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\GRE TR UARRRIEE) | AR AREBEE DU RIS, 15 8 266061)
PR (5R) HERRRE S HAERE, 1515 266580)

M OE R E OGRS AU BRSO E S OIS, OGS AL T i i R RIS R
PR R . TR S0 F G ST T BN RIRLEE | AR 5250 5 A A | S IR AR AN IR
DX T it S5 PR R A ARG B 1) DA IR 4R (R, S S G S AL S0 50 3 3 {0 =2 IR 9 R B 2 3% [ 114
WD . AWFTELAT B 164 0y TIERES 0], ARIBUH 256 506 SO B s A pLE R , L Se i =
TIOR3 B B A (TN) | B (TP) B i L K- B B HF IE S0 | BRSO i R bR/ e 1S
1E7% 3 Fh 7 28K H ( Piecewise direct standardization-model updating-slope/bias correction method, PDS-MP-S/B) ,
X TR AT R R RS AL IS 1RSI TN TP & b A T 5 1, PPN FOACR 5 [F)
43BN R PDS # HANBORARAESE A B0 B ZS SR A2, 6 TN S F b, 24 PDS % 008 19| bri
SEANEON 120 W BERIEE AL J5 TR SR e g, G 36 4 4 % 2R 45 ( Absolute coefficient of test set, RY) 4 0. 736, T
5 HR 12 22 ( Root mean square error of prediction, RMSEP) 4 0. 274 ; #£ TP & & W, 24 PDS & HAN%0h
23 FRUESRAECH 80 I MALEL RS S5 TOBOCR ek, R 4 0. 647, RMSEP {87 0. 231, SE8 = G AR Dt
TEARBIL 2 (B2 2% B [0 B RIF 5 R, X R G A LR 4R 1 K RIS A SR WT AT PR Tl , R Ry 20>
T AR SHEDCIEARYL T Z N TE AT RIS T R S

KR A ULTZLADERE SRR AR FOGEARL; KRR

AR O Z R T A | £ B 2E S A BT R RO R i T Ry
XTSI R BRI A DGR | S X A R B T S5 AN S D v B O ST
AHSCHEAY Y )5 12 B AR I, R 200 ek D2 45 D B e ) B R DG B J , AR e S e A 7Rl
PSR DGR AN P BRI R | AN [R) S0 2 G | AN [RT0 25 | AN [) 3t DX TR i
N R R RS O AT — e HE

G AL AR LR A A IG5 B 0 UGB 3 1 T PO BRI R 4R O HoRAERY
Ve E B AR B A, A A TS SR B2, SR i G i AR LR A 14 G 1 s A v A G
JE AR R T AT NS IO Y R X B B U AN S A, O HARRUSOR AN K S0 2 6B, i Ag
AT S 0 2 T (ORI B T A N P A I BB R Sy i R AR, i G TS A MR 4R AR
Bl AT I, REAE B R el D TAE & SR B A G ECE O AT . i TS ARBILIY Tz i A
JELUR KRS R, B G AL 5 S22 A 2 [R] AR R L A% n) U — AR S ), 1B
J& B BT AL S S I A AU A R S 40 Pu SN RIS T FHERU O T 21 4b
A B 2w USRS e, AT A AR R ST Ik R ) 5 £, SR TS [) A e 3 Ak B 7 2 1
B E IR IE IR X IS AT IE R AR B RS U7 YA E $  IE ¥ ( Direct standardization
DS) | 43 Bt B IF ( Piecewise direct standardization, PDS)M | 1F 28 {5 5 ¥ ( Orthogonal signal
correction, OSC) " &F {H R R REAR I it e i e i AL S0 2 6 22 [A] AR R AL AL Il T, A4 T
S Z TN Z [R] AR R AL 0] R 2 DG AR ML 5 S 0 B DT A =2 () B A AU B B T IR X . e D5 AR
BUAREA R PR B |, 1 2 7 B X GBI A 7 A BRFN 44T, e i AL 22 FH T B AT H8 AR U , A
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IUA g Z 181 22 57 IR | PREE A5 PR 3R 23 J [m]— A At B DG A5 JE ™ A 22 5 3K 48 S 6 2 DT ORI iy
JCTE AL Z 8] A B AL L R AT R AR I FRIME , PRI, e S vy — bRt | o ELAT 3800 5 12

AWFFELITE By 164 Dy 133 RE i g i), SR 4 LS 56 2 D' 38 B4 A i Y A ALK , DL K 50 ( Total
nitrogen, TN) 71 | & ( Total phosphorus, TP) i, LIS 28 Yok AU i 43 5 EE S, TN | TP & AE AL
OB B IE R | MR H T AR R/ BB 1E s 3 A BB H ( Piecewise direct standardization-model
updating-slope/bias correction method, PDS-MP-S/B) , X T B A TR RS LR IS 1) R i AL
Pt TN TP 7 s AR P & 5 (8, 38 3 A 0 HE 46 % R4 (Absolute coefficient of test set, R} ) FITil
Y iR 2 ( Root mean square error of prediction, RMSEP ) PEA TN AR SR , M 17T 52 B0 A 338 0k 75 & 19 52506
TG R OCTEARNLZ [ R AS . ARBIFGR LA [ 1A SRS U A A B3 1 oA il % i 685 AL A% %
ST A T O S 50T SR i G A AL [] A5 B 56 B SR T AN [] 1) D' 33 19 4k 2 )y ok
o B A E Ty 1 AR 4R 1 Y BBA S & TR TR FARL 3R A TR0 F— 2D 4R T B g of
i

1 SLIGE4

1.1 XE5#E

QE65000 £24h-1T WLYGLF 3% . DH-2000 F 515 < 25T Y6 ( 38 BN F62A R

RAET BIF LN (L, 60 ) . EIL#FH (Pt 44 ) | ZERHATIE (L, 60 £3)3 /N Hh
DX B - HERE A, 3ET T 164 1, K HIERRSLAE S0 °C T, 3 0. 45 mm JE BRI, FFH .
1.2 XEFHE
1.2.1 #HERE

K QE65000 YEIEANL , it RAERIFE A 1 nm, 3% X L H 200 ~ 1100 nm,  F ] —4> t 35k
e, RN G HL SR R G VUL 8 R 5 B TR G D R R R I R RO, A i
FESIE 5 OGRS RO, OF-2E, RBRAT . J5 B P 52 B R i SO 6, IR B 226 ~ 975 nm 106
TR

K HAEHE R EIE AL GaiaField-V10 FREA3FERE S S HOEIE EE, B RAERIFE 4 3.2 nm, 3 X 75
[l 400 ~ 1000 nm, B AL G A KT /NG T, R EDGIEAEPLE T30 IR, 95k & 6 EHER R 4
3ANEHERE S, L 100 x 100 1482 55 K/ N T DR X USSR DX 3 ( ROT) #EA 7 B I, B 2 B
ROI X311 45 s G OB GG E .,

HU5 ~10 g THERES,  RTTE AT BIINE TN i, SHERHT L I 2 TP &8 45 K 1,
F1 HORERRE S RS SS
Table 1  Statistical results of contents of total nitrogen (TN) and total phosphorus (TP) in soil samples

TSR Rl AL NIt F/ME FEE brifE 22
Soil nutrient Number of samples Maximum Minimum Average Standard deviation
TN (mg/kg) 164 1.736 0.209 0.819 0.476

TP (g/kg) 164 2.390 0.110 0.530 0.391

1.2.2 RIEE, WIGEMREESKFE

SRR P53 269716 LA 32 1 R0 52 50 2 ISR S G A AL T 38R i BB E SR FNAG B 4R Horh AR
2123 7 KO0 E 41 o 43205 46 e BERE b 5 I 4 L A8 0 25 (G5 2 3 BRR B B (LR
ANHERPB) LA 30 1 LB 43 2R 04 IE AR ARG S0 4 BUF 5 1, 2, 3 IORES S IE4E P 5 4 IFE
iR AE TS 5, 6, 7 WIRES RS IESE TS 8 AURESL MK IGAE | DA SHE . SRS =GR
SCIEFAMLECE 3 S S7 TN F TP & R m BRIP4 R W 2,

HH 2 AR, S 2 T AR R TP AN 235 SR8 i TR G AR LA ABE AL ) PRIk o S 0 = OGIEAUAE hy
FAXES , EOCIHEAADLYE A AL | DL AR IR R bn i, M ES i o A R S e AR A
PRI T F
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2 HETN R TP S REBIRIPEAN 2 R
Table 2 Model results of content of TN and TP in soil samples

SIS 7S YA o T
Ty I F RN LTS AR AL
. . Laboratory spectrometer Hyperspectral camera
Soil nutrient 5 3 2 2
R; R; RMSEP RPD R; R; RMSEP RPD
TN 0.894 0.878 0.184 2.741 0.708 0.808 0.238 2.119
TP 0.813 0.855 0.149 2.647 0.546 0.607 0.244 1.610

1 Note: R*(BIESELEXT Z B, Absolute coefficient of calibration set) ; R*( KB4 %T 2250, Absolute coefficient of test set) ; RMSEP ( Fijli¥)
FiHER2% | Root mean square error of prediction) ; RPD( AR /011524, Relative percent deviation) ,

K PRI 53 28300 53 5295 3 OGN T IEAE bR (E A b AR S | B AR DA ESE | LS 5L 80 3000
ACPIARESE A i T 5 A0 [R) B /5 D6 35 AH AL - A S 1 i DAASCRS B 4 o 4, A o 4 A Hloo3 il B 10,
20, -+, 110 F1120, DhSEGIEAHAL - HE0E 5 ARG 30 AR 501 | SR PR RGBS 30055 I I TN A 2R
1.2.3 HEEBEE

PR B R A4 PDST | MP VRN S/BM Y BB I 5 1k (PDS-MP-S/B) |, Xif MAX #3247 45 7l
R BARBIEIT .

(1)RH PDS Bk MBI Fo W EAUIRRAESE G EE S X1, MALES A5 M 45 615 58 hy
X2 HCX2 W95 AR R R T O S (j—k ~ k) BB Z,, % Z = X2, ., e, X2,
X2, s ey X200 1 REMHEE XL, 5 Z, Z IR Z 0 MR 772 X1, =Z.% fi+e;, 1 PLS B 755K A5 ]
HREL S, IRGIERR j SR fo 85 f, B THBEN F 9 ENALE IR IETRE 0,158 %
Mk F,

WRAEHEREHEE F 43 0T MR GBI X2, R 56 8 i 4 X2 #7419 5 X2, Al
X2 FHRAANT

X2, =X2 -F (1)
X2, =X2 - F (2)

(2) R H MP FLE s BIEATY K PDS BL A 5 MR PR ISR OB B X2, S XTI
A ot VAR B (RS I 381 i S AR AR AR Th  BIRE ( X2, v ) IIA(XT, y ) o b,y S A A i 4 5
Prvfe BE(E , X1, O AR E A5 , v, o FAERA IE AR SEBRk B, >R PLS B33 7 A it
A Model,, .

3 R SRS B 1 B B B8 )5 D' 1 K X2 R ASCAR A6 36 4R B A% Jm D i B s X2 AR AT 5 Y
Model,, 1, A5 2 MALES PR SRR FEAE y,, ARG I SRR (B y

(3)KH S/B B kit B s A mIE , H— o2tk mE 7 FE ke A MR PR ESE MR BEAEL v, FIBRIELR
M SE RV FEAH v, SRASFICER A 7 RR I e/ D 3 i, T AR BN MR B ()RR s FIEREE o ARAERL R s T
R b THE D AERAS 55 45 R T v AHOCA AT .

Y= Y T b (3)
y BICARERL RS 5 ARG 00 4 1) B T 25 5
1.2.4 TR EM

TSR PN R LSS RY T RMSEP , R? 8K, If H RMSEP #/ , SR8 4F . R? Al RMSEP

THEALWT .

R=1- Zi:l(yi -3) (4)

Z:=l(yi - 971')2

(5)

Horb, n GRS IR AR, y, GG IR AR SR ¢ AR R SEBRR BE(EL, 7, W NGRS S 42 @ A
FE A BB AE AL R B TR A LA, 5, AL B SR P A A i RSP S e
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2 GRS

2.1 b5 PDS-MP-S/B #E BB 3R
S 2 HETE AR AR YIS I A = G A PR 4 3 i i it e B LI 1,

60 .
: 105
a0 0.8F
S 40 s
51 8 0.6}F
g 30 g
2 2
= = 0.4
z 20 &
10 0.2F
0 1 L L L L L L 0.0 L L L L L
200 300 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
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B R R ADEIEIRIE . (A) LR FOEREBOLREESE ; (B) OGNS &
Fig. 1 Reflectance spectra of soil samples; (A) Spectral data by laboratory spectrometer; (B) Spectral data

by hyperspectral camera

TSI 50 3 T ASORT e Y6 T AR AL AT DK o0 R i i | s v Y Hie 43 R PDS . MP | S/B
PDS-MP-S/B #EA AR RS AR EALES TN TP S Al v I 5 4 AR AU 5 B8 1) 2 D' 1 00 1ol
BORVEATATLE, TN A TP S RTINS R? I RMSEP (W36 3, Hir, PDS SRHIET 1 19 4>, bR g4
SKHI 30 AMEESD
#3 MR TEN I TN A1 TP & TR

Table 3 Prediction results of contents of TN and TP in soil samples by different calibration transfer methods

HRERIEERE vk TN TP
Calibration transfer methods R? RMSEP R? RMSEP
no 0.187 1.429 0.147 2.226
PDS 0.141 5.449 0.010 4.570
MP 0.246 0.498 0.162 0.388
S/B 0.187 0.454 0.087 0.378
PDS-MP-S/B 0.598 0.325 0.587 0.258

1 Note; PDS(43B: HL#E: B IE 5, Piecewise direct standardization ) ; MP (45 % 8 3#F | Model updating) ; S/B (#%Hi{& 1E ¥, Slope/bias
correction method)

FH 3 AL, 2R 3 FiEA PDS . MP | S/B #E RSB %F MAER A9 TN T TP 55 i i - A $2 15,
PDS 1 S/B PIFPEIL ) R LIRS B R AR, WARIX 3 RO iE ANBEAS S0 3 | DASLAR 22 0] iy A A
%%, RH PDS-MP-S/B B ik%F TN F1 TP 5 £ i Tl 45 2L B 8 0L F IR R R AL 3 FhAak, TN
FUTP (9 RY 435124 0. 598 F10. 587, EAREUEATI NG A , (HI 2 T ICB AR ML B A R) {1, RMSEP
2 A W 7 P /N DRI, PDS-MP-S/B AT LAAE g S 56 %8 3 AR e Y6 AR BIL ) — b A 250 2
Bk,
2.2 A [ PDS AOMEBHBIR

1E PDS-MP-S/B S.kh  li T PDS B H /B0 AT e A8 (19, AN [l 0 SO A A 56 8 )5 TN il TP
RO AR TR, K PDS % B0 E N 3 ~ 25, [ #h 2, WF5T PDS % 106 TN Al TP 5
TR A RZ A, 25 5 LA 2

76 TN S a i, R E PDS % FASE06 RY {ERZ /N, R {BAE 0. 58 ~0. 60 Z [A], RMSEP [
S ARXT AL/, 7E 0. 32 ~0. 34 Z[H]; 7€ TP & & H0 AN PDS % HANEO R ERZ K (0. 52 ~
0.61), RMSEP [ shth XT3 K, 78 0. 25 ~0. 28 Z[A],

P 2 BT, 24 PDS 7 HANE0 30 19 F123 B, TN FI TP & sk 5 b R? B K, RMSEP {4
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Fig.2  Prediction results of contents of TN and TP in soil samples in different piecewise direct standardization

(PDS) window width: (A) R’ in different PDS window width; (B) RMSEP in different PDS window width

/N R R JS T A SR R 4. PRI ZEJS 221 TN R TP S [R5 v 5 S B B U 5 B vh 1698 TN I
TP 1% PDS % H- 4533124 19 123,
2.3 ARAREENMBNEEBYR
DL BB E AR ERE AN BN 30, RTINS BB R R S5 TN A1 TP 25 B TSR 1Y
SO B EPRIEERE SN EU B 10, 20, -, 110 F1 120, fFF5E AR [RIARESE N EOW TN . TP 55 1 Hi i s4
AR

A4 AFIGRHEGRE ALK TN A TP PR
Table 4  Prediction results of contents of TN and TP in soil samples in different numbers of standard set
B GEAE B TN P
The number of standard set R? RMSEP R? RMSEP

10 0.326 0.500 0.512 0.274
20 0.538 0.376 0.572 0.269
30 0.598 0.325 0.602 0.255
40 0.716 0.270 0.593 0.258
50 0.699 0.286 0.609 0.249
60 0.686 0.301 0.603 0.251
70 0.664 0.299 0.59%4 0.248
80 0.716 0.299 0.647 0.231
90 0.734 0.280 0.638 0.234
100 0.714 0.283 0.636 0.237
110 0.733 0.280 0.642 0.233
120 0.736 0.274 0.643 0.232

M3 4 TN, B FRIESERE SN EOHOBSN, TN A TP By R? AR F I3, RMSEP {HAALE T
R i AR AU A AL o T 00 2050 S B A o 46 S B 3G T 3 T, #E TN 57 s W00, S A o SRS E0h 120
Inf BT RS S5 PSR B b, R2 M 0. 736, RMSEP {09 0. 274 , 7] S2 3 e G AR AL Bt 76 2 56 %0
T TN A BRI T, /6 TP S B, SARELE AN BON 80 I B 8 J5 USSR Be i RY
0. 647 ,RMSEP {H 4 0. 231, YArifER N ECN 120 B SRS J5 FUNASCR AT, R? 4 0. 643, RMSEP {H
A 0. 232, RS A TN RICR Bl o B2 A A 8 T n B T R | RE A% S B R R AR AL T B 7 SE 5
FIETEA TP 5 s () 0

PRIESERE SN B 02 PDS-MP-S/B 7% S MBS AU 6 B8 00N S80S i) DG B 5 S A0 B A
[F], PDS-MP-S/B 5332 4 T 280 SR i 25 A AR B0 38 i $2 5, S AT R e B8 2 A bl A o, X 4
T+ PDS-MP-S/B 53k HY TR HoA EEAE 5 SeWF sl 28 > b e L B S N B IS 0L R, S B
U BT A RS TR SR
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S 2 AN AR E I K5 R G AR L e K 22 5 K, A0 i f] B A 5 LR TR 4 7
SFREIFAIE R o 73 B B AR I 1l o e R R A e S 6 2 S (SR DG AR B 22 [ A 6 i Rl S
EIUEERS  ASIY BB i A e G AR LAY G R B A e B2 (T IO B v | Rl At S AR, S RS 7Y
Fer% s RIS/ ARG IEIR0E i 8 T W i AL o 2 (B Kl , S PR R RS, AL T B — R R TR 54 5% 5
W RPTTORIX 3 FORIRAT, 4545 3 ROk OO0 E , O R B (6 25 22 5 Th A AL IE S B SE 3 =061
BCRIRDETE FIBLZ 8] AR AS Ml SCU0 2 T (SO iR e A BIL = 8] AR B A RS 1) S B, m] 3 e
TEAHPLR IR A At PG A SR AT DO T, T AR W 2 0, O oG AL 2 BT f o A A
PRI B BEE T FEA
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Study on Calibration Transfer between Laboratory Spectrometer and
Hyperspectral Camera

LI Xue-Ying"*, REN Guo-Xing', LYU Mei-Rong', LIU Yan',
SUN Zhong-Liang', HOU Guang-Li', FAN Ping-Ping "'
'(Institute of Oceanographic Instrumentation, Qilu University of
Technology (Shandong Academy of Sciences) , Qingdao 266061, China)
*(School of Geosciences, University of Petroleum ( East China) , Qingdao 266580, China)

Abstract Laboratory spectrometer is a spectrometer that can only obtain spectral signals by spectrometer, and
hyperspectral camera acquires image and spectral information by image. Under the condition of using
laboratory spectrometer, the calibration transfer of different temperatures, different ordinary spectrometers,

different measuring conditions and samples from different regions has been studied. But there are few studies
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on the calibration transfer between laboratory spectrometer and hyperspectral camera. Taking 164 soil samples
from Qingdao as an example, the spectral data of laboratory spectrometer and hyperspectral camera data were
obtained in this work. The content models of total nitrogen (TN) and total phosphorus (TP) were established
based on the spectral data of laboratory spectrometer. Three methods, namely piecewise direct correction
algorithm, model updating and slope/bias correction (PDS-MP-S/B) , were used to transfer the hyperspectral
data. The transferred hyperspectral data were substituted into the content models of TN and TP to predict their
content values and evaluate the prediction effect. Meanwhile, the influence of the number of PDS window and
the number of standard set on the prediction results was analyzed. When the number of PDS window was 19
and the number of standard set was 120, the prediction effect after calibration transfer was the best, absolute
coefficient of test set (R’) was 0. 736 and root mean square error of prediction (RMSEP) was 0.274. In the
content prediction of TP, when the number of PDS window was 23 and the number of standard set was 80, the
prediction effect after calibration transfer was the best, R} was 0. 647 and RMSEP was 0. 231. The solution of
model transfer between laboratory spectrometers and hyperspectral cameras provided a powerful basis for rapid
prediction of a large number of image information data collected by hyperspectral cameras, which greatly
reduced the workload, and the wide application of hyperspectral cameras in quantitative analysis and rapid
measurement technology.
Keywords Visible near-infrared spectrum; Laboratory spectrometer; Hyperspectral camera; Calibration
transfer
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