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Spectroscopy and Spectral Analysis
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Fig. 1 Experimental area and experimental design
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Fig. 4 Variable selection probabilities of COS and FDS during each growth period of potato
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Table 3 The sensitive wavelengths were selected by RFM based on FDS and COS during each growth period
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—H. WRY GPR-BAT §i ik i Rk e 1< 5 15 4 204k 2 Bk
AWEE . ETRMAS, &4 7 HFH PLSR J5 ¥k 1)
BEADREBE T 5 X5 Tao S &/ E ZEE W AGD 45
KRB X BT S HA S AEBOE B RE 1 A5, AT LB
i gt e B (] ) 22 Tl SR PR R A RE 68 o 0 b £ AR

LS, 25 R, GPR-BAT §ifi i 1) SO K A2 475 &
AGB & 563 R G R AL MU RT3 F . AT 45| PLSR
J5 1A A R Ok BN 4% AR F ) AGB. L3k B ofi i 5
MEK . B2, RUFFEIFRFEAFE K HERT . £ T 5%
ek J2 ' 1 0 2 ) BUR K X AGB g T 45 R YR . o R
TE AR IR 5 AT IR AR ST

%4 EHTF COS{ER PLSR #1 GPR {4 & AGB { BRI ITIEE

Table 4 Modeling and verification accuracies of estimating AGB based on COS by PLSR and GPR
PLSR GPR
R g B R LA g Bk
R? RMSE/ NRMSE/ . RMSE/ NRMSE/ . RMSE/ NRMSE/ , RMSE/ NRMSE/
(kg * hm™?) % (kg * hm™?) % (kg * hm™?) % (kg * hm™?) %
CAM 0.61 240. 68 19.71  0.64 191. 49 18.81 0.58 259. 24 21.23  0.59 209. 62 20. 59
HLZE T R RFM 0.63 223.22 18.28 0.65 179. 89 17.67  0.60 247.27 20.25 0.61 202. 39 19. 88
GPR-BAT 0. 64 215.16 17.62  0.67 172. 46 16.94  0.62 237.87 19.48  0.64 190. 98 18.76
CAM 0. 65 236. 16 18.32  0.66 165.17 18.19 0.62 253. 44 19.66  0.63 172.98 19.05
25K RFM 0. 68 221.21 17.16  0.70 152. 82 16.83  0.64 239. 38 18.57 0.66 161. 27 17.76
GPR-BAT 0.71 211.03 16.37  0.72 144. 47 15.91  0.67 228. 30 17.71  0.68 150. 65 16. 59
CAM 0.58 338. 80 23.35 0.60 195. 14 22.62  0.55 348. 96 24.05 0.57 203. 68 23.61
TE R AL 4 RFM 0.61 319. 65 22.03  0.63 187.55 21.74  0.59 338. 22 23.31  0.60 194.19 22.51
GPR-BAT 0.62 307. 31 21.18 0.64 176. 51 20.46  0.61 321.82 22.18 0.62 182. 55 21. 16
%5 ET FDS{EA PLSR 71 GPR {55 AGB p0 871 1 iE 15 [
Table S Modeling and verification accuracies of estimating AGB based on FDS by PLSR and GPR
PLSR GPR
- i jigi Bk jiigia Rk
, RMSE/ NRMSE/ RMSE/ NRMSE/ RMSE/ NRMSE/ RMSE/ NRMSE/
(kg * hm™?) % (kg » hm™?) % (kg * hm™?) % (kg * hm™?) %
CAM 0. 64 233.11 19.09  0.66 182.03 17.88  0.60 250. 57 20.52  0.62 200. 96 19.74
PE S RFM 0. 65 214. 42 17.56  0.68 177. 44 17.43  0.63 235.43 19.28 0.64 189. 25 18.59
GPR-BAT 0.67 203.07 16.63 0.70 161. 05 15.82  0.65 231. 89 18.99 0.68 179. 99 17. 68
CAM 0.69 232.17 18.01 0.71 162. 18 17.86  0.65 250. 47 19.43  0.67 167.90 18. 49
HeZs 58 K RFM 0.71 214. 89 16.67 0.72 140. 47 15.47 0.68 235. 26 18.25  0.69 159. 18 17.53
GPR-BAT 0.73 204. 19 15.84  0.75 134. 66 14.83  0.69 216. 95 16.83  0.72 153.55 16. 91
CAM 0. 61 331.55 22.85 0.63 185. 74 21.53  0.57 342. 14 23.58 0.59 196. 52 22.78
TEM TR B RFM 0. 64 305. 72 21.07 0.66 180. 48 20.92  0.61 329. 66 22.72  0.63 184. 96 21. 44
GPR-BAT 0. 65 301. 95 20.81  0.67 166. 15 19.26  0.62 306. 30 21.11  0.64 175.56 20. 35
BOR S HOh REM J7 3% . T CAM J7 ¥ 5 38 59 R7 AE 351K
3 4 B ORI

(L)3EF COS 1 FDS ffi ff CAM, RFM #l GPR-BAT Jy
T U 3 1 R AT U A A SO B 2508 B 43 0o 28, 12, 6 A
12, 23, 104>, fEHZERK M4 5]k 32, 8, 2 ~F118, 28, 4
A, TEVER BRI 4 5 30, 15, 3 AMF1 21, 33, 54,

(OTEMFE FMT . &4 F WET FDS 5 2 i 8O K
AH LG T2 T COS B 1 1 850U 1< B8 AR HE B 14 5 AGB,

(3) % £ B Wil F GPR-BAT #i 1 9 4% 4F 5 K £ 55 AGB

(D £ F W3 F FDS i it GPR-BAT §iff i U Ik K
FE45 A PLSR J7 32 B 57 py A TRURG i B v, BRZEOP B A
R?, RMSE #1 NRMSE 43 % 0.67, 203.07 kg « hm % fil
16.63% ., Pz 1 K B @ f R, RMSE #l NRMSE 4 5 &
0.73, 204.19 kg « hm 2 F1 15.84%, IEH H E W &L R?,
RMSE #1 NRMSE 4> 4 3 0.65, 301.95 kg » hm > f
20.81%,
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Estimation of Potato Above Ground Biomass Based on Hyperspectral
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Abstract Accurate monitoring of above-ground biomass (AGB) is an important part of farm production management, so rapid
and accurate estimation of AGB is important for the development of precision agriculture. Traditionally, AGB has been obtained
using destructive sampling methods, which makes large-area, long-term measurements difficult. However, with the
advancement of science and technology, UAV hyperspectral remote sensing has become the most effective technical means to
estimate AGB of large crops because of its advantages of high mobility, high spectral resolution and map integration. In this
study, the canopy hyperspectral images and actual AGB data of potato tuber formation, tuber growth and starch accumulation
stages were obtained by carrying imaging spectrometer sensors on the UAV platform and drying and weighing method,
respectively. Correlation analysis method (CAM), random frog method (RFM) and Gaussian process regression bands analysis
tool (GPR-BAT) were used to screen canopy original spectra (COS) and first-order derivative spectra (FDS) for sensitive
wavelengths, respectively, combined with partial least squares regression (PLSR) and Gaussian process regression (GPR)
techniques to establish AGB estimation models for each fertility period and the estimation effects of different models were
compared. The results showed that (1) the effect of combining the two regression techniques based on the characteristic
wavelengths screened by the same method for COS and FDS to estimate AGB all changed from good to bad from the tuber
formation stage to the starch accumulation stage. (2) Based on the characteristic wavelengths screened by the three methods of
FDS respectively, the models constructed by homogeneous regression techniques are more effective than those based on COS

accordingly. (3) The number of characteristic wavelengths screened based on COS and FDS using CAM, RFM and GPR-BAT
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methods were 28, 12, 6 and 12, 23, 10 at the tuber formation stage, 32, 8, 2 and 18, 28, 4 at the tuber growth stage, and 30,
15, 3 and 21, 33, 5 at the starch accumulation stage, respectively. (4) The effect of sensitive wavelengths for AGB estimation
based on COS and FDS screened by three methods at each reproductive stage were GPR-BAT, RFM and CAM in descending
order. (5) The models based on sensitive wavelengths screened by FDS through the GPR-BAT method at each fertility stage
combined with PLSR were more accurate and stable with R* of 0. 67, 0. 73 and 0. 65, NRMSE of 16.63%, 15.84% and
20. 81 %, respectively. This study shows that AGB can be accurately estimated using UAV hyperspectral imaging technology,

which provides scientific guidance and reference for achieving dynamic monitoring of potato crop growth.
Keywords Potato; UAV; Imaging hyperspectral; Random frog; Gaussian process regression; Above-ground biomass
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