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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
 
Objectives: 
 

The goal of this research project was to further improve an imaging system for real-time 
monitoring and early detection of insect activity in stored rice. Last year, with the support from 
The California Rice Research Board we have successfully designed, built and tested an imaging 
system. The results confirmed the impressive technical feasibility of the new system. However, a 
further improvement was needed to upgrade the system before its commercialization. The 
upgradation is aimed to improve its handling, customization, effectiveness, and accuracy and 
reduce power consumption. To achieve the goal, we identified the following specific objectives: 

 
1. Upgrade the design of trap and system with wireless Wi-Fi and sensors to measure 

temperature and relative humidity, as well as an independent power source by using 
batteries.  

 
2. Evaluate the effectiveness and accuracy of the upgraded system for real-time monitoring 

and early detection of insect activity in stored rice at both commercial rice facility and 
laboratory.    

 
3. Provide recommendations for commercialization of real-time monitoring and early 

detection system for infested rice during storage.   
 

Experimental Procedures 
 
UUpgrade the design of trap and system with wireless Wi-Fi and sensors to measure temperature 
and relative humidity, as well as an independent power source by using batteries  
 

The previous imaging system was upgraded into a wireless Wi-Fi system. The system was 
upgraded by replacing the raspberry Pi with a micro-breadboard that was installed in the trap cap. 
The sensors to measure temperature and relative humidity and independent power source by using 
batteries were added to each trap. This upgrading made each trap as an independent unit and 
significantly improved its handling and convenience. The upgrading also made each trap 
independent in its power source and reduced energy use (Fig. 1). Additionally, the insect-counting 
algorithm was modified and improved to give more accurate results. 

 

                                        
(a)                                           (b) 

Fig.1. Upgraded system(a) and previous system (b). 
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The upgraded imaging system is consisted of the traps, a server, and a user interface. The 
function of the system components and the command overflow are presented through the frontend 
and backend steps shown in Figs 2 and 3. In the frontend step, shown in Fig. 2, the user sends a 
command to the server, then the server receives the commend and holds it, and further sends it to 
the trap to take an image of the collecting chamber. User can control how many photos should be 
taken by setting the time. For example, it can take one picture every one minute, one hour or one 
day. In the backend step, shown in in Fig. 3, the taken images are sent back to the server. In the 
server, images are saved, cropped and processed with an accounting algorithm to count the insects 
captured per trap and store the numerical data over time. The data related to the numbers of insect, 
temperature and relative humidity are sent back to the user interface. The user interface was 
designed to allow the user to easily visualize the data. The hardware and software, and their 
functions are descripted in detail in the next sections. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. Schematic diagram presenting the command flow during the frontend step of the imaging 
system. 

 
 

 
 
 
 
  
 
 

 
 
 
 
 
 
 

Fig. 3. Schematic diagram presenting the data follow during the backend step of the imaging 
system. 
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Hardware Design 
The hardware of the upgraded imaging system is consisted of three parts, microcontroller 

(MCU ESP8266), shield layer and camera board (Fig. 4). The aforementioned parts are descripted 
in the following sections.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Hardware components of the upgraded imaging system. 

First part: Microcontroller (MCU ESP8266) 
The first part is known as the main board (MCU ESP8266) as shown in Fig. 5. The code 

was written into the board using C++ based language. The main function of the board is to 
communicate the shield layer via I2C and communicate with the camera board via SPI. The main 
board was also equipped with a Wi-Fi Module to send and receive data from server, a Clock 
Module to make the board be able to put itself in deep sleep mode to save power and have the 
board last for longer time and a Battery Socket to connect the batteries to the system.   

 

 
 
 
 
 
 
 

Fig. 5. Microcontroller (MCU ESP8266) of the upgraded imaging system. 
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Second part: Shield layer  
The second part is self-designed circuit board called shield layer (Fig. 6). The shield layer 

includes four LEDs to provide uniform lighting during the time of the imaging process and sensors 
to measure temperature and relative humidity. Additionally, it includes a port expander MCP23008 
which allows the shield layer to communicate with the microcontroller via I2C so that the main 
board can turn on and off the LEDs and get readings from the temperature and humidity sensors.  

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
                                                                            
                                                                              (c) 

Fig. 6. Schematic of the shield layer of the imaging system, (a) front side, (b) back side, (c) 
schematic diagram. 

 

Third part: Camera board  
The third part includes a camera (ArduCam 2 mega-pixel OV2640) with a lens attached to 

a board (Fig. 7). The board communicates with the microcontroller via SPI, where the Wi-Fi 
module reads the image data from camera board via SPI and then sends them to server via HTTP. 
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The camera produces 1600 x 1400 size image, and the code forces shutter to open for a bit longer 
so that CMOS image sensor can absorb more light. This allows the camera to take high resolution 
image even in a dark environment. 

The imaging process involves turning on the flash LEDs, capturing an image and writing 
to a temporary file and then resetting all the hardware for the next image capture. The camera does 
not have to be directly centered as the following steps will automatically center and crop the image. 
After images capturing by the onboard camera, the images are transferred to the server via the 
microcontroller using SPI to be processed.  

 

 
 
 
 
 
 
 
 
 

 

Fig. 7. The camera board of the upgraded imaging system. 

Power source and consumption 
The imaging system was upgraded by making each trap independent in its power source 

and reducing energy use. Each trap is provided by a set of AA battery (Fig. 8). Every time when 
the system takes photo and sends to the server, it takes 240mAh energy. Table 1 approximates how 
long the system will last in different situations with two different types of batteries.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Front side of the Camera Board  Back side of the Camera Board  
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Table 1. Lifelong of the battery according the setting of taking photo approach. 

Battery Type  Cost ($) 
Number 

of 
batteries 

Take picture every 

1 minute 5 minutes 10 minutes 1 hour 12 hours 

AA Alkaline Battery 
(1.5 Volt, 2500 mAh) 

$14 - 
Pack of 

48 
 

3 11 hours 2 days and 
10 hours 5 days 1 month 6 months 

Li-Ion Battery (3.7 
Volts, 3000 mAh) 

$15 - 
Pack of 4 1 12 hours 2 days and 

12 hours 5 days 1 month 6 months 

*Note: When install batteries, total 3 AA Alkaline Batteries are required in order to reach 
required voltage - 4.5 Volts; for Li-Ion Batter, one battery will be enough.  

 

 

 

 

 

 

 

 

 

Fig.8. Two different battery types for operating the imaging system. 

Software function 
The images are taken as descripted in the previous sections and then they are time stamped 

and saved into folders and named by their date and time. The folders of the images are saved in a 
server launched by using Amazon EC2 (Amazon Elastic Compute Cloud). The microcontroller 
could run a Python code that calls the Macro code used to program images by using an insect 
counting algorithm (ImageJ) to count the insects in each image and save the data. To count the 
insects, ImageJ is used to refine the image to eliminate grain particles in the background and 
highlight the dark colored insects. The microcontroller communicates the server to receive and 
send data. The communication between the server and user interface is conducted by the 
microcontroller. The user could also press a button to request images to be taken at any time or to 
visualize the data.  

 In order to conserve energy, the microcontroller was modified to power the system only 
when a new command is issued. When a command is received, it is added to the queue of 
commands. Then, after the command is accepted, the camera and sensors are activated to start 
gathering data. Then, the image is processed and the analog signals from the sensors are converted 
into digital values. The data are then bundled together and sent to the server, thereby finishing the 
command. 

AA Alkaline Battery (1.5 Volt, 2500mAh) 
 

Li-Ion Battery (3.7 Volts, 3000 mAh) 
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UEvaluate the effectiveness and accuracy of the upgraded system for real-time monitoring and early 
detection of insect activity in stored rice  

 
To evaluate the effectiveness and accuracy of the upgraded imaging system, experiments 

were conducted in our laboratory and a commercial rice storage facility. The experiments were 
designed to provide quantitative data to evaluate the effectiveness and accuracy of the insect 
detection using the upgraded system.  

In the laboratory experiment, the set-up involved filling a cylindrical container (a diameter 
of 20 cm and a height of 48 cm) with 8 kg of infested rice (Fig. 9). The rice was infested with red 
flour beetles. The system was tested under different infestation concentrations (4 insects/8 kg, 8 
insects/8 kg, 16 insects/8 kg, and 24 insects/8 kg of rough rice) which is equal to (0.5/kg, 1/kg, 
2/kg, 3/kg). For each concentration, three tests were conducted.  

For the commercial storage, three tests were conducted.  During tests, the upgraded system 
including three traps was installed in a commercial storage facility (Sutter Basin Growers 
Cooperative) in Knight Landing, CA. The rice stored in the facility was visually inspected before 
and after system installation (Fig.10). During the tests, the temperature and relative humidity of 
ambient air inside and outside of the storage, and rice moisture were measured (Fig.11).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Set-up for laboratory test: (1) clear cylinder, (2) sample infesting, (3) rice mixing and trap 
assembling, (4) final set-up. 
 
 
 

 

1 2 
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Fig. 10. Set-up for the commercial storage facility test. 
 
 
 
 
 
 

                               
 
 
 

 
Fig. 11. Measurements of temperature and relative humidity of ambient air and moisture content 

of rice at the commercial storage facility. 
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Calculation of recovery rate: 
 
The recovery rate of total insects was defined and calculated using the following question: 

 

𝑅𝑅𝑅𝑅(%) =
𝑁𝑁𝑁𝑁𝐷𝐷24�𝑟𝑟
𝑇𝑇𝑁𝑁𝑁𝑁8𝑘𝑘𝑘𝑘

𝑋𝑋100 

where RR is recovery rate (%), NIDR24hr   Ris number of insects detected after 24 hours, TNIR8kgR is 
total number insects infested in 8kg of rice. 
 
 
Determination of insect-accounting accuracy: 
 
The insect-counting accuracy rate of the new system was calculated using the following 
equation:  
 

𝑁𝑁𝐼𝐼𝐼𝐼𝑅𝑅(%) = �1 −
𝛥𝛥𝐷𝐷
𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼

�𝑋𝑋100 
 
where ICAR is image counting accuracy rate (%), ΔD is difference between number of insects 
visually counted and those counted by the system, and NIVC is the number of insects visually 
counted.  
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SUMMARY OF 2019 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
UUpgrade the design of trap and system with wireless Wi-Fi and sensors to measure temperature 
and relative humidity, as well as an independent power source by using batteries.  

 
We have successfully upgraded the imaging system for real-time monitoring and early 

detection of insect activity in stored rice. The upgraded imaging system is consisted of three traps, 
a server, and a user interface (Fig.12). The system was upgraded by replacing the raspberry Pi with 
a micro-breadboard that was installed in the trap cap. Sensors to measure temperature and relative 
humidity and independent power source by using batteries were added to each trap. This upgrading 
made each trap as an independent unit and significantly improved its handling and convenience 
for use. The insect-counting algorithm was modified and improved to give more accurate results. 
Additionally, a website and a user-interface were developed for users to view an image gallery for 
each trap, data related to insect number, temperature and relative humidity over time, and request 
images to be taken at any time.  

 

 
 
 
 
 

 
 
 
 
 
 

Fig. 12. The main components of the new the imaging system. 
 

The software function and general flow for the insect counting algorithm are descripted 
through two main steps, including the frontend (user interface) and backend (server). 

Frontend (user interface) 
The frontend of the system uses all of the standard scripting tools existing in most modern 

websites: HTML5, CSS3, and JavaScript. The HTML file displays as the webpage sent by the 
Amazon EC2 deployer. Meanwhile, the interactive features have been programmed in JavaScript. 
While standard JavaScript serves to easily convert Fahrenheit data into Celsius, JavaScript’s 
extensive JQuery library assists in allowing the webpage to have more of its clickable features. 
Node React adds the element of rapid responsivity while minimizing the rendering needed to 
transition from one-page display onto the next. Additionally, Node React allows most of the 
webpage to maintain a dynamic design, meaning the webpage’s interactive components do not 
require extensive browser task management to render a page or run a single feature. The design of 
the webpage follows a navigation and visual data display format. Upon loading the webpage, the 
user can access a list of the active traps. The user can click on any trap to be visited at a time to 
visualize the data or take a new image (Fig. 13).   
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Upon selecting the trap to visit, the relevant trap information (ID, location, detected insects 
per timespan, temperature, and relative humidity) is displayed next to a corresponding display icon 
(Fig. 14). The user can control how frequent the data can be updated by selecting the task bar and 
display icon. This task bar adjusts the frequency that a photo to be taken and its corresponding data 
to be updated. Lastly, the user can   view the humidity and temperature graphs associated with a 
particular trap by clicking. (Figs. 15 and 16). 

 

 

 

 

 

 

 

 

Fig. 14. Trap information page (ID, location, detected insects per timespan, temperature, 
and relative humidity) 

 

 

 

 

 

 

 

 

Back end (server) 
The system uses Amazon EC2 server. The current server pipeline system utilizes the Node 

Fig. 15. Temperature page Fig.16. Humidity page 
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The microcontroller runs a Python code that calls the macro code used to program images 
by using an insect counting algorithm (ImageJ) to count the insects in each image and save the 
data.  

Insects Counting Algorithm 
The insects captured in each trap are counted by using a counting algorithm. The flow of 

the counting algorithm is presented in Fig. 17. The counting process includes three steps, mask & 
crop, processing and counting.  

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 17. General flow of the insect counting. 
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Mask & Crop 
The mask and crop step are to properly count the number of insects present in each trap 

(Fig.18). The software processes the image through the following steps:  
• Convert the image to greyscale, apply a median blur and then take the threshold to remove 

all fine details while preserving only the overall structure of the image.  
• Apply a Hough Circle transform to detect where the circular region of the trap is and stores 

the coordinates of the bounding box. [Note, Hough Circles detects many hundreds of 
circles, it takes an average of all the detected bounding box to get an average for where 
the center lies]. 

•  Reload the original RGB image, crop the image to fit the bounding box and then mask 
out the corners so   a perfect circle is left.  

• Save in a permanent location (and database) after this step to be able to send to the front-
end server upon request. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 18. Steps of the mask and cropping of the images 
Preprocessing 

The cropped and masked images are fed into the preprocessor. The image first gets 
converted from RGB to greyscale once again. Then, some preliminary adjustments to brightness 
and contrast, and a quick binarization of certain dark regions of the image are conducted to make 
the insects more pronounced. After that a series of Gaussian Blur and Unsharp mask multiple times 
are applied. The purpose of this step is to negate any of the finer particles and any other extraneous 
details that would lower the accuracy of the counting stage. Then a final brightness/contrast 
adjustment and fully binarizing the rest of the image are performed (Fig.19). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Blur the image Detect the circle of collecting chamber 

Convert to greenscale 

Fig.19. Preprocessing steps 

Convert to grayscale gain Increase sharpness and contrast  

Convert to grayscale 
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Counting 
This step is the final step in the processing pipeline. The insects are counted from the 

processed image (Fig. 20). By this point the outlines of the insects are pretty prevalent in the image. 
A quick particle detection algorithm is to essentially draw a bounding box around every single 
interesting region in the image. A lot of these regions are extraneous so there is a need to filter 
them out. Firstly, the bounding boxes are restricted to only ones that fall within a certain area band 
and only those that have black pixels. Then the final step is to further restrict the bounding boxes 
to ones that have an object within them that fall in a certain eccentricity range. The insects we are 
trying to detect tend to be shaped like ovals so we look for an eccentricity close to one and ignore 
everything else. By this point we have a relatively accurate count of the number of insects in the 
image. 

 

 
 
 

 
 
 
 
 

Fig. 20. Counting procedures. 
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UEvaluate the effectiveness and accuracy of the upgraded system for real-time monitoring and early 
detection of insect activity in stored rice.    

 
The upgraded imaging system was tested in our lab under different concentrations of 

insects. The results revealed that the upgraded system could detect emergence of the fist insect 
within a short time. Under insect concentration of 0.5 (insects)/kg, the upgraded system could 
detect emergence of the first insect within 12, 16, and 29 minutes for replicate 1, 2 and 3, 
respectively (Table 2). The corresponding values for recovery rates of total insects were 75%,   
100 % and 75%, respectively. Under concentration of 1(insect)/kg, the new system could detect 
emergence of the first insect within 33, 17, and 4 minutes, for replicate 1, 2 and 3, respectively 
(Table 2). The corresponding values for recovery rates of total insects were 75%, 75% and 75%, 
respectively. While under concentration of 3/kg, the new system could detect emergence of the 
first insect within 29, 18, and 13 minutes, for replicate 1, 2 and 3, respectively. The corresponding 
values for recovery rates of total insects were 80%, 71% and 80%, respectively. Additionally, the 
image counting accuracy rate of the system was tested in the lab under concentrations of 1 insect/kg 
and 2 insects/kg. The new system achieved high counting accuracy of 93% and 95.6% under of 
1/kg and 2/kg, respectively (Table 3). The overall average and standard deviation for temperature 
and relative humidity recorded by the system were 26.5±0.6°C and 30±0.7%, respectively. The 
corresponding values recorded by thermometer were 24.5±1.0°C and 32.5±0.8%, respectively 
(Table 4).  

 
 The obtained results from the lab tests clearly revealed that the upgraded system was able 

to detect the emergence of the inset within short time with a good recovery rate and a high 
accounting accuracy compared to the results from last year. The upgraded system was able to 
detect the emerging of fist insect in less than 20 minutes with a recovery rate of 77% and an 
accounting accuracy of 94%. The corresponding values from last year were 24 minutes, 69% and 
88.2%. 

 
Moreover, the effectiveness and accuracy of the upgraded system were tested in a 

commercial rice storage facility. Before the system installing, the rice was inspected by the 
conventional method. The samples were taken from nine different locations in the storage and 
inspected by the storage operator using screening method and he reported the rice was not infested. 
The commercial tests were conducted in triplicates. In each replicate, the system was installed and 
left for one week. The insect activity was remotely monitored. It was found that the upgraded 
system was able to detect the emergence of the first, second and third insect within 10, 40 and 130 
minutes for the trap number 1 (Table 5). The correspond valued for the trap number 2 and 3 were 
11, 42, 120 minutes and 15, 43, and 130 minutes (Table 5). After 7 days, the traps were inspected, 
and the trapped insects were visually counted and compared with those detected by the upgraded 
system. For the trap number 1, the results revealed that the counting accuracy were 100%, 91.7% 
and 90% for first, second and third test, respectively, (Table 6). The corresponding values for trap 
number 2 and 3 were 75%,100%, 88.9% and 88.9%, 87.5%, 100% (Table 6).   

 
The overall averages and standard deviations for the temperature recorded by the system 

sensors were 31.2±4.5, 30.9±5.0 and 31.7±3.8°C for trap number 1, 2 and 3, respectively, (Table 
7). The corresponding values recorded by the thermometer were 30.5±4.0, 29.3±2.1 and 
30.1±3.1°C, respectively. While, the overall average and standard deviation for the relative 
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humidity recorded by the system sensors were 49.5±11, 50±10 and 50±12% for trap number 1, 2 
and 3, respectively, (Table 7). The corresponding values recorded by the thermometer were 49±10, 
48±11and 48±10%, respectively.  The average ambient temperatures inside and ousted the storage 
were 25.7±4.6 °C and 28.1 ±8.6 °C, respectively. The corresponding values for relative humidity 
were 46.9±5.3% and 45.4 ±12.6%. The average moisture content of stored rice was 11.8±0.5%, 
respectively. 

 
It is important to notice that the results obtained from the commercial storage facility were 

consistent with those obtained from the laboratory test. Additionally, the obtained results revealed 
that the upgraded system was able to detect the emergence of the insect within a very short time. 
It took only 12 minutes to detect the insect activity during commercial storage test with an 
accounting accuracy of 91.3% (Fig.21).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PROJECT NO.__RU-2 

18 
 

Table 2. Effectiveness and recovery rate of the upgraded system during the lab test. 

 
 

Table 3. Insect-counting accuracy rate of the upgraded system during the lab test. 
 

Concentration Time 
(hr) 

Detected Insects 
(visually 
counted) 

Detected insects 
(counted by 

system) 

Counting 
accuracy rate (%) 

1 insects/kg 

0.3 1 1 100% 
0.9 2 2 100% 
1.3  3 3 100% 
6.4  4 5 75% 
10.0  5 5 100% 
12.7 6 7 83% 
24.0 6 7 83% 

Average   93% 

2 insects/kg 

0.2  1 1 100% 
0.5  3 3 100% 
1.3  4 4 100% 
2.8  6 6 100% 
8.2  9 8 89% 
14.4  13 11 85% 
24.0 13 11 85% 

Average   95.6% 
 

Infestation 
Concentration 

Total 
(Insects/8 kg 
rough rice) 

Replicate 
Time to 

detect first 
insect (min) 

Insects 
detected after 

24hr 

Recovery 
rate 

0.5/kg 4.0 

R1 12 3 75 
R2 16 4 100 
R3 29 3 75 

Average 19 3 83 

1/kg 8.0 

R1 33 6 75 
R2 17 6 75 
R3 4 6 75 

Average 18 6 75 

2/kg 16.0 

R1 14 13 81 
R2 26 12 75 
R3 21 10 62.5 

Average 20 11.7 73 

3/kg 24.0 

R1 29 19 80 
R2 18 17 71 
R3 13 19 80 

Average 20 18.3 76 
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Table 4. Averages and standard deviations of temperatures and relative humidity recoded by the 

upgraded system and thermometer during the lab test. 
 

Time 
(hr) 

System reading Meter reading 
Temperature 

(°C) 
Humidity 

(%) 
Temperature 

(°C ) 
Humidity 

(%) 
0 27.1 ± 0.6 30.0 ± 1.2 25.4 ± 0.9 32.0 ± 1.9 
1 27.3 ± 0.9 31.0 ± 0.8 25.5 ± 0.8 32.0 ± 1.5 
2 27.5 ± 0.7 30.0 ± 0.9 25.4 ± 1.1 33.0 ± 1.7 
3 27.9 ± 0.3 30.0 ± 0.9 26.4 ± 0.9 33.0 ± 1.8 
4 27.4 ± 0.8 31.0 ± 0.9 25.3 ± 1.0 33.0 ± 1.5 
5 27.3 ± 0.8 30.0 ± 0.9 26.2 ± 1.1 33.0 ± 1.9 
6 27.2 ± 0.6 30.0 ± 0.7 25.1 ± 1.2 33.0 ± 1.8 
7 26.9 ± 0.9 30.0 ± 1.1 23.9 ± 1.2 32.0 ± 2.0 
8 26.6 ± 0.3 30.0 ± 1.2 23.9 ± 1.1 32.0 ± 2.1 
9 26.4 ± 0.6 30.0 ± 0.8 22.8 ± 0.9 33.0 ± 2.0 
10 26.3 ± 0.7 31.0 ± 0.7 24.7 ± 1.1 34.0 ± 1.8 
11 26.2 ± 0.5 31.0 ± 0.9 23.7 ± 0.8 33.0 ± 1.8 
12 26.0 ± 0.8 31.0 ± 0.7 23.6 ± 1.2 34.0 ± 2.1 
13 26.1 ± 0.9 30.0 ± 0.8 23.6 ± 0.9 32.0 ± 1.9 
14 26.0 ± 0.9 30.0 ± 1.2 23.5 ± 1.0 32.0 ± 1.9 
15 26.0 ± 0.9 30 .0± 1.1 23.4 ± 1.2 32.0 ± 1.8 
16 25.8 ± 0.3 30.0 ± 1.2 23.2 ± 1.0 33.0 ± 1.7 
17 25.7 ± 0.7 30.0 ± 1.1 23.2 ± 1.1 33.0 ± 1.4 
18 26.0 ± 0.8 30.0 ± 0.9 24.4 ± 0.9 33.0 ± 1.2 
19 26.2 ± 0.4 29.0 ± 0.7 24.5 ± 1.0 33.0 ± 1.1 
20 26.3 ± 0.7 29.0 ± 0.9 24.7 ± 1.2 33.0 ± 1.6 
21 26.4 ± 0.9 29.0 ± 0.8 24.8 ± 1.1 31.0 ± 1.7 
22 26.7 ± 1.0 29.0 ± 1.1 23.9 ± 1.2 31.0 ± 1.8 
23 27.0 ± 0.6 29.0± 1.0 25.0 ± 1.0 31.0 ± 1.4 
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Table 5. Effectiveness and early detection of insect activity during the commercial storage tests. 
 

Trap No Insect 
Time to detect insect (minutes) 

Test1 Test 2 Test 3 Average 

1 
First 10 10 9 10 

Second 30 50 40 40 
Third 90 120 180 130 

2 
First 10 12 10 11 

Second 40 35 50 42 
Third 90 180 90 120 

3 
First 15 20 10 15 

Second 50 45 35 43 
Third 180 120 90 130 

 
 
 
Table 6. Insect- accounting accuracy of upgraded system during the commercial storage tests. 
 

Trap No Detected insects Test 1 Test 2 Test 3 

1 
Visually counted 7 12 10 
Counted by system 7 11 9 
Accuracy (%) 100 91.7 90 

2 
Visually counted 8 6 9 
Counted by system 6 6 8 
Accuracy (%) 75 100 88.9 

3 
Visually counted 9 8 12 
Counted by system 8 7 12 
Accuracy (%) 88.9 87.5 100 

 
 
 
Table 7. Averages and standard deviations of temperatures and relative humidity recoded by the 

upgraded system and thermometer during the commercial storage tests. 
 

Trap No 
Temperature (°C) Humidity (%) 

System sensor Meter System sensor Meter 
1 31.2±4.5 30.5±4.0 49.5±11 49±10 
2 30.9±5.0 29.3±2.1 50.0±10 48±11 
3 31.7±3.8 30.1±3.1 50.0±12 48±10 
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Fig. 21. Time to detect the emergence of the first insect during the lab and commercial storage 
tests. 

UConclusions and recommendations 
 

The upgrading of the imaging system made each trap as an independent unit and 
significantly improved its handling and convenience for use. The upgrading also made each trap 
independent in its power source and reduced energy use. Additionally, the insect-counting 
algorithm was modified and improved to give more accurate results. The obtained results from 
laboratory and commercial storage tests were consistent and revealed that the upgraded system 
had high effectiveness and accuracy for real-time monitoring and early detection of the insect 
activity in stored rice. For the laboratory test, the results related to effectiveness of insect detection 
indicated that the upgraded system could detect the emergence of the first insect within 19, 18, 20, 
and 20 minutes under infestation concentrations of 0.5/kg, 1/kg, 2/kg and 3/kg, respectively. The 
corresponding values for recovery rates of total insects were 83%, 75%, 73% and 76% after 24 
hours. The average of image counting accuracy rate of the upgraded system was 94.3 %.  

During the commercial storage test, the upgraded system was able to detect the emergence 
of the insect within a very short time. It took only 12 minutes to detect the insect activity during 
commercial storage test with an accounting accuracy of 91.3%. The results clearly revealed that it 
took only less than 20 minutes to detect the insect activity during the lab and commercial storage 
tests with an accounting accuracy more than 90%. Moreover, the upgraded system could accurately 
record the temperature and relative humidity within the rice mass. It can be concluded that the new 
system could be used to early detect insect activity in stored rice with a high accuracy and low cost 
and labor. 

 It is recommended that a further study is needed to demonstrate the system for the 
commercial use. The server code needs to be modified so the system can support and communicate 
with many traps. Android and IOS apps need to be developed so users can monitor the system 
using either Android or IOS app using the smartphones. For scaling up and commercial application, 
a set of 15 traps need to be designed and used in a commercial storage to monitor the insect activity 
for early detection of the insect activity and determine the critical temperature and relative 
humidity related to the insect emergence.  
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  CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESEARCH 
 

The objective of this research was to further improve an imaging system for real-time 
monitoring and early detection of insect activity in rice during storage. The upgradation was aimed 
on improving its handling, convenience to use, effectiveness, and accuracy and reducing energy 
use. The system was upgraded by replacing the raspberry Pi with a micro-breadboard that was 
installed in the trap cap. The sensors to measure temperature and relative humidity and independent 
power source by using batteries were added to each trap. This upgrading made each trap as an 
independent unit and significantly improved its handling and convenience to users. The upgrading 
also made each trap independent in its power source and reduced energy use. Additionally, the 
insect-counting algorithm was modified and improved to provide more accurate results. The 
upgraded imaging system is consisted of the traps, a server, and a user interface. The user sends a 
command to the server, and the server receives the commend and hold it, following by sending it 
to the trap to take an image of the collecting chamber in each trap. User can control how many 
photos should be taken by the setting the time as desired.   Then the images are sent back to the 
server. In the server, images are saved, cropped and processed with an accounting algorithm to 
count the number of insects captured per trap and store the numerical data over time. The data 
related to the number of insects, temperature and relative humidity are sent back to the user 
interface. The user interface was designed to allow the user to easily visualize the data. The 
upgraded system was evaluated through experiments conducted in our laboratory and a 
commercial rice storage facility.  

 
The obtained results from lab and commercial storage tests were consistent and revealed 

that the new system had high effectiveness and accuracy for monitoring and early detection of the 
insect activity in stored rice. For the laboratory test, the results related to effectiveness of insect 
detection indicated that the upgraded system could detect the emergence of the first insect within 
19, 18, 20, and 20 minutes under infestation concentrations of 0.5/kg, 1/kg, 2/kg and 3/kg, 
respectively. The corresponding values for recovery rates of total insects were 83%, 75%, 73% 
and 76% after 24 hours. The average of image counting accuracy rate of the new system was 
94.3 %. During the commercial storage test, the upgraded system was able to detect the emergence 
of the first insect within a very short time. It took only 12 minutes to detect the insect activity 
during commercial storage test with an accounting accuracy of 91.3%.  

 
The results clearly revealed that it took only less than 20 minutes to detect the insect activity 

during the laboratory and commercial storage tests with an accounting accuracy more than 90%. 
Moreover, the upgraded system could accurately record the temperature and relative humidity in 
the rice mass. It was concluded that the new system could be used to early detect insect activity in 
stored rice with a high accuracy, reliability and low cost and labor. 

 
Further research is needed to demonstrate the system for the commercial use. The server 

code needs to be modified so the system can support and communicate with a number of traps. 
Android and IOS apps need to be developed so users can monitor the system using either Android 
or IOS app using the smartphones. For scaling up and commercial application, a set of 15 traps 
need to be designed and used in a commercial storage to monitor the insect activity for early 
detection of the insect activity and determine the critical temperature and relative humidity related 
to the insect emergence.  
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