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Design and experiment of light angle adjustable device for measuring
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Abstract: Objective: To solve the problem of insufficient spectral
information obtained by the fixed illumination angle of the near-
infrared spectroscopy to detect the sugar content of fruits.
Methods: A light

transmission near-infrared spectroscopy was designed to detect

angle adjustable device for the diffuse

the sugar content of citrus based on the simplified model of the
remote motion center of the light source. The device had carried
out the structural performance analysis and the test of the citrus

sugar under different illumination angles. Results: The
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adjustment range of the light angle of the device was set to 0°~
60°. The displacement deviation between the center of the four
light sources and the bullseye was the smallest (7.5 mm) at 60°.
Under different illumination angles, the error between the
average illumination angle of light source 2, 3 and 4 and the
reference value of light source 1 was within 1°. When the
illumination angle was 30°, the citrus sugar prediction model
based on the original transmittance spectrum data had the best
effect. At this time, the correlation coefficient of the prediction
set, the root mean square error of the prediction set, the
correlation coefficient of the correction set, and the root mean
square error of the correction set were 0.887 6, 0.897 5, 0.456 0,
0.430 9 °Brix, respectively. Conclusion: The developed near-
infrared spectroscopy detection device can automatically
synchronize and adjust the angle of illumination of four light
sources to align with the center of the fruit.
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Figure 1 Simplified model of light source remote

motion center mechanism
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Figure 3 Device diagram
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Figure 4 Motion analysis vector diagram of light source

remote motion center
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Table 1 Geometric parameters of remote movement center mechanism
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Figure 5 Movement curve of screw height

corresponding to illumination angle
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Figure 6

Attitude diagram of minimum

illumination angle
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Figure 8 Rotation analysis of four light sources with different illumination angles

76 mm SRR R L0 DR RS & Lo IR R D 10°RT
PR AES R R W LM K AR S S 4.9 mm,
HA A RE A AR (5 Ll 6.4 %05 6 AR 3 60° 1 L G BE
HLTES L ER R K Im RS i S, 8" 6.5 mm, KT XT
MEREARRE R Sl 8.5%.

3.2.2 4B E RS MK ik — 25 A
R BLAL 4 A6 TR 8 IR BE (9 TR 25 M RE L DL 1 5ok IR R
oS BR A B R IR UE R 2.3.4 5 3 A RIS IR A B 1Y
P A 2 20 43 AT 6 T 0 [ 25 . ol R %) R T 45 R
3.2.1 W I 3 ESE .

M 2 fin.2.3.4 SORESMIMEFEAE 15k
JRBLE G IR AR (0°, 15°, 30°, 45°, 60°) 4k 43 51l k0. 2°,
15.5°,30.8°,46.0°, 60.7°, by i fi 22 4> 5] A 0.15°,0.46°,
0.60°,1.15%,1.33°, 5 P RBEM T 2.3.4 5656 A

x2 REERAE

BEMEMES 1 500 U5 % I8 A B M AR 22 8 18 17D
T R 07,1570, 2,34 5 o IR 5T R AR A
SRR 22BN 173601 30°0E,2.3.4 Bk
Br ot BE A B 5 2 o 0% 22 43 51 Dy 1.4°,0.9°,0.27; B (R
N A5°HF 2.3 .4 B GRS bR ot R A B S 3 o (R 1R 25 4 )
177, 1.77,0.3° s JEAEME 6071 . 2.3.4 SO IR S BROG IR
BE SRR R 224 B 1.6°,1.4°,0.8%,4 OB IEOL HE A
PR TR 25 e A . & T R T i R R Y i
T EGE A B E 2 AR R 4 A RO IR
LR T T L BRI A TR R 0 Ak
3.3 NE SR B AR 4L 40 S i 48 A AT 0 R 18

3L DL R O R A B AT R PR RE R W R
HhC T R R TR A M 1 R ik — B BTN [l e R A
J3E Xt 7 M AR A R R A B T L TET 9 Ca) Sk ¥ IO T A

Egit&R

Table 2 Statistical results of light source illumination angle

W SLREA B/ () e/ME/ eRME/ T¥E/ o A 22 /
LR HE(ED 2 3 4 ) (@) () )
1 0 0.1 0.2 0.4 0.1 0.4 0.2 0.15
2 15 15.8 15.8 15.0 15.0 15.8 15.5 0.46
3 30 31.4 30.9 30.2 30.2 31.4 30.8 0.60
4 45 46.7 46.7 44.7 44.7 46.7 46.0 1.15
5 60 61.6 61.4 59.2 59.2 61.6 60.7 1.33
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Figure 9 Diffuse transmission spectrum collection of citrus under different light angles
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Figure 10 PLS modeling results of citrus sugar content under different illumination angles
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