+ gk
Acta Pedologica Sinica

DOI: 10.11766/trxb202503280144 CSTR: 32215.14.trxb202503280144
JEE, mER, WO, Sl WY, W, RHYE, DO, BEML YR OGEBORIE LA R SRS B A
BES GG AT, B3R, 2025,

TANG Yun, GAO Weichang, PAN Wenjie, CAI Kai, ZENG Yuntao, YANG Jing, JIANG Chaoying, ZHENG Gaunghui, LI
Decheng, ZENG Rong. Precision and Economic Analysis of Determining Different Forms of Soil Iron Contents Using

Spectroscopic Techniques[J]. Acta Pedologica Sinica, 2025,

FOBERIARNNE TR RIR SRS ENHTE
SR

JE oI, m4EE 2, WA, UL, WRES, M R, RO, AU, R
4, f g

(1. AREER LA IR0, BIR 210044; 2. StONEMRERLAAF AR, S0 550081; 3. [
JHE B AT SONE AT, FiFH 550004; 4. HI35 RN ATERSE R B & E E st E (h ERAR R R 5
WA, PR 211135)

# E: % (Fo) REMEKLFNMEEFRTE, AREESY (24 Total Fe. Rk Available Fe. i
Bk Free Fe) FRUAFHE ML IS -3 R BAAO AL P AL B OC BL B, A BRANHY 120 Bk th R e IR 2 5 1Y
DT G INE TTER L, JGEBOREE . &5 FRAIIRS, ITAEAREHT RN 1% Fe Il
SER BT %R DGR RGSEA RIS HRIE R, Ak, AT 5HE 501 ALK
HI#HHEZ (0~20cm) H3EFESAIBIEZH (CP). W -IEZZLAMGHE (VNIRD. HELAMGHE (MIR) K&
Sk (SF) #ids, W ikidE(T Savitzky-Golay (SG) P LMEALHEE, FEFHARUEIES LR (SNV) J ik
ATRLLRRLIE, 230 R fi B/ —3fe [l (PLSR) FISZRFFIENL (SVM) WMkt 1T @M, RGLLE T 5
—I S RGGIER MBS BRI ERE, B AR LE (CERD FIBCRIREL (ED P bR AL AN )
T SRR BE ARG R SERRW: (1) BRI, VNIR HiAE Akt R I (PE &
# R>=0.85, HHXF /T 2 RPD=2.59, ¥/7#i%% RMSE=5.48 g'kg'), MIR i 77 892k 5 b kG 1 de v
(R?=0.80, RPD=2.23, RMSE=4.15 g'kg'"); IR HAE (SF3) Heililt— 542w T 3 MR TR B
o kBT I B K, BT XA ST (RPD=1.37), DM IASHE 72 4 FH e 1 B A0 39 2 kadt AT
T (2) BA-FEEE BT, el AR TS 2 A (BRI 40%~85%), Hrf VNIR Al MIR HARTE
AR R TN b M Bom R R A, &M T RS S B R SRR R, TiREbE (SF) K
FERRTHAT PR FLRA G N 2, & S AR ER w0 FE R WIS HAR AR R CRIE— 52 TIRS B 1 St
bR AR A e A, AT B AU S A S I A B S B R R I, AT A RS HE AR L St £
B I HARS R

KEEIA): bRk OBIEEOR: AT AEHEARL

PEIDES: SI51.9 CEkbRE: A

Precision and Economic Analysis of Determining Different Forms of Soil Iron
Contents Using Spectroscopic Techniques

*EF ARBIFEETH (42577343), P EMHE S AF FMNEAFTHE (2023XM11D I EHES AR ITE (110202402016,
110202102038)3% ] ¥ B Supported by the National Natural Science Foundation of China (42577343), the Guizhou Company Project of
China Tobacco Corporation (2023XM11), and the China Tobacco Corporation Project (110202402016, 110202102038)

+ JBilffE# Corresponding author, E-mail: rzeng@nuist.edu.cn

fEZ R B8 (2001-), 55, ZHIEHIA, TENFELHEER TS . E-mail: 17730325348@163.com

Wk HH: 2025-03-28; IS TR H #: 2025-09-26; M4 1K HH (www.cnki.net):



+ gk
Acta Pedologica Sinica

TANG Yun!, GAO Weichang?, PAN Wenjie?, CAl Kai?>, ZENG Yuntao®’, YANG Jing®>, JIANG
Chaoying?, ZHENG Gaunghui!, LI Decheng*, ZENG Rong!"

(1. School of Geographical Science, Nanjing University of Information Science & Technology, Nanjing 210044,
China; 2. Guizhou Academy of Tobacco Science, Guiyang 550081, China; 3. China National Tobacco Corporation
Guizhou Provincial Company, Guiyang 550004, China; 4. State Key Laboratory of Soil and Sustainable Agriculture,
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: [Objective] Iron (Fe) is an essential micronutrient for plant growth. Accurate monitoring of different
forms of iron (Total Fe, Available Fe, Free Fe) is essential for soil health management and agricultural production
optimization. Total iron and free iron are also necessary indicators to identify certain soil types. Compared with
traditional soil determination methods, spectral technology is rapid, cost-effective, and environmentally friendly,
and is gradually becoming an alternative for soil Fe determination in recent years. However, there are few reports on
the systematic inversion of different forms of iron by spectral technology. [ Method] Based on the color parameter
(CP), visible near infrared (VNIR), mid infrared (MIR) , and fusion spectrum (SF) were used to obtain data of 501
typical farmland tillage layer (0~20 cm) soil samples in Guizhou Province. The spectrum was smoothed by Savitzky-
Golay (SG) denoising, and then the baseline was corrected by the standard normalization (SNV) method. Partial
least squares regression (PLSR) and support vector machine (SVM) were used for modeling, respectively. The
system compared the predictive performance of single spectra and fused spectra for the three types of iron fractions.
Moreover, the relationship between accuracy and cost of different prediction strategies was quantified using two
indicators: Cost-Efficiency Ratio (CER) and Efficiency Index (EI). [Result] The results show that: (1) in the single
spectral model, VNIR spectrum performed best in the prediction of total iron (determination coefficient R? = (.85,
relative analysis deviation RPD = 2.59, root mean square error RMSE = 5.48 g-kg™!), while MIR spectrum had the
highest accuracy in the prediction of free iron (R?= 0.80, RPD = 2.23, RMSE =4.15 g-kg™!). Also, the decision level
fusion (SF3) spectrum further improved the prediction accuracy of the three forms of iron, among which the effective
iron increased the most, but it was still difficult to achieve effective prediction (RPD = 1.37). Thus, using spectral
technology to predict soil available iron is not recommended. (2) The cost accuracy analysis showed that the spectral
technology can significantly reduce the cost (by 40%~85%) of soil iron characterization. VNIR and MIR
technologies had high accuracy and were cost-effective in the prediction of total iron and free iron, and were suitable
for scenarios requiring comprehensive consideration of accuracy and cost. However, the accuracy improvement of
fused spectrum (SF) was limited, and the cost increased more, which is suitable for scenarios requiring higher
accuracy. [ Conclusion] This study shows that spectral technology can significantly reduce the cost of soil iron
content measurement on the basis of ensuring a certain prediction accuracy, and can replace the traditional methods
to achieve efficient monitoring of total iron and free iron, so as to provide effective technical support for the
implementation of precision agriculture.
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Fig. 1 Spatial distribution of sampled farmland fields in Guizhou Province
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Table 1 Descriptive statistical characteristics of soil iron contents in different forms
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Table 2 Accuracy of optimal prediction model for different forms of iron
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4F3R 2 Continued Table 2
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0.47 0.83 5.16 28.18 3.83

2.59 1.26 2.13
2.57 1.26 223
228 1.15 2.06
2.65 1.37 2.36
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Note: For the fusion strategy, only the model accuracy results with the best fusion accuracy of each level in the three-level fusion are

displayed; bold font shows the optimal prediction model for different forms of iron. In the best prediction of fusion strategy SF2, the best

prediction model for total iron and available iron is the PLSR model after using the CARS algorithm, and for free iron is the SVM model

after using the LASSO algorithm. In the best prediction of fusion strategy SF3, the best prediction models for three forms of iron are the

PLSR model after using the GRA algorithm.
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. Note: The solid line is the fitted line of the scatter plot, and the dashed line is the line of equality between the measured and
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predicted values; for the fusion strategies, only the model with the best accuracy in the three-level fusion is displayed.

B2 BT Hi B4 (a). AI-ELAN (b). LA (o) Bl (d) JEilir 3 i Ak B i T 4 5L LA
Fig. 2 Comparison of the best prediction results of three forms of soil iron based on CP (a), VNIR (b), MIR (c),and
SF (d) spectra
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017>, X—HEPRY, WML R AR T 5 B e S HERAE, TR Ho I
SO G P MR SIERMER. 2, SR EMEPIET Munsell B 5
ST FUREFEARLL (R?=0.94, RPD=4.37), AHIRYRITRINKE BEAF(E 35 2200 o X PP 22 57 m g
TP : H—, Munsell Bl RGuiEdbrdE R EA T IEEIE, feB R MRS AL
YIe et =, SRAHEERME SR M ERIE (SVR) AL, AT AW T 18 2 2k
PEFEH (SMLR), TRt S SRR AR AR AL SMLR BLAY Y
FEJFEFE SMLR MR 44 FERR I BB A6 H ) PR A I 1) 75 3R o el I8 € ORI T B
SRR 6T s T IR AR A Bk, IR TR SR R m T AR SR RE
JETEROR FIRE S TR IADG AR, (HHDGHER B (VNIR A MIR) AJHi 3Rk 5 2 40 AR Bh (5
B (W1 Fe-O. Fe-OHD, Tt ¥ AN s il ] L5 ik B (%) BE A s S i 1301,

222 W] W LAMRIHR LA A AR PR — G (VNIR. MIR) 75 48k = 2k Ftn
RIS, (EXE RTINS B k. X T48k, VNIR A1 MIR #A! ¥ RPD 4514 2.59
F12.57, RMSE 73l F£ 52 5.48 Al 5.52 g-kg!, BB HAE AL R 2 k> 50% LA L. 456 PLSR
Al SVM VLRI A BERIERT WS B, Wk 1 HEEPIK 45 . X ARk, VNIR #
MIR ## ) RPD A 1.26 (RMSE~30.6 mg-kg!), BRFOSHHEAAG T (R2 M 0.17
WA 0.37), (HIHREFESRAME DA A7 stk . A R B3 B s R T8 L. L
AR, BRI RS, RN N M55 T Fe-O $AELLAMX 51 Hy
TEIRZN SR ERT . R LI h 225 &EONFE, (HRZ B USRI S P r) e X A7
TE, REMERAE A P B R SCOR F (R ATV PR Bk B B AR IS R, A Rk & AR,
TS TS, B A B SRS, BARRE FR T LR B, AR
BRAES ()G vl e RLREAE BR 1] 7 FL 0 R P . (EARERIE, AR RTINS RS
Baumann ZEUAFSE (RMSE=0.5 mg-kg!) fA{ERE %R, WRESFEARREA L, sl HIEs
ROk B 7 REEIE 97.84%, H 2 Ru{E 7040 (FEH 0.09~230.2 mg-kg ', ¥I1H 39.49 mg-kg
D), MR PG SRR REURAK (CV=38%), SENMmET (U 1.0~6.7mgkg!, HMH
2.9 mg-kgD. XTUFEEL, VNIR 1 MIR #84[) RPD 435124 2.13 1 2.23 (RMSE=4.33 #il
4.15g'kg"), BEHOSEIERIREZ T 30%~40%, HE—HBIRIE T VNIR F1 MIR 635 iE 2
AR B v 5 e R

223 GG B A OGS ERRE EEHET A SF3= SF2>SF1, Mt SF3 SelgAS FER = T
SF2, H SF3. SF2 BT SFl. AHEC T HHE A VNIR F1 MIR i 4, SF3 fil SF2
FREAE 3 PRI T b 35 R I HAS FESR T I 0L, RAEHRTHIBEEA R . T SF1 SR A
FETE 3 FEASBRII A IRT B—i B Y, SRR ZEM TS K. UL SF3 SRms i, i
T4k, SF3 AL RPD #2724 2.75 (RMSE=5.16 g-kg!), HH—IEiliRZE D 6%~7%.,
FEG T VNIR BOGIEEE CRERIN 42 rT WG X AL/ X S ED 5 MIR B4k 224
W5 B AN (U0 Fe-O BEIEAINRSN) B4, XF T4 %%%k, SF3 #Af RPD M 1.26 £+ %
1.37 (RMSE=28.18 mg-kg"), RZ$ZH2A 0.47, (HAIARIEE|SZPrM FHE R (RPD=1.5), £i#
RGBS 5R 1SS S IR T, (B Rk BRSSPt 2 32 R o T B Ak
SF3 #A [ RPD & 2.41 (RMSE=3.83 g'kg!), RERKA—IIEFFK 7%~12%. FR—IREH;



+ gk
Acta Pedologica Sinica

ARG IERE RS AR, RERES T, wREi S s 2. mytikah &8
S Z MBS FIHR TR, WD TUARE BT, fem 7B e M . I SF3 Seng
OPA 1 GRA BE AL R SRR Chn 386 1% [R] I A7 AE 2 i 37 A28 ki 5, PR
— AR DL ), BRR TR SRR, ST RS R e R SIS B R
FERT I35, SF2 % HH ) CARS Fll LASSO Sy 402 B H PR RERE, IR 5z
LB ST, & T B e A K BAEAE 2 LR (- MU TR IR B 3. X
SERRTE RIS B TN L B S R . S RS Bao MM ILRLA LIS TEER A
T R A R A e — B

SRS, BRI FETEASER, W BERTE T A JE0E N RE vl ST A ERIE B 6 S 50T
IR BERAR, FEAR SRS B TR . A5 0k [ TR RG FE AR, LI 1 SR R AT P T30 52 %
5 3 CAHE R TR0

2.3 NEIFAS SR TN AR RS B AL AR 2T L

WL 3 IR, ARG 775 (NHF-AAS. DTPA-AAS. DCB-AAS) 1ERMIESY.
RO TR ERIGAREE T, HAE AR S50 B 43 70l 9 (150 J6 A1 RMSE=2.17 g'kg)+ (100
JG-FE. RMSE=1.97 mg-kg). (100 JG-F£-'. RMSE=2.70 g-kg'), /R HRmMASRE, (HH
e B PR PR B S22 A AR AU R PR ) 17 LA DR RS 9k 0 e RS2 PR 210 AT, 7 S B B
o G HOBURE [ 5 A, BET TR B AR RS o 5% G0 75 1% CHARE R BRAS - 42k 150 JT.
AR 100 7T WEEEE 100 70O AHEE, Gl HARES — K& FE SR TR SBE R, &
BEAR T SRS ISE BLA (CP. VNIR. MIR. SF P50 54 15, 25, 35, 60 Jo- &,
JRAFENRIL 40%~85%, IXAMAFFIEAE KRN A e N5 M. L VNIR BORH1, F55%F 1
000 MEATAT TS BRI E , 58757 35 /i7t, 1 VNIR HARINT 7.5 /378, MATZ)
78.6%, [ i G b Sk 0 A B R VAR S R B ), 3 — D D PR B A B RS

R 3 REFAESHERATNTERSHK S ERNRNIERERE

Table 3 Optimal model accuracy of traditional methods and spectral technology for predicting different forms of

iron content

Y77 %% RMSE
J71% Method T34 Market price/Yuan
4=k Total Fe 3 Available Fe WF BS54k Free Fe
/ (gkg") / (mg-kg") / (g-kg")
NHF-AAS(1) 2.17 - - 150
DTPA-AAS - 1.97 - 100
DCB-AAS - - 2.70 100
CP 11.09 36.39 591 15
VNIR 5.48 30.62 433 25
MIR 5.52 30.65 4.15 35
SF 5.16 28.18 3.83 60

7 : NHF-AAS CHBR- 5 SR -2 B A — R TR OEIEE) « DTPA-AAS (DTPA 23— R TR ) . DCB-AAS (DCB
PRI — R F RO 7350 e Ak ARk WERSBRIIPRAEJ7 120 SF SRSy — il & SR ok B2 f5c s (R 3RS . N[l Note:
NHF-AAS (Nitric acid-perchloric acid-hydrofluoric acid digestion-atomic absorption spectrometry), DTPA-AAS (DTPA leaching-atomic
absorption spectrometry), and DCB-AAS (DCB extraction-atomic absorption spectrometry) are the standard methods for determination of
total iron, available iron, and free iron, respectively. The SF strategy delivers the highest precision among the three-tier fusion strategies.

The same below.



+ o

Acta Pedologica Sinica

2.3.1 SEEMERA SN NRSEIE BRI AT, AR DAL G i A
e, FE RSO -RE BEOWAE BV R R (LR RO L CER AT ED, Xt 4 Fiotil+:
ARIFREE BN LT, RV S IEHORIE 2L ARk W BT ik R 30

Btk sei 71k (NHF-AAS) AHLG, CPyERAFEME 90% (15 J6-FFih"), {H RMSE 3
T 8.92 gkg! (+411%, BALGTEWINT 411%) (£ 4), HEABEE (CER=0.066)
50 R E (E1=4.57) R, B BARERS BE RS R . AHELZ R, VNIR Y6l oA R 1K 83%
(25 JG-kEM1), RMSE N 5.48 g-kg! (+152%). CER=0.026, EI=1.83, FHI&EEAK 1 juk
1%, RZEHN 0.026 g-kg! 8L 1.83%, 1E A 5K B[] SEIU AL -1, MIR i A<
ik 77% (35 JG-FE51), RMSE N 5.52 g-kg! (+154%), H EI=2 5 VNIR $E(H AR & .
SF il s A P 60% (60 JC-FEf1), RMSE A 5.16 g'kg! (+2.99 g-kg!, +138%). A5
i, {HH CRE=0.033, EI=2.3 S @ TR E R E m e .

LEERE, EEBRMTNE, VNIR (CER=0.026, EI=1.83) 7E A1 £ RIS 451 5% A]
5 fefd P, T CP (CER=0.066, EI=4.57) 1 SF (CER=0.033, EI=2.3). fE+1E4%k
TR, GERRAATPh SRR AR BAR R F R U . (1) 18SREARA B4 2K E: CP %
CREBEIAR, AHEED o (2) e B2 5 A i) E MR . VNIR SeRg O B2 R I, JAs . CER
FEL 5D MBS, MIR NI SN . (3) JEREEGE H A ZER M. SF 5k
W CREFE SR AR .

3 4 TR HIE L S TN B0 B A SR L SR E 8

Table 4 Cost efficiency ratio and efficiency index of different soil total iron prediction strategies

A Tt Market BTz AR EE Cost RMSE #4J1% Rate of AR -
E
Strategies price/Yuan RMSE/ (g-kgh reduction rate/% increase/% Lt CER
EI
NHEF-
150 2.17
AAS
CP 15 11.09 90 411 0.066 4.57
VNIR 25 5.48 83 152 0.026 1.83
MIR 35 5.52 77 154 0.029 2
SF 60 5.16 60 138 0.033 23

T AR A BRI AT RMSE N, & LMESE 7 7 AR RMSE 3, 383t 5 AN F 6 75784 5 RMSE HEAT LR
11515 %], TF. Based on the traditional method’s RMSE and cost, the cost of the traditional method, different spectral method and
RMSE were compared, and the cost reduction rate and RMSE increase rate of the traditional method were obtained. The same below.
2.3.2 HRRIN AR SR L 548050507775 (DTPA-AAS) HLL, CP VLA 85%,
RMSE # % 36.39 mg-kg"' (+34.42mg-kg!, +1747%) (% 5). CER=0.405, EI=20.6, FHHL
FEFRAR 1 TCER 1%AS, RZH N 0.405 mg-kg! 8% 20.6%, & HKSEEBRIG. % VNIR )t
i, AR 75%, RMSE A 30.62 mg-kg! (+28.65 mg-kg!, +1454%), CER=0.382, EI=19.4,
LU T CP, (Hi ZHIREE R « MIR J6il BUAREAIK 65%, RMSE 4 30.65 mg-kg™! (+28.68
mg-kg!, +1456%), H CER=0.441, EI=22.4 FKHHZFNEL T VNIR Jtili. SF Mk Al
ik 40%, RMSE ¥ 28.18 mg-kg ' (+26.21 mg-kg!, +1330%) . BK5 FEME G $2 71, {H CER=0.655,
EI=33.3, RWJHAE S A THERIAW, SUF i —»8 .

FE 2.2.2 15381, VNIR Al MIR Y6k x) A3 208k RS 42, Khajehzadeh 513145 H
AHEEBROGETIN A LIBS 8 XRF S0 RRF AR Bk, A7 H 60
FER W TCIE B AL G 7 T BRI E o 0 T 80X M & SRS ORI TP & B
AR 0.1%) HLIFIIKS B 22 (9154, CER A1 EI #5475 % DGR R B AL GE AR AEAEIR i i)
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FEFEH S (4 VNIR ) CER=0.382. EI=19.4, & MEEFEAK 10 J08E 10%/8A4, RMSE #4j11 3.82
mg-kg! B 194%) . REGIEHAMAML CBALg iR 40%~85%), (HHKEEHILE KR
(RMSE ¥ZE N 1 330%~1 747%, RPD<1.5), JiEiL9ehnioR, Br{E8h CER Ml EI
faPr e “ERILERS” CER L, G iEAREIEE.

3 5 TR DIEASR TN R B R AR b 53R 3

Table 5 Cost efficiency ratio and efficiency index of different soil available iron prediction strategies

miath . o e
SR B J5 k%% RMSE/ AR BEAIGR Cost RMSE /1% Rate of  JRAFE "
Market EiER
Strategies (mg-kg") reduction rate/% increase/% bt CER
price/Yuan EI
DTPA-
100 1.97
AAS
CP 15 36.39 85 1747 0.405 20.6
VNIR 25 30.62 75 1454 0.382 194
MIR 35 30.65 65 1456 0.441 22.4
SF 60 28.18 40 1330 0.655 333

2.3.3 it SRR S EE T L 5% 405050 771k (DCB-AAS) ML, A2 ki R, VNIR
Yok PLRAIE CER (0.022) (3% 6) Rl AR EI (0.8 Jilt il B £k 58 ¥ i 40 0F i (RMSE=4.33
gkgl), FFRAK 1 J0EL 1%EA, Hh0 0.022 g-kg! 5 0.8% 1% %, S HRER&HE. % T
MIR i, FARE 65%, RMSE N 4.15 g-kg! (+1.45 g-kg!, +54%), H: CER=0.022,
EI=0.83 55 VNIR Jtili 2 EAHIT, (HAES o 1 SF Gl ERE RE RS, RMSE=3.83 g-kg!
(+1.13 g'kg!, +42%), HA G (CER=0.028, EI=1.05) f&T VNIR fl MIR. {H#3/E &K
#&, CP¥% (RMSE=5.91g'kg!, CER=0.038) {EX5EHIREAK (RMSE=5.91 g-kg!) HZAGF
PEM AT HEDL N (CER=0.038. EI=1.39), HARMKEA (15 Jjo-#D EH T HREHE Y5,
REMG 7R L I 1) Y IR BEHI2E 45 5, 55 Vodyanitskii 1 Shoba MSHR H ) “ it S 4 AL 2k &
PR TR RS A W R AR

FEWF ST, VNIR 1 MIR 50 CER 1 EIE AE 58 H4 CP Al SF 2R I& K,
R EAE T A BN A BRUAS 1 43 LU BT I SRS FE AR e e/ . CP SEBE 1Y) CER AT EI B8R
T VNIR A1 MIR, (HHEARMCHKA (15 70) M2 KRGk (RPD=1.56, UMl 245 i
AL JERIE TS EEELROE R BRI PR T e . A L R kT, Ot
TR ARSR AL T MR A PR 577 5 3 ks B I 7 1 2 P AT 3

(D) RACEAPIRIEE: CP V% CREFEEMAT, BRI, (2) FRBUREE S oA
FMiFH: VNIR (CER. EI ff%, &5 R NERAEREE, MIR HXMLER. (3) &ElEEH
K. SF5RE& ORI E . AR ).

% 6 REIT B SR TN SR E B A SR L S 3

Table 6 Cost efficiency ratio and efficiency index of different soil free iron prediction strategies

DEEZ iy B iRz X &S
S AP Cost  RMSE H4/I% Rate of AL
Market RMSE/ (g-kg Ei=Ri0
Strategies reduction rate/% increase/% CER
price/Yuan D EI
DCB-AAS 100 2.70
Cp 15 591 85 118 0.038 1.39
VNIR 25 433 75 60 0.022 0.80

MIR 35 4.15 65 54 0.022 0.83
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4F3R 6 Continued Table 6

SF 60 3.83 40 42 0.028 1.05

345 1

AT TN 501 A HALAR FHBHEE (0~20 em) L FE i, RGUVEAL TGS AR(CP.
VNIR. MIR. Rl&EGE) B3k, A RO 2 2k 0N v RS DA R B A SR P 75
A, FFIER GINEARCER . (CER) MBFRIRE (ED B E S MAZ R R . 45
BRI, SREHE AR TAE G 5 R R T AR (FEIRIE 40%~85%), HIEAEL
AN BRI PRI, (ERIE TSI Rk, X T2k, VNIR G ym sk, H
PMIC A SEAT 2T, 3 FH - RV LA A, MIR DG iR sl s T+ &k, il
BRBTM AT SEPEA L, B ADEIEEOR: X Tk, VNIR G N, MIR
iR, “HEMREFREE L. RN, ACFELTIAL: —2RRR TSN
501 A S RUA FHRE SO, S5RAE HAR XIS E VRS TR I0AE: 2 MR BRI AR i 2R L A
AR R BB REAT A 4 A =& CER Ml EI NS E Mt e, “mil”
W T 7 45 A BRI R 755
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