FRITANSBEEEEDRER EEY=S

XA, EEY, W&, LER, HRE®, s’
LINRRHE R AR 5 TR, BB, 266590;
2 RNV ARAT R RE AL g BRI i s, AbRURAAE BEART A O, dbsg 100097;
3. AR AE B TR AT S L, JE5T 100097
43R TR R TR 2B, A 451191

W OE. Fkefi A& (above-ground biomass, AGB) JEAEMIK S I B e bR, R HGHESREUX s B
XofF6 T (BB AT R o AR AU TE AL B s T BRDAR YL 3R I S 2% 5 MEE AR HR
i sk e Cheigh, H) FT AGB DLz # i &1 (ground control points, GCPs) )= 4k4s b 4kbr. B 5E,
PRI KRR AR B m 45 & GCP RIALE (S BN A H 73R #E %Y (digital surface model, DSM) HiH &
AR (Hdsm). Wk, $REL 26 P HEHOR H, Hdsm 4 Sci 3425 AGB 1EMISSHE T, ik
AR AT 7 AR RR Hdsm /BN D442 AGB HMIANSEL. A5, A MLR (multiple linear
regression, MLR). SVM (support vector machine, SVM) F1 ANN (artificial neural network, ANN) 75545l
ET RIS, BTN Hdsm M DR E LA AGB EEBA, SR SR AET R b, M
HEPEH AGB i LI B AR AL L 45 SR 1 Ha 1 DSMRHUI) Hosm 15 5 ke H 75 4L 45 (R°=0.86, RMSE=6.36¢m,
NRMSE=13.42%); %4 & H3L T 3 T a1 )AH AR IR B AR 4800 N Hdsm 44 2 ARG TRORG B2 doe var, Al 568 70 otk
HHEFHFIA MLR JEREN AGB BB MR fetE, HIKN SVM-AGB i EH, 1 ANN-AGB {545
BRI E . AT AD%E AGB PUl, MMM AR S%,
KHEIR: AL, BEAR, BRI, DR, the, i RAEmE
TEISH%ES: S252 NEIRERS: A NERS:

15 &

o FEAEYE (AGB) P EYI KR B R R, M- B2 mAEEAT KR, Ha)
AR RENS B3 S W R IR A KA U AT E FRR L (Colomina and Molina, 2014; Yang 4, 2017).
R, RS E S R I AGB, 1T BRI SRZBAE DK SR DA T il 7= &, X048 R AE 4010
HAFEEMER (Rsi8, 2015, MifE4 740 E AGB FHEMFEREN I YR 51, Wl
E R AR X EYDIE R, HARNV G BR TN, KA EY) AGB )il S5 4E LA SE it
(Watanabe %, 2017; Singh %5, 2017; &) #4%, 2016; BRIH#H14E, 2016),

T, TANRIEBAR A N RIS AR nRIUS I 2 7 PR AR S50, AR
AGB Wil 77 A3 22 6 (WkiAE, 2016). B AN G A58k 2 k& (n2oki. m
RO R IR, AR AR RIS B B, W20 T BN AR A (Candiago %%, 2015;
Potgieter %, 2017; Yang %%, 2017; Yuan %%, 2017; Nie %%, 2016; Guo %%, 2017). FAYHINLIL e B
IRAUH 3 AN B, (HANARARHR . SRR 7 P i a . Bl 5 SR BRSO T B A5 i, 43R
BEAE N — P LE = B SR 20, SRR E A ST 2 58 10T . P MRS (2019) %:T
TENBUEASFEAZ , B FHIZ A (81 i B /> — eI BEALAR AR 3 Fh VA Es S e Hi il 5 4/ 22 AGB,
S5 AR W 1B [al IR Al SRS FE 0 m » Zhang 45 (2018) J& T AWML 52458, K F i dse /) — 3
BP ML, LR EAURBENLARA 4 FliOTiEL & Z e B @ &/ 22 AGB i A,
g5 R fpe /N A L A A B R RSO B AR . B H S (2015) T B ANLED
B, FIFH BP #&MZ8 A2 o2t nIHBOR 85 SRR B A /NE AGB, 45 R R ph 22 [ 2%

Wi HER: 1&iTHEA:

E&WE: ERAARELETH (41601346)

EERIN: Xy, 1994 £, 5, Witwrid, EEMNFLREEZEHF, Email: liuyanghe810@163.com.
BINAES: DiF9E, 1982 44, 5, RIFFFO, FEMNFRIEREFEII, Email: fenghaikuan123@163.com.
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AGB L E BRI T 2 e AR . DL ERCER B, T NS S5 e R I X AEY) AGB
BEATA RN, (AAFEE—E AR, R RS BRI 5 AGB, ALK
FERGBRAIILR . XX — ], —Leimid 5l N5 AGB MHRIIEF, WwifEYIbkm, kK
LELRERET, 3R T VEY) AGB RS . 40 Bendig £ (2015) R T IEAMNLBL AL, FIFIME
V)2 H AR (crop surface model, CSMD$EEURZZ 0k 1, W $e HUbk =1 SAE M FR 247 45 &4 5 AGB,
SERRIEET B — RO A, A eAr AR B . Yue 55 (2017) IR e/ — 3
BENLARAR 2 Bl i, BT CSM SREUIEYIbK s S M R Ul AT 45 & A /NE AGB, 45 1R W
TINAR 5 BE A% AR A TR 300 Fy 3ok B/ AR i A
ZE LRrA, GBI AR B 5 DAAS R AR T DL G A RN R 22 S5 E ) AGB, AR,

LRERAEN S FIREY I A, 5 AGB M4 W12 ZE 2R K HE B B 25 KR4 BTt
MWK G IARER R SR, b B AR, AGB {H.AFF 46 TR, B4 51 AGB HE
B EFHE T RERAR S, SOH R SR TEH T SR ZEY KB RN, &R —P
Bk, HET, &L ANEESG S BRI S5 BT R D% % AGB {5 AT 7T £
iH, Bk, AFFREAF A DSM U B E AR S B Hdsm, SRS i8I 3 Fladtfsi 7k dk Tl
e s, MAIEELE S Hdsm i D% AGB, X Eb A BT & B8 fsd FH EFIAG B BE 1y, SR
B FRIE %, /MK SR E AGB WP ALH A T B

2 MESINE
21 HBAERRB S

o E AR X AL T b 5T B CF X /b i b B KOR AR O B AL R Y
(4020730"~4020735"N, 11626735"~1162640"E). /N X N5kl &it, KA 2 4
LR (h 5 IR 3), 3MAFFARIIE CHERE. BEMAL), Mk AES
3K, it 48 NINX, /X EFN 32.5m?, 3 Fft#s B AL HE (T1, T2 A1 T3). 4 Fhti &AL #E (NO.
N1. N2 Al N3) Al 3 FffEAb3E (KO, K1 F1 K2) EAKRVER 205 Wockk (g%, 2021), Hp
Tl 5 P R 2 2 I X 35000y KL AR 058 /N X BRI 38) ) A 4a 11 ASH %) 2, Jl it GPS 3RHK
F =g Ay B A B SR AL AR B S B SR IG H ) DSM, B iEe 77 Z WLE 1 B
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Fig.1 field location and experimental design

2.2 HEEIEIREL

7399 2019 4F 5~7 HAREU SR EI A W, PR Rl BREER I S AR R IR Y
(RIS H A1 AGB Hdii . HH% H A1 AGB Il & 77 XSk (XI5, 20210, &4
H #1 AGB Ztit 7 #rina 1 .

* 1 DREZE e LAY ESRIT SR
Table 1 Statistical analysis of plant height and above ground biomass in different growth stages of potato

EEM B IToN i f/ME i bRtz BB
» H (cm) 33.35 1850 25.99 3.17 12.19%
IEM

AGB (kg/hm?) 1174.10 341.70 899.98 171.01 19.00%
H (cm) 40.50 20.38 30.29 4.76 15.71%

Bzl
AGB (kg/hm?®) 2156.91 378.30 1243.24 387.04 31.13%
H (cm) 40.88 20.42 27.72 5.20 18.75%

eSS
AGB (kg/hm?®) 3155.25 419.71 1786.63 573.24 32.09%
H (cm) 40.35 15.12 25.78 5.15 19.97%

TR
AGB (kg/hm?) 28975 307.43 1293.84 438.85 33.92%

AR H (cm) 31.18 12.25 20.30 432 21.28%



AGB (kg/hm?) 2237.33 295.46 1028.97 344.62 33.49%

2.3 T AN G IREU R FAk 38

WIGAH e B s E AN CRE K 386mm, HLEFHE 4.2kg, HABIEE 6kg, it
] 15~20min) BTG, 2A3REBHE - (2019 4F 4 H 20 H) &AM mis g g .
T NMLEE B i SRS A WL EL 5 Cyber-shot DSC-QX100, HEESHON: Rf N 62.5mm>62.5
mm>&5.5mm, JiifE 1799, 2090 Jif5 & CMO f&/8&3s, £ 10mm CEERT)  EFEH LS
(RS HEATRIBAE Y, O R BH E B BR AR 2 o o ML RAT 3 B2y 20m, i ) FH 5% i) . & R 3
N 85%, AR5 HEE 414 0.85cm.

SAGRIUE T EEAC R, T ARG 5 JUAIRIE . A 5 sy G LA I A 25 (] 4
W ARPHERT, BN T ANKRENBRSG AT IE, ZREEMAE, BB
B BAREER: BEEhMma e s, s WA R f3k 6 B POS R
FFIRBL A AN 11 4> GCPs 1) =4 Ak brfs 5 5 N\ F1| Agisoft PhotoScan Professional {4 9, 4 J&
SR AOTRIT (A AN (A AL B WP A s i SEI GCPs A7 ELAE B BB AR %t 5%,
SERGAAR PRI ARG IE s 5T B RS # 25 (B0 A7 B8 Mk R B 0 = AR B R AT X s B e i s TR
SR RS IR b, AR R AL X I ST AR R s AR R B A B IR R AR (digital
orthophoto map, DOM) A% K Hiki% (digital surface model, DSM) . Firr, HeZasg K
DOM H1 DSM LK 2 FiT7R

K2 DK DOM () #1DSM (F)
Fig.2 DOM (left) and DSM (right) in tuber grow period of potato

2.4 HEWIEENANIEER

AR T HO 8 A Rk B A 1 77 20, k3 s 4 A5 B M FR /s Rl (FE VR SE:, 2015; Cheng
&, 2001) 0 T SRS H K DOM, @ A 78/ X R B A AT ArcGIS Bf, SR %/
XL ERIZLA. 4¢. BB F) DN (digital number, DND 18, $40. 4. W ELH) DN 4
BEATIH— AL EE, ACBEET 3 MBI TR EoE SO Ry G B, AR R HIEHUE N
rv g« be THHARWT:

r=R/(R+G+B) L
g=G/(R+G+B) (2
b=B/(R+G+B) (3

BTN AR, SR AEEMNT AGB BEJIH0 20 PR FRE I EAWF E L 6
AN, JEi 26 FEBIR SO RS H DR E S EEI AGB, BAWE 2 fiR.



2 5 AGB tHERIEEIEE
Table2 Vegetation indices related to AGB

TR AR Feis
R R=R AR 323
G G=G el 25
B B=B Wi B
r r=R/(R+G+B) H— 5 L B,
g 0=G/(R+G+B) A4k 5 I ZR 0 B
b b=B/(R+G+B) A4k 5 G B
rlb r/b (fAI R 4E, 2016)
glb glb (fA R 4E, 2016)
glr glr (T35, 2016)
r-b r-b (T35, 2016)
r+b r+b (T35, 2016)
g-b g-b (iR 35%, 2016)
(r-b)/(r+b) (r-b)/(r+b) (T RE4E, 2016)
(r-g-b)/(r+g) (r-g-b)/(r+g) (fT R3S, 2016)
EXG EXG=2g-b-r (Som %%, 2018)
GRVI GRVI=(g-n/(g+r) (Bendig %%, 2015)
MGRVI MGRVI=(g%-r?)/( g*+r?) (Bendig %%, 2015)
RGBVI RGBVI=(g-br)/(g>+br) (Bendig %%, 2015)
EXR EXR=1.4r-g (FETEASE, 2017)
NDI NDI=(r-g)/(r+g+0.01) (M HAREE, 2019)
VARI VARI=(g-r)/(g+r-b) (Gitelson %%, 2002)
EXGR EXGR=3g-2.4r-b (Meyer %%, 2008)
wi WI=(g-b)/(r-g) (Bendig %, 2015)
CIVE CIVE=0.441r-0.881g+0.385b+18.78745 (Kataoka %%, 2003)
NGBDI NGBDI=(g-b)/(g+b) (Kataoka %%, 2003)
GLA GLA=(2G-B-R)/(2G+B+R) (Chianucci %%, 2016)

2.5 BEESWAE

AR PRI, T IEsh g M Bk A R %42 B 1 DSM 433 S5 4R DSM 1 218
EE, SR DAY EERT, R&2EE ROI T EFH ArcGIS HifhH T &/ X 1o B4k,
ST E ST 5 AN /N X I 44 Hdsm.

A SR ES LT AGB B, B8 MLR. SVM F1 ANN. MLR &[] 5 g it
R E I ITE, AR 2 N REANZERGERRLERRN, LT HRA—-A a2 E
BT TFE A . SVM J&— 4 B2 20 7 S S AT — o0 /0 280 UMy 2848, R85
NERNEFN AR LR [r) B L, 8 A% o ORI SR B R AT — 040 2, A BT R A B~ T S A/
TG FEARZ S, B2 EH . ANN XN ZE T0 N 48 3EAT 3 G5 B0 AR EE ) —Fh s SRS
B, EERENZ. FRRE MG E R, B AW SRR S 5N B SR B e AUE, B
S PRAL 1 SR BN B I 4 R T

AT TR 52 B IR 32 MEARE (R E 1 MEE 21 @i ki i AGB i HR,
T4 16 MEAREHE (EE 3) RIGIUEBAACR . N7 IEMABA S Rl 5k, ke R



¥ Ccoefficient of determination, R®) . ¥ J5 # % % (root mean square error, RMSE) FlkxifE
T % (normalized root mean square error, NRMSE ) 1F s B2 P 1 A5 .

3 FERE5Hh
3.1 DHEEHRSHINEN

LA E 5 N HITREUY) 240 AN Hdsm 5560 M =2l H 8RS 0 #r, 45 Rk 3
Fi7s o HH AT 0, 35T DSM H2E ) B 448 20k = Hdsm Azl bk s H 34 19 R 15 7 0.86, NRMSE
A 13.42%, i HA4E A GCPs 72T DSM R E Ak = 7L 4T .

45 r .
R2=0.86 o

40t RMSE=6.36cm i
NRMSE=13.42%

5 10 15 20 25 30 35 40 45
paslf 3=
Pl 3 LT DSM FRIR B 8 S0k s AR 2 SR e RO B
Fig.3 Comparison of height extracted from DSM and corresponding measured height of potato
32 BHEAGBHE

3.2.1 KM T

Y% 5 NIRRT S, H A1 Hdsm 23 i1 5 542 AGB 1EM ST, AR R
3R, MK 3AHI, MHARAETH, WEY, & WHEBRMAMKI, HRHEEELINS
AGB EHLEEA S, Hrg. by g/b. rtb. g-b. EXG. RGBVI. CIVE. GLA9 MEHKIAH
B, AR R EISIA 0.7 DAL, T g/b AHOC REAEXHMER K, 2 0.729; SELTERH, Bk G,
t/b. r-by (r-b)/(r+b) WI HEEEEIIAM AL, HARRBHEEIS S AGB B EE K, Hdr. g4
glr. r+b. (r-g-b)/(r+g). EXG. GRVI. MGRVI. EXR. NDI. VARI. EXGR. CIVE13 M&¥1
FHOGPER T, AR REAEIIL 0.7 LLE, T r $8EOH S R B OR, 2 0.796; Hkiy
KW, Br G, WI FaER A, HApmpifaiy 5 AGB 2B, H gire GRVI.
MGRVI. EXR. NDI. VARI. EXGR7 MEEIAH MR, MOC RE4ax ik 0.7 LLE, T
EXR FEHUMH X REAXME R K, N 0.723; JEM A SRR, B TN SO AR A ), HiR
FREIDIL B B E K, TIEMAR R B 185 O fie sy, AHR REAE By 0.739; R Wi
FRBAH D e, AR RELANIE R 0.547, HAHEAT 4 MEBFMM S, HyfaES AGB XX
PR B L m A% . 5 ANEE K H A Hdsm %15 AGB ik B B35, H e PE I 7e H2E 1
KA EIHE, Hd Hdsm 5 AGB HIFH M E & T He



F: 3 DRESNMEFHRESHS AGB BIHEX R
Table3 Correlation coefficient between model parameters and AGB of potato in five growth periods

BEANEE B A G
(Rt

LA LT K VER AR SR A

R -0.542%* -0.545%* -0.520%* -0.649% 0.121

G -0.301* 0.277 -0.176 -0.282* -0.058
-0.656%* -0.508%* -0.582% -0.739% 0.355%

r 0.315* -0.796%* -0.583%* -0.447% -0.125
g 0.714%* 0.701%* 0.690%* 0.652%* -0.493%*

b 0.717%* -0.492%* -0.624** -0.669%* 0.399%*
rlb 0.688%* 0.251 0.578%* 0.631%* -0.327*
glb 0.729%* 0.578%* 0.645%* 0.662%* -0.448%*
gir 0.576%* 0.769** 0.718%* 0.619%* -0.324*
b 0.662%* -0.071 0.506%* 0.544%* -0.314*
r+b -0.714%* -0.701%* -0.689% -0.652% 0.493%*
g-b 0.725%* 0.630%* 0.663** 0.667+* -0.455%*
(r-b)/(r+b) 0.688** 0.268 0.578%* 0.641%* -0.322*

(r-g-b)/(r+q) 0.459%* -0.771%* -0.354* -0.339* -0.208
EXG 0.714%* 0.701** 0.690%* 0.652%* -0.493**
GRVI 0.577%* 0.763** 0.719%* 0.616%* -0.329*
MGRVI 0.577%* 0.762%* 0.719%* 0.616%* -0.329*
RGBVI 0.725%* 0.657** 0.677** 0.659** -0.497**

EXR -0.485%* -0.772%* -0.723%* -0.606** 0.250
NDI -0.576%* -0.763%* -0.719% -0.616% 0.329%
VARI 0.587** 0.765%* 0.720%* 0.613%* -0.301*
EXGR 0.681%* 0.730%* 0.703** 0.640%* 0.474%*
wi 0.101 -0.205 -0.080 -0.232 -0.547**
CIVE 0.711%* -0.706%* -0.691% -0.650% 0.493%*
NGBDI 0.667%* 0.699** 0.691%* 0.651%* -0.495
GLA 0.728%* 0.579** 0.651%* 0.669** -0.451
H 0.462%* 0.573%* 0.632%* 0.566%* 0.432%*
Hdsm 0.512%* 0.615%* 0.684** 0.601%* 0.482%*

VE: #xFKIR 0.01 BEKTF, *FRR 0.05 BEKF.
3.2.2 % AGB i B B/ AT A8 e

RIEHE R TR S AGB AHRTEITEE B, HAH D¢ R LA L VR BIMRIRHES], fEAFAE
B APERT 7 MBS R ECS Hdsm —&2/E A B2 2R A MLR. SVM. ANN3
FhOTHR MRS A B AN AGB fH SR, JRIGUFB AR B, HeE LK 3 fik 4. MR 41,
A F IR RS Hdsm SRR FEE A EF A MLR. SVM 1 ANN 75 %14 AGB
AT, RSN BRI PR AR TR RS 2 350 T A LI AR R SR B P A 2 1) . B Fh 7 A4S 3 1) AGB
fHEBR, BRI UG IESE 3 MBS I B B2 K 1K 3 A B 1 AGB (LR B Wi 4f, R
Rk, RMSE I NRMSE SZ#iik/Iy, ek B 2 0 23 R & kN, RMSE Fil NRMSE
BETHER, MEEARIT IR 2 . AFA 3 FhENE 5 0 A [FAZ 245 5 AGB B, I7ESRZEIK
WA R R S SR T . %R B WIS AGB I, it MLR DU BRIk = Hdsm 28 R 4y



%4 0.61. 0.74. 0.77. 0.72 £ 0.60; RMSE 4514 203.39 kg/hm?. 204.32 kg/hm?, 121.48 kg/hm?.
207.36 kg/hm? Fi1 217.36 kg/hm?; NRMSE 73 %14 16.73%. 15.88%. 11.58%. 16.19%#1 17.59%.
SVM ## R? 73] 0.60- 0.69. 0.73. 0.69 A1 0.58; RMSE 43| /y 211.14 kg/hm?. 206.56 kg/hm?.
128.51 kg/hm?. 215.53 kg/hm? i1 235.53 kg/hm?; NRMSE 73 71| /9 18.01%. 16.41%. 12.68%. 17.58%
H118.34%. ANN 24 R? 73524 0.56. 0.67. 0.71. 0.65 F10.55; RMSE 73754 240.68 kg/hm?.
216.77 kg/hm?. 128.66 kg/hm?. 233.25 kg/hm? #i1 258.45 kg/hm?; NRMSE 43 %1y 19.17%. 17.66%-
12.74%. 17.98%7#1 19.96%. 3 M iEMIE AGB IIEHA R? 5 afidk R2 3%, H RMSE
NRMSE %MK, B =M E R4 A2 B I E 1) AGB BRI & U B, BB E . %5
G UL ERTHT, MLR-AGB i AR AR, HXh SVM-AGB #54!, 1M ANN-AGB AR
.

RISNEFHAAAREREELESERERURS Hdsm MRS M ES %R E AGB
Table 3 Estimate potato AGB using modeling datasets combined with vegetation indices and fusion with Hdsm at
five growth periods

MLR SVM ANN
EN=EC A , RMSE/ NRMSE/ , RMSE/ NRMSE/ " RMSE/ NRMSE/
R R R
(kg/hm?) % (kg/hm?) % (kg/hm?) %
i LEEDEIFE 0.54 238.04 19.86 0.51 248.14 20.32 0.50 254.18 21.03
I A
R Hdsm  0.61 203.39 16.73 0.60 211.14 18.01 0.56 240.68 19.17
‘ LR 0.67 207.14 16.64 0.64 220.17 17.56 0.62 236.37 19.73
LT A o
AR EN Hdsm  0.74 204.32 15.88 0.69 206.56 16.41 0.67 216.77 17.66
) R EER 0.72 135.46 1250 0.71 135.84 13.41 0.66 158.39 14.18
E S S| o
IR EN Hdsm 077 121.48 11.58 0.73 128.51 12.68 0.71 128.66 12.74
- LEESEIE 0.66 215.85 18.09 0.61 226.21 20.14 0.58 248.53 20.52
R BRI
B AEE0M Hdsm  0.72 207.36 16.19 0.69 215.53 17.58 0.65 233.25 17.98
- LEESEiFE 0.52 240.85 20.59 0.48 249.54 21.55 0.46 271.27 22.25
A
B 4EE0M Hdsm  0.60 217.36 17.59 0.58 235.53 18.34 0.55 258.45 19.96

RASNEEHAARIERERESERIERURS Hdsm MRS HEDRE AGB
Table 4 Estimate potato AGB using validation datasets combined with vegetation indices and fusion with Hdsm at

five growth periods

MLR SVM ANN
EEH W AR RMSE/ NRMSE/ " RMSE/ NRMSE/ " RMSE/ NRMSE/
R R
(kg/hm?) % (kg/hm?) % (kg/hm?) %
o B RE 0.59 236.57 19.21 0.58 245.84 19.57 0.56 252.39 20.33
I
MU HEECN Hdsm 068 201.17 16.22 0.67 208.51 17.65 0.65 228.66 18.22
‘ LEBE[E it 0.68 180.46 16.42 065 18113 17.31 063 20477 19.33
I ES IR o
R E Hdsm  0.74 151.38 15.49 0.72 155.43 16.02 071 162.43 16.74
B RE 0.74 102.03 11.28 0.73 109.44 12.01 0.71 115.72 13.33
S ES
U HEECIN Hdsm  0.81 94.02 10.23 0.78 103.94 10.42 0.76 102.48 11.22
. LEBE[E it 0.67 206.73 17.78 063 21147 18.97 060 23481 19.78
ERTAR 23 o
IR Hdsm  0.72 182.37 15.66 0.71 185.78 17.45 0.68 189.94 17.82
o B RE 0.57 238.78 20.09 0.56 247.49 21.32 0.52 262.41 22.14
i FEEN Hdsm  0.63 215.36 17.05 0.62 198.58 17.78 0.60 234.82 19.43




3.2.3 MLR # B [¥] AGB %5 8] /3 Afi

KA Hdsm f) e I MLR BRLAS 52 582 2 5 N85 1) AGB, HilF i A N AR 1) AGB
FRATE, SR 4 s, WEPRTELE S, EN, SRFNIRITHGAERK, it AGB
Ef/; REETERY, i B s S R AR F N A, S8 AGB HAR R, HEKE D
TR A PR PR, R RIRE, G AR, AHERIRIRR, thEAR
BIZR, ROSRESE TP ARKRLANN Y, X AGB HA A A7 A [7] P Ah i HEOK
e R, SEE ATIAR R AVE IR T A TR, Gt LR E IR, A2 R
M URHIRE I, AERRZE AL 2 v, AGB S KME A& AW R 57—, sdll, 5
LB AN X M b 2R R e A B, AGB HEEI/NXAR, X5 DR E TR
N XHEAEIE LS BEAT 5% o IS AGB 25 8] 73475 [ AT A ELHEE S 4% A B IR AR O
XS B FH ) RS BRSO T AT A0

Z LEIEITE = CAI"E £ 116026'39"E 11622640 E. |16°za'41"r§ 116°26'39"E _ 116°26'40"E 116°26'41"E.
j
i i I *
z i | z \ Iz
= 3 el 3 =
{ ekl A
i i It il = .
Biomass/(kg-hm™) — Biomass/(kg-hm?) - ! Biomass/(kg-hm™)
z| v High: 3200 7w High: 3200 z| w High: 3200
K 0510 20m| Z 0510 20m| Z| 0510 20m
2™ Low: 0 L1 M ow: 0 Lait ™ ow:0 [
1626 39°F, 626 40°F, TewGA"E  NG269E . HEIE oo NEWIE 11622640 B 626 41"E
a B b R e JEEMKH
a. Bud period b. Tuber form period c. Tuber grow period
£ °26'39"E. °26'40"" 6°26'41"E. £ 16639 640" 116°26'41"E
Z z ‘1 i z
d 0 | &
s s R
Biomass/(kg-hm?) . Biomass/(kg-hm?) .
-High: 3200 | z| wr High: 3200 I
3
0510 20m z 0510 20m
S Low: 0 2% Low:0 -
THC26E . 16260E e2641E l:ﬁ’l_ﬁ'm"F T
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Abstract: Efficiently and timely acquire height and above-ground biomass (AGB) of potato plant is
important in field management. In this study, the UAV equipped with high-definition digital camera
was used to obtain the image data of potato with budding periods, tuber formation period, tuber growth
period, starch accumulation period and maturity period, and the height (H) and AGB of potato on the
ground were measured, and the longitude, dimension and height of ground control points (GCPs) were
obtained by global positioning system (GPS) from March to July 2019. Firstly, the digital surface
model (DSM) was generated by photogrammetry based on the image data of the experimental area and
the location information of GCPs, and the Hdsm (potato plant height) of each growth period was
extracted based on DSM. Then, the correlation between the new data set (including 26 vegetation
indexes, H and Hdsm) and AGB was analysis, the first 7 indices and Hdsm were screened to construct
the AGB estimation model of five growth periods. Finally, the estimation models of different growth
periods were compared by multiple linear regression (MLR), support vector machine machine (SVM)
and artificial neural network (ANN), and the optimal model of potato AGB estimation was selected.
The results showed that: the extracted Hdsm is fitted with the measured plant height (R? = 0.86, RMSE
= 6.36cm, NRMSE = 13.42%); the AGB model was constructed by three modeling methods in each
growth period, in which the model by integrating with Hdsm into vegetation indexes was better; it is
found that the effect of MLR model (R? = 0.61.0.74.0.77.0.72 and 0.60) with incorporating the Hdsm
into indexes in each growth period to estimate AGB is better than that of SVM (R? =0.60. 0.69. 0.73.
0.69 and 0.58) and ANN (R” = 0.56. 0.67. 0.71. 0.65 and 0.55). This study can provide reference for

real-time monitoring of potato growth and yield prediction accurately.

Keywords: unmanned aerial vehicle, digital Image, digital surface model, potato; plant height
Above-ground Biomass



