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Factors Affecting Dynamic Laser Speckle Activity of Beef
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Abstract: Dynamic laser speckle technique, also termed as dynamic biospeckle, is a portable and non-invasive as well as
low-cost screening tool for online or point-of-sale applications in agricultural products. A custom made dynamic laser
speckle system mainly consisted of a He-Ne laser generator operating at four wavelengths of 405 nm, 520 nm, 635 nm and
780 nm, respectively, an industrial CMOS camera for the sequential images acquisition, a computer and a height adjustable
sample stage. The lighting and imaging units were placed into an illumination chamber to avoid the interference of natural
light. In order to optimize the measurement conditions of dynamic laser speckle technique for the beef quality evaluation,
a temporal history of speckle patterns viz. inertia moment was used as speckle activity to assess the effects of the laser
incident angle, laser wavelength, and lighting intensity on beef dynamic biospeckle quality. The single factor experimental
design was firstly applied to determine preliminary suitable lighting conditions for the later Box-Behnken experimental
design. Subsequently, a response surface regression function of three lighting factors was obtained to optimize the
measurement conditions for beef dynamic biospeckle. The results demonstrated that the speckle activity could reach
476. 04, the determination coefficient R* was 0. 992, root mean square error was 8. 14, bias factor ( B;) and accuracy
factor (A,) values were within the acceptable range of 1.0 < B, <A, <1.05 via the optimal processing. Therefore, for the
further beef biospeckle measurement, the lighting conditions were as follows: lighting intensity was 30 mW, laser
wavelength was 635 nm and laser incident angle was 15°. In conclusion, the analysis of different lighting factors for the

biospeckle acquisition might improve the qualitative or quantificational identification accuracy of beef dynamic biospeckle,

and it also provides theoretical reference for the biospeckle measurement of other foods.
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0 Introduction

As development of economy and optimization of
consumption structure, consumption of beef got rapid
growth in China'''. Therefore, more attention has been
put on beef quality by meat industry, and it was
usually evaluated by expert judgment and mechanical
equipment. The expert judgment could ensure lower
misclassifications and non-destructive grading process,
but it might induce inconsistent results by different

[2]

persons Meanwhile, the mechanical equipment

could be an option to estimate meat quality; However,
the problems existed in these tests are that they are

time consuming, costly and destructive’®’. The

dynamic laser speckle is a portable, non-invasive and

low-cost technique, which has been widely used in

4-5]

agricultural products' Nonetheless , the
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determination of relevant factors in the process of
analysis and optimization is required to be carried out.
To optimize the measurement conditions of dynamic
laser speckle technique for the beef quality evaluation,
a temporal history of speckle patterns was used as
speckle activity to assess the effects of the laser
incident angle, laser wavelength, and lighting intensity

on beef dynamic biospeckle quality.

1 Materials and methods

1.1 Materials preparation

A total of thirty beef slices from the same anatomical
locations (longissimus dorsi) were prepared manually,
and meat slices were approximately trimmed to the size
of 6 cm x 6 cm x 3 em'® by a meat cutting knife.
Sterilizing treatment was conducted by employing 1%

lactic acid'”’. The beef samples were vacuum packed
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and aged under 4°C '’
1.2 Biospeckle imaging system and image acquisition
A laboratory biospeckle imaging system was used to

81 The system was

a COMS camera
equipped with focal length of 8 mm, and a He-Ne laser

acquire images of the samples

comprised an illumination chamber,

generator. Each biospeckle movie was recorded by the
camera with 640 x 486 resolutions for 4 s at imaging
speed of 15 frames per second. The whole system was
enclosed by a dark wooden chamber to avoid any stray

light from the surrounding environment.

Fig.1 Picture of dynamic laser speckle imaging system

1.3 Single factor and response surface experiment
design

The temporal history of speckle patterns were chosen
as the evaluation parameter, and the laser incident
angle, laser wavelength and light intensity were studied
to measure the precision of beef aging process.

Experiment 1; the laser incident angle was fixed at
30° and laser wavelength was set at 635 nm, and the
images were captured at 5 mW, 10 mW, 20 mW,
30 mW, 50 mW and 80 mW.

Experiment 2; the laser incident angle was fixed at
0°, light intensity was set at 30 mW, and the images
were captured at 405 nm, 520 nm, 635 nm and
780 nm.

Experiment 3 ; the light intensity was fixed at 30 mW ,
laser wavelength was set at 635 nm, and the images
were captured at 15°, 30°, 45° and 60°.

According to the results of single factor experiments,
response surface optimization was designed by Box-
Behnken experiment as shown in Tab. 1, the details of
the response surface optimization was listed in Tab. 2.
Stepwise regression method was used with entering and

withdrawing levels of 0.05 and 0. 10,
Totally 17 sets of data of different light intensities,

respectively.

light wavelengths and light incident angles were used to

establish the response surface model (RSM).

Tab.1 Factors and levels of Box-Behnken design

Factors
Levels Light intensity Laser wavelength Laser incident
A/mW B/nm angle C/(°)
-1 10 405 15
0 20 520 30
30 635 45

1.4 Calculation of speckle activity

For every state of the phenomenon being assessed,
totally 382 successive images of the dynamical speckle
pattern were registered and a certain column was
With that column,

selected among them. a new

composite image was then developed, which was
named as

(THSP) .

occurrence of successive pixels intensity values from a

temporal history of speckle patterns

Inertia moment ( IM) was based on

temporal history of speckle patterns to generate the

number and quantify speckle activity. A co-occurrence

[10]

matrix" was used by IM to store the number of

occurrences of a grey scale intensity i, which was
followed in the next time by a grey scale intensity j.
One of the 382 images and THSP with high and low
speckle activities were shown in Fig. 2. The speckle

activity was quantified by IM as follows'""

Con = [N;] (1)
M; =N/ 2N, (2)
w= 2 M-’ (3)

and [,

presents the speckle activity. NV; is the occurrences of a

where C,, presents the co-occurrence matrix,

certain valve i followed in the next time step by a value

J- M is the normalized of COM.

(@)
Fig.2 Random intercept frame in Vldeo and temporal history

of speckle patterns (a. one of the 382 images; b. samples with

high speckle activity; c. samples with low speckle activity)

2 Results

2.1 Effect of light intensity on beef dynamic
biospeckle imaging
In Experiment 1, the changes of speckle activity

during the aging of beef were plotted in Fig.3. A trend
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of decrease with the increase of time was performed.
During the time of 3 ~5 d and 5 ~7 d, the reduction
was large, and after 7 d the column gradually tended to
be stable and had a small rising. There were some
slight discrepancies with the results of Amaral "'
which might be due to the breed of cattle used in
different studies. Moreover, a trend of decrease after
increase was presented with the increase of light
intensity, and this was similar with the study of Yu'"’.
When light intensity was 10 mW, 20 mW and 30 mW ,
speckle activity was significantly higher than that under
other conditions (P < 0.05). Therefore, 10 mW,
20 mW and 30 mW were chosen in the Box-Behnken
response surface experiment.

Change of speckle activity along with time might due
to the changes of beef occurred in the process of aging.
This process mainly ended during 7 ~ 10 d'"*' | then
the quality of beef would stay stable. While the light
intensity was too low, the speckle image information
was partially missed, the image contrast might be low;
light intensity increased with the speckle activity

increased until light intensity reached supersaturation.
500

O5mW

10 mW
B 20 mW
B30 mW
50 mW
B4 80 mW

Ly
g &

Speckle activity

(=]
[=]
(=}

(=]
(=]

Fig.3 Effects of lighting intensity on the speckle

activity of beef speckle

2.2 Effect of laser wavelength on beef dynamic
biospeckle imaging

The result of Experiment 2 for speckle activity
changes during the aging of beef showed that with the
increase of time, speckle activity decreased ( Fig.4).
The magnitude of decreases during 3 ~ 7 d was
obvious, and then it turned to be stable during 7 ~9 d.
Furthermore, a trend of decreases after increases was
presented. The maximum value appeared at wavelength
of 635 nm, which was the same with the most
commonly used wavelength'"”'. The speckle activities
at wavelengths of 405 nm, 520 nm and 635 nm, were
significantly higher than that at 780 nm (P <0.05).
Therefore, 405 nm, 520 nm and 635 nm were chosen

in the Box-Behnken response surface experiment.

The change trend of speckle activity along with the
change of laser wavelength might be associated with the
colour of the beef. When the laser colour was similar
with the sample, scattering mode would be the main
one" . It was usually regarded that the red light
speckle had higher activity than red and green light
speckles. In addition, the wavelength of 780 nm was

between the visible and near-infrared lights, which

emitted light too weak to be captured by camera.

00 D-lll.‘" nm
=
f 400 B520nm
3 - K635 nm
o T
_.; . 780 nm
2200
7]

Fig.4 Effects of laser wavelength on speckle

activity of beef speckle

2.3 Effect of laser wavelength on beef dynamic
biospeckle imaging

In Experiment 3, speckle activity changes during the
aging of beef were shown in Fig. 5. Speckle activity
was decreased with the increase of time, and showed to
be stable during 7 ~9 d. A trend of decrease after
increase appeared with the increase of incident angle.
Besides, when the incident angle was 30°, speckle
activity reached maximum. The speckle activities of
15°, 30° and 45° were higher than that of 60° (P <
0.5). Thereby, 15°, 30° and 45° were chosen in the
Box-Behnken response surface experiment.

With the increase of incident angle, the light
would  be
gradually, and the light intensity was abated. In

reflected into the camera decreased

addition, different colours of light had different

[16]
’

proportions of scattering and reflection thus the
speckle activity was increased and then decreased,

instead of reduction merely.
300
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Fig.5 Effects of laser incident angle on speckle

activity of beef speckle

2.4 Results of response surface optimization

Results of response surface were shown in Tab. 2
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the response surface model (RSM) was established by
speckle activity factors of light intensity (A), laser
wavelength (B) and incident angle (C), which were
as follows

Y =2380.70 +2.004 -8.71B -19.21C -

0. 09AC +0. 144> +8.76 x10 B> +0.09C* (4)
where Y is the value of speckle activity.

The analysis of variance ( ANOVA) demonstrated
that model coefficient was significant (P < 0.05),
while lack of fit was not significant (P >0.05). The
results suggested that RSM could simulate the effect of
factors of light intensity, laser wavelength and incident
angle on speckle activity (R* =0.992). In addition,
A, B, C, and interaction effect of A and C all had
significant effect on the model.

The interaction effect of A and C was shown in
Fig. 6. The results indicated that the interaction effect
of A and C on speckle activity was significant. It could
be seen that the optimal conditions of light intensity,
laser wavelength and light incident angle were 30 mW ,
635 nm and 15° as speckle activity was kept at the
highest level.

350

Speckle activity

o9 18 10 \;\@}’

Tab.2 Design and results of Box-Behnken experiment

Tests Speckle activity
No. A & ¢ (mean = SD)
1 10 520 45 166.79 +7.81°
2 10 520 15 180. 39 £3. 45%
3 20 520 30 189.01 +7.77°
4 x 20 520 30 192.23 +5. 82"
5% 20 520 30 194.06 =12. 31"
6 20 520 30 196. 43 +9. 23"
7 % 20 520 30 205. 48 4. 49"
8 10 405 30 242.94 +6. 11°
9 30 520 45 255.32£7.91%
10 20 405 45 273.49 +9.23¢
11 20 405 15 296.78 +14.41°
12 10 635 30 316.09 2. 42°
13 30 405 30 319.76 +7. 67"
14 30 520 15 320.97 +22. 75"
15 20 635 45 351.55 +£10. 27¢
16 20 635 15 403. 60 +6.93"
17 30 635 30 424.01 +38. 88!

# Levels were centrals of the test; column with different lowercase
superscripts had significant differences (P <0.05).
45

39

Incident angle/(°)

10 12 14 16 18 20 22 24 26 28 30
Light intensity/mW

Fig.6 Response surface and contour for inhibition zones of light intensity and laser incident angle

The established RSM was evaluated by 15 treatments
as shown in Tab. 3 and Tab. 4, respectively, which
were selected randomly from Tab. 2 and in wide range.
The root mean square error was 8. 14, accurate factor
(A;) and bias factor (B,;) were 1.0 < B, <A, <
1.05""7", which belonged to the acceptable range.

Results showed that the regression prediction equation

had high reliability.
3 Conclusions

Through the study of different aging degrees of beef,
it could be seen that light intensity, laser wavelength

and incident angle had great influence on speckle

activity. The results of Box-Behnken design experiment
indicated that there was a significant interaction effect
between the light intensity and incident angle.
According to the mathematical validation, the RSM for
predicting speckle activity had high reliability (R* =
0.992). When the light intensity was 30 mW, laser
wavelength was 635 nm, and the incident angle was
15°, the speckle activity reached the maximum value
of 476.04. By reasonable selection of dynamic laser
speckle measurement conditions, the research provided
reference for improving the recognition accuracy of

speckle activity.
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Tab.3 Observed and predicted inhibition zones toward

speckle activity by RSM at different light intensities,

laser wavelengths and laser incident angles

Tess  EM baser o ident Speckle activity
intensity/ wavelength/
- o e Obgervations Predictions
1 10 520 45 166. 79 173.28
2 10 405 30 242.94 228.23
3 10 635 30 316.09 319.70
4" 20 520 30 205. 48 195. 44
5" 20 520 30 189. 01 195. 44
6" 20 520 30 192.23 195. 44
7 20 405 15 296. 78 305. 39
8 30 405 30 319.76 331.70
9 30 520 45 255.32 250.71
10 30 635 30 424.01 423.17

Tab.4 Observed and predicted inhibition zones for
validation toward speckle activity by RSM at different

light intensities, wavelengths and light incident angles

Tests

Light Laser Incident Speckle activity

intensity/ wavelength/

No. W am angle/(°) Observations Predictions

1 10 520 45 170. 03 173.28

2 20 520 30 203. 34 195. 44

3 20 635 15 383.51 396. 86

4 20 405 45 260. 59 267. 64

5 30 635 45 419. 40 423.17
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Factors Affecting Dynamic Laser Speckle Activity of Beef

Dong Qingli Jin Man Hu Menghan Liu Baolin
(School of Medical Instrument and Food Engineering ,
University of Shanghat for Science and Technology, Shanghat 200093, China)

Abstract; Dynamic laser speckle technique, also termed as dynamic biospeckle, is a portable and non-
invasive as well as low-cost screening tool for online or point-of-sale applications on agricultural products.
A custom made dynamic laser speckle system mainly consisted of a He — Ne laser generator operating at
the four wavelengths of 405 nm, 520 nm, 635 nm and 780 nm, respectively, an industrial CMOS camera
for the sequential images acquisition, a computer and a height adjustable sample stage. The lighting and
imaging units were placed into an illumination chamber to avoid the interference of natural light. In order
to optimize the measurement conditions of dynamic laser speckle technique for the beef quality evaluation,
a temporal history of speckle patterns viz. inertia moment was used as speckle activity to assess the effects
of the laser incident angle, laser wavelength, and lighting intensity on beef dynamic biospeckle quality.
The single factor experimental design was first applied for determining preliminary suitable lighting
conditions for the later Box — Behnken experimental design. Subsequently, a response surface regression
function of three lighting factors was obtained to optimize the measurement conditions for beef dynamic
biospeckle. Above results demonstrated that the speckle activity could reach 476. 04, the R® value was
0.992, root mean square error value was 8. 14, bias factor (Bf) and accuracy factor (Af) values were
within the acceptable range of 1.0 < B, <A, <1.05 via the optimal processing. Therefore, for the further
beef biospeckle measurement, the lighting conditions are as follows: lighting intensity is 30 mW, laser
wavelength is 635 nm and laser incident angle is 15°. In a conclusion, the analysis of different lighting

factors for the biospeckle acquisition might improve the qualitative or quantificational identification
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accuracy of beef dynamic biospeckle, and also provide the theoretical reference for the biospeckle

measurement of the other foods.

Key words: beef; laser speckle; speckle activity; rapid detection; condition optimization
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Tab.2 Design and results of Box — Behnken experiment
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Fig.3 Random intercept frame in video and temporal history of speckles patterns
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Fig.4 Calculation rule of gray-level co-occurrence matrix
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Fig.5 Effects of lighting intensity on speckle

analysis of beef speckle
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Fig. 6 Effects of laser wavelength on speckle

analysis of beef speckle
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Fig.7 Effects of laser incident angle on speckle

analysis of beef speckle
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Fig. 8 Response surface and contour for inhibition zones of lighting intensity and laser incident angle
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Tab.3 Observed and predicted inhibition zones toward

speckle analysis by RSM on different lighting intensities,

laser wavelengths and laser incident angles
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Tab.4 Observed and predicted inhibition zones for
validation toward speckle analysis by RSM on different
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