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Abstract: Terahertz time-domain spectroscopy (THz-TDS) is a type of far-infrared spectroscopy that reflects
the internal characteristics of substances and provides rich physical and chemical information. Therefore,
terahertz waves can be used to qualitatively identify food additives containing nitrogen. Hierarchical analysis,
originally developed for solving evaluation-type problems, is introduced in this study to the field of qualitative
analysis of terahertz spectra. This paper proposes and evaluates a qualitative identification method that
combines THz-TDS with hierarchical analysis. In this study, six nitrogen-containing food additives were
selected as experimental samples. First, the acquired terahertz time-domain spectral data were preprocessed
and transformed into four datasets: peak values, peak positions, peak numbers, and overall spectral trends.
Next, the data were divided into comparison and test sets to construct a qualitative identification model
incorporating hierarchical analysis, followed by parameter optimization. The results indicated that the
qualitative identification accuracy of additives based on single factors: overall trend, peak value, peak position,
and peak number were 80.23%, 70.93%, 67.44%, and 40.70%, respectively. The multi-factor hierarchical
analysis-based method improved the identification accuracy to 92.44%. In addition, by binarizing the fuzzy
characterization of the absorption spectrum data during preprocessing and using it as the basis for assessing
overall trends, the recognition accuracy increased to 94.19% when combined with the hierarchical analysis
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model. These results demonstrate the effectiveness of the proposed qualitative identification algorithm. The

method is straightforward, does not require training, and is well-suited for rapid qualitative detection of small

sample sets.

Key words: analytic hierarchy process, qualitative detection, terahertz time domain spectroscopy, food

additives
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Table 1 AHP relative importance scale

Scale Define Clarification
Elements a and b are
Equally .
1 important equally important for an
attribute
. Element a is slightly more
3 11?1111)%};:211};1 t important than element b
for an attribute
Element a is more
5 More important  important than element b
for an attribute
Clearly Element.a is significantly
7 important more important thgn
element b for an attribute
Special Element. a is particularly
9 importance more important thgn
element b for an attribute
A compromise between
2,4,6,8. Midpoint the two neighbouring

scales above

For example, a compares
to b as 3 and b compares
toaas 1/3.

The reciprocal
of the above
scales

Inverse
comparison

1.2 ZEZEZRMNERSEEMIRA
1.2 VM FRbR T

SE S 1 WHERE W=(Wi)mtyms o n NHEN]Z
NG m N REAE A 0<wy=<1, WK W R
I AR E AR

TE X 2: WHERE A= (ay)wnr £ 0<ay<1, NI
B A HUENZ 2] B AR E IR R, A a; RonT8

657



47 55 a s HOR Vol47 No.5
202545 H Infrared Technology May 2025

b i AT H AR E I B R AR j AT H AR E T
HERE,
1.2.2 BIAEIT

SR Z R ZE b e MR A R A2 A 1
fiiw, BAGPIRIT

1D HAIBRERE 4 7115 4 ANENT H s ZRYIiE
KL A4=[0.6545, 0.2045, 0.0955, 0.0456], K HIEAN
BEFERE 12— 51

2) BERZEIMREHEFE FE N X=(x1, x2, X3, **, X)),
J=1,2,3, = z; PONRAE € S Y=0)xz» Hrr 2
FRBR LR 5 ¢ FRonxd LU APt i B g . B0
bU e rR R 2R BURBE AL 5 2R HCFYY, #uttAd r=6.
FNMAEAE 5, BT ENAEEE X S50 PR
Y TR HEN I ARAARE , oA ALl FE FHBR 2R S 3%
fE, HSRREEE b, wis()pR; Hk, #HE
SERE [ R=[0.29, 0.24, 0.19, 0.14, 0.092, 0.048],
HE MR G E AN EN 5 6 YR IAALE XS R
HIGRIEATHET, BT RE R T SN Z 1)
WCEERE B; B Ja AU EFE B N R AN W
i

dist = ZZ:(XJ_VU)Z' 1=1,23,,2 (M

j=1

3) ARIEACEIELE w15 R AR I 2 5 15
G, 8RN C=AXB, W W FHE—FHL5 5 HAR
FIRATSR A . C BHAF ik A cr, -+, ce]s [IE C

B AR LR 51 Al Ao B Ay B 28R 5
73t A MR 1R 45 R
1.3 SCIg
1.3.1  SEEG % R il il £

AL TR SRR AR ok B FAb Rt Tk
W0 G TREH AR T RO HE S 30 THZ-TDS 5256
RGN, SIS IR IR LARFFIE S%LAR o it S50
FER I E T RTR TR, A =99%. SEi5r
BERET L-WARKR RHR. —RKE k. LR, 75
FPHA 15 AKBEEZIX 6 FRE NG HL 5 A 24 i 380
W, KPR O (PE) o AFERIAR, T
SCAE R 81~ Se RAGARIX 6 ZRANINF, BEFP IS INFIFE
A3 PREE, BRRES 3 AR, SRl 9 MER
(W2, BHAFEHNE 4k, 3216 55HE.
1.3.2  HRE ik

24 T. D. Dorney 5 L. Duvillaret $2 H 1] )65 %
R ARERIO-10, THEURRE 7 7E R 24 40 B I R
oa(w), AARWIF:

o DAL,

n@Fﬂ%F+l 2)
(0]

2 4n(w)
a(w) 5 n{p(a))[n(a))+1]z} 3)

A ¢ NETHE; oNIREIIF; d bt iR
P NMERE S 5SHE SN E; (o) FE i E
SHSEE SR (o) VRS R85,

2

Input test spectrum data

___________________

——— - ——

4

Target laye

[ Qualitative identification of additive]

lI |
! |
! 1
! 1
1
: - Overall Peaks Peak Peak :
1 lNormatlve layerl trend position value number :
1
- |
! 1
: [ I T T | | :
! [ [ [ i ] | .
1
" s1 s2 S3 s4 S5 s6 |
J layer /
S o -~ ’
Output of

identification results

End

1 82 EERMRR D E R A iR
Fig.1 Flow chart of qualitative identification model with AHP based on multiple factors
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Table 2  Statistical of additives samples
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Fig.2 The recognition results of 6 types of additive samples based on different factors
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