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Abstract: Terahertz time-domain spectroscopy technology(THz-TDS) provides a new method for the
identification and study of Chinese herbal medicines. Although the experimental data of electric field
intensity indicates that the Chinese herbal samples have no obvious characteristic of spectrum absorption
to transmitted terahertz wave, nevertheless, it behaves like a terahertz filter having dependence on the
sample’s type and thickness of Chinese herbal medicines. Because it is difficult to prepare a standard
thickness of the Chinese herbal medicine sample, a sample thickness normalization scheme which utilizes
the data of electric field intensity of the transmitted terahertz wave in the samples with different
thicknesses is proposed. Then the electric field intensity data of the transmitted terahertz wave in the
standard thickness (1 mm) samples are calculated. And then three parameters(a, 8, ¥) of each Chinese
herbal medicine sample with the standard thickness corresponded low-pass filter are calculated. The
experimental results show that the proposed scheme is feasible and can be applied to distinguish the types
of Chinese herbal medicines.
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Tablel Sample thickness of four kinds of Chinese herbs(mm)
%‘%1j?$EUJ|ZE?F':H/‘J%7M, S&”Eﬁ%?ﬁﬂ%ﬁ’. 4@'*'% thickness
MR MRS . XEE L 365 =k % 4 Fh2y sample o@ 4 4 4 d
BHET WS J5 R 300 H % 0 I #E 47 43 38 i 1) J0RE 40 7 R pinelliaternata 0994 1223 1311 2,077  2.999
FEaLIERE . SRS, B E ot AR b ORI A A 13 mm (R codonopsis 0941 1517 1977 2925 3.887
H‘*ﬂfﬁﬁ .:P , %‘E ij , %ﬁ}”m 80 kKN 1% ‘EEjj *%\Hﬂﬁ pseudo-ginseng 0.851 1.054 1.292 1.945  2.882

B EM. fil , ﬁﬁﬁé% IJ:‘::I}:E%E;E . %%ﬁfﬁ% Ej] , B ﬁé E grifola 0.847 1.115 1.507 2122 3.081
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Fig.1 Terahertz time domain spectrometer
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Table2 Wave crest time delay between the incident and the transmitted

Terahertz waves in four kinds of Chinese herbs with different
thicknesses

SERVE TR E] 1 mm 5RO K 2%

O P 37 5 JRE 90 WA A (R X A R A 2% 0 )

FO I [E] 3838 ¢, F 3 AT 5 AT RS 4 B b 2k
FF i 19 20 A8 107 78 55 Al 2% 't D v 3 ikt J3E i Jek
iz D6 AR X IR R 2% 16 I v 7 8 B TR 0 L Y
HI I K(d), 6 T HUR AT A ARE 1 mm
JEEJRE R il 114 375 S Kb 2% D' D v 3 i R 9 e L (A

pinellia ternata codonopsis pseudo-ginseng grifola
d/mm T(d)/ps dimm T(d)/ps dlmm T(d)/ps dimm  T(d)/ps
0.994 2.700 0.941 2.200 0.851 2.200 0.847 1.900
1.223 3.200 1.517 3.800 1.054 3.000 1.115 2.500
1311 3.500 1.977 4.700 1.292 3.400 1.507 3.500
2.077 5.600 2.925 7.100 1.945 5.600 2.122 5.400
2.999 8.400 3.887 9.300 2.882 8.300 3.081 8.000
1.000 2.700 1.000 2.400 1.000 2.800 1.000 2.400
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Table3 Wave crest attenuation rate between the incident and the transmitted Terahertz waves under different thicknesses of four kinds of

Chinese herbs samples

pinellia ternata codonopsis pseudo-ginseng grifola
dimm K(d) d/mm T(d)Ips d/mm T(d)Ips d/mm T(d)/ps
0.994 000 0.512 425 0.941 000 0.634 957 0.851 000 0.593 022 0.847 000 0.572 590
1.223 000 0.456 263 1.517 000 0.488 110 1.054 000 0.532 744 1.115 000 0.486 980
1.311 000 0.416 398 1.977 000 0.400 474 1.292 000 0.487 575 1.507 000 0.405 343
2.077 000 0.251 118 2.925 000 0.276 213 1.945 000 0.323 854 2.122 000 0.258 221
2.999 000 0.159 429 3.887 000 0.182 936 2.882 000 0.217 305 3.081 000 0.163 781
1.000 000 0.519 134 1.000 000 0.629 891 1.000 000 0.562 026 1.000 000 0.533 749
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Fig.2 Experimental data and fitting curve of wave crest time delay between the incident and the transmitted Terahertz waves under different
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Table4 Selected experimental data of four kinds of Chinese herbs

WA SR W AR, N 20 L ZTRE S B AT K b samples
2oL S A b, PR R I T 1 mm i 4 2 sample dmm_Tdjps K@ n k
ﬁ% pinellia ternata 0.994 2.7 0.512 425 0 1.013 090
: - e B codonopsis 0941 22 0634957 2 0992022
KRR B tﬂéﬁg?‘ﬁ ey HQRHE a ﬂ:ﬁi‘lﬁ)ﬁ‘ X pseudo-ginseng 1054 30 0532744 -2 105496
T 21 4 F e 24 1 A 2206 9 S5 e L B 4 O AP grifola 1115 25 0486980 -1  1.096 040
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Fig.3 Experimental data and fitting curve of wave crest attenuation rate between the incident and the transmitted Terahertz waves under different

thicknesses of four kinds of Chinese herbs samples
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Fig.4 Incident and the normalized transmitted terahertz time-domain waveforms for four kinds of Chinese herbs samples
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Fig.5 Amplitude—frequency characteristics of incident and the normalized transmitted terahertz waves for four kinds of Chinese herbs samples
Pl 5 4 B ef 24 R i A G RGBS AR 2% G IR AR AT P
YT, SCHR[ATH Y 1 25008 DR 22 16 i A I8 I AR A AL, AT 3 28 (a, B,y) 1Y — B BELJE I 75 B il 3k 45
— o e 2B A R 2% ' e AT i A B RRAE K B B AR T AR R T R OA
Y1)+ 2nay (6) + (218)° y(1) = 4n°yu, (¢)

(1)

A y() R AR T Z G0 (U rb 25 BF A i ) ) i DG 15 5 64 HL 7 i B8 (B A v 245 B R 325 5 S DR 18 JROBA 2% 016 9 i 37 58
JEMR D)5 us() 2 R T 22 8 0 i A G L 3 0 B2 A (RIS 380 b 25 B R B ) RBR 226 I L 3 A 5 ) o AT o
A DR AF X LB R AL o AR B BOR REy 2 AR o A (L) T Hh v 256 R 2% 516 15 A8 3 % D 8
X BRI 2 8 pR AR CHL T i O R A ) 8



216 KR =2E5BFEEER 5516 %
H(f) = Y ) 25 AP P 2R RE T RRR2Z IR 25 S 5L
Br-fP—iaf Table5 Terahertz filter parameters of four kinds of Chinese
y herbs samples
H(f)|= (3) | "
O vy T / /
v a . - pinellia ternata 0.573 765 0.440 477 0.059 230 3
MRS ] 5 4 o v 2468 R i AR B I R 2 W codonopsis 0.602 890 0.473 579 0.078 8973
AR PEAT B, iR A e PR PRI R A b, 15 4 pseudo-ginseng  0.582865 0431037  0.0660225
A 2 A4 X 07 B DR A ZR I . T 6 SR 4 Bh P 25 B RE S K bR 2% grifola 0586974 0453079  0.0473675
T8 U AR MR TR LR I 3R 5 SN 4 B 2 B U Bk AR 6 Y Y
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Fig.6 Amplitude—frequency characteristic curves of terahertz filter for four kinds of Chinese herbs samples
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T(d) =T. +od 5 Table6 Attenuation coefficient and delay coefficient of terahertz wave in the
(d)= ot o ®) four kinds of Chinese herbs samples
Sy Ao FR AL EIRE R HOLU IR 0 % amples n P o ,
RN %EE H/‘J ﬁi}ﬁ /% ﬁ ;3 To %:2/31\‘ /\E‘J’ @J H ”E['j H:J‘ H/‘J 72% pinellia ternata 0.996 662 0.652 250 -0.107 081 2.794 340
ZWE; o KRR ERIER 245, R 2 5K 3 codonopsis 0990950 0453117 00141688  2.401970
SCE KR, AT E R @) 5GP EE, & pseudo-ginseng  0.990042 0566199  -0.141510 2909 900
SEEIERIA, 26 BT 4 FNE 2GRS grifola 0.993176  0.620 981 -0.256 149 2.633 400
R 58 01 5 3 D 2R 0 I S I AR
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Fig.7 Amplitude—frequency characteristic curves of terahertz
filter for four kinds of Chinese herbs samples
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