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ABSTRACT: Objective To inspect empty peanut nondestructively based on Terahertz reflection imaging method
(THz-RIM). Methods TeraPulse 4000 Terahertz pulse spectrometer, reflection imaging accessories and the acquisition
software of the instrument were used to conduct the pre-experiment of Terahertz reflection imaging on the shelled peanut
kernels at the acquisition step of 0.2 mm, and the color mode of the image for the formal experiment was also identified

to be hot mode. Several samples of Huayu No.36 which were full of kernel peanut fruit and empty fruit samples (with
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only one peanut kernel) were prepared artificially. Then the spectral images of the samples were collected under the
same conditions as the pre-experiment. And the integrated time slice reconstruction method was used to reconstruct the
image to highlight the significant geometric features of the empty peanut image. Results The Terahertz reflection
image could be used to distinguish between full peanut and empty peanut, but the details of the image were still
vague. There needed other ways to improve the clarity of the images that were collected in above experiment. For
instance, in this paper, the digital image processing method was used for image enhancement. OpenCV-Python was
selected to improve the brightness, chroma, contrast and sharpness of the image. The image with improved contrast had
the highest observability, and the black part of the kernel part accounted for the largest proportion, which was most
obvious compared with the empty fruit. That was to say full peanut and empty peanut could be distinguished in this way.

Conclusion THz waves can penetrate peanut shell, and it is feasible to use THz-RIM technology combined with

OpenCV-Python for nondestructive inspection of shelled empty peanut. Also, using Terahertz spectroscopy technology

13 E

to conduct nondestructive inspection research on the quality of oil crop itself has great potential.

KEY WORDS: Terahertz reflection imaging method; peanut; nondestructive inspection; image enhancement
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Fig.l Acquisition mode of Terahertz reflection imaging and the
image acquired
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Fig.3 Terahertz images in different colors
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Fig.4 Preliminary sketch of tomographic image

TEBUAT A TG AR FREAS 1) R 2% S G R e, ik
TEPE A (A1 A AR TR I g, AT AR A6 4 S A
LT L A, 1T AT A5 B0 A A A AR TR B 1) J2 AT
Go T SCEG AN o> BERE 1 R BRI, 78 HLARER AR L R v,
FEFRFERESET . ASkB/NMYEIE 9 SAEA R BURROR
AWASKERINIET 36 Sk, HRERGIE 5
o B Sa, c RIS 95 . HH 36 SFARTEH L(T)
ML ENZIEG, A L HRRE B A HINE
YRR, JCIRE AR Z I ) P R AT AR, H R B
BEMAEE 36 5 2HTIEMGE N 2 e E RIEE S
SeOH; Wi Sb. d WEAEAE 9 5| HEE 36 SHERIL LA
e BT R, FIFEMIEE 36 SIEMT IR,
FIE A% S T AT b XL 0 281) R A A 2B A R SR AT bR L R [ e B 5
FFIF THz-RIM SEBERAE AR P38 i 5T 04 TC A6 RGN A 5 B4 58
TR

S TR, SR kR AR kiR . B
RIMBLEAE T AET 36 S FAE M I S R
B RSNG4 . S B AR AR A6 A AR AR 9 SEBR A BN

SR, WHERE 2 AT7 1 AR KRS ROE N X(-10,10)
Y(-15,15), BALH0 mmo B PE A FUREAS (19 SRR 25
S5 L FER LI FERS 45 min.

a

e a NG 95 L(F)RMALE; b AEAL 9 SHEMLE; c HIET
36 5 E(F)ERENE; d NIEE 36 THHAE.
B 5 AT 2 T A A S

Fig.5 Images of peanut in different layers

2.2 FHE/ATIE 2 SAMBINR RS R

AHFE I X} integrated time slice {5 EA 5 1 1F
TPIF5E, BRI 2 AN ) a5 22 S R A B S AR S P
%, BEMS LA A L 2 MREA I 22 5, &l 6 Ff .

TE: a JR AR b S JEREAR
% 6 integrated time slice 772 AOREA K%

Fig.6 Sample images in integrated time slice mode

&l 6a A AEAREA, 18] 6b I AEAE A RAEA (AT 22
M55 A — JURFRL), AT AU AR REA S BT AR R A
RIGAFAE % 22 5% o AT WA THz-RIM A] LSRR 55 4



6944 B i R A T a R I 2

913 %

A S UREA BRI X 4, (H MG AT 8K LLBER, TR
B B R SN | B8R S TR B 1 o Bt v AR )
(i PR S B . BT OAC Y I FLURT A B A A AR Y
SR X IR A T PR AR, MWL AR i) LA i B30,
TEXTAEA AT UG AT, e A0 A 07 AT 18 B i AT
B AR G, SERBGZ R S G . SRS
XF LA~ 4G A SRR A 55 s SRR AR 1) RS RO B e &
S3HT, BIVAT S B0 K 24 B AR TCHR I AL AR i B 5T .
23 TREGIEREER

R T ARAS TR B . SRR AT RR, SR AE
TR Hr b NS A 1 B VE TR EHRAHIESS B, 428818
G Z B R, AT B MR A PR AR DS 17
B aE , M, G APL 238 10 oAs B 5 B A
LR R BR R .. JUIHERZRN RIERL T, B BARR
W BE A IR 5 IR B AR TC s R WL i, AT LA ok
T2 b T G 0 T A A M B R L R SR AR R
G ARSCR, A5 BRI T ISR AR . B X ARG
RSB AE A Kk2% %, A OpenCV-Python X {4 1
SERE L AR R LGRE R R T AL B JE B RIS B AL
R 7 Frs .

TE:a NZEBE; b N EOSE; ¢ NXTILEE; d B
CREEE T T
Fig.7 Enhancement effect graphs

MTLVAER], RIS EZ R RS, BIE 7e, 255
N A SR Rt 5 P o Ve X i1 5 D N /S L3 T o
PR A XEAT SRR RZ, BROARSmBRK, Hik
VSR

TERAEAE KBREEEUGR I A BTS2 R . (8 XTEEE e
PR AR, JE— BRI 4 ROy NS LB, 3
PAATEUR AT L BE o G A 31 1 R RCR IET AN 8 B o

XTG4 AR PEBE T Rl AR B i B G0, nT LB
BFE AN AFTEM G, 5 A &R A X L B
2. HECHAgH B BROAGRRGaL LRSS, KL
HORAL TR 4 AN @Ak 23 Ak 24

K8 SAHRBCRIE
Fig.8 Composite enhancement effect graphs
DRl ARG B A A= 23 R OBk 22 A I R, 42 18]
BAXT HERE, AT LASE IR A8 AR 25 SR e A I

3 &

S ) AR 4% U8 1 AT 2F id 1k S = 4 )2 A LR R A,
XA LA R A A 28 SR AT R 28 SRR, RN
B EM N WEMR R 2255 . & KIAE integrated
time slice KR E AT . EUEEIEN hot B, EUR 4
AN 0.2 mm W, ECREAR G S SEREAR R 25 S B O
FLPIHR AT 5 BT R s, X R W R 2% X A A= A
R egENE, BT A THz-RIM SEEUAEA
523 SRR RN X 43 o S50 ) FH PRG35t Tt Ak 3 7 ko
2 re PG %) 55 A 82 B P LI 3, G e S 5 PR R X LY B S
PG A AT 0000 B2 4 B kX R 4 AN JE kA 7
GACIR, I BT L EE, AT AAS B AT UL R A Y B
&, a8 T E G rp B X 4 BRI AR A S — ke
AT BRGNS 7 ik K 5288 7 AR L, THz-RIM
AT AR AEAE S5, SEI T X484 25 SRl 52 To B
W J5 SRS -t AT USSR Xl o A3 i
HEATCTE R AL 3, IR FERAE B 5 655 B AR IEmL A 2
B, AR R AR A, SR R 2% S LS AR
X AGAE G 5T TC AR AR 5K o

SE Mk

[1] RHEAR, EiH, & BR. K2R I Lt R Fi2
TR, 2022, 67(8): 714-727.
WU WD, WANG YX, ZHAO ZR. Research progress of Terahertz
photothermoelectric detection methods [J]. Chin Sci Bull, 2022, 67(8):
714-7217.

[2] BARDEN P, SOSIAK CE, GRAJALES J, et al. Non-destructive comparative

evaluation of fossil amber using Terahertz time-domain spectroscopy [J].



55 21 4

PIGESR, S T AR 2% S AR A (8 48 A 2 SR OGN

6945

(3]

(4]

(3]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

PLoS One, 2022, 17(3): €0262983.
e, wow, WRE, . KRR AR/ EZE
£T41, 2011, 41(4): 376-380.

FGURA ] Bt
YANG GK, YUAN B, XIE DY, et al. Analysis on the use of THz
technology in them ilitary application [J]. Laser Infrared, 2011, 41(4):
376-380.
e, BHE, WIRAL, S BRI B A R I T T BT
U], FE A TFREATE R ER, 2009, 4(3): 231-237.
DAI N, GE J, HU SH, et al. The development of the Terahertz detection
techniques in the applications of remote sensing [J]. J Chin Acad Electron
Inf Technol, 2009, 4(3): 231-237.
RIS, BOgR, TR AR RDERETE B YT SR A N LR ],
T PRI LR 2244 (B ARBHE ), 2021, 33(2): 242-252.
HAN LN, JIAO YY, NING W. A review of applications of Terahertz
imaging and spectroscopy in the medical field [J]. J] Chongqing Univ Posts
Telecommun (Nat Sci Ed), 2021, 33(2): 242-252.
ZHANG X, HU M, ZHAO X, et al. Biomedical applications of Terahertz
near-field imaging [C]. 2021 46™ International Conference on Infrared,
Millimeter and Terahertz Waves IRMMW-THz), 2021.
?Kﬁ‘fkff, SRARAT, FIHA, 55, AR BB AR £ S BU I A iF
HER[T]. S 54T, 2021, 41(5): 1379-1386.

ZHANG ZX, ZHANG DL, TIAN SJ, et al. Research progress of Terahertz
spectroscopy techniquein food adulteration detection [J]. Spectrosc Spect
Anal, 2021, 41(5): 1379-1386.
AL, A, THALMS, AR KBRRZOGIE BUR B B HAE A i T
], RSB, 2020, (3): 122-128.
LI H, LI B, MA LP, et al. Terahertz spectral imaging technology and its
application in security inspection [J]. J Yunnan Police Coll, 2020, (3):
122-128.
LI B, LONG Y, LIU H, et al. Research progress on Terahertz technology
and its application in agriculture [J]. Trans Chin Soc Agric Eng, 2018,
34(2): 1-9.
TRBN, e« T, JKoe, 45, AR KRR 2Z GG Iy iR SE (1]
Hh [E R4, 2018, 33(8): 106-111, 118.
JU XG, LIAN FY, ZHANG Y, et al. The detection of vermiculate grain of
wheat using Terahertz imaging [J]. J Chin Cere Oils Ass, 2018, 33(8):
106-111, 118.
ZHONG SC. Progress in Terahertz nondestructive testing: A review [J].
Front Mech Eng, 2019, 14(3): 273-281.

XHEDE, TRIR, AT, A5 RBR2RCHEAIE A XA ™ i it B T A ATF
FEHEIR[T]. WOE S e FAF kR, 2021, 58(1): 71-82.
LIU YD, XU Z, HU J, et al. Research on quality of agricultural products
by Terahertz spectroscopy [J]. Laser Optoelectron Prog, 2021, 58(1):
71-82.
B, F4, FMOY, L RBREEAAEAG™ b BTG o IS
[7]. Jeigt 55¢iE3Hr, 2019, 39(2): 349-356.
LUO N, WANG D, WANG SF, et al. Progress in Terahertz technique for
quality inspection of agro-food products [J]. Spectrosc Spect Anal, 2019,
39(2): 349-356.

[15]

[1e]

[17]

[19]

[20]

[21]

[22]

(23]

[24]

] REER, AW, INIEIE, SF KBRZIEOEIE KRR AR
JBAG I H g o T AE 9 BE R (9] Ot 2 O B, 2022, 42(2):

358-367.

WU JZ, LI XQ, SUN LJ, et al. Advances in the application of Terahertz

time-domain spectroscopy and imaging technology in crop quality

detection [J]. Spectrosc Spect Anal, 2022, 42(2): 358-367.

AP FRFAE A FL A A E R SR RHEY A4 7 & L (2016~2020

)] FEARLEE, 2017, (1): 6-15.

Development Plan of National Bulk Oil Crop Production. National bulk

oil crop production and development plan (2016—2020) [J]. Chin Agric

Inf, 2017, (1): 6-15.

TiBik, HlAe, SR SEEEA R, M IRIRHIES A ).

RN S4H, 2010, 12(3): 22-26.

WAN SB, SHAN SH, GUO F. Improving peanut production capacity to

LK

ensure oil supply [J]. J Agric Sci Technol, 2010, 12(3): 22-26.
FmH, XILCZE, XM, S5 A G SO Ny R H N TS R
PEBRFE]. B BHARIARYANR, 2016, 34(1): 21-27.
WANG L, LIU HZ, LIU L, et al. Establishment of an evaluation model for
oil peanut quality and its processing suitability [J]. J Food Sci Technol,
2016, 34(1): 21-27.

VIR, BN, frRfe, S RIEEEEAEERIT IR R E).
MHRHEYI2A, 2018, 40(4): 604-607.
LI GH, WANG XIJ, SHI SH, et al. An overview of research progress and
prospect for fresh peanut in China [J]. Chin J Oil Crop Sci, 2018, 40(4):
604-607.
JAER, R REEARR IR SRR, 'Sk
Tk, 2004, (6): 84-89.
ZHOU XS, ZHAO MM. Present situation and developing trend of peanut
food industry in China [J]. Food Ferment Ind, 2004, (6): 84-89.
. BT DR BUREAR A A 23505 T S BTG 7 v i F

- TS DRI LR, 2020.

SUN JF. Nondestructive dection methods of some peanut quality
parameters based on hyperspectral imaging technology [D]. Zibo:
Shandong University of Technology, 2020.
Wdtih, FRE JGRRRAEAEA: fh BURG b 9 R R (0], A
YIWFSE, 2018, 32(4): 345-348.
YANG JJ, LU JW. Research progress of spectral technology in peanut
quality detection [J]. Crop Res, 2018, 32(4): 345-348.
XKHE, Yo—, PRAE. L LLAME AR T SN B AE BEIR A it 5T
PEIRD]. FEA=2A4R, 2013, 42(2): 21-27.
LIU YH, SHEN Y, CHEN ZD. Analysis and evaluation of quality characters
of peanut varieties with near infra-red spectroscopy technology [J]. J
Peanut Sci, 2013, 42(2): 21-27.
MR, FET, ZH. TR RES BT &
[0]. iRk AR IR, 2013, 31(5): 50-54.
CHEN TH, LEI CN, LI Y. Moisture detection of peanuts based on

v KA

near-infrared spectral characteristics [J]. J Food Sci Technol, 2013, 31(5):
50-54.
XUFRFS, W%, IR, 4. T RMZZ A OSBRI A B



6946

B dn 2 4 R R I A 4R

13 E

[25]

[26]

[27]

[28]

[29]

(30]

[31]

BEEFIBII. Al AUREHR, 2019, 50(4): 333-338, 355.

LIU CL, HU Y, WU JZ, et al. Discrimination of peanut mildew degree
based on Terahertz attenuated total reflection spectroscopy [J]. Trans Chin
Soc Agric Mach, 2019, 50(4): 333-338, 355.

T&, Btk Rk, 5. ST ATR-THz WS4 728164 P o
YHIFFRI]. ARy i Tt 554, 2018, (4): 13-17, 24.

WANG D, WANG JH, WU JZ, et al. Research on the rapid and
non-destructive identification to deteriorated peanut based on ATR-
Terahertz spectroscopy [J]. Qual Saf Agro-products, 2018, (4): 13-17, 24.
XUBAM. WFEAE R THz G A A R A 52 [D].
FF RIS R, 2021,

LIU JB. Basic research on application of Terahertz spectrum and image
thin shell seed qulity detection [D]. Nanchang: East China Jiaotong
University, 2021.

Ak, NING W, 37, 45 ST RBFZZCEHAR M LAk it
KMl 0], S5 65404, 2014, 34(5): 1196-1200.

LI B, NING W, ZHANG WL, et al. Preliminary researchon insect damage
detectionin pecans using Terahertz spectroscopy [J]. Spectrosc Spect Anal,
2014, 34(5): 1196-1200.

JIANG Y, LI G, GE H, et al. Machine learning and application in Terahertz
technology: A review on achievements and future challenges [J]. IEEE
Access, 2022, 10: 53761-53776.

Z/N3C, WA, Frdid. 5T OpenCV W EIRALHL[I]. HL-Fllix,
2011, (7): 39-41.

QIN XW, WEN ZF, QIAO WW. Image processing based on OpenCV [J].
Electron Test, 2011, (7): 39-41.

FAak, 25, XA, 4. LT OpenCV AUMLAILSE %40 B AR S
PU[I]. MUK ST, 2010, (6): 54-57.

WANG FB, LI YY, LIU J, et al. Implementation of machine vision image
processing technology based on OpenCV [J]. Mach Electron, 2010, (6):
54-57.

L OB 2% SR ) S AL BEBOR BT ST [D]. AR TR R,
2018.

LI Z. Reasearch on Terahertz image recognition and processing
technology [D].

Chengdu: University of Electronic Science and

[32]

[33]

[34]

[35]

[36]

Technology of China, 2018.

XIVARE, MITHE, AR, JURD RSB 1B 5 L)), B I
2R, 2010, 28(6): 60—63.

LIU ZQ, YANG WT, ZHU Q. A comparative study on several algorithms
of image enhancement [J]. J Hefei Norm Univ, 2010, 28(6): 60—-63.
SRR, A AE2Z AT RS G SR R E (D] Ko RHER,
2020.

ZHANG PC. Research on Terahertz reflection imaging and image
enhancement algorithms [D]. Tianjin: Tianjin University, 2020.

PRITHE, TR, EERL. B0 R FREORDITEBERE (D] Tl 4%
AL, 2013, 26(1): 72-74.

CHEN HQ, WAN YL, WANG GG. Progress of digital image technology
processing research [J]. Ind Control Comp, 2013, 26(1): 72-74.

LR, WhEFEE. BT RMG AL REOR B R ). THAHL B S S
FE1, 2002, (9): 620-622.

LI HJ, HAN JW. Digital image processing and its application [J]. Comp
Meas Control, 2002, (9): 620-622.

LI JS, LI SG, GU GH, et al. A novel method based on digital image
processing technique and finite element method for rapidly modeling
optical properties of actual microstructured optical fibers [J]. IEEE
Photonics J, 2016, 8(6): 1-14.

(%t FHY KBER)

NBRSR, L, B, TERRAEA
RERMNERRSHELE RERESH
Bk, gSaeiRdlnEk.

E-mail: sxrchy@sohu.com

KANE, EEMRF EALBRNF
GEEES.
E-mail: zhangxiaoqin_btbu@163.com



