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Visible/near infrared spectrum wood identification
based on SPA-GA-BP neural network

LUAN Jingran, FENG Guohong, ZHU Yujie
(College of Engineering and Technology, Northeast Forestry University, Harbin 150006, Heilongjiang, China)

Abstract: [Objective] The purpose of this study is to explore the effect of BP neural network identification
under different pretreatment and feature extraction methods based on visible/near infrared spectroscopy
technology, with 10 wood species as objects. [Method] The LabSpec 5000 spectrometer produced by
American ASD company was used to collect the spectrograms of 10 species of wood, which were pretreated by
moving average method, moving average method + multiplicative scattering correction(MSC), average method+
standard normal variable transformation (SNV), Savitzky-Golay convolution smoothing algorithm (S-G filter),
S-G filter+tMSC and S-G filter+SNV. Meanwhile, principal component analysis(PCA), successive projections
algorithm(SPA), and SPA combined with genetic algorithm(GA) were used for feature extraction respectively.
The extracted features were combined with BP neural network for wood identification test. [Result] When
SPA and GA were combined to extract spectral features, the moving average+SNV method had the best
preprocessing effect. When absorption peak was used as the initial waveband (Wi,,=1 445 nm) and the
number of absorption peaks (V,,=9) as the number of features, the identification rate was high, and the number

of features mostly decreased to about 1/2 of the number of feature values extracted by SPA. The average
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identification speed of BP neural network significantly increased. The average identification rate of the 10 wood
species was 98.0%, and the identification rate of 7 of them reached 100.0%. [Conclusion] Under the
pretreatment of moving average method+SNV, the combined use of SPA and GA in spectral feature extraction
can improve not only the accuracy of wood identification by BP neural network, but also the identification
speed. [Ch, 3 fig. 6 tab. 23 ref.]

Key words: visible/near-infrared spectroscopy; successive projection algorithm; absorption peak; genetic

algorithm; BP neural network; wood identification
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Figure 2 Original spectra of red sandalwood
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Figure 3  Spectral diagrams of 10 species of wood
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Table 1 PCA-BP neural network recognition with different

preprocessing
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Table 3 Number of absorption peaks and concentrated bands of 10 species of wood

ARAFFPA WA A b oA e Bt /nm
AL 7 920~970, 1010~1 060, 1210~1260., 1570~1620, 1779~1829, 1921~1971, 2122~2172
R 7 930~980, 1020~1070, 1220~1270, 1580~1630, 1780~1830, 1920~1970, 2120~2 170
ki il 7 932~982. 1023~1073, 1221~1271. 1568~1618, 1777~1827. 1921~1971, 2123~2173

763~813, 1222~1272, 1308~1358., 1461~1511, 1548~1598. 1760~1810, 1931~1981.

ki)
= ? 2092~2 142, 2211~2 261
765~815. 1221~1271. 1307~1357. 1466~1516. 1545~1595. 1769~1819. 1930~1 980,
RSyt 9
2087~2 137, 2219~2 269
753~803. 1223~1273. 1309~1359, 1463~1513. 1558~1608. 1771~1821, 1932~1982,
IR 9
2092~2 142, 2212~2262
A 763~813. 1222~1272. 1317~1367. 1463~1513. 1551~1601. 1772~1822. 1933~1 983,
? 2097~2147, 2214~2264
- . 766~816. 1230~1280. 1317~1367. 1468~1518. 1554~1604. 1775~1825. 1940~1990.
2095~2145. 2216~2 266
. 753~803. 1218~1268. 1305~1355, 1457~1507. 1544~1594. 1769~1819. 1928~1978.
R SE I A 9
2084~2 134, 2209~2 259
oy . 881~931. 1218~1268. 1305~1355, 1452~1502. 1557~1607. 1772~1822. 1923~1973,

2092~2 142, 2218~2268

233 REHFEEAAKSA  BERGIEBEE A, B W] 445 nm, 555 N BORFBUER, XF
BP M GO M0 . L SIS EITT DUE . 2088 RIS A 50 3 PR AR A (1
WoileAs 74, FIESHE . MEER . EE . B, BRE . PR EREARES o4, HIENig
AE B 44 2 W AR A G R O ARAE , Ny 20 BIHLT 7 F19, [AIF 5% SPA RUAHSE SRS, HIET BP #&
W0 2% Hi A ) i AR R BIRE R, AR BIERT 5. 8. 10, 20, 25 #E4T XA, FET L RRAE
B, 43R BP 2 M IEAT AR MU, BEARASAIBEHLZEAT 20 ¥R, SRAFAYLE AR S BT . b
FSTTH: IR, CYRREENEOR 7 A9 B IERRF R =, BB RRAE AR B BB AR (A G Y
B AR (AN R O IR R B, 3K 93.2%, T HARAEAR AN BORN BAAS A (W TG TE 56, 97 H S 44 frg i i
WS 5

234 104 AM e RAAERAN LR oA T HRAAETART X @3 FEHiE+SNV), F A b B
(Winia=1 445 nm) FEAERFAE AN E (NVio=9), 22 BEH SPA-BP 2 4551 10 FhAHE 45 A B9 51 25
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R4 ATERIEFER SPA-BP #HIZ W& FEiRAF R
Table 4 Average recognition rate of SPA-BP neural network with different starting bands

FAAEEZES  REIRIEB/m 10FIAB SR BURHIE B 2315 /nm SFIIUIE %

364~368. 2 141~2 144; 402~410; 418~426; 324, 2 135~2 142; 375~383;

10 895 432~440; 400~408; 476~484; 420~428; 1452~1 460 89.7

. L 44 478~586; 410~418; 423~431; 500~508; 405~413; 436~444; 418~426; 693~701; 4
0 3 891~899; 888~896 90

133~135., 2 137~2 142; 891~899; 891~899; 2 135~2 142, 2132; 419~427;

10 1605 819~827; 420~428; 446~454; 892~990; 893~901 0.1

2133~135, 2137~2142; 2133~2 135, 2137~2 142; 408~416; 292, 22 135~2 142;

10 15 375~383; 430~438; 414~422; 461~469; 420~428; 890~898 88.3

61~64. 2 139~2 143; 405~413; 420~428; 326, 2 135~2 142; 378~386; 527~

10 795 535; 403~411; 478~486; 420~422, 1453~1458; 1350~1 358 895

203~209. 2 141~2 142; 399~407; 418~426; 349~352, 2 138~2 142; 3381~389;

10 995 434~442; 421~429; 485~493; 527~535; 1452, 1454~1458, 1461~1463 892

82~90; 891~899; 434~442; 519~527; 416~424; 886~894; 420~428; 694~702;
10 1350 891~899; 888~896 88.9

13, 2135~2142; 379~387; 407~415; 281, 2 135~2142; 293~301; 428~436;

10 1950 1058~1 066; 450~458; 413, 1452~1459; 1452~1460 88.6

LAY ARMMRUCHZIE , ORSAE, WA SR, BRSO, CUE . ZIME ik, SRR, TSEUN RO, R

(F26), HETTLEN: HRESHINET, SPA-BP ML MIRMN &R, KREM, aEE. |
SV RE R B AT 1) S AU PR I R 100.0%,  FLA AR B R AR B ARGk 90.7%, ik 95.1%.

x5 R—RIBKEARYFIERER SPA-BP # K6 E—MaEFK 10 FA+H) SPA-BP 8

ZMEFHIRFZER KWK FHIRF R
Table 5 Average recognition rate of SPA-BP neural network with the Table 6 Average recognition rate of SPA-BP neural network for 10
same starting band and different characteristic bands species of wood with the same pretreatment method
IR IEE FE | mkE AR P o TS o T L. PR
. o e . o e ESZEIESRON = s SRR (N S 21
Btmm B ME% || Btmm B4 B2 /% B2 /% IR/ % B2 /%
1445 5 92.3 1445 10 90.6 Z1H 909 | BHLFAM o042 | FHEMHI  100.0
1445 7 93.0 1445 20 92.7 KA 1000 | ZHFE 1000 | BE 100.0
1445 9 93.2 1445 25 91.2 BAEME 907 | BEAA 94.6 | F4 95.7
1 445 8 91.6 REEME 9501 | SRE 91.0
Bl SR O SR SNY, R IAYE 1 445 nm,
FAE(EECH 9

2.4 SPA-GA-BP #2425

BT X SPA Ry AE AL HL T X (B s F 3L +SNV) . S AF R IGIEBE (Wiiga=1 445 nm) FEAERHAE(E A
] (Nie=9), AT SPA-GA [ BP M2 48 150 7 L BENLIZ T 20 R, SR GA DL St as (a] B i 45
B KRN, R PSSR A AR AR F GA AL RIS IE AR 0 100.0%, BEHAIX 4 FpA
MAER R SPA FRAEFRIET, HIRE S, RA GA ALE X E#f R B A K HAll 6 FhAR M R
SPA FEfE 2 U ¥ — 2 iR A, 32 GA AL 5 IR B R A — 2 4 o o Ho il A R (9 38 51 R
90.0% &£ F+3] T 100.0%, M HEEHEH 88.9% #2732 1 100.0%, FIFEEMH 90.9% #2F-5] T 100.0%.
SREFURALSETE 1 FloRAE, (Halad ZRE1T, AR PE TSR

FEXE B3R 20 PASFTE5 5, KA 10 PR 45 A IR BIEE R . AR, e sem . fifE &, B2
WM O . R RORT R AT X U I A R S 100.0%, oAl 3 R B 7 3 U R A IRk
91.5%, fiemiik 95.7%, 10 FARM 513K 98.0%.

E A AR U RS BT 2 B2 E T 200 FERE S 55, i
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PUIRA 70.0%~95.3%, FAULFRFRIK 98.6% M AKX LA G IREL =, (HIX EEF o8 2 5101
AMFPERZACH 4~5 4>, SFFRIFRA] 10 FRM R 2K, 24858, S5TUIMNAMFMIKRZL, 5
SRR AE o A 5T A 3 A 404 2 R 10 RO AL, S E R RN 84.7% . AW 5T R HL SPA-
GA BB R RO s, IR G0 10 FpAHS, i Wi | FRAE(ESE S50, & 7 MR i
BIRBIRIK 100.0%, HAFEEE R SN JFORE) 2~3 fi5. 8 TlE—BRrRa R et , Rustia R
ZF ALY 2, AR LA EE I R AP R E MR . B SEIR BRI S BERIL 20 UGB AT
SEL, BRI GRAr-ROASR a] LB A R ARG E RS, RUIE RE AN S5 R

3

IR LKW . DSPA-GA MR BIAM AT, BEFEFe sl T ik+SNV i filkb B )7 s R e fE . Q% T
SEG TR, AR B IR U0 B I E I R R T R, REAE A B A G T A I B B
B Y AR BIEBGR AI B 1445 nm, FRHIEEAECH 9 4. BSPA-GA HEHUE I FIHRAE AR 5]
PEREIHE. SPA FRIEMHZ GA TG, FRIENEKZ W AR — A 47, Ab)E BP R4 45 11
PR B0 Ty, KRS RSN RIS R R . B IIRAE S 7 RO
SR B IE i 2634 B 3k 100.0%, AR % 4s SPA B4 B

ARWFGCAERE T LML R SR R RO, . R BORE . AR, b
SN TN IR X 10 FPAMREA VAT TR, XTI AK BRI Rtk — B A T 56 0E
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