE B, (R LV i, SRR fF 28 & 3 £ ) DR T 2
BERURE B . Hop N=50 B KR AF 3 K 19 0 8 23 A dn &l 5
TR SRR B O LV =30 B, BOAERSE R N
0.696, BiF&H TR RMSEV 3 4. 072 mg » L7,
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B N=50 N=50 N=50 N=50
7 | g LV=15 o LV 20 g LV 25 s LV=30 |
N=500 g T T T T
61 : 5
5- o) -, m ................. | BT
5 : :
S :
8 44 c
é\ m m -
5 34 é
T) M
=4 :
21 Eof fodoa oo Moo ionns e bererens
a z
Elj I]]E ..................... mE ................ B ..........
0 T T T , , . : )
300 400 500 600 700 800 900 1000 1100 ; : : : : : i
Wavelength/nm T T T T . : :
300 400 500 600 700 800 900 1000 1100

B 4 MC-UVE HEEERREA 500 HEIBITER
Fig. 4 Run results of MC-UVE at N=500

i &S XFEL A G A Mg AT 40, N=50 Bf LV M 15
A 30 A, Mk B B K EAE 400 ~ 500 FT 720 ~ 800
nm 0 B0 . 3% X R AR O R AL X | | >0. 6, (HZE IR R4

Wavelength/nm
B S5 MCUVEZ# LV#HETREERXYMFMEEKELE
Fig. 5 Wavelengths selected by MC-UVE at LV gradients

LTI MO G 0751525 i S i
IFAE R? 292 0. 60~0. 70 Z Ji] .

2 W R A

®2 ETMCUVEHMHEZELSERN PLSR R GIFEL R (RMSEV: mg- L)
Table 2 PLSR validation results on the chlorophyll content detection using MC-UVE (RMSEV: mg + L™")
AR OB LV=15 LV=20 LV=25 LV=30
(N R? RMSEV R? RMSEV R? RMSEV R? RMSEV

50 0. 656 4.327 0. 670 4.243 0. 687 4.133 0. 696 4.072
100 0.619 4. 566 0. 655 4. 345 0. 665 4.278 0. 68 4.183
500 0.599 4. 681 0.642 4.429 0. 640 4.438 0.672 4.236
1 000 0. 608 4.632 0. 624 4.536 0. 650 4. 374 0. 649 4. 383
5000 0.611 4.611 0. 637 4. 456 0. 649 4. 380 0. 645 4. 408
10 000 0. 626 4.521 0. 647 4. 398 0. 649 4. 383 0. 636 4. 460

2.3.2 RF H#*

RF 745 MC-UVE Sk 261, B NISEARRE N
HIEEE 43 BIBEE N S 50, 100, 500, 1000, 5000 FI10 000
W 6B, BAT 5 WHCEHME . BL N=10 000 Bl iy iz 47
RN 6 TR . AR bR B K 1 B 3% R R (selection
probability) . ¥k ME 30 5 U6 B K R L H O R B
KABLY W0, & B R AR BN E LV 4351

0.87

N=10 000
0.7

o
=)
A

o
W

=
w
!

Selection probability
f=}
'S

S
(S}
N

0.11

04
300 400 500 600 700 800 900 1000 1100
Wavelength/nm

B 6 RFHEFEERREH 10 000 HEBSTER
Fig. 6 Results of RF algorithmat N=10 000

15, 20, 25 F1 30 g5y B4 S0t 4 FE kil PLS gAY, 45 5
24 FRAEET,

ZERANFR 3 PR, BRI T N (04 o A5 RUORS B 4R T+
R LV 38 i B RS B 1 TF R AW . R A 2 A ok BURRAiE
WK ZE R E TR, B N=5008f LV R 1583041 &

N=500
LV=15

0 N=10000

N=10000
LV=20 8

N=500
LV=25 8

LV=30

ﬂD]IEIBD ..... EE] ....... .........

300 400 500 600 700 800 900 1000 1100

Wavelength/nm
B 7 RFEMNFMLVEETREERXHHFERKALE

Fig. 7 Wavelengths selected by RF algorithm at LV gradients
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R3 ETRFETAHASHTHMHEZRSENN PLSR RBBIFL LR (RMSEV: mg- L")
Table 3 PLSR validation results on the chlorophyll content detection using RF with different setting(RMSEV: mg + L™")

TER VO LV=15 LV=20 LV=25 LV=30
(N) R? RMSEV R? RMSEV R? RMSEV R? RMSEV
50 0. 682 4.162 0. 688 1.116 . 713 3.957 0. 708 3.990
100 0. 694 4. 090 0.716 3.942 0.709 3. 991 0.739 3. 781
500 0.715 3.949 0. 740 3.770 0.766 3.574 0.786 3.415
1 000 0. 696 4. 044 0. 730 3. 835 0. 746 3.719 m @
5 000 0. 690 1.117 0.727 3. 867 775 3.512 0.779 3. 480
10 000 0.673 4,223 0.754 3. 667 775 3.510 0.773 3.520
8007 (a N=10 000 i} LV 24 20 8% 25 &, S FH GRS
. 7001 LW R B4 R? 298 0. 68~0.79 Z[a], Hirp, ks
_%éf 500 N % 500, LV 3 30 56 5F 465 BE R? 2 0. 786, B iF 2 )7
‘E 500 Hi%2Z RMSEV % 3. 415 mg « L',
;—21400_ B 7 X AR S A A A5 R mT R, AE LV A 15 3 & 30
2 B AmMSZ . RE B4, £ LV=15 i},
el TE SO X IR I A O v ) 4 AE U 4G L T AE LV =20, 25 1 30
£ 2001 L ) R K ZE T L S 4T X BRI A . LV =30
“ 1001 By 970 nm B3 S B K 43 55 W IR D A Bl sk T L B T IR
0 ; . . : . 5 39 2 4 0 B A i A LA B s
0 20 40 60 80 100 .
Number of sampling runs 2.3.3 CARS ffi&
751 ) CARS ®#: 5 RF fil MC-UVE A JHl. XF T 7 — L 5
704 TE AR 7] 1 32 AR B OND TR 78 4 7 06 25 Rk — . i DI 2% I8 K
651 ® N 50, 100, 500, 1 000, 5 000 F1 10 000 ¥ 6 4~ Ff B .
~ 601 N=100 if Bz 1745 R K 8 frow . &l 8 (a) by i 1 i i o A8
é .5 R AR B N AR fR il k. B I B K BU(L V) B iE
z ' TRE RN 2 5 B 8(b) S RMSECV ifi & 1A% R B i
301 AL . TERT 30 Y RMSECV {1 £ 475, 30 %5 F B,
4.51 %A 61 i RMSECV M {E /NNy 3. 928, Z & %7t
4.0 Bl 8(e) g 45 Gk e 4 i [ )3 R A AR fb a3, Horp™ 73]
35 " p p P = #78 RMSECV fge/INit e it i 1 38 A2 7 8L 1217 )5 H@J
Number of sampling runs B O 4 AR AR SR FH 32 SR IE . MR 4l RMISECV 1 {8 Ok #f =2
PP KA 21 DMRFIE B .
- 8 CARS 8 8 i 26 15 2 (4R A0 B K 7 B & 9 FroR . 4351
§ | [ N=50 [J N=100 O N=500 00 N=1000 OO N=5000 ON=10 000|
% 100 : : : i : : :
'g::’ ) T} [ o1 e v ey e T
g 0= :
§ RO T Tt BET b oo
% -100
& FEE T le-och [Fiecscdiuocoses GO0 T
~ : :
-200 COE OO e = IE SN Grnommm
0 2’0 4'0 6‘0 3'() 1(')0 3 0 x] o [ERTETTT PORRR SRR ;.DD ............ E?,mum ........
Number of sampling runs 2 ;
IES CARS 7555 KR 2 N % 100 FHiE (T4 B T Ea D josocShocosataosocss B oo
A A HUBS A% 5 (D)2 RMSECV 25 L 98 SIS NN N SN N
Co) [T ZR B AL i H 300 400 500 600 700 800 900 1000 1100

Fig. 8 Results of CARS algorithm at N=100

(a): Trend of selected variable number; (b) :
(c):

Trend of RMSECV;

Trend of regression coefficient

Wavelength/nm
B9 CARSHERELER AR MWHERKEE
Fig. 9 Location of wavelengths selected by CARS
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HE LMLk 2 W7 PLSR BERIEERANER 4 Jron » X5 N {E 3 it
CARS §ifi 43 2| By fe B A HRE e BT R T REBES: 25
R R BB IR REAR TS BT RURS i . B 4% i A 4
RO HZWEA R 2475 0. 63~0. 69,

R4 ETCARSHETHERRBWMHERRSEHRN
PLSR R IGF & 45 R (RMSEV: mg« L7')

PLSR validation results on the chlorophyll content de-
tection with iteration of CARS(RMSEV: mg -« L™")

BACKE  REER MEREK

Table 4

(N WKL ALY R? RMSEV
50 21 67 0. 645 4. 408
100 61 21 0. 689 4.183
500 249 39 0. 636 4. 460
1 000 502 38 0. 649 4. 379
5 000 2960 22 0. 680 4. 294
10 000 5918 22 0.672 4. 301

B 9 X LUARSCHE AT T 45 Sl 1, /8 N=50 B, i k75
SRR AE P K AR A B T AR U B AE 325 ~500 Al
900~1 100 nm X3 fE B TUA 5 M 75 B AR T B BORG B2 A& A
P, Brlh N=>50 B 155 700 i) B0 E S 0 J e ik . 5 oAt kAR v 8L
AH I, N=100 B 7E 900~1 000 nm 3@ Fl KR EOH & . TR 1E
BAA s N=5000 F1 N=10 000 B, §iff & 15 1] 1y FFAE 9 1< 5
A —, He, N=100 BF i H 21 4~ F7AE 1 2 37 455 A i
e, BINAEAERE RS N 0. 689, ilF 2 ¥ 5 AR i% 22 RMSEV 2l
4.183 mg+ L',

[ O mcuve O RF O cARs |
R oo S ED ,,,,,,, .......

300 400 500 600 700 800 900 1000 1100
Wavelength/nm
B 10 MC-UVE, RF 1 CARS R ERK A B
Fig. 10 Wavelengths selected by optimal MC-UVE, RF, CARS

2.4 =WERKFEAZEEEBESHR

Zia DR =R TR, 2 N EEL LV A0 e 48 50
KA — g R T, K LV % MC-UVE J 3k i N 8
. DREWRMGRTEZHRIEE R 40 0.60~0.70
ZIE; N F1I LV X RF 5k E B EH W, R 20 0. 68~
0.79 Zfa); CARS S EEH R NHIERH, R 410 0.63~
0.69 Z [, & TF MC-UVE, RF fil CARS ik fE N i

LV 44 T i R AR 4 . 43 3] i a7 i 2 3R 2 1 A IO A 78 i
39 MC-UVE-PLSR, RF-PLS fil CARS-PLSR, 455% % 5 fr
Ro HA, RE-PLSR SR, BiF 40 B RY iy 0. 786, T
WE& Y 7 A% 2% O 3.415, MC-UVE-PLSR # % % 2,
CARS-PLSR # %l f 2% ,

2 B MC-UVE, RF FI CARS §# & 19 fi 0 45 iF 3%
K, LB ANE 10 Fras , NRRAE K 4 A f R, 76 7] Lok i el
(400~710 nm) , RF & L0kl K4 ; MC-UVE &3
XF 550 nm B3 SO0 RIS U M AE 450 nm BEE 6 X8
PRI G B2 CARS 533k X% X 88 0 1 A8 B4 /0
TERLLAMR IR (711~1 100 nm) , RF 22 175 3| 1 5 40 K 43
MiAf R B #1575 MC-UVE 7£ 800~1 000 nm H i % 5] — 4>
FREPAC s CARS i 48 3 7y 7 AE P4 A TE 900 ~1 000
nm P, Z5 B3I RE 5595 78 7T 00 0% R 20 40 IX 0 32 15 3 19
HRAE I X T 26 ST IR e R 2 B A A LA A o 4 T AT
F.

IAHE DGR I £ BE 2% 18, RE B8k 0 16 45 31 19 R AR I K78
I 23 22 B 36 Y L (387 ~509, 519~633, 744~844 Fl 845~
917 nm) FIAH & MW (E (702 nm) ¥4 446 . i MC-UVE & 3
e A5 B L 7E 387 ~509 Fl 744 ~ 844 nm Wi A4~ i [, CARS
B AR ) A 391, 392, 393, 394 1 896 nm F NI
K78 A e A M S T PN . LI DY AN DA A A I K T AE AR K AE
BIT4 . RS RTE PLSR #A& b 15 8] T 5 1iF , RF-PLSR
R 1 K5 BE B L, MC-UVE-PLSR # %yt 22, CARS-PLSR
AR e 2%

& 5 MC-UVE-PLSR, RF-PLSR # CARS-PLSR IGiF &£ 4 R
Table 5 Results of validation set of MC-UVE-PLS,
RF-PLS and CARS-PLS

LAY N LV R? RMSEV
MC-UVE-PLSR 50 30 0.696 4.072
RF-PLSR 500 30 0.786 3.415
CARS-PLSR 100 22 0.689 4.183

LiERY, HAEEE NM LV 280, RFEEN S
4 S % R AE I K % BE 1 48 T MC-UVE Ml CARS P fif
SRR [R5 S T e A K DX T 5 2 A 408 e I A A 1Y R
BRI BO 2RI L m i, B gt 57 ) RF-PLSR #6517
Ty K S W ER A SR L VBT T 8 A 7 O
TS ZEO R, A O AR R O R A IR 2%

3 45 &

R T A B MG I T A A A A R A R, R R T
R R A CARS, RF fl MC-UVE = fp 55 3k i e M- 4 %
FRAE P, FEr M4 2 & B AG PLS A0 . DL PLS B0 56 iF
FELE TN PR FEFR . T =R A0 3 AR B COND TR AE 2R
BABLV) S Bt B 25 BEAG R w, f E = PP A ik A S 1
HWASEAL . X AT MC-UVE, RF fI CARS i ¥ (14 5
MR K, Z5E T
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e 5 4 AT 2265

K W 2 32 it 0 O T BRCHR fOAH S A3 BT, R BRAE 387~
509, 519~633 fl 744~844 nm =B N, HWEE 457 S
i GBI HEOC R, A R B LR T 0. 65
FE 678 1 702 nm AbAETE R SCHEAR AR . AHE R B M 0. 411
M—0.715,

M ON BB LV A0 e 45 50 0 107 06 TE RS 15 3 48
Fbo Hd LV % MC-UVE Frksgmidoh 8%, SR Ert H ik
SESTRIZWIIESE R 2928 0.60~0.70 Z[[]; N fl LV X}
RFHEHEMAEER W, RS AR 0.68~0.79 Z[]; CARSH

PLS A AR RT 0 . AR UE N=500, F¢fE A 55 LV=30
Bt , RF-PLSR & & 4 € & f. R: & 0.786, RMSEV }
3.415 mg « L' AR B N=50, FRAEAS fE % LV =230 Y,
MC-UVE-PLSR £ %! R? Jy 0.696, RMSEV 24 4.072 mg -
L' %% N=100 it CARS-PLSR % R? Jy 0. 689,
RMSEV 2y 4. 183 mg « L', Ui W] RF 53k i 46 15 2] 19 ¥§ 1k
P RE A% BN 2 T S B 5 g i S R A S W B
T LA RF @Sy (1948 BOKS J £ F MC-UVE #il CARS 7 fif
Bk,

R EE NS, RD4HR0.63~0.69 2,
Xif BE 23 T 3 T = 0 B 1k B O AR AE D I B T R R R
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Discussion on Spectral Variables Selection of Potato Chlorophyll Using
Model Population Analysis
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100083, China
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Abstract The paper was aimed to explore the chlorophyll spectral absorption characteristics of potato crops, fully analyze the
spectral characteristic wavelength variables, and establish a high—-precision chlorophyll content detection model. The 314 re-
flectance samples were collected using an ASD portable spectrometer at the seedling stage (M1), tuber formation stage (M2),
tuber expansion stage (M3) and starch accumulation stage (M4). The chlorophyll content was determined by the simultaneous
collection of leaves. After spectral data pre—-treatment, the spectral reflectance changes of different growth stages of potato
were analyzed. The algorithms based on model population analysis were used to select chlorophyll characteristiccharacteristic
chlorophyll wavelengths, including Monte Carlo uninformative variables elimination (MC—-UVE), random frog (RF) and com-
petitive adaptive reweighted sampling (CARS) algorithm. The partial least square regression (PLSR) was used to establish the
chlorophyll content detection model. The sample set was divided by a ratio of 3 ¢+ 1 in each growth stage using the sample set
partitioning based on joint X-Y distance algorithm (SPXY) with the 240 calibration samples and 74 validation samples. The dif-
ferent algorithms (MC-UVE, RF, CARS) were used to select chlorophyll characteristic wavelengths. The influence of the num-
ber of iteration (N) and the number of the latent variables (ILV) on the results of characteristic wavelength selection of MC-UVE
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and RF algorithms were discussed, and the influences of N on that of CARS algorithm were discussed. Six gradients were set for
the number of iterations (N), which were N=50, 100, 500, 1 000, 5 000 and 10 000, respectively. Four gradients were set for
the number of latent variables (LV), which were LV=15, 20, 25 and 30 respectively. Taking the validation set result of PLS
model as the evaluation index, the optimal parameter combination of N and LV was analyzed. Based on the optimal characteristic
wavelengths selected by the three algorithms, the chlorophyll detection PLSR models were established and denoted as RF-PLSR,
MC-UVE-PLSR, and CARS-PLSR, respectively. The research results showed that the chlorophyll characteristic wavelengths
selection results were optimal when N=50 and LV=30 of MC-UVE, N=500 and LV=30 of RF, N=100 of CARS. By com-
paring the RF-PLSR, MC-UVE-PLSR, and CARS-PLSR models, it was indicated that the performance of the RF-PLSR model
was best, the determination coefficient of validation (R?) was 0. 786, the root means square error of validation (RMSEV) was
3.415 mg « L”'; MC-UVE-PLSR was second, the R? was 0. 696, the RMSEV was 4. 072; and the CARS-PLSR was the worst,
the R? was 0. 689, the RMSEV was 4. 183. Above results showed that the RF algorithm was superior to MC-UVE and CARS in

selecting the characteristic chlorophyll wavelength of potato.

Keywords Potato; Chlorophyll detection; Model population analysis; Band selection; Partial least square (PLS)
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