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Abstract : Growth analysis of stem variations information without interrupting natural growth of the crops is
important for the water-saving irrigation. Three different approaches Illumination, Strain gauge and Image
processing methods are applied to the growth data to model the growth of plant. In illumination method the
imaging system uses a background illumination source to improve the quality of images of stems. The strain
gauge is used as a sensor to detect the changes in micrometer for every Ium changes. In Image processing
Sobel Edge Detection is performed on a plant image to determine its height, maximum and minimum width.
Keywords : Growth analysis, stem diameter and height, Strain gauge, Edge detection.

I.  Introduction

To determine growth analysis of plants, various research methods were conducted to obtain the best
results [1]. Among the studies that have been discussed here is using computer vision and embedded systems
[2]. Under this circumstance, stem diameter measuring device was developed based on smart camera, near
infrared light source, computer vision technology and embedded DSP processor technology. On the other hand,
strain gauges are sensors that rely on the change in gauge resistance in determining the strain within the gauged
section. Several criteria in selecting the right gauge wire material for an application includes the degree of strain
to be measured, environmental variables such as temperature and non-material considerations such as cost.
These researches tried to provide most excellent accurate and précised results in comparison to traditional
approaches.

The traditional analytical methods analyzed the growth variations with caliper and LVDT.
Unfortunately caliper technique is discontinuous and insensitive. LVDT’s while better than caliper used sensors
in order to acquire the stem diameter has some severe shortages such as that we need to change sensors of
different scale to fit the different range of diameters. We can only get the increment of the diameter while
leaving the real value of the stem diameter unknown to us. The sensor may restrain the natural growth of the
crops. These are very inconvenient approaches for measurement and do not present smooth vision and exact and
précised values. These just offer the rough idea of change in stem diameter and height.

I1.  Different Analytical Methods

2.1 Hluminating Method

This paper attempts two illumination methods: illuminating the plant stem and illuminating the
background. When we choose to illuminate the plant stem and keep the background with dark color. An infrared
light source can be placed near the lens. Under this circumstance, we could suppose the brightness of the plant
stem is higher than the back ground. As a result, we can use the brightness to separate the stem from the back
ground. However, this kind of illuminating approach has an obvious shortage that is the plant stem has not a
unified brightness, or in other word, the brightness of different part of the plant stem is different. This point of
view can be greatly substantiated by following discussions.

Figure 2.1 The construction of the vision measurement system
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Because the plant stem is a cylinder, when light comes from the same side as lens to the cylinder. The surface of
the plant has different brightness due to the different angle of surfaces and illumination direction.

As showed in the left of Fig 2.2. The edge of this picture is not prominent. And the defect in the surface of the
plant stem will reduce the edge detection quality. To overcome the shortage of conventional illumination
method, another solution of illumination approach is testified to be effective. This time we choose to illuminate
the background instead of the stem itself. The background screen is on the other side of the stem and behind the
screen there is the light source (Fig 2.2). The aperture is adjusted to make the stem dark enough and the
background bright enough. In order to decrease the background noise, we make the brightness of background
screen slightly exceed the scale of the CCD. So the background is pure white with every pixel value 255(full
scale of 8 bit ADC). This help us to resist the background noise that edge detection program brings about,
moreover, the area of plant stem remains the unified dark with each pixel value nearly zero. This is quite easy
for us to separate the target from the background. As Fig 2.2 shows.

Figure 2.2 A illuminating the plant stem B illuminating the background screen

Edge detection algorism

The prevailing method of edge detection algorism is to use the gradient as the indicator for edge. In this
article the Sobel edge detector is selected to detect the horizontal edge. The implementation of the edge detector
is to use a 3x3 templet to convolute with the image. The template of the Sobel detector is shown as following

[2]:
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Measurement of plant stem only needs to know the horizontal edge so we need not use edge detector in the
vertical direction. As the following figure shows that this kind of illuminating method is more effective than the
conventional one showed on the left. We can learn from the figure that the right image is sharper and clearer
than the left one. This improvement enables us to have a more effective edge detection method.

We use one line (line 400) of the picture to draw an edge intensity graph as following Fig 2.3.
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Figure 2.3 Edge intensity of one line (400)

Figure on the right side have the edge intense value near 255 and the left one only has 150. In the other word, by
illuminating the background screen we can obtain a higher quality of image that enable us to have a more
precise parameter without the interruption of the detail defects of the surface of plant stem.

2.2 Strain Gauge

Strain gauge sensor is used to measure the voltage at the stem of the plants. The type of strain gauge
used is cooper nickel alloy; size Smm, G.F 2 with resistance of 120 Q. However, the output signal (volt/amp)
strain gauge are small and weak and mostly of the order of 10-3 or less. Direct measurement of these signals is
inappropriate to draw meaningful conclusions. In addition, noise may cause the task more cumbersome. Hence,
these signals are amplified. Further, for better accuracy and precision, circuit strain gauges utilized double strain
gauge, low pass filter and buffer. Double strain gauge is meant to reduce the thermal effect or known as
temperature-induced apparent strain. Thermal effect is caused by two concurrent and additive effects in the
strain gauge installation. The electrical resistivity dependent on the grid conductor temperature and the effect is
strain gauge varies with temperature. The second is when strain gauge material band, thermal output is due to
the differential thermal expansion between the grid and the test part [3]. Next, a low pass filter is added to
reduce noise and any unwanted signal. Lastly buffer is added at strain gauge circuit to minimize loss of signal
strength in analog systems due to excessive loading of output nodes. The operational amplifier buffer circuit
used is based on an operational amplifier (op amp) with unity-gain feedback. The open-loop gain of the
operational amplifier should be very high.

Based on the experimental analysis, firstly, the strain gauge is bended about 0.5mm from 0 to 3mm
using micrometer. Double strain is used and comparison is made with single strain gauge. Fig 2.4 and Fig 2.5
showed the gauge characteristic (mv) versus distance (mm). During this experiment, the temperature and
humidity of the laboratory is 26.70c and 50.4% RH respectively. The accuracy of humidity and temperature is
programmed using PIC with tolerance of +2%.

Single strain gauge
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Figure 2 4: Single strain gauge
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Figure 2.5: Double strain gauge

As seen from both Figure 2.4 and Figure 2.5, the correlation coefficient between sensor output and micrometer
displacement, R2 for double strain gauge was higher than single strain gauge with percentages difference of
18.83%. Double strain gauge is able to minimize the thermal effect occurred during the experiment. Thermal
effect will influence the readings since any changes of temperature will affect the strain gauge [4].

2.3 Image Processing

In image processing system the image of a plant is firstly received at the PC from camera. Then we

developed a program in matlab to calculate parameters of plant using Sobel Edge detection algorithm. A matlab
GUI has been developed for performing Sobel Edge Detection on a plant image to determine its height and
width [5]. Fig 2.6 shows the two different options for the selection of a plant image. That is either we can
manually cropped the image (pressing 2) or select the full image (pressing 1).

# Editor - C:\Users\compaq\Desktoplymain matlab code\main_plant_size.m +0O# X
DA sRR20¢|oD-Aef (BP-E0-BREBA| - [0-x
BB - |+ | +h1 | x || O
L= clc TD
2 — close all |;|
3= clear all o
4
5 - [£il,pth]=uigetfile('*.3pg’, 'SELECT AN IMAGE TO PROCESS'):
& — temp=strcat (pth, £il):
= img=imread (temp) ;
8 - figure (1)
9 - imshow (img)
10
11 = a=input ("PFEES5 1 FOR FULL IMAGE & 2 FOR M&NUALLY CROPPING :- '):
12 = if a==1 1
az.m >< | a3.m s |[ main_plant_size.rm X] bw.m >< | thrd.m % |

pixels.

ﬁf, PFRESS 1 FOR FULL IMAGE & 2 FOR MANUALLY CROPPING :

Figure 2.6 Image selection criteria
First of all selected area of image is cropped by pressing 2. Fig 2.7 is presenting the plant image with
highlighted edges as well as the measured values of height, maximum and minimum width of a plant in terms of
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Figure 2.7 Edge detected image
In Figure 2.8 full image is selected by pressing 1. It is presenting the full plant image with highlighted edges as
well as the measured values of height and width (minimum and maximum) of a plant in terms of pixels.
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Figure 2.8 Edge detected for full plant’s image

I11.  Conclusion

As a conclusion, the double strain gauge along with low pass filter and buffer are capable to detect
small changes for each millimeter tested. In addition, more accurate reading is obtained using double strain
gauges as compared to single strain gauges. It is concluded that the measurement using illuminating method is
more efficient than traditional methods. Edges are smoother in comparison to PC based image processing
system. Although two different types of options for the selection of a plant image are provided in image
processing system. Either we can select the full image or crop the image according to need. The algorithm
provides height and maximum and minimum width of the plant’s stem in terms of pixels.
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