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Rapid Nondestructive Grading Detection of Maize Seed Vigor
Using TDLAS Technique
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Abstract Quick and nondestructive detection of seed vigor is a popular and difficult task in the seed research field.
Based on the relationship between seed respiration and seed vigor, we proposed a rapid non-destructive testing
system for seed vigor based on TDLAS technique. The proposed system comprises a distributed feedback laser and
its control circuit, a photoelectric conversion and amplification circuit, a data acquisition circuit, an upper computer
software, and a seed breathing carbon dioxide (CO,) concentration detection pool based on a multi-reflection pool
structure. The detection pool has a volume of 1.5 L, a light path of 16 m, and a laser source band of 2004 nm.
Based on Lambert Beer' s law, we use wavelength modulated absorption spectroscopy and second harmonic
generation to invert the CO, concentration generated during seed respiration. Seed vigor is determined according to
the concentration of CO, in seed respiration, and the vigor index obtained from the germination and seedling
emergence experiment is compared and validated. The experimental results show that the correlation between the
change of CO, respiratory intensity and seed vigor grade index is greater than 0.9, i.e., the rapid non-destructive
testing system for seed vigor based on TDLAS technique can accurately, nondestructively, and efficiently reflect the

seed vigor grade. This study provides useful exploration in non-destructive testing and grading of seed vigor using
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Fig. 3 Physical map of seed respiratory pool based on
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i 5 SR b v T i e D P, e D T A B L BE
fiE B 1k B 1 AR A2 Ve AR ML, SRE PR IE £ I

H CO, SARRB IS P | 7870 b 3 B 2= Uik . <
P 7 SR PRSI 1R 2, 0 B o R R
BT, AR AR R E T, oA R
5t (DFB) #6245 & Hh O6 i A SR 5 43 21k
R EA O A, B EEE CO, MR RE R I ke ST
PN IE 3 7R, 4 A4 B0 2% BRIRAS , T ASEE GRSk
TR T
3.2 ETF IDLAS AWM FEALTHRENRS
3.2.1 At

J&F TDLS AR 0y #0515 7 T A 3R 4810
8 AL O SO ] B TR e T R
Yo, DR EAAUEE R4 5 A0 B H N 4 FTw

1 DFB seed respiratory
controller container
laser collimator Y detector
-.j%%*ﬂﬂ =1
high purity oxygen
anplifying
circuit
N—
I | amolifying
modulating | scanning ' Cll@llt
signal signal upper
S\~ M monitor data
acquisition

B4 P IEH TDLAS 5056 2 40 454 1]
Fig. 4 Experimental system diagram of wavelength modulated TDLAS

Wole s X A P 55 DEB #0628 (55 &
Az RS . Ho OB SR 2004 nm i B 1 18
[ Nanoplus % #5 » 45 HL #% 4 22 B Thorlabs 23 A
(R H TTC102 B4R L . 1 PP I 25 2 A5 M f 55
Y L Ol FR R 2R R 3 T 22 K R b 4 T R IR
CO, YREERI M, b A7 LA SR 46 5 A FAR B 32 22
FIL4E S5 EHFE LS | PC1714L1 B0 R4 1 % R0 SR
FERRAT IR 30 MSa/s, 43 BE4 16 bit, DUl H . S
TEFE RV R S R 100 Hz, 1F 5% 0% 9
1555 A100 kHz. RAEEHF NS5 MSa/s,
3.2.2 ARG A TR

T TDLAS H A (4 Fh 776 F7 Pk 6 4046 T &
GEREMS A I A T 0F 0 CO, (& 3 L MM 52 3L b7 75
FERWTCH A E . KRR CO, W AT K
TR IR . 1 e AR Al A T 0 R IR SR CO,
AR LR B A 1E 1Y DFB 50628 . 38 i 1R 4
Tl FEL R RO AR i v R B A R A 0 7
B AR E RIS 5 KA A 7= A 3 B R PR A 5 R
W (L O B 2 1 S O KR A5 5 T A RO o

RSy R 6 v, T ol i S SO BE B8 1 i R il
THEIE I 5 2S5 HOLAR F  0EOE ROEAAR
SR LT 40 BHTEREIRE] 16 m Ji5 1 i 21 HL 4
DA o OEH IR AR AL D AR5 R d i
JROR R B OR B 5 1 1 L R R EL (S5 V) s d e, Btk
SRS o KA SR AR R R A i A1 5 AT R
£ IF LA =it B LT g B s A B SR
LabVIEW #2555 i th >R S8 Ak BEAR T

4 Bt P AR

T TDLAS $EAR B0 535 J7 4600 70 2 8 4 Ak
PO RRAE 5 iR .

ot R A 5 AP B LT LD IR,

D) AR B IR WO T 15 5 AR K R AR R
w22 U RSP 24 R I 1 2 R R AR R

2) 2R IE B R i A ORI 305 OO T
PRI UG AR . R 1 R A S
A UCE A TR 2 2 {5 S A AR R L L D
WS,

0911002-4



start

cumulative average of raw data

v

original signal

wavelet threshold denoising of

setting frequency, phase and filtering
parameters of reference signal

v

extraction of SHG
signal
extracting amplitude at concentration
central frequency of SHG signal calibration signal
inversion of temperature
concentration change correction

v

vigor computation of
index ’ correlation

correlation

level of vitality or degree of

F5 3 T TDLAS HAR B F 5% J1 K 4t 305 72
Fig. 5 Flow chart of seed vigor detection processing based on TDLAS technology
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Table 1  Signal-to-noise ratios obtained with different noise

reduction methods at different scales

. . SNR /dB
Noise reduction method
G=4) (=5 (=6)
Forced noise reduction 64.22 68.36 67.54

Default threshold denoising ~ 59.31 59.01 58.83
Given threshold denoising 63.38 64.33 63.91
Hard threshold denoising 57.73 58.27 57.89
Soft threshold denoising 62.68 64.03 62.88
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Fig. 9 Respiration curves of sweet maize

seeds in different harvests
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Table 2 Seed vigor index of sweet maize in

different harvests

Value
Index
30 d 40 d 50 d
Vigor index 14.09 62.12 36.89
Vigor grade Low High Medium

AR 15 7 i ks T 09 48 A i 5 3 0 4
BOHEAT A0 B T 55 P I 58 58 5455 7 2 Y A
PSR AR AW

DX, X, — )
=1

N N ’
JZ (X, — X)? JZ Y, —Y)*
i=1 i=1

(12)
KXY HEBE: ro AHERBGX, NS 0 A
FEARFF RN ARt i Y, MA@ DN FEAR T B TE
THEEGN BB, IR R & 5
NS R | roy | =0.95 0 B FPEM X, 0.85<
| rxy | <2095 NEEA K, 0.5 | ryy | <<0.85 N
JEAH I, 0.3<C | ryy | <C0.55 MAREER G, | ryy | <C0.3
Fa e 5 PEAR OC CRIIA A AN AHOG) . 3R 3 450 T 30~
50 d3t 5 ASASTR] WA I A - I 1 58 B 55 95 ) 8 Ky
MR REL.

rxy =

3 b IFWER BE 5 48 B AR O R R

Table 3 Relationship between respiratory intensity and vigor index of seed

Value
Parameter
1h 2 h 3h 4 h 5h 6 h 7 h 8 h
Correlation coefficient 0.004 0.678 0.994 0.963 0.954 0.953 0.945 0.937

Medium  Significant Significant Significant Significant

Degree of correlation Uncorrelated

Highly Highly

correlation correlated correlated correlated correlated correlated correlated
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