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Drone application for tropical crops 

Khwantri Saengprachanatarug 

Faculty of Engineering, Khon Kaen University, Thailand 

khwantri@kku.ac.th 

This research aims to develop the computing platform used with Unmanned Aerial Vehicle for field 

design, plant protection, monitoring, and forecasting of agricultural products. A field test conducted in real 

sugarcane plantations by using a multi-spectrum camera installed with unmanned aerial vehicle to collect data 

by the standard method immediately after shooting to be used as data for calibration and developing the 

computing system models.  

First, image processing model for separating plants from non-plants by UAV imagery with neural 

network had quality percentage (QP) at 94.14%. Second, image processing model for specifying where plants 

with white leaf disease by UAV imagery using the EXG index to separate the soil from plants using thresholding 

which was greater than 0, and separated plants with white leaf disease by using Reflectance value of Blue band 

by thresholding (Higher than 0.106) with quality in the range of 80-85.09%. Third, the model for measuring 

plant quality in the field consisted of yield, Brix, height and NPK prediction model.  

Model for predicting yield (tons per rai) using Multilinear regression models such as the index 

calculated from thresholding pixel number at EXG greater than 0.06 by using UAV imagery of 4-month 

sugarcane (old photo), GNDVI index and the volume of DSM by using UAV imagery of sugarcane ready to 

harvest (Current photo of sugarcane in the harvest-ready age). The model was accurate to be screening with R2 

= 0.75-0.80 RMSE = 9.1% -15.5%. The model used for forecasting Brix by using PVR and PPR in SVM 

algorithm with high accuracy with R2 = 0.94 RMSE = 1.77-5.34%.  The model used for forecasting sugarcane 

height in order to estimate biomass by using block by block. The model was accurate to the target with SEP = 

0.36 m% RMSEP = 15.65%. The model used for forecasting the applying amount of NPK fertilizer as 

appropriate for plants protection by using UAV imagery and 4 models to forecast the applying amount by SVM. 

The model was highly accurate to be screening. The model forecasted for nitrogen and potassium was R2 = 0.80 

and 0.86 respectively.  

The development of measurement and computing systems is the prototype of a semi-industrial 

technology level as well as creating the yield map, the plant disease outbreak map from UAV imagery and 

automatic geographic information systems (GIS). 

Fig.1 6-rotors UAV with multi-spectrum camera 
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Fig. 2 a) RGB color map b) Digital surface model map c) Canopy height map 

 

 

 

Fig.3 GIS system with customable data visualization 
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Agricultural UAVs: Application and Business Opportunity in Thailand 
Agriculture 

Wanrat Abdullakasim1 

1Department of Agricultural Engineering, Faculty of Engineering at Kamphaeng Saen, Kasetsart University, 
Thailand. 

*Corresponding Author fengwra@ku.ac.th

Abstract 
Unmanned aerial vehicles or UAVs have been introduced and increasingly used in Thailand agriculture during 

the past decade. Two primary applications of the UAVs are aerial imaging for crop growth monitoring, and spraying. 
Field scouting with UAVs associated with aerial image interpretation of crop status is likely limited to only 
researchers and large enterprise groups such as sugar industry, because this application requires adequate scientific 
knowledge of the users, and is beyond the necessity of traditional farmers. The spraying UAVs seems to grow faster 
because it well assists the chemical spraying by considerably reducing labors and time. The use of UAVs may lower 
the spraying cost for 30–50% and increase the efficiency for 40–60 times comparing to human labor (Ipsos, 2017). 
This led to rapid emerging of UAVs developers, importers, service providers and related business. According to 
Nimitvanich and Napapruekchat (2020), among the UAVs players at present, there are only 7 Thai developers and 
all of these are of small-medium enterprise, while the rests are importers. It is perceived that the 5-litter spraying 
UAVs will be an optimal scale promising for business as it is profitable for 3.36–4.8 ha-fields which accounts for 
21% of farmers. The 10-litter UAVs may be suitable for a field larger than 4.8 ha and up to 16 ha, accounting for 
10% of farmers. Further analysis indicated that the production of UAV provides higher profit than the production of 
conventional agricultural machinery. The trade of UAVs, however, receive lower profit than the sale of conventional 
machinery. 

An important concern about the use of spraying UAVs is the spraying quality, and undesirable side effects such 
as spraying drift and overdose application. To date, the spraying quality is determined based on farmers’ satisfaction, 
i.e. when their crop is visibly wetted by the sprayed liquid. Meanwhile, the UAV servicers tend to spray with highest
speed and lowest application rate to minimize operation time and chemical volume. Characteristics of droplet
deposition and effectiveness in weed suppression or pest and disease control are not commonly mentioned among
UAV users. Systematic studies should therefore carried out to find out the most appropriate practice for each type of
crop, environmental condition, and type of spraying substance.

In our experiment, an application rate of at least 26 L/ha is required to obtain the spray coverage of 15% and the 
droplet density of 85 droplet/cm2 as recommended in crop protection (Fig.1). We found that, in general, the UAV 
could provide adequate amount of spraying coverage, but the uniformity of spraying was quite difficult to control, 
even under the wind speed of as low as 1.0 m/s. The coefficient of variation which reflect the spraying uniformity 
could be as high as 62%. In conclusion, the agricultural UAVs have several advantages in agriculture. Research 
knowledge should be transferred to users in order to make the use of UAVs efficient while making the agricultural 
production sustainable. 

Fig. 1 Application rates and spraying coverages obtained from a UAV 
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Abstract 
The Upper south of Thailand is located in the tropical zone with rich biodiversity covering an area of 50,000 sq-

km, and about 60% are agricultural area. It is one of the most important agricultural regions of the country, and the 
world, which is well known for fruits, oil palm, coconut, and rubber commodities. Recently, the Thailand government 
has introduced the BCG model for bioeconomy, circular economy, and green economy as the driving forces for the 
country's economic development. Along with the advances in biotechnology and industrial technology, effective and 
sustainable farming is the essential key to secure the food supply and raw materials in this economic model. Precision 
agriculture technology is the tool for continuous improvement of the input side of this value chain. The traditional 
practice needs to be modernized to challenge mountainous topography and the fluctuation in monsoon weather. Study 
of fieldwork activities is required to improve in-field logistics and work efficiency. Hilly and overgrown conditions 
limit the accessibility and in-field transportation of modern machines and farm robotics. Similar to the typical 
precision farming system - sensing of soil, crops, and weather conditions are needed as the first step for spatial 
variability stabilization and crop improvement, allowing site-specific operations with manual or automatic systems. 
Many research and innovations have been introduced worldwide; however, more intensive research activities and 
extensions are still needed to verify the technologies and fit the grower's requirements and local conditions. 
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Abstract 
Agricultural mechanization is a key indicator to characterize the level of development of a country's 

agriculture. It is absurd nowadays to speak of true agricultural growth without mechanization. Agricultural 
mechanization is a crucial input to agricultural crop production. However, it is frequently very capital intensive, 
compared to other inputs and it has repercussions on the efficiency of all other inputs used in crop production, 
including seeds, fertilizer, water, and labour. Whilst agricultural mechanization is indispensible for production, 
it can also have very detrimental effects on the environmental sustainability of farming (soil compaction and 
erosion, tillage, chemical pollution). However if the correct technologies are applied, for example: climate smart 
agriculture such as conservation agriculture; safe and efficient application of pesticides; precision application 
of fertilizers; soil compaction management; efficient harvesting; and natural resource conservation, then 
sustainable intensification can ensue. Sustainable mechanization means the use of intelligent, lean and efficient 
engineering technology solutions to minimize the impact of heavy machinery on the natural resource base – the 
soil and the landscape.  

Digital agricultural revolution could help humanity to survive and thrive long into the future. Digital 
agriculture offers new opportunities through the ubiquitous availability of highly interconnected and data-
intensive computational technologies as part of Industry 4.0. The main question is how to develop the selective 
agricultural mechanization especially in Indonesia in era of the digital agriculture recently. 

In Indonesia, mechanization development was supported by making available appropriate, efficient, and 
low cost machinery. Introduction of higher levels of production technology was focused on selected areas, for 
example; mechanization requirement in Java was focused on post-harvest handling, processing, irrigation and 
pest control. Also, selective policies of agricultural development in specific/well defined areas and considering 
the various levels of mechanization were needed. Efficient utilization of agricultural machinery was mainly 
considered. By taking advantage of the digital technology, it will cause improving economic, social and cultural, 
and environmental impacts (climate change adoption and adaptation, resilience, sustainability, etc.) through the 
use of different types of mechanization models. 
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Abstract 
Agricultural production strongly depends on climate, weather, soil properties, plant type, and so on. Thus, 

farmers have tried to continuously modified cultivation strategy and techniques for a long time so as to fit the ambient 
environmental and plant conditions. Additionally, consumers’ demands have also shifted to fresh, high-quality, and 
high-security fruits and vegetables. In response to these issues, various researches and developments have been 
investigated to establish next generation of agriculture up to now. The core technology will be Information and 
Communication Technologies (ICT). Currently, there are a lot of ICT applications in agriculture (smart farming) 
including a spatio temporal data collection and a facility automation including environmental monitoring and control 
in a greenhouse. Various affordable devices such as low-price microcomputers and sensors and open source software 
are developed year by year, and then these advents have completely changed the environment and views for the 
utilization of ICT in agriculture. We are also developing several technologies to improve agricultural production using 
affordable devices and open source software for small and medium-scale farms (Okayasu et al., 2017). Our study 
goal is to construct a sustainable agricultural production and food supply chain system as shown in Fig. 1. 

 
 

 
Fig. 1 Overview on sustainable agriculture and food value chain system. 
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On the other hand, plant growth behavior and quality status is strongly influenced by not only gene property but 
also the ambient environmental condition and nutritional status in general. Various methods have been developed to 
measure the field environmental information and the plant growth behavior and then their validity have also been 
verified through feasibility tests. Among them, image processing and analysis methods and technologies are expected 
in order to extract biological, physiological, and ecological features of plants. Due to the rapid developments and 
expansion of recent IoT (Internet of Things) and AI (Artificial Intelligence) technologies, they are significantly 
contributed to achieve high throughput plant phenotyping, which is focused on the comprehensive assessment of 
complex plant features such as growth, physical property, and yield (Roberto, Aluízio, 2015). These researches have 
been actually utilized to solve problems related to food and biomass production under drastic climate change, global 
warming, and increase in the global population. However, typical plant phenotyping system is very expensive and 
thus affordable system development is required to improve the researches in this field. It is a key technology to realize 
smart agriculture, too. Figure 2 shows a developing the spatio-temporal data sensing and visualization platform for 
plant phenotyping (Ito et al, 2021). 

In this seminar, I would introduce several technologies for smart farming and plant phenotyping utilizing 
affordable devices and open software. 

 
 

 
Fig. 2 Spatio-temporal data sensing and visualization platform for plant phenotyping. 
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Abstract 
Near-infrared spectroscopy (NIRS) is a useful spectroscopic method for the measurement of sugar content in 

food analysis. A cane quality evaluation system using NIRS for determining payments to growers has been developed 
and introduced into the sugar mill group in Japan. The evaluation system was installed in seventeen raw sugar mills 
on the fourteen islands that grow sugarcane. PIC (Pol in cane) of cane samples from all farmers has been measured 
by the system. All data obtained are collected into the central facility through the network system. The NIR 
networking system has been implemented in all raw sugar factories in Japan as official method for determining cane 
payments since 2005. The PIC database contains information on all cane farmers in Japan and has the potential to be 
extended to other farm management applications. Recently, NIRS technology has become familiar to sugar millers, 
and they have gained a deeper understanding. We have started research on multi-step use to promote the practical 
application of NIRS. In present paper, we show our recent projects (Fig. 1) as follows. 1) Self calibration management 
for bench top NIR by liquid standard sample, 2) Calibration development of portable NIR by the bench top NIR, 3) 
Sugar estimation by UAV and correcting the estimated value by the portable NIR. 

Sugar millers and farmers need information on cane quality before the harvest season to determine the most 
beneficial harvest dates. In our previous study, a portable NIR instrument for direct cane analysis was developed. The 
instrument measured the NIR spectrum of a partial cane stalk. To develop a calibration model for the pol value, 100 
mL of juice analyte is required to determine the pol value via the polarimetric method. However, it is very difficult 
to develop a pol calibration model because the amount of extracted juice from short cane billet is insufficient. To 
solve this problem, a calibration method using a bench top NIR instrument installed in a sugar mill was investigated 
at low cost. Furthermore, UAV equipped with multi-spectral camera was used to estimate sugar content of cane fields. 
Although applying the UAV to quality estimation evaluation of the estimated value are not easy on practical use, 
portable NIR could support the correction. Using this method, the cost and labor for calibration development was 
considerably reduced without any required chemical analysis; thus, cane quality can be determined in the field. 

NIR combined applications could be used as a key technology to evaluate and improve field management for 
sugarcane production. 

 
 

 
 

Fig. 1 NIRS combined application for cane production. 
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Abstract 
Fruit and vegetable products have become an important option for health-conscious people 

who prefer beneficial food, which drives the increasing of demand. High hydrostatic pressure 
processing (HHPP) is a promising “non-thermal” technology for food preservation. It has an efficiently 
inactivate microorganisms, most commonly related to foodborne diseases. Without heat treatment, 
HHPP allows most products to be preserved with minimal effect on taste, texture and nutritional 
characteristics as well as improved function properties of fruit and vegetable product. Application of 
HHPP at 100 MPA for 10 min was recommended for the enhancement of some bioactive compounds 
including phenolic, flavonoid and antioxidant activity in mango pulp and persimmon (Setha et al., 
2018) . In addition, HHPP at 600 MPa for 5 min could inactivate aerobic microorganisms and yeast 
and mold similar to conventional heat treatment while still provided the freshness of ‘Nanglae’ 
pineapple juice with about 8 weeks shelf life at 5+1°C storage (Chuensombat et al., 2019). Moreover, 
HHPP was applied to prolong shelf life and decelerate quality changes in fresh celery juice. It was 
found that the treatment of HHPP at 600 MPa for 5 min could slow down the ascorbic degradation 
while maintain polyphenols content and antioxidant activity in terms of DPPH and FRAP in celery 
juice during cold storage compared to untreated juice (Phandang and Suthiluk, 2020). HHPP could be 
used as an innovative technology for fruit and vegetable industry. Further researches are conducting a 
feasibility of HHPP to improve functional properties of fruit and vegetable products. This may be the 
alternative way to create a healthy and valorization of food products.  

     
Keywords: Functional, High pressure processing, Non-thermal, Preserve, Shelf life 
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Introduction 
Japan has imported a large amount of agricultural products so far, but with the worldwide popularity due to the 

advantages of healthiness, good taste and safety of Japanese food, further efforts are underway to export Japanese 
agricultural products or their processed products to all over the world. According to the policy of Japanese 
government, they are aiming that the export of Japanese foods would be achieved 1 trillion yen by 2020 and 5 trillion 
yen by 2030. In order to achieve this goal, there are various political and technological hurdles that must be overcome. 
Needless to say, it must be met the legal requirement of the export destination related international trade. In addition, 
the further improvements of transportation technologies are required for keeping higher freshness, quality and safety 
of various perishable fruits and vegetables. Also, we need to introduce various technologies that have a low impact 
for nature environment such as reduction CO2 emission. In this talk, I would like to introduce about a novel 
transportation container equipped with low energy electric field for extending shelf-life, and show some results of 
transportation test. And I also would like to discuss international logistics form the perspective of sustainability in 
the future. 
 
Electric filed “DENBA” container 

The appearance of the developed container is almost same as the reefer container generally used, however 
electrodes are installed above inside. Temperature and voltage are set at the required level by the control panel on the 
back. Most of agricultural produce are generally stored at a low temperature that does not lead to be frozen, except 
for produce that cause chilling injury. The temperature in the transportation test carried out was in the range of minus 
2 to plus 1 °C. In the oversea transportation test, Singapore was the final destination as a target. Domestic 
transportation tests were conducted on round-trip routes from Fukuoka to Tokyo, Hokkaido and Okinawa. Various 
agricultural produce were loaded in containers in the transportation test, and sensors were set at various location 
inside the container for monitoring environmental parameter such as temperature, humidity, CO2, and accelerometer 
during test. 
 
Storage test of produces by electric field in laboratory 

Since it is difficult to verify the quality and physiological activity of agricultural produce during transportation 
in detail, laboratory scale tests were conducted with a small size electric field device using acrylic desiccator jar. As 
the results of storage test of tomato fruits, it was considered that electric field has a potential for maintaining hardness, 
and polygalacturonase activity and the expression of related gene were suppressed during storage. 

 
 
 
 
 
 
 
 
 

 
 
Photograph of DENBA container used for international and 
domestic transportation tests. Loading produce were set and 
bound tightly on a pallet. Various sensors were installed in 
the box of fresh produce, and monitored during 
transportation test. 
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Abstract 
 

Micro- nano bubbles (MBs) technology has been used in many fields, including foam 
fractionation, food processing and purification processing of polluted water. One of the most 
significant characteristics of MBs is that they shrink in water and ultimately collapse if they reside in 
water for a long time (Zhang et al., 2006); in contrast, ordinary macrobubbles quickly rise and burst at 
the surface of water. Therefore, MBs are a highly efficient way of delivering dis-solved gas into a 
solution. A crucial characteristic of MBs is that they are negatively charged (-potential) on their 
surface (Takahashi,2005); due to these charges, the bubbles do not attract each other and attract 
positively charged materials. Because of these characteristics, MBs have a high potential to be used 
for a variety of practical purposes. The success example of MBs on postharvest using 1-MCP MBs to 
delay ripening of banana. A preparation of 1-MCP designed for use as a form of aqueous micro bubble 
(MBs) solutions was formulated. Banana fruit were immersed in 500 nL L−1 of aqueous 1-MCP 
microbubbles (1-MCP-MBs) or fumigated with 500 nL L−1 1-MCP, then stored at 25 ◦C for 8 days. 
1-MCP-MBs were more effective in delaying postharvest ripening than conventional 1-MCP 
fumigation. 1-MCP-MBs reduced the respiration rate and ethylene production compared to the control 
and 1-MCP fumigated fruit. Moreover, 1-MCP-MBs delayed yellowing and maintained firmness of 
banana fruit during storage.  

 

    
 Fig.1 Schematic diagram of 1-MCP microbubble generation system.      Fig.2 Micro-nano bubbles characteristic taken under AFM microscope 
 

 
In additions, there is another study to investigated the effectiveness of the ethylene 

microbubble (C2H4-MBs) technique as an alternative to accelerating the post-harvest ripening of 
banana. Bananas commercially harvested at the mature green stage were separated into three groups: 
(1) dipped in 300 mg L-1 of aqueous C2H4-MBs (10 and 20 min); (2) fumigated with 1,000 mg L-1 
C2H4 gas at 25 °C for 12 h, and (3) allowed to ripen naturally (untreated controls). They were stored 
at 25 °C for 10 d. The C2H4-MBs were successfully generated with a mean diameter of 50 µm, and the 
size reduced with time. The application of both C2H4-MBs and fumigation hastened the ripening of 
bananas compared to the untreated controls (Fig.3). The treatment with C2H4-MBs for just 10 min 
satisfactorily ripened the bananas in a similar manner as the fumigated technique. The treated fruit 
exhibited earlier climacteric rise in respiration and outburst of C2H4 production, accompanied by a 
drastic acceleration in chlorophyll degradation and yellowing, fruit softening, and total soluble solids 
content. This study demonstrated the efficiency and effectiveness of this alternative post-harvest 
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application of C2H4-MBs to accelerate banana ripening. This innovative technology is convenient and 
easy to carry out without the complication of airtight and cooling facilities and, thus, has high 
commercial potential. 
 

 
 

Fig.3 The appearance of banana treated with C2H4-MBs then stored at 25C for 4 days. 

 
Micro- nano bubbles also can apply to orchid export in Thailand. We study 1-MCP-MBs to 

maintain the postharvest quality and extend the vase life of export dendrobium orchid. In experiment, 
‘Sanan White’ and ‘Sugar Pink’ dendrobium orchids were dipped in 1-MCP micro bubbles in the 
concentration of 25, 50, 100, 200 and 300 ppm for 5 min. Non-treated and conventional methods were 
serve as control treatment. 1-MCP micro bubbles treated orchids at concentrations 300 ppm showed 
highest efficiency to maintain the postharvest quality. 1-MCP micro bubbles can maintain the fresh 
weight, water absorb, total sugar, reducing sugar. 1-MCP micro bubbles also reduced respiration rate 
and ethylene production of orchids.    1-MCP micro bubbles can extended the vase life of ‘Sugar 
pink’ and ‘Sanan to 9.00 and 9.89 days, respectively. While control treatment has vase life at 6.00 and 
5.67 days, respectively (fig.4).  

 

 
 

Fig. 4 The appearance of Dendrobium orchais treated with 1-MCP-MBs then stored at 23C for 10 days. 
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Prediction of a Tractor Behavior for Stability Against Rollover
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* Pictures from Google

Tractor rollovers have become the most life-threatening accidents.
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Worldwide, tractor rollovers averagely account for more than half of all tractor-
induced deaths.

The slanted ground is dangerous since the tractor 
is easy to rollover due to the high center of gravity.

1) To formulate a dynamic tractor 
mathematical model to predict the 
initiations of rollovers

2) To evaluate tractor lateral stability 
associated with rollover.

3) To propose an approach for 
improvement of tractor stability against 
rollover

Objectives

Matlab/Simulink 
Multi-Body

Compare measurement
and simulation of pitch
and roll motion

Mass [kg] 560

Wheel base [mm] 2200

Tread [mm] 950

Hight [mm] 1000

Front wheel 
radius [mm]

227.5

Rear wheel radius
[mm]

424

Results 1

Results 2
: Bump height : Derailed 

head

It was found that there was a nearly 
linear relationship between the road 
inclination angle and the roll angular 
velocity leading to rollover .

1.5 m/s
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REAL-TIME MEASURING SYSTEM FOR FIELD 
SOIL STRENGTH MAPPING
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INTRODUCTION

Sugarcane is one of the most important economic crops. In 2017, 
Thailand is the world's top 4 in exporting sugar.  However, farmers have 
found cultivation problems caused by the soil compaction, resulting in 
restriction of sugarcane root penetration to the soil. This consequently 
brings about less farm produce.

Since breaking soil compaction is costly and sometimes it is found 
that the compaction rehappens not long after breaking which may be 
caused by poor soil structure. To conduct well soil management in a 
field, the soil strength should be investigated throughout the field. The 
conventional method of using a cone penetrometer is time-consuming 
since it is a single-point measurement. 

The measuring process started with activating all devices, 
waiting 30 to 60 seconds for satellite signal detection and then 
recording data into SD card. The recorded data included global 
position from GPS device, plowing depth from the distance 
sensor and force on the strength measuring device which 
corresponding signal was sent to the amplifier before passing to 
processing unit and data recording device. 

MATERIALS AND METHODS

The measuring system was mainly consisted of (1) the soil 
strength device which composed of a strength measuring cone, a 
force transducer rod for strength measurement, subsoiler’s shanks 
and a signal amplifier; (2) a distance sensor; (3) a global 
positioning system (GPS) device; and (4) a signal processing and 
data recording unit. All devices were mounted on a subsoiler with 
three shanks. 

The real-time measuring system for field soil strength 
mapping can be further used in crop production management 
especially for soil preparation to improve planting efficiency. 
Moreover, when data of plowing depth was analyzed into a 
plowing depth map, it could indicate plowing quality and help 
to manage to plow efficiently as well.

CONCLUSION

The result from the real-time measuring system showed 
that the soil strength measuring device could measure soil 
strength while the tractor was running. The distance sensor 
could measure plowing depth and the device could record 
global position and all measured data. The data from the 
recording device were analyzed and processed into the soil 
strength map with a longitude position on a horizontal axis and 
a latitude position on a vertical axis. It could show different 
values and variation of soil strength in the field and more 
obviously with the presence of a contour line

RESULTS

Fig.3 (a) Mapping 1.28 ha (b) the soil strength map (c) plowing depth  map

This research has aimed to fabricate a real-time measuring system for 
field soil strength mapping. Besides, the working depth was also measured 
in order to assess the subsoiling work. The map of soil strength in the field 
was then generated by adapting the data acquired from the measuring 
system..

OBJECTIVE

Fig.2 subsoiler shanks

Fig.1 real-time measuring system for field soil strength mapping 

Fig.3 The data record system

(a)

(b)

(c)
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Height estimation and growth survey of sugarcane 
using 3D data derived from UAV-based RGB images

1.Ryoko Uechi*, 2.Takeshi Shikanai, 3.Senlin Guan, 4.Koichiro Fukami
1,2 Faculty of agriculture, university of the Ryukyus, Japan
3,4 Kyushu Okinawa Agricultural Research Center, Japan

BACKGROUND

OBJECTIVE

MATERIAL & METHOD

RESULT & DISCUSSION

CONCLUSION

Using the high resolution camera mounted on the drone, we
investigated how to determine the growth height of sugarcane
canopy from the point cloud data restored to a 3D image.
Monitoring sugarcane canopy height is a necessary and
important parameter for growth prediction. Using RGB images
that can be easily taken, we constructed a three dimensional
model of sugarcane canopy and evaluated the accuracy of its
height from the difference in photographing method.

Because of the labor shortage due to the aging of farmers,
sugarcane farmers in Okinawa are also expected to adopt smart
agriculture. However, in order to introduce drone remote
sensing in small sugar cane fields in Japan, it is necessary to
apply a simple and low cost method.

Cross image: the difference from the measured value was up
to 1(m) or more when the canopy exceeds 2m.

Circle image: about 0.2m of the difference between the
average estimated value and measured value.

Phantom4 V2 and Pix4D mapper

From the 3D cloud data, we were able to obtain
changes in sugarcane height at each stage of
growth. It was found that it is desirable to use
images taken under the same conditions as
elevation data for calculating the height
distribution map of the entire canopy. Due to
typhoons and poor growth, the state of lodging
and area can be quantified, which is thought to
be useful for growth management and work
planning after lodging.

Cross is two directions (E/W N/S) with the camera
angle facing straight down ( 90 ).
Circle, tilt the camera angle slightly and took of the
field like a circular motion from different directions

Using point cloud data and DSM images, we were able to
represent the community height of the entire field.
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Navigation System Based on Object Tracking for 
Assisting Robot Operation in Greenhouse

Sutan Muhamad Sadam A1), Slamet Widodo2), Takashi Okayasu1), Eiji Inoue1), Yasumaru Hirai1)

1) Faculty of Agriculture, Kyushu University, 2) Faculty of Engineering and Technology, Bogor Agricultural University

INTRODUCTION
Various types of robot, for instance a harvesting
robot, have been developed to support farming in
greenhouse up to present. However, this kind of
robot has not been optimized yet. Humans are able
to recognize objects immediately, while the robot
takes a long time to recognize it and its accuracy
depends on the environmental conditions in general.

OBJECTIVES

1st Japan, Thailand and Indonesia Joint Seminar on Sustainable Agricultural Development Goals (SADGs) 2021

Fig.1: Harvesting robot.

Thus, the harvesting time and quality by human (manual harvesting) are still fast
and high comparing with robot harvesting. However, in the manual harvesting, the
working speed will be reduced due to fatigue factor of labors. Therefore in this
study, assisting robot is designed for harvesting operations. This robot will
carrying the harvested product while it will keep following the harvester (people).

Fig.2: Human robot collaboration.

A navigation system using an object tracking for
assisting robot was developed to support harvesting

activity. We evaluated the performance to improve the
harvesting capacity in a greenhouse.

FUTURE RESEARCH
We are also developing a next generation of low-cost
farming support robot and will verify its validity by

adding autonomous navigation system feature and plant
monitoring.

SUMMARY

REFERENCES
Afghani S, Javed MI. 2013. Follow me robot using infrared beacons. Savap International
Journal. 4(3): 63-72
Gay W. 2014. Mastering The Raspberry pi. New York (US): Apress Publisher

The assistant robot, which follows the labor, has been designed and developed
based on the object tracking system. The robot could support the carrying
operation for the harvested crops and thus the farmer could focus only on the
harvesting activities. As the result, the fatigue factor could be reduced and
improved the harvesting capacity

RESULT

a. Prototyping mechanical and electrical system

Fig.3: Prototyping process. Fig.4: Control system design .

The robot is able to always follow the labor and keep the distance by using object
tracking methods, which consist of three different methods, i.e. mechanical,
electrical, and theoretical method.

The prototyping has been done by modelling and simulation process before the
application in a real environmental condition.

b. Object Tracking Algorithm
An object tracking algorithm has been developed by image processing as shown in
Fig. 5. The marker was attached to a farmer’s foot. The robot detected the centroid
of the marker and controlled so as to follow the marker as shown in Fig. 6.

Fig.5: Image processing to detect centroid of marker . Fig.6: Algorithm for robot movement.

Fig.7: Robot specification.

The robot has been developed with the specification as
shown in Fig. 7. The average operation according to
human average velocity around 0.3 m/s. The robot could
effectively operate around 40 minutes with the
maximum capacity could be hold around 25kg.

Fig.8: Prototype for low-cost farming support robot.
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Application of 3D-Reconstruction System based on 
Close- Range Photogrammetry Method for Growth 
Estimation of Chinese Cabbage (Brassica pekinensis L.)

Introduction

Conclusion and Future Works

1Smart Agriculture Research Group, Dept. of Agricultural and Biosystem Engineering, 
Faculty of Agricultural Technology, Universitas Gadjah Mada, INDONESIA
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One of the fundamental implementation in terms of precision 
agriculture is the accurate measurements of plants. They are 
necessary to observe the rate of growth and improve 
agricultural production systems. The close-range photogrammetry 
method is one of the solutions in non-destructive measurement 
of plants by utilizing digital images of plant objects and has low risk 
of damage to crops with non-contact measurements. 

However, to present the the functionality of the system for plant 
growth behavior, it is necessary to evaluate its accuracy and  
performance.

The objective of this study was to apply a 3D 
reconstruction system using CRP method for 
validating volume variation of Chinese cabbage

The scanning system consist of a DSLR camera Canon EOS 700D) 
and camera's stabilizer. 3D reconstruction process using 
photogrammetric processing software (Zephyr Pro's 3DF). As shown 
in Figure 1 (a), the camera will carry out the process of acquiring 
video of plant objects in 360˚ rotation. 

Figure 2. Result of 3D reconstruction objects of Chinese cabbage 

An error occurred in the volume measurement caused by the 
placing of control point as a reference for the size of  the Chinese 
cabbage object in Zephyr. This explains why the system on the 
Zephyr fails to read the volume of Chinese cabbage correctly

Figure 1. Schematic of 3D reconstruction: (a) Scanning process; 
and (b) flowchart of 3D reconstruction and volume estimation

Non-destructive plant growth estimation system was design 
to scan plant objects by obtaining video or digital images with 
360˚ rotation and then it was processed into 3D object 
using photogrammetric processing software (Zephyr Pro’s 3DF). 
From the measurement test result, the accuracy of volume 
measurement is acceptable. Further improvements are needed 
to made the measurement more accurate and the system can 
estimate other crops type

The formula that has been obtained is used for generate actual 
data validation of Zephyr Pro. So, from the calculation,  we 
obtained the values with RMSE: 26,08 cm3 and MAPE: 10,43%. 

This research is supported by:

*Corresponding Author: andrew@ugm.ac.id | Instagram: @smartagri.ugm | website: smart-farming.tp.ugm.ac.id

Materials & Methods

(a) (b)

Result & Discussion

Table 1. Data observation of actual and estimated  cabbage volume

Figure 3 shows the results of linear regression test of plant 1 with 
value of R2 of 0.9991. Therefore, plant 1 was defined as a 
reference for calibration of Chinese cabbage. The regression 
equation can be written: = 0,3078 + 12,25

Figure 3. Calibration test result and determination coefficient

Figure 4. Evaluation of estimated volume for other sample plants
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Development of Low-cost Thermography Monitoring 
System for Plant Health Evaluation

Introduction Result & Discussion 

Conclusion and Future Works
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Plants as poikilotherm living things can experience 
temperature gradients when performing biological 
activities. Thermography is a method of inspection 
through the temperature distribution of images. The 
thermography monitoring system in plants can be 
used for crop health evaluation to support the 
application of precision agriculture. Low-cost and 
custom application regarding the thermography 
monitoring system is necessary for plant assessment.

The objective of this study was to design a 
thermal imaging camera-based thermographic 
monitoring system as the main tool in capturing 
infrared energy emitted by plants

Based on the research that has been done can be concluded 
that infrared energy emitted by plants can be observed well
using the developed thermographic monitoring system. This 
was indicated by determination coefficient value was 0.992, 
the RMSE value was 0.120oC, the MAPE value was 0.306%. 
The developed system has the potential to monitor the 
behavior of crop temperature about early detection of crop 
diseases to minimize crop failure and optimize agricultural 
productivity in future works.

2Department of Agro-Environmental Sciences, Faculty of 
Agriculture, Kyushu University, 744 Motooka, Nishi-ku, 
Fukuoka 810-0395, Japan
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Materials &
Methods

Thermal imaging camera designed consists of microcontroller 
TTGO LoRa32, MLX90640 camera module, and micro-SD card. 
Thermal data will be acquired automatically and stored in a 
micro-SD card.

Figure 1 shows the conceptual 
design of the thermography 
monitoring system, composed of 
a growth chamber, LED 
growth light, thermal imaging 
camera, and environmental 
condition sensor.

Figure 1. Schematic design of experimental apparatus 

Figure 2. Flowchart of developed system

The system algorithm can be seen at Figure 2, starting from 
program initialization and micro-SD checking, and thermal 
image capturing process, and the last was thermal image data 
analysis by applying the region of interest segmentation.

Figure 2. Result of thermography monitoring system: (a) calibration 
test result and determination coefficient; and (b) heatmap of 
mustard for four days continuous measurement 

Based on the equation can be stated that in the conversion of 
the temperature value of thermal imaging camera readings to 
the actual temperature of the plant. 

Based on the equation can be stated that in the conversion of 
the temperature value of thermal imaging camera readings to
the actual temperature of the plant.

The validation results show that the R-
square value was 0.992, RMSE value 

was 0.120oC, and the MAPE was 0.306%. 
Based on these results, it can be said that 

the designed thermography monitoring 
system has a high accuracy for 

temperature estimation.

The application of the
thermographic monitoring

system that carried out for
four days with data retrieval

every five minutes can be seen in 
Figure 2 (b). The heatmap shows that 
the plants have a temperature range

of about 26oC, this is indicated by the 
distribution of the temperature of the plant object 

that can be segmented and differentiated 
from the surrounding environment

Based on the observations, plants will perform biological activities 
when environmental conditions support such as temperature,
light intensity, wind, etc. A biological activity (as photosynthesis, 
transpiration, or cellular respiration) carried out by plants can affect 
the temperature of the plant itself.
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Application of Plant Motion Monitoring System for The 
Evaluation of Citrus Tristeza Virus (CTV) Infection 

Introduction Result & Discussion  

Conclusion and Future Works 
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Leaf motion is one indicator to detect the circadian rhythms 
in behavior in plants. In the previous studies, an automatic 
plant motion monitoring system has been designed and 
developed to study plant behavior in certain conditions based 
on the circadian rhythm.  

However, the application of a plant motion monitoring system to 
evaluate the plant's abnormal condition due to virus-infected 
condition was not presented yet.  

The objective of this study was to apply 
a plant motion monitoring system for 
the evaluation of Citrus Tristeza Virus 
(CTV) infection in Citrus sp. 

The study was conducted by observing normal and infected 
plants in two separate automatic growth chambers. The 
growth chamber is equipped with an automatic image capturing 
system, automatic lighting providing system, automatic water 
irrigation system, and environment sensor system. 

Figure 2. Flowchart of Analysis Processes 

Arrows on the vector represent the direction of the motion and 
the length is the value of the motion.  

Figure 1. Schematic design of experimental apparatus  

1. Normal citrus plants tend to be more active and move 
at a farther distance than the infected plant. The motion 
of citrus plants infected with CTV experienced a delay 

2. Statistically, there were differences in the motion of 
normal and infected plants. 

3. Further Analysis in error and its implementation for 
others crops. would be in our future works. 

The motion was estimated with the Optical Flow method and 
apply Lukas Kanade and Shi-Tomasi parameters using Pycharm 
Software. The fast Fourier Transform (FFT) method was used to 
quantify the circadian period using R studio software. R studio 
also was used to estimate the phase and phase shift with fitting 
method. Kolmogorov Smirnov test was conducted to compare 
the motion of normal and infected plants statistically.  

Figure 4. Circadian Period Estimation 
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Materials & Methods 

The frequency and 
circadian period for both 
conditions show the same 
value, but different 
Amplitude. The frequency 
was 5,787×10-6 Hz and the 
period was 24 hours.  
 
The normal plant has a 
higher amplitude, 63,61 px 
comparing with the infected 
plant with a value of 16,336. 
 

From the phase can be known the infected plant delayed towards 
normal plant amount 0.49265. D value (Most Extreme Differences 
Absolute)> D table  of the critical value of the Kolmogorov Smirnov  
(0,157>0,043), it means that there is a difference in motion 
between normal plants and infected plants. 

Table 1. Phase & Phase Shift Value Table 2. Kolmogorov Smirnov Test 

Figure 3. Captured Image for Normal and Infected Plant (left) Time-lapse Image,  
and (right) is vector Visualization for both conditions 
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BACKGROUND
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METHODS

In recent years, there has been a lot of research on smart 
agriculture in Japan. Especially, behavioral monitoring and 
analysis of plants are necessary for the advancement of 
cultivation technology and development of new varieties to 
achieve the current challenges. Against this background, research 
on plant phenotypes has increased significantly in the last decade. 
Traditionally, research has been conducted using large equipment 
(Virlet et al., 2016), but in recent years, various systems have 
been developed with attention to low cost (Zhou et al., 2021).

OBJECTIVE

Virlet N., Sabermanesh, K., Sadeghi-Tehran, P., Hawkesford, M.J.. Field Scanalyzer: An automated robotic field 
phenotyping platform for detailed crop monitoring. 2016. Funct Plant Biol. 44(1):143-153.
Zhou, S., Mou, H., Zhou, J., Zhou, J., Ye, H., Nguyen, H.T., Development of an automated plant phenotyping system 
for evaluation of salt tolerance in soybean, 2021. Comput Electron Agr, 182, 106001.
Ito, J., Okayasu, T., Nomura, K., Yasutake, D., Iwao, T., Ozaki, Y., Inoue, E., Hirai, Y., Mitsuoka, M., (in press), 
2021. Development and performance evaluation of a plant phenotyping platform using low-cost IoT devices, Agric 
Inf Res. 30(2). (Japanese)
Qian-Yi, Z., Jaesik, P., Vladlen, Koltun., Open3D: A Modern Library for 3D Data Processing, 2018, 
arXiv:1801.09847
https://www.microsoft.com/ja-jp/p/azure-Kinect-dk/8pp5vxmd9nhq?activetab=pivot%3aoverviewtab
https://www.intelrealsense.com/depth-camera-d435/
https://www.raspberrypi.org/products/raspberry-pi-3-model-b-plus/
https://developer.nvidia.com/embedded/jetson-nano-developer-kit

Develop an automatic measurement robot centered on  
low-cost single-board computer.
Achieve high-throughput plant phenotyping by 
measuring with RGB-D cameras, which are becoming
increasingly low-cost and high-performance.

Fig.1: Phenotyping Robot
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ArUco
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Fig.2: Overall view of the measurement system

RESULTS

Fig.4: Visualization of the entire cultivation space by merging point cloud information

Figure 1 shows the Phenotyping Robot used in this research. RGB-D 
sensors are located on the top of the robot, and in this research, we 
used active IR stereo type (Realsense D435, Intel, USA) and time of 
flight type(Azure Kinect, Microsoft, USA) .
The experiment was conducted in hydroponic bed installed in 
greenhouse in the Kyushu University Ito Campus farm. The target 
hydroponically grown crop was spinach. The measurement period 
was from planting to harvest. RGB-D data were collected at eight 
times a day.
In addition, the plant height was calculated based on the RGB-D data 
using the plant height calculation program developed in the previous 
research (Ito et al., 2021). In order to verify the accuracy of the 
calculation, we manually measured the plant height every 5 days 
around 2 weeks after planting. Five plants were selected from the 
growth panel and measurements were taken on the same plant.

Fig.3: Results of Measurements

(a) Changes in plant height over the measurement period

(b) Example of 
measurement image by 

Azure Kinect (c) Measurement accuracy

Figure 4 shows the point cloud of the entire growing bed, which was created by merging 
each of the measured spinach point clouds using the Open3D library(Qian-Yi et al., 
2018). This system has successfully collected RGB-D data at multiple locations, day and 
night. Such depth data can be used in a wide variety of ways, such as volume estimation 
and leaf tilt estimation. In the future, we would like to develop useful growth indices by 
investigating the use of such data.

Figure 2(a) shows the average plant height of the entire bed. Both cameras acquire the 
changes in plant height according to the growth, and Azure Kinect in particular has stable 
measurements that are not much affected by the time of day. Figure 2(b) shows example 
of image taken by Azure Kinect. The edges of the leaves are nicely extracted, indicating 
the possibility of collecting phenotypes other than plant height. Figure 2(c) shows the 
results of the accuracy experiment. The distribution of the phenotypes is generally linear 
with y=x. It is expected that the estimation of plant height will enable growth prediction 
and evaluation.
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BACKGROUND 

Mango (Mangifera indica L.) is one of the most 

important tropical fruit worldwide in terms of 

production, consumption and export market. The 

primary cause of mango losses after harvest is due to 

anthracnose disease caused by Colletotrichum 

gloeosporioides (Penz.) Sacc. Control of anthracnose 

disease has been mainly manipulated by fungicides; 

however, the use of chemicals are progressively 

restricted because of the development of fungicides 

resistance by pathogens and public concern over harmful 

effect of toxic residues on the environment and human 

health (Naradisorn, 2015). Alternative postharvest 

physical treatments have gained interest and shown to 

improve product quality and extend shelf life. Among 

various physical methods, hot water treatment (HWT) 

performs a promising method to control postharvest 

disease and maintain the quality of fruit as an eco-

friendly and cost-efficient method (Liu et al., 2012). 

OBJECTIVE 

To investigate the effect of hot water treatment on 

anthracnose disease and postharvest quality of mango 

cv. ‘Nam Dok Mai Si Thong’. 

METHODS 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

❖ HWT at 60 oC significantly reduced lesion diameter.  

 

❖ Total color differences (∆E) were significantly lower 

in HWT 60 oC as compared to the control. 

 

❖ No significant differences among control and HWT 

in weight loss, firmness, TSS, TA, total phenolic 

compounds (both in peel and pulp) and antioxidant 

activity as measured by DPPH and FRAP. 
 

CONCLUSIONS AND FUTURE WORK 

HWT at 60 ºC for 3 min showed a promising method 

to control anthracnose in ‘Nam Dok Mai Si Thong’ 

mango. This method can be widely and commercially 

used in small and medium-scale industry. However, the 

combination of HWT and other treatment may be worth 

to try for disease control and quality improvement. Our 

future work will be trialed on using a HWT in 

combination with UV-C treatment. 
 

REFERENCES 
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of disease resistance in peach fruit. Postharvest Biology and Technology, 65: 61-68. 

doi:10.1016/j.postharvbio.2011.11.002 

Naradisorn, M. (2015). Control of postharvest anthracnose of mango using pomelo 

albedo extracts. Journal of Food Science and Agricultural Technology (JFAT), 1: 

201-206.  

‘Nam Dok Mai Si Thong’ mango at commercial maturity stage 
with uniform size and no defect, surface disinfested with 2% sodium 

hypochlorite before the treatments. 

Assessment for lesion diameter 
3 days intervals for 9 days 

Disease assessment 
Inoculated with C. gloeosporioides 

24 h before HWT. 

 

 

Incubated at 25 ºC, 90-95 % RH 

 
 

Treatments: 

- Control (water at ambient temp.) for 3 min 

- Hot water treatments: 50 ºC, 55 ºC and 60 ºC for 3 min 

Quality assessment 
Directly treated with HWT. 

Stored at 13 ºC, 85-90 % RH 

 
 

Quality assessment for weight 

loss, color, firmness, TSS, TA, 
total phenolic compounds, 

antioxidant activity (3 days 

intervals up to 9 days) 
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BACKGROUND 
Mango (Mangifera indica L.) is one of the most consumed tropical 
fresh fruits in the world (Evans et al., 2017). ‘Nam Dok Mai’ mango 
is one of Thailand’s most significant fruits for both local and export 
markets due to its characteristics on great flavor and bright yellow 
flesh (Matulaprungsan et al., 2019). Currently, high demand of fresh-
cut fruits including ‘Nam Dok Mai’ mango is reported in Thailand 
modern trades (Chimvaree, et al., 2020). However, fresh-cut 
products, being injured tissue, are more susceptible to deterioration 
than the whole fruits. The cuts obtained during processing operations 
cause reduction in shelf-life (Yousuf et al., 2020). The emerging 
technology i.e. a passive or active modified atmosphere packaging 
(MAP) is used to preserve quality and to extend shelf-life of these 
products (Yousuf et al., 2020). 

METHODS 
Nam Dok Mai mangoes with exported quality were purchased from 
Chachoengsao, Thailand. The fruits were treated with 200 ppm 
ethephon, 5 mins and kept at 25°C, 2 days until a uniform ripening 
stage is reached ~13-16 °Brix (Kader, 2008). Mango slices were cut 
into 2 × 2 × 2-3 cm cubes and approximately 150 g. of flesh was 
placed on a PET tray, size of 12 × 18 × 4.5 cm then covered with 
polyethylene (PE) bag, (40 μm, 7″ × 11″, Crab brand, Thailand) and 
sealed the bags with KENKO vacuum packaging machines, model: 
VMQ500E/B before filling the bags with 1). air (passive MAP), 2). 
100% argon (Ar, active MAP1), and 3). 10%O2+20%CO2 balanced 
with N2 (mixed gases, active Map2, Fig. 1) for 2 mins compared with 
control treatment. All samples were stored at 10°C, 90-95% RH for 
10 days. A completely randomized design (CRD) was used in this 
experiment. SPSS software version 25 was used for data analysis. 
Mean comparisons were performed using Duncan’s test at p < 0.05.  

OBJECTIVES 
 Investigate the effect of passive and active MAP on quality 
attributes i.e. flesh color, firmness, of fresh-cut mango during cold 
storage. 

 Determine the proper level of oxygen (O2) and carbon dioxide 
(CO2) inside the packages for maximum shelf life extension for 
fresh-cut ‘Nam Dok Mai’ mangoes stored at 10°C.  

Fig.1: Filling bags with mixed gases 

Fig. 3 showed overall visual quality of fresh-cut mangoes stored in passive MAP, active 
MAP1 & 2 conditions compared with control. It is found that the fresh-cut mango stored in 
passive MAP and active MAP2 (10%O2+20%CO2) had significant (p < 0.05) highest overall 
visual quality than the samples stored in 100% Ar and the control, respectively. The fresh-
cut fruit stored in active MAP2 was found best in significantl (p < 0.05) maintaining overall 
visual quality than other treatments over storage periods (Fig. 3) similar to Sortino, (2017). 

 

 

Fig. 4 illustrated that the difference between initial and final color of mangoes flesh in 
control was significant higher than the passive and active MAP2 since 1 d of storage. The 
passive and active MAP2 showed significant (p < 0.05) lowest ∆E over storage period 
compared with other treatment.   
The O2 and CO2 concentrations inside the packages were analyzed by MAP gas analyzer 
(BRIDGE Analyzers, Inc., Ohio, USA). The level of O2 inside the packages of fresh-cut 
mango treated with active MAP2 (mixed gases) reach the equilibrium since 1-2 days of 
storage (Fig. 5a) while the level of CO2 of this treatment gradually reduced from 20% to 
remained at about 5-6% at day 6 (Fig. 5b). This may indicate that the proper level of O2 and 
CO2 to preserved quality of fresh-cut Nam Dok Mai mango were at 10% O2 and above 8% 
CO2 during earlier storage periods (4d).  

Fig. 5a, b: Level of O2 (a) and CO2 (b) inside the packages in different MAP conditions 
compared with control. 
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RESULTS 
Post-cutting life of fresh-cut mango 
can be limited by brown 
discoloration. The 9-point rating 
scale was established for overall 
visual quality assessment of fresh-
cut ‘Nam Dok Mai Si-Thong’ 
mango (Fig. 2).  Fig.2 Overall visual quality assessment 

Fig.3 Overall visual quality of fresh-cut 
mangoes stored in different MAP conditions 
compared with control. 

Fig. 4 The difference between initial 
color and final color of flesh tissue) in an 
L*a*b* color space (∆E)  
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CONCLUSIONS 
It is concluded that the active MAP2 (10%O2+20%CO2) was best in 
preserving quality (include maintained firmness, increased vitamin C 
content, data not shown) of fresh-cut ‘Nam Dok Mai Si-Thong’ mangoes. 
The passive MAP also showed beneficial effects but slightly less 
effective than the mixed gases. 
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Currently, there is growing safety concerns about the use of
synthetic or artificial colorants in foods and there is a great
interest in the use of natural colorants as alternatives (Arueya &
Akomolafe, 2014). However, natural colorants, including
anthocyanins possess the limitation in their hues, tinctorial
strength and their stability through processing factors which
might not suffice the uses. Encapsulation technique has been
extensively reported in protecting and stabilizing natural
colorants (core material) from environmental factors (Wu et al.,
2020). 

In this study, encapsulation was applied for anthocyanin
extracted from two different plant sources; roselle calyces with
acidic pH and butterfly pea flower with neutral pH.  

Materials and Method

Fig 2 Extraction and encapsulation of anthocyanin extracts from the two plants

Plant samples were extracted with different dried sample:
water extraction ratios; 1:100 and 10:100 and subsequently
encapsulated with maltodextrin in ratio of core and wall
materials of 1:1 followed by spray drying (Fig 2). The
encapsulated microparticles (Fig 3) were then examined for
their physicochemical properties.

Fig 3 Extraction and encapsulation of anthocyanin extracts from the two plants

Fig 1 Extraction and encapsulation of anthocyanin extracts from the two plants

Fig 4 Scanning electron micrograph of anthocyanin particles from roselles and butterfly pea

Fig 5 Spectrophotometric absirbance of anthocayanin particles from roselle and butterfly pea 

Table 1 Moisture, color and water solubility of anthocyanin particles 

The anthocyanin extracts have been successfully encapsulated with
maltodextrin under the condition studied. Fig 4 shows SEM micrograph of
anthocyanin microparticles (1.02-3.88 μm) from roselle calyces and butterfly
pea flower which appeared in round shape with apparent wrinkled surface and
some small surface cracks. The dry particles showed low moisture content
between 3.67-5.93% w.b. (Table 1). Colors significantly differed between
butterfly pea and roselle samples in that butterfly pea were in red color shade
whereas, roselles samples were in purple shade. With the greater extraction
ratio (10:100), the higher tinctorial strength than the 1:100 sample was
observed (Table 1). Results showed that with the higher amount of plant
materials in mixture, the greater pigment concentration was obtained on
extraction and subsequently spray drying into the encapsulates. The high 
 water solubility of anthocyanins microparticles between  84.97 to 89.61%
increased potential uses as food colorants. It was clearly seen that the
absorbance spectra of anthocyanins differed between the two sources. Roselles
samples showed the high absorption at the range 570 and 630 nm. This was
due to the positive charge on the internal ring anthocyanins at acidic pH. For
butterfly pea samples with neutral pH, the highest absorbances were observed
at 500-530 nm.  Results reflected the differences in anthocyanin structure from
the two different origins (Huang & Zhou, 2019). 
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• SEM

Figure 1. Surface (A) and cross-section (B) images (SEM) of (a) CH, (b) CT, (c) CC and (d) CTC 

Tran Thi Van1, Fumina Tanaka2, Fumihiko Tanaka2

1Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University, JAPAN

2Faculty of Agriculture, Kyushu University, JAPAN

INTRODUCTION

RESULTS

CONCLUSION

REFERENCES

OBJECTIVES
To determine characteristics of the coatings made from CH, TSO, and AC

To evaluate the effect of coating solution in antifungal of B. cinerea

• Preparation of coating solution
Solution of 1% (w/v) citric acid (FUJIFILM Wako) was used to dissolve 1% (w/v) CH powder

with a molecular weight of 80% (FUJIFILM Wako). They were heated and stirred by bath stirrer
EWS-100RD (AS ONE Corporation, Japan) for 3 h at 85 0C and 750 rpm. At the same time,
0.1% (w/v) of AC was dissolved into distilled water and stirred using a magnetic stirrer for 1 h to
reach complete hydration/swelling. When CH was heating, the solution of 0.25 % (w/v) TSO
(Gold Tea Oil, Japan) were prepared. The concentration of TSO was combined with 20%
Tween80 (w/w, based TSO) (FUJIFILM Wako) and 30% Glycerol (w/w, based chitosan)
(FUJIFILM Wako) as an emulsifier and plasticizer. The portion was fulfilled by distilled water to
the fixed volume and homogenized at the speed of 22,000 rpm for 3 min using a rotor - stator
homogenizer (Ultra - Turax T-25, IKA Japan Cooperation). These coatings named CH (chitosan
1%); CT (chitosan 1%, TSO 0.25%); CC (chitosan 1%, AC 0.1%) and CTC (chitosan 1%, TSO
0.25%, AC 0.1%).

• Preparation of coating solution

MATERIAL AND METHOD

In order to maintain the quality of fruit and vegetables after harvesting, it is necessary to
suppress the growth of fungi. In recent years, post-harvest treatment using natural materials
instead of chemicals has been desired for safety and environmental protection, and we focused on
chitosan (CH), essential oils (EOs), and advanced clay (AC).

CH is non-toxic that can inhibit spore germination, the elongation of germ tubes, and disrupt
the supply of essential nutrition for fungal growth or the growth of mycelium cell walls. CH and
EOs in an edible coating have been shown to be very effective in inhibiting the growth of
microorganisms and biochemical processes as well as maintaining fruit quality (Singh et al.,
2015), especially tea seed oil (TSO).

AC is a hydrophilic and highly water dispersible with good adsorption ability, high cation-
exchange capacity, and drug-carrying capability (Xia et al., 2010). The negatively charged
interlayer regions of clay are mainly filled with exchangeable positively charged ions, such as
Na+, K+, Ca2+. Thus, active ions on clay can be accommodated in the interlayer space, providing
the materials with a long-lasting action period (Hu & Xia, 2006). The immobilization of clay was
antimicrobial activity (Martucci & Ruseckaite, 2017).

Based on the advantages of CH, TSO and AC, we proposed coatings made from these
combination, which is a completely naturally derived coating that should replace chemical
treatments to limit fungal growth on agricultural postharvest field.

• Film forming casting
10 mL of each coating solution was poured into a plastic plate (90 mm diameter) then they

were dried into an incubator for 8 h at 25 0C then keep at 25 0C and 53% RH.

• pH and viscosity
A pH meter (LAQUA twin, Horiba, Japan) was used to measure pH value of coating solutions

before casting films. The viscosity measurements were carried out using a viscometer
(Brookfield DV2T AMETEK, USA) with five measurements for each treatment.

• Color
The color properties were characterized referring to the CIELAB. The ∆E (color difference)

was also calculated as follows:

∆E = ( ∗ − ∗) + ∗ − ∗ + ( ∗ − ∗) (with L0 * = 94.8, a0* = -0.1, and b0* =
4.1; the L*, a*, b* are the values of each thin coating film)

• Zeta potential
About 3 mL of each coating solution was placed in a cell followed by measuring the zeta

potential by using Zeta-sizer (Nano - ZS, Malvern Instruments, UK).
• Scanning Electron Microscopy
The surface and across- section structure of films was observed using a scanning electron
microscopy (SEM) (SU3500, Hitachi High-Technologies Corporation, Japan).

• Spore germination and germ tube elongation
The spore solution was harvested from the B. cinerea after cultured on potatoes dextrose agar

(PDA) for 7 days. A 1 x 107 spores/mL of spore solution was treated with coating solution and
mixed with potato dextrose broth (PDB) (DifcoTM, USA) then incubated on the shaker (100 rpm)
at 25oC for 24 h, the spore germination and germ tube elongation were evaluated under confocal
laser scanning microscope (CLSM); germ tube length was evaluated by using ImageJ software.
• Membrane integrity change

The spore solution was incubated in 24 h then stained with 50 mg/L of propidium iodide
(Sigma Aldrich, USA) in 20 min. After that, the stained spore was observed under CLSM.

a dcb

(A)

(B)

• Spore germination and germ tube elongation

•

Figure 2. Analyze spore germination and germ tube length of B. cinerea. Data followed different letters show 
statically different by Tukey test (P< 0.05)

• Membrane permeability change

Control CH CT CC CTC

Figure 3. CLSM images of the cell membrane permeability of B. cinerea by propidium iodide staining test. 
Death cell were indicated by red arrows.

• Coatings made from 1% (w/v) CH enhanced with TSO/AC were effective in inhibition of spore
germination and germ tube length in compared with control.

• TSO contributed to the oil droplet distribution of CH and CTC.
• The presence of AC and TSO modified the characteristics of pure CH coating confirmed by the

alteration of viscosity, zeta potential and ∆E value.

1st Japan, Thailand and Indonesia Joint Seminar on SADGs

Characteristic and antifungal ability against Botrytis cinerea of coatings developed from chitosan base 

enhanced with tea seed oil/advanced clay

CH CT CC CTC

pH 3.14 ± 0.03 c 3.28 ± 0.01 a 3.21 ± 0.01 b 3.20 ± 0.01 b

Viscosity (cP) 20.20 ± 0.19 d 20.86 ± 0.21 c 21.50 ± 0.29 b 28.22 ± 0.42 a

Color (∆E) 105.57 ± 1.40 a 107.38 ± 1.52 a 109.08 ± 1.31 b 109.29 ± 1.44 b

Zeta-potential (mV) 54.07 ± 1.00 a 39.40 ± 3.23 b 47.40 ± 2.41 a 37.90 ± 2.29 b

Table 1. pH, viscosity, color and zeta-potential of coating films

Data followed by different letters (a, b, c, d) shows statistically different by Tukey Test (P < 0.05)

• Characteristic of the coatings

• Viscosity significantly increased when comparation between CH pure and the incorporation of CH
with AC/TSO

• Coatings with AC (CC, CTC) showed different in color values (P < 0.05) compared with CH and CT
• The zeta potential of CH and CC was higher than CT and CTC (P < 0.05)
• SEM images showed the pure CH and composite CC films were relatively homogenous, and

continuous while TSO made the films with various sizes and oval-shaped droplet in CT and CTC.
• Spore germination and germ tube length of B. cinerea were inhibited by CH, CT, CC and CTC

compared with control (P < 0.05) after 24 h incubation
• There was no stained spore in control (agar) whereas spores treated with CH, CT, CC and CTC had

stained.

• Viscosity significantly increased when comparation between CH pure and the incorporation of CH

DISCUSSION

Advanced clay cluster
Oil droplet

Hu et al., (2006). Adsorption and antibacterial effect of copper-exchanged montmorillonite on Escherichia coli K88. Applied Clay Science.
Martucci et al., (2017). Antibacterial activity of gelatin/copper (II)-exchanged montmorillonite films. Food Hydrocolloids.
Pereira dos Santos et al., (2019). materials Chitosan / Essential Oils Formulations for Potential Use as Wound Dressing: Physical and.
Materials.
Singh et al., (2015). Antibacterial and antioxidant activities of Mentha piperita L. Arabian Journal of Chemistry.
Xia et al., (2010). Wet grinding of montmorillonite and its effect on the properties of mesoporous montmorillonite. Colloids and Surfaces A:
Physicochemical and Engineering Aspects.
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Effect of high hydrostatic pressure on bioactive compound and antioxidant activity 
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BACKGROUND 
In recent years, the development of non-thermal processing technologies 
has great attention for the food processing industry as mild processing 
methods. It can decrease the use of chemical additives and enhance the 
preservation of the natural state and freshness of food products. High 
Hydrostatic Pressure (HHP) is one of non-thermal processing 
technology that has been effectively marketed in the recent time. HHP 
has been known as mild processing technology as it enables the 
preservation of the natural flavors and nutritional values of raw 
ingredients. 

             

 
 

 
 

 
 

Application of HHP at 300 and 600 MPa significantly 
increased TPC in mango peel and pulp (Fig. 1). HHP 
treatment can enhanced carotenoid content and HPP 
at 600 MPa treatment was the highest carotenoids 
contents in both pulp and peel compared with other 
levels (Fig. 2). Antioxidant activities were lower in 
the pulp and peel. HPP at 600 MPa significantly 
increased antioxidant activities in both peel and pulp 
and the activities were highest compared to other 
treatments (Fig. 3 and 4).  
 

CONCLUSION 
HPP at 600 MPa for 5 min was considered the best 
treatment for increasing bioactive compounds and 
antioxidant activity of R2E2 mango.  The HPP could 
be applied to mango and may useful developing novel 
health products due to the high functional bioactive 
compounds. 
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OBJECTIVE 
 To study on different pressure levels of HHP on bioactive compounds, 

and antioxidant activities for “R2E2” mango peel and pulp. 

MATERIAL& METHOD 
Fruit was longitudinal cut, packed in vacuumed bag and sealed by vacuum 
sealer. The sealed packages were treated by HHP at low (100 MPa, medium 
(300 MPa) and high (600 MPa), for 5 min at 27ºC. Treated sample was 
freeze dried and analyzed for total phenolic and carotenoid contents and 
antioxidant activity by DPPH and FRAP assays. 
 

                      
  

                                 
       
   

                             
 

RESULTS 
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Effect of Alkaline Electrolyzed Water on Extraction of Catechin in Tea

TONGJIAO WU1, AYANE NAGAHAMA1, YOSHINORI KAMITANI1* 
Kagoshima University

Background & Objective

Method

Results & Discussion

Conclusion Prospect

AcEW AlEW

NaCl

V

Cathode
2H₂O+2e⁻→H₂↑+2OH⁻
Na⁺+OH⁻→NaOH

Anode 
2H₂O→O₂+4H⁺+4e⁻
2Cl⁻→Cl₂+2e⁻
Cl₂(aq)→HClO+HCl

Popular 

Health benefits

Reducing the risk of cardiovascular and

cerebrovascular disease and death

Reducing cholesterol and blood pressure

Reducing the risk of diabetes

The main substances 
for 

health benefits in tea
Catechin

The amount of catechin in tea
extracted increases with increasing
temperature

At high temperatures, the
tannin content also increases

Tea is bad tasty

Alkaline electrolyzed water (AlEW) was used to extract catechins in 
tea, and the extraction effect at low temperatures was confirmed.

Material

pH-adjusted 
water

EC-adjusted 
water

H2 Bubble 
adjusted water

AlEW

Purchased in the 
supermarket

Sample solution

OH-
OH-

EC

Electrolysis

H2 Bubble EC
OH- OH-

H2 Bubble

EC

Use NaOH to adjust
the pH of the solution
to the same as AlEW

Use NaCl and NaOH
to adjust the EC and
pH of the solution to
the same as AlEW

Pass H2 into pure water and
use NaCl and NaOH to adjust
the EC and pH of the solution
to the same level as AlEW

Generated 
by 

electrolyzed 
water 

generator

Iron Tartrate Colorimetry

When the iron tartrate reagent added to
a solution containing catechin, a black-
purple iron complex is formed, and the
amount of catechin is compared by the
concentration of the complex.

More catechins

moreless

Preparation of 
sample water

Determination of 
physical properties

pH DO(mg/L) DH(ppb) ORP(mV) EC(μS/cm)

pH-adjusted 
water

10.08 9.75 0 260 38.6

EC-adjusted 
water

10.02 9.82 0 285 1100

H2 bubble 
adjuster water

10.02 9.85 0.46 -553 1200

AlEW 10.37 7.3 0.45 -776 1340

Sample water
• pH-AW
• EC-AW
• H2-BAW
• AlEW

Extraction temperature is 
20, 30, 40, and 50 C

Extraction  time is 10, 20, 
and 30 min

0.1g of tea (12 mesh a sieve) 
sample water 50mL

5 ml of the iron tartrate was added 
to 5 ml of the tea extract and stirred

Spectro-
photometer

Determination 
of absorbance

540nm
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Extraction  time (min)Fig. 1 Extraction effect of catechins in 
each sample water at 20℃ for 20min

Fig. 2 The influence of temperature on the catechin 
extraction effect of each sample water for 20min

The extraction effect of AlEW on catechins was

significantly higher than that of each adjusted

water (20℃, 20min) .

In the temperature range of 20 ~ 50℃, the

catechin content of each experimental group

increased with the increase of temperature.

At 40 C, the extraction amount of catechins by

AlEW reached its peak.

The extraction effect of catechins with pH-

adjusted water and EC-adjusted water was

basically the same.

The extraction effect of catechins with H2

bubble-adjusted water was slightly higher than

that of pH-adjusted water and EC-adjusted

water.

AlEW at 20 ℃ had the same extraction effect as pH-adjusted water and

EC-adjusted water at 40℃ and 50℃.

At 40 C, the extraction effect of AlEW was the best.

It was considered that the extraction effect of AlEW was the result of

some changes in water due to electrolysis.

Since the extraction efficiency of AlEW under low temperature and

short time conditions was significantly higher than that of each adjusted

water, in the food processing industry, using this condition could reduce

energy consumption and reduce costs.

By comparing with other functional water

(tourmaline water), further explore the effect

on the extraction effect of tea catechins.

Further study the effect of AlEW on the

antioxidant ability of catechins.

Other testing methods such as NIR will be

used to verify the extraction effect of AlEW

on catechins.

Electrolyzed Water
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Application of NIR-HSI for the Classification of  Adulterated Honey  

   using Stepwise Discriminant Analysis 
        Dharell B. Siano, Anupun Terdwongworakul, Kaewkarn Phuangsombut, Wanrat Abdullakasim 

Department of Agricultural Engineering, Faculty of Engineering at Kamphaeng Saen, Kasetsart University, Nakhon Pathom, 

Thailand  

1.0 Research problem and its significance 

Fraudulent act about honey adulteration 

Investigation of the honey spectra and images at 
the NIR region using transflectance mode and re-
flectance mode of measurement 

Development of method for creating classifier map 
using stepwise discriminant analysis (SDA) 

3.0 Results and Discussions 

Higher signal to noise ratio was present 
in the spectra of transflectance mode 
compared to reflectance mode. 

Most important absorption peaks are 
present at the 1000 nm to 1450 nm such 
as 1170, 1196 nm,  1264 nm, 1356 nm, 
and 1408 nm corresponding to sugar and 
water. 

The Correct Classification Rate (CCR) 
obtained for transflectance mode was 
100 %. 

The CCR for reflectance mode was 95.2 
%. 

Higher number of predictor variables 
were obtained in transflectance mode 
because of the lower number of smooth-
ing points used for second derivative 
pretreatment that retains the important 
narrow bands. 

The  method developed for creating clas-
sifier map  based in SDA able to present 
clear  two dimensional colored images 
without overlapping of colors. 

4.0  Conclusion 

The study provides a promising method 
for classification of honey with different botan-
ical origins and adulteration levels that can be 
used for online sorting.   

2.o Methodology

Honey samples with 3 different botanical origins 
were adulterated with sugar cane syrup at 20 % and 
40 % w/w. 
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Development of the sugarcane quality model using a portable 
and benchtop near-infrared spectrometer. 

Background
Sugarcane or cane is a renewable high biomass crop that is used t o produce sugar, ethanol, and elect ricit y. In

Japan, t he primary industry in Nansei arcs is sugarcane. Most local people used t o farm and w ork there. However,
most of them are now aging andthe new generat ion w as mostly chosen to got owork in a cit y.W hich,made a labor
short age happen now adays in t he sugar industry. Alt hough, the rise of t echnologies could possibly replace some
workers but still require research more on it. Generally, In t hesugar industry, Cane quality is the key indices to estimat e
the value of cane us ing cane juice. which requires to dest ruct /damaging samples and took a long process to
est imatethe cane quality. That’s whywe need more of a technique.

Therefore, The objectives of this study were (1) develop the sugarcane quality model using a port able and
bencht op NIR spectrometer (2) improvethe sugarcane quality model

Kittipon Aparatana1, Takeshi Shikanai2, Munehiro Tanaka3 and Eizo Taira2

1Kagoshima Univ ersity 2Univ ersity of the Ryukyus, 2Saga Univ ersity, 
E-mail: kittipon.aparatana@gmail.com

Material & Method

Results

Conclusion Expectation

Expect that these instruments could be used to improve the 
accuracy of each other

The sugarcane quality model w as developed for a portable 
and benchtop NIR spectrometer

Expect to know  when the cane has the best quality. M eans 
w e could reach the max imum cane yield

Each model from each instrument could improve accuracy of 
the sugarcane quality model

STEP1: Collect sample

STEP3: Analysis

Spectral result

2.1 Benchtop NIR spectral 2.2 Portable NIR spectral

Cane Juice

Cane quality

FingerprintSpectral

Spectral

rprint

Detector

Light Source

Object

Spectroscopy Technique

Instrument and Sample

(1) I nstrument

Portable NIR Spectrometer
HKN
Wavelengths range: 570-1031 nm

(2) I nstrument

Benchtop NIR Spectrometer
DS2500, FOSS
Wavelengths range: 400-2500 nm

STEP2: Data and pre-processing

Step 1.1: Reference model

Reference Technique

- Destruct sample
- Require high number of sample
- Long process ing

Step 1.2: Calibration model

p

Cane quality

Bagasse

BilletJuice

Reference model

Cane quality
model

Wavelength (nm)
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Raw spectral

Wavelength (nm)
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spectral

M x N
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White ref Dark ref

…

Raw spectrum

Dataset form

Absorbance = log (1/R)
Where R = (Sample Reflectance– Dark Reflectance) / 

(White Reflectance + Dark Reflectance)

Description Discrimination

PCA
PLS-DA
SVM -DA

Decomposing data matrix, X into 
scores  (T) and loadings  (W) in order 
from maximum variance to 
minimum variance components  to 
make multivariate data more 
unders tandable and interpretation

Separate the sample into classes 
and develop models to predict by 
test sample or cross-validation 
which classes belong

Regression

PLS
M LR

A set of s tatis tical processes for 
estimating the relationships between 
a dependent variable and one or 
more independent variables

Ab
so

rb
an

ce

Reference modelCalibration model

improve improve

Polarimeter and refractometer

Technique that is  mainly used to 
resolve peak overlap (or enhance 
resolution) and eliminate constant 
and linear baseline drift between 
samples. 

minimizing baseline offsets , 
compensate for light scattering 
effects , changes in path length, and 
multiplicative effects .

Technique that is  mainly used to 
resolve peak overlap (or enhance 
resolution) and eliminate constant 
and linear baseline drift between 
samples. 

Filtering Normalization Scaling & Centering

2.3 Benchtop NIR spectral
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Overview of collecting

Juice

Whole stalk

The raw spectral lines  of bagasse look very clear. Spectra of 
sugarcane has absorption peaks show the absorption of 

chlorophyll (approximately 680 nm) and water (approximately 
970, 1400 nm).

Bagasse Whole Stalk Direct Juice

The raw spectral lines  of whole stalk have a lot of noise 
and some line has some bad shape or dis tinguish to 
each other even it collect from the sugarcane which 

very difficult to judge without pre -process ing

The spectral lines of direct juice look very clear and similar to
bagasse spectral. However, while plotting Brix vs  Pol. Found 

many samples that might decrease the accuracy of the model 
which might be from disease or rotten sample

Bagasse

Direct Juice
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DDevelopment of a portable penetrometer with real--ttime graph for fruit 
ffirmness measurement 

Chaiya Jantra 
Department of Agricultural Engineering, Faculty of Engineering at Kamphaeng Saen, Kasetsart University, 

Nakhon Pathom 73140 

Introduction 

Fruit firmness is an index to evaluate maturity and quality 

such as hardness and softness. Generally, firmness 

measurements are conducted by forcing the probe of a 

penetrometer into the flesh of a sample to a fixed depth and the 

maximum force is recorded as the firmness. Mostly, a portable 

penetrometer was used to measure firmness because it is 

convenient to move and cheap but a precision of measurement 

depend on operator expertise, since the operator must control 

probe speed, angle and depth of penetration constantly. The 

three factors are important factors that affect to firmness value 

during measurement. Normally, the portable penetrometer 

report only maximum force but not show real-time graph that 

may help the operator to see abnormality of flesh under a skin 

during measurement 

Objective  

To design a high precision portable penetrometer with real-

time graph and compare performance in term of precision with 

high standard penetrometer 

Material and Method 

Design and Operation 

The prototype instrument designed was separated into two 

parts, main frame with control system (Fig. 1A) and data report 

on application (Fig. 1B). Both were connected for data sending 

and receiving via bluetooth system. The weight of the 

instrument is 2.9 kg. For firmness measurement, an operator 

put a sample on holder and lift the holder until the sample 

contact with a setting plate and lock it. The probe will move 

down to penetrate the sample and also show real-time graph 

and maximum force on the application (Fig. 2). 

Figure 2 The instrument operation at starting(A) and measuring 
position(B) with real-time graph(C) 

The prototype with 1.68 mm/s of probe speed was used to 

measure firmness of papaya samples and wax gourd samples to 

compare precision with the universal testing machine (UTM). 

Each sample was measured firmness for two positions to 

calculate different firmness value or error value from the two 

positions. The error values from the two instruments were 

determined the difference of precision by statistical analysis with 

T-test method.

Figure 1 The prototype instrument(A) and application feature(B) 

A B 

Measurement Precision Test 

Result and Discussion 

The average of firmness values for papaya and wax gourd 

samples were 15.82± 5.39 N and 72.10 ± 4.99 N, respectively. 

The error value of prototype instrument and UTM for firmness 

measurement on two types of samples were showed in Table 1. 

In statistical analysis, results showed that the precision of 

prototype instrument and UTM were not different significantly 

for firmness measurement in papaya and wax gourd samples. 

That mean the prototype instrument could control probe speed, 

angle and depth of penetration constantly. 

Table 1 Error of firmness value between two points in the same 
sample measured on Granny Smith apple and Fuji apple using 
two instruments (Prototype and UTM) 

Conclusion 
The prototype portable penetrometer with real-time graph 

and controlling of probe speed, angle and depth of penetration 

had high performance in firmness measurement and precision 

was not different from high standard penetrometer. 
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Development of monochrome camera for measuring the sweetness 
of sugarcane by using nirs technique

Thailand has grown a large amount of sugarcane, and sugarcane
are processed into sugar. White sugar is an important export product of
our country.

In order to increase the productivity of sugar, we have adopted
precision agricultural technology or agriculture by knowing the
variation in the area and managing appropriately, we also known as
Variable Rate Technology (VRT)

Currently, VRT has been often used with GIS to specify the
location of the area. When collecting data of areas at various locations,
we will get a map showing the variability of the area condition. And
use this map to adjust soil fertility according to different soil
conditions.

Because the soil affects the sweetness of sugarcane. If able to
measure the sweetness of sugarcane during harvesting, the soil
condition will be known throughout the plot. It is the reason of this
research to find a way to measure the sweetness in the field while
harvesting to get the data quickly, precisely and with the possibility of
practical use.

Introduction

Results

The Near Infra-Red spectroscopy technique shown possibility to
measuring sweetness of sugarcane billet. However, the result from the
developed monochrome camera didn’t show good result and good
correlation with spectra acquired from NIR Spectrometer. Further expriment
need to do by adding other bandpass filters related with sweetness of
sugarcane and increase power of light source.

Conclusion

Ninety of sugarcane billets were 
• scanned by NIR Spectrometer (AvaSpec-2048-USB2, Avantes

BV, Netherlands), 
• taken photo by monochrome camera (ace acA1300-60gmNIR,

Basler) attached with 2 bandpass filters:760nm and 910nm (CWL
910±2 nm, FWHM 10±2 nm, Thorlabs. United States) 

• and extracted juice for measuring sweetness by Refractometer 
(Pocket PAL-1, ATAGO, Japan)

The acquired data were analyzed PLSR and MLR using The 
Unscrambler v.9.8 (Camo, Oslo, Norway)

Methodology
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Methods R2 RMSEP

MA + Mean normalization 0.722 1.890

MA + Baseline offset 0.762 1.931

MA + SNV 0.805 1.745

MA + MSC 0.766 1.914

Table 2 Predicted SSC values obtained from NIR spectra of sugarcane using 
different pretreatments

N
Max 

(°Brix)
Min (°Brix) Mean 

(°Brix) SD

90 22.90 7.20 17.03 4.63

Table 1 Statistical values of SSC from sugarcane samples

Bandpass filter (nm) N Max Min Mean SD

760 90 131.76 90.04 109.72 9.77

910 90 151.28 95.08 121.19 9.20

Table 2 Digital count of 50x50 pixel from sugarcane samples

Table 4 Predicted SSC values using digital count from image with bandpass filters

Bandpass filter (nm) R2 RMSE

760 0.110 4.419

910 0.001 4.683

760 + 910 0.114 4.361

Picture 1. Transmission of bandpass filter in range of 760 nm and 910 nm

Picture 4. Correlation between Digital number and area underneath NIR spectrumPicture 4. Correlation between Digital number and area underneath NIR spec

Picture 2. Raw spectra of sugarcanePicture 2 Raw spectra of sugarcane

Picture 3. Image of sugarcane billets taken by monochrome camera with 
760 nm filter (a) and 910 nm filter (b)
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