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The geographic location of Boletus tomentipes

Fig. 1
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Table 1 The specific geographical origin information of Boletus tomentipes
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= T A o T S DX R 6 R 5 E 103°96'24. 32", N 25°27'89. 52" 2 033
PN RN K Y 7 E 100°17'64. 44", N 26°56'17. 56" 2 236
dbi 8
7 A8 DN A B B 8 E 99°7'52.17", N 27.83'61. 52" 3 281
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T T R R A 7 E 100°65'89. 33", N 22°85'55. 64" 958
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Fig. 2 Schematic of random forest
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Fig. 3 Near-infrared and mid-infrared average spectra of Boletus tomentipes from different sampling places

(a): Near-infrared awerage spectra of stipes; (b): Near-infrared average spectra of caps;

(¢) : Mid-infrared average spectra of stipes; (d): Mid-infrared average spectra of caps
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Table 2 The major parameters of single spectral model
; Il 254k B ik 4R
Pk ntree mtry s - B 5 —
fRES R LE i fRIES R e
N-b 160 61 0.5 0.539 0.752 0.861 0. 906 0.95
N-g 1 800 60 0. 638 0. 669 0. 842 0. 862 0. 876 0.943
M-b 641 53 0.638 0. 756 0.927 0.828 0. 756 0.927
M-¢g 2 000 43 0.5 0.576 0.765 0.724 0.762 0. 885
2 0.55+ 5
2 ®) — |
(@ = o £ 0501 — mz 1.0
B M E Ly R4 0381
% - Vg 50451 "y A
£, §0.40- s
g 2 5] g o4
3 2 0.
S | oy RS2 021
5%030
20254 |- 0.0
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Fig. 5 Feature selection diagram
(a): Boruta algorithm; (b): VIP; (¢): LV
2.4 HEMESW 29 AR R, M-b 4L 57 AR, Mg $2 4t 32 AR, f2

2.4.1 ARZEERA

B DU B —SEREHE FEL(N-D), (N-g), (M-b), (M-g) 3k
ARG R B IE B — A 87 ANFEAR X9 958 7848 W 4E [ . Horp
N-b f2fit 3 112 A48 &, N-g #2413 112 A8, M-b 24t
1 86748, M-g #4it 1 867 A5,
2.4.2 FoaRL

fifi e VIP 42 B U A — 3% [(N-b), (N-g), (M-b),
(M-@) T RFAE B JE B — 4~ 87 AN A X 788 A~ A5 & 114 5 B4
Hofr N-b 4@ ik 22 B4, Nog $2 it 92 A8, M-b 4k 427
AR, M-g #2843t 247 A58, i Boruta 32 B AN B — 6
JELN-b), (N-g), (M-b), (M-@) ] 88 i — 4 87 4>

BUYAS B — G5 (N-b), (N-g), (M-b), (M-g) i) LV B,
— A 8T AREAR X 43 ANAR AR I, Hodp N-b R 4E 11 A4 LV,
N-g $#24t 10 4~ LV, M-b #2410 A~ LV, M-g 24t 12 4~ LV,
2.4.3 HEFKS
TR LV #7424 s — ek [ (N-
by, (N-g), (M-b), (M-g) 18 LV 454 RF 27 % i m,
Hrp, N-b & 12 MR, N-g A 11 /\%’“klje\ M-b A 17 4
W, M-g A 18 M hiR, XT4/\1‘5'<"°”13067\ SERATUR . B
87T b E A5 ARER T EHITm A, Wk 3 iy
TR HPA 2 41 HAEIR (6, 26), 2 14Kk X (8, 52), 43
MoK EH. Hhb, 6 SRS P N-g f1 M-b R0 KA

BEAR X147 AAE A SE . Horp N-b 24 29 28, N-g 2 class4, M-g #5432 class3, N-b IE#fi4r25 0 classl, &5
x3 REWMOALHERSEBREER
Table 3 The results of high-level fusion of misclassification samples
True Origin identification True Origin identification
Origin Classl Class2 Class3 Class4 Result Origin Classl Class2 Class3 Class4 Result
6, Classl 8, Classl
N-b 0.504 0. 059 0.098 0. 339 N-b 0.720 0.053 0. 090 0.138
N-g 0.196 0.007 0.018 0.778 N-g 0. 250 0. 000 0.053 0. 697
M-b 0. 385 0. 039 0.129 0. 447 M-b 0. 376 0.073 0.143 0. 408
M-g 0.031 0. 000 0.671 0.297 M-¢g 0.299 0.011 0.034 0. 657
Min 0.031 0. 000 0.018 0.297 Class4 Min 0. 250 0. 000 0.034 0.138 Classl
Max 0. 504 0. 059 0.671 0.778 Class4 Max 0.720 0.073 0.143 0.697 Classl
Avg 0.279 0.026 0.229 0. 465 Class4 Avg 0.411 0.034 0. 080 0. 475 Class4
Prod Class4 Prod Class4
0.001 0. 000 0. 000 0. 035 0. 020 0. 000 0. 000 0.026
Class4 Classl, 4
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B TRl A s A S BB R SRR 4 T
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AE AR, KA B 3G  J5 B AT BRSO R AE A 1 A2 R
B, PERALT IS 2T Boruta AT Sl A 5 0 AR 4K
TFH—Ji% . IR RS R FIE T VIP i o w4 SR, 5K
i/, BRI PERE R SR %y 1) 4R A R A 2B
AEs BT LV Ayt gRl G SR Al A H T VIP 1 Boruta i Hr4¢

il S, B RE IR . R rERER, Bn b,
DRI T R Dhg AR I 7 A A A i )RR 20 £ 6L SE NS A A A
FR-

55 2% il B SR A BT B — D i AR 2 A SR . h
TR PR RBR S ARG TAREE, da T
RZ T AR R - SRl 5 W A S IR E L 19 5 7 v 25 BR A
/vy S & [ S N X (e N T S B L S G S 2
B R VR RE e A SR TR IBC T R A SR s B A
S B RSB AR AR TR X 3 A R PR L — A
TR RVERE . BTOCRW . SREURHEME LV 580 A G K
W 20 A 32 90 G0 8 AT R 20 AN 65 5. AT LUK R 42 i B 2 4y
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Table 4 Major parameters of data fusion

mlA 7 ntree mtry ISR - RIER -
IRIES RAE ek fIRES RIGE i ek
Low-level 800 107 0.759 0.783 0.9 0. 862 0. 871 0. 941
Mid-level
(vip) 1150 38 0. 69 0.701 0. 866 0.931 0.933 0.971
(boruta) 900 4 0. 81 0. 802 0.923 0. 862 0. 871 941
v 1 500 30 0. 948 0. 951 0.979 0. 966 0.964 0. 985
High-level \ \ \ \ \ 0. 966 0. 969 0. 986
(N-b) 1 000 3 0.914 0. 919 0. 967 0.813 0. 899 0. 856
(N-g) 1 500 5 0. 81 0. 823 0.923 1 1 1
(M-b) 1 800 2 0.741 0. 689 0. 889 0.931 0.943 0.974
(M-g) 1 300 12 0. 828 0. 852 0.933 0.724 0. 756 0. 878
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Infrared Spectral Study on the Origin Identification of Boletus Tomen-
tipes Based on the Random Forest Algorithm and Data Fusion Strategy
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Abstract  Boletus tomentipes Earleas a kind of healthy food is favored by the majority of consumers. The nutrient accumulation
of the fruiting body is affected by the growth environment (altitude, climate, etc. ). There is a significant difference in the con-
tent of nutrient between different regionslt is urgent to establish an accurate, rapid and cheap origin identification technology. In
this paper, a data fusion strategy combined with random forest algorithm (RF) was used to identify the origin of B. tomentipes,
and the effects of various eigenvalue extraction methods on the classification of RF models were compared. Fourier transform
near infrared and Fourier transform mid-infrared spectra of 87 samples from 4 producing areas (north subtropics, north temper-
ate zones, south subtropical zones and middle subtropical zones) were scanned to analyze their spectral characteristics. All the
sampleswere divided into two thirds of the training set (58) and a third of the validation set (29) by the kennard-stone algo-
rithm. Based on 4 kinds of infrared spectra ( near-infrared average spectra of stipes (N-b), near-infrared average spectra of caps
(N-g), mid-infrared average spectra of stipes (M-b), mid-infrared average spectra of caps (M-g)) and three data fusion strate-
gies (low-level fusion strategies, mid-level fusion strategies. high-level fusion strategies) of data, combining with the RF build-
ing identification model, the effects of different characteristic value (variable importance in projection, Boruta, latent variables)
on the classification results of the model are compared. Among them, the optimal ntree and mtrywere selected according to oob.
The classification performance of the model was evaluated with specificity, sensitivity, training set correctness, and validation
set accuracy. Finally, the best method to identify the origin of B. tomentipes was found by multiple evaluation indicators. The
results showed that (1) near infrared and middle infrared spectra could identify the origin of B. tomentipes. (2) It is not ideal for
establish a discriminant model with a single spectrum combined with RF. (3) All three fusion strategies can improve the origin
identification effect of B. tomentipes. Theresults of origin identification from good to bad are in order of high-level fusion, mid-
level fusion, low-level fusion. By scanning the near infrared and middle infrared spectra of B. tomentipes, a high-level fusion
strategy based on characteristic value L'V was adopted, and the identification model of B. tomentipes from different regions was
established with RF, which has high verification set accuracy (99.6%) ., high sensitivity (0. 969) and high specificity (0. 986).
As a reliable method, it can identify the geographical origin of B. tomentipes quickly and accurately.

Keywords Boletus tomentipes ; Geographic origin identification; Data fusion; Fourier transform mid-infrared spectrum; Fourier

transform near infrared spectrum
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