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ABSTRACT

Bagworms are the main species of vicious leaf eating 
insect in oil palm plantation and poses serious 
threats to productivity. The economic impact from a 
moderate bagworm attack of 10%-50% leaf damage 
may cause approximately 43% yield loss. More than 
usual, the bagworm population often increases to 
above its threshold limits. If no control measures are 
taken, it will usually lead to a severe outbreak. Aware 
of this impact, detection and countermeasures of the 
bagworm populations are required as preliminary 
steps to ensure proper planning of control actions 
in the infested areas. Through an image processing 
analysis and integration of hardware and software 
approaches, the world’s first prototype known as 
Oto-BaCTM (Automatic bagworm counter) has 
been developed to detect and count the bagworms 
automatically in the field. It can detect bagworms 
according to three specific groups: Group 1: larval 
stage 1-3; Group 2: larval stage 4-7 and Group 
3: pupal stage. In addition, the Oto-BaCTM is 
programmed to detect the living and dead larvae 
and pupae, which corresponds to motion-tracking 
and false colour analysis. Based on several field 
trials at three different locations, the results showed 
that the percentages of detection accuracy for the 
living and dead G1 larvae were recorded at 87.5% 
and 78.7%, respectively. As for the G2 larvae, the 
percentage of detection accuracy was 79.2%, for the 
living while dead larvae was at 79.2%. Meanwhile, 
the detection accuracy for Group 3 exhibited 77% 
and 75%, for the living and dead pupae separately. 
Hence, the application of an Oto-BaCTM is currently 
recommended to assist planters in automating 
census work in oil palm plantations. 
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INTRODUCTION

The bagworm species of Metisa plana, is one of the 
major species of leaf eating insects which attacks 
the oil palms in Peninsular Malaysia. Without 
any treatment, this situation may cause 43% yield 
loss just from a moderate attack. According to 
Malaysian Palm Oil Board (2016), the economic 
loss from 2007-2016 due to the bagworm attack was 
recorded at around RM120 million. Meanwhile in 
2020, the economic loss increased and was recorded 
at around RM180 million. 
 In the Standard Operating Procedure for the 
bagworm control (MPOB, 2016), it is mentioned that 
bagworm is g azetted as a dangerous pest (Federal 
Government Gazette, 15 November 2013, P.U. (B) 
468) under the Plant Quarantine Act 1976 (Act 167, 
Section 2). This basically informs that it is an offence 
to not control the infestation of bagworms and as 
a result the plantation owner can be penalised 
under the Plant Quarantine Act 1976. Many ways of 
control actions have been carried out to combat the 
bagworms such as aerial spraying of biopesticides 
using aircraft and drones, trunk injection using 
chemicals, pheromone trapping, cultivation 
of beneficial plants such as Cassia cobanensis, 
Turnera sp., Antigonon leptopus along roadside to 
attract beneficial insects for natural control of the 
bagworms. These treatments are categorised under 
the Integrated Pest Management (IPM) component 
(Najib, et al., 2017). 
 In order to control bagworm in oil palm 
plantation effectively, it is vital to conduct census. 
Census is a method to calculate number of insect 
pest unswervingly so that control actions can 
be planned. The method includes apparent 
monitoring for any indication of pest occurrence 
or ‘enumeration’(Corley et al., 2003). Collected 
data of census will conclude the level of insect pest 
outbreaks. Furthermore, the data will project a 
suitable and right timing of pest control. Currently, 
census is done manually through naked eyes 
observation and counting method. Based on this 
scenario, it is necessary to closely monitor the 
bagworm outbreak at the infested areas because 
the accuracy and precise data collection is have 
recently been disputed due to human errors such 
as miscounting, cheating and data creation. This is 
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important to ensure effective control of bagworms 
at the right time and at the right stage. According 
to the outlined SoP (MPOB, 2016), control actions 
should be conducted immediately, when 90% of 
the bagworm population are recorded in the early 
larval instars and does not exceed the economic 
threshold level (ETL). The ETL limit for M. plana is 
fixated at 10 larvae per frond.
 Realising the need for better census of 
operations and results, a specific machine vision 
incorporated with image processing algorithm 
was designed, developed and fabricated according 
to its functional modes. The world-first device 
developed is known/referred as Automated 
Bagworm Counter or in its short trademark name, 
Oto-BaCTM. The software functions based on GPU 
computation and the TensorFlow/Teano library 
were used to set up for trained dataset. The Oto-
BaCTM uses a normal camera and self-developed 
DL algorithms that consists of motion-tracking and 
false color analysis. Its primary function is to detect 
living and dead larvae and pupae of M. plana and to 
count number of living and dead larvae and pupae 
population per frond, respectively, corresponding 
to three major groups or size classifications. The 
first group contains the early larval stage, G1 which 
is the 1-3 stage. The second group is made up of the 
late larval stage, G2 of the 4-7 stage. The third group 
is the pupal stage (positioned at the bottom part of 
the oil palm fronds), G3. It operates as a ground 
basis application and closed system. The computing 
unit is comprised of the Dell Inspiron 7000 Series, 
with i7 2.8 GHz, 16GB RAM, 128GB NVMe storage 
and NVIDIA GeForce 1050. They were selected to 
host the developed Deep learning (DL) algorithms 
using TensorFlow software version 1.6. The other 
hardware components were also determined for 
use such as the See3CAM_CU135 camera and Red 
and IR LEDs lighting, N116HSE 11.6” TFT Liquid 
Crystal Display and Touch Panel, power module 
and push button as an option for touch screen panel.
 This article was written to validate the 
performance of Oto-BaCTM to detect and count the 
larval and pupal stage of M. plana via series of field 
trial at several infested areas in Perak and Selangor, 
Malaysia. This validity test has been done in the 
fields, with real time acquisition and measurement 
in actual bagworm attack surroundings of an oil 
palm.

MATERIALS AND METHODS

Oto-BaCTM Operation

 In this validity test, an Oto-BaCTM version 
1 (Figure 1), locally fabricated in Malaysia was 
used to conduct bagworm census. The operation 
procedure of the prototype was set similar to the 
ground census of the bagworm. Normally, the 
basic census method is based on International 

Standards for Phytosanitary Measures - Guidelines 
for surveillance. The operating procedure is 
summarised as follows;

1. Cutting down an oil palm frond with incli-
nation of 45° or the upper fronds with sign 
of bagworm attack.

2. Place the frond on the ground.

3. Locate the prototype on the frond; to focus 
on serious attack part of the frond.

4. Press the On/Off button.

5. Turn on the LED lighting.

6. Select the bagworm grouping based on its 
stages, Group 1: Larval stage 1-3, Group 2: 
Larval stage 4-7 and Group 3: Pupal stage.

7. Press the Start button.

Finally, the results are displayed on the screen in table 
form with separation of the live and dead bagworm 
population. The results obtained corresponds to the 
number of larvae/pupae per FoV.

Figure 1. The Oto-BaCTM version 1 used in field trial.

Set Up of Field Trial

 Series of field trials were conducted at different 
places to validate effectiveness of the Oto-BaCTM. 
The following locations are listed in Table 1.
 In 2019, three series of field trials were 
successfully conducted at different locations with 
serious level of infestation (Figure 2). According 
to Table 1, larval and pupal stage detection was 
carried out at A estate and B smallholdings and 
only pupal stage recognition was done in private 
estate C, which corresponded to current bagworm 
stages at the respective areas. According to the SOP 
of bagworm control produced by MPOB (2016), 
census is carried out on 1% of the infested area, 
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subjected to the total infested area. One palm is 
surveyed for every 10 palms or 10% for the small 
area. The census technique is based on International 
Standards for Phytosanitary Measures - Guidelines 
for surveillance. From this, the field trial was 
conducted by cutting down 10 oil palm fronds. The 

fronds with 45° inclination or the upper fronds with 
signs of attack was cut for census (MPOB, 2016). 
Experiments were setup as two treatments, manual 
and automatic census to examine and validate the 
effectiveness of the prototype. The experiment was 
replicated thrice for each treatment in all fields 
and a plot size of 8 m x 8 m was used to collect the 
response data. One frond was separated into three 
main parts; top, middle and bottom. Before starting 
the test, a field of view (FoV) of the device per 
snapshot onto the frond was measured. Number 
of snapshots per frond was counted to cover up 
one whole frond census. It has the size of about 
60 cm x 35 cm. During the snapshot, the duration 
of both Oto-BaCTM (Figure 3a) and manual census 
techniques were recorded (Figure 3b). However, 
the duration was also affected by the density of 
bagworm population per FoV (automated counting) 
or area of interest (AoI) (manual counting). 

TABLE 1. SERIES OF Oto-BaCTM TRIALS TO VALIDATE DETECTION ACCURACY

No. Location of trial Date Palm age 
(yr)

Area
(ha)

Remarks

1 A estate, Sungkai, Perak 17 June 2019     13-15 1 000 Larval and 
pupal stage 

detection
2 B smallholdings, Ayer Kuning, 

Perak
7 August 2019 15-17 4 Same as above

3 C private estate, Banting, 
Selangor

17 December 2019 11-13 100 Pupal stage 
detection

Figure 2. Series of field performance of Oto-BaCTM at three 
different locations (a) adjusting position of Oto-BaCTM at 
A estate, Sungkai, Perak, (b) counting manually the bagworm 
population prior to automatic census at C private estate, 
Banting, Selangor and (c) initialising of Oto-BaCTM before 
starting-up operation at B smallholdings, Ayer Itam, Perak.

(a)

(b)

(c)

Figure 3. The field trial on bagworm census was conducted 
using (a) Oto-BaCTM vs. (b) manual census.

(a)

(b)
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Data Analysis

Data on detection accuracy with different 
approaches (colour processing and deep learning) 
and field trials were analysed using one-way 
ANOVA and the means were separated by Least 
Significant Difference (LSD) test at P<0.05. As 
for field trial of the prototype, the percentage of 
detection and classification accuracy was calculated 
using formula by Zhou et al. (2018), respectively:

% Detection accuracy = TP+TN
   TP+TN+FP+FN

% Classification accuracy = TP
   TP+TN+FP+FN

TP    - Correct identification and Correct 
classification  

TN   - Correct identification but False classification 
(live and dead miss classification)

FP    - False identification and False classification 
(damage leaflet detection)

FN   - Miss identification and classification 
(unknown detection)

RESULTS AND DISCUSSION

The first field test was conducted for larvae from 
Group 1 (L1-L3) and Group 2 (L4-L7). The average 
percentages of detection accuracy for the living and 
dead G1 larvae in all snapshots were 47% and 72%, 
respectively (Figure 4). This is due to the average 
motion tracking was based on 100 frames per 3 s. 

The larvae were detected as a living specimen if 
there was a movement in the frame. Averaging 
the total bagworm detection per frame led to false 
counting of living and dead larvae. 
 As for G2 larvae, the results in Figure 5 shows 
that the average percentages of detection accuracy 
for the living and dead G2 larvae in all snapshots 
were 39% and 50%, respectively. The identification 
or recognition between G1 and G2 larval stages 
was carried out using the same fronds. The results 
showed that the detection and classification 
for these two groups still need improvement. 
According to Najib et al.  (2018), colour similarity 
between damaged leaflet and the bagworms leads 
to low accuracy of detection or false detection of the 
bagworms. This happens because the real sizes of 
the larval stage 3 (Group 1) and 4 (Group 2) were 
very close and overlapped each other (Salmah et al., 
2006). This result is in agreement with the study of 
Shivang et al. (2019), that discussed on detecting 
small objects is tougher than spotting medium and 
large sized objects. This is because the data attached 
to the processor is insufficient, making them easy to 
confuse with the background. Also, high precision 
is required for localisation and larger sized images. 
Objects lodging areas with slight than and equal to 
32 × 32 pixels, is classified under this category.
 The second field trial was conducted to improve 
the detection accuracy for larval Group 1 and Group 
2. Based on the results, the percentage of detection 
accuracy increased with average detections of 
87.5% and 78.7% for the living and dead G1 larvae, 
respectively (Figure 6). Compared to the first trial 
result as seen in Figure 4, it was revealed that the 
percentage of detection accuracy increased by 

Note: Bars across a group with the different letters are significantly different (P<0.05) after LSD test. Each snapshot 
represented different position of capturing images: Snapshot 1 = top No. 1 of frond, snapshot 2 = top No. 2 of frond, 
snapshot 3 = middle frond and snapshot 4 = bottom part of frond.

Figure 4. Performance of the prototype to detect living and dead larvae, G1 through automatic census against manual census in first 
trial.
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40.5% and 6.7% for the living and dead G1 larvae, 
respectively.
 During the second field test, the prototype 
was used to detect the living and dead G2 larvae. 
Based on Figure 7, the results show that the average 
percentages of the detection accuracy recorded was 
similar, 79.2% for both the living and dead G2 larvae, 
respectively. The results gave a positive value with 
40.2% and 29.2% increment in the detection accuracy 
for the living and dead G2 larvae, respectively, as 
compared to the first trial result (Figure 5).
 The results in Figure 7 indicated a positive result 
with 40.2% and 29.2% increment in the detection 

accuracy for the living and dead G2 larvae, 
respectively, as compared to the first trial results 
with 39% and 50% accuracy. From the results, 
it was revealed that the difference on detection 
accuracy between manual and auto detection was 
approximately ranged from 12% to 25% for all 
groups.
 Finally, based on the third field trial, the 
automatic detection and counting of the living 
and dead pupae using the Oto-BaCTM was low at 
the initial stage of the trial as compared to manual 
census. This was due to false detection or wrong 
marking of the living or dead pupae. Another 

Note: Bars across a group with the different letters are significantly different (P<0.05) after LSD test. Each snapshot 
represented different position of capturing images: Snapshot 1 = top No. 1 of frond, snapshot 2 = top No. 2 of frond, 
snapshot 3 = middle frond and snapshot 4 = bottom part of frond.

Figure 5. Performance of the prototype in detecting living and dead G2 larvae through automatic census against manual census in 
first trial. 

Note: Bars across a group with the different letters are significantly different (P<0.05) after LSD test. Each snapshot 
represented different position of capturing images: Snapshot 1 = top No. 1 of frond, snapshot 2 = top No. 2 of frond, 
snapshot 3 = middle frond and snapshot 4 = bottom part of frond.

Figure 6. Performance of the improved prototype in detecting living and dead G1 larvae through automatic census against manual 
census in second trial.
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Note: Each snapshot represented different position of capturing images: Snapshot 1 = top No. 1 of frond, snapshot 2 = top 
No. 2 of frond, snapshot 3 = middle frond and snapshot 4 = bottom part of frond.

Figure 8. Summary of the improved Oto-BaCTM performance to detect the living and dead pupae, G3 in third trial.

trained dataset was compiled to overcome this 
problem and improve the results. Results show that 
the detection accuracy increased up to 77% and 75% 
for the living and dead pupae, respectively (Figure 
8). The increment recorded was 47.5% and 54.1%, as 
compared to the initial stage of the same trial.  
 Overall, the three trials conducted at different 
locations show a significant detection improvement, 
p<0.05 between the first and second trial for G1 and 
G2 groups after LSD test (Table 2). 
 Table 2 shows a significant difference in 
percentage of detection between first and second 
trial for the living and dead bagworms. Group 3 

shows a high percentage of improvement for the 
living and dead pupae (77% and 75%) due to the 
size of the pupae compared to G1 and G2 larvae. 
The obvious differences on sizes and location on 
palm leaflet (bottom part) gave an advantage to 
the pupae group. These two factors can avoid 
overlapping detection by algorithm, subsequently 
generating high percentage of detection of the G3 
pupae.
 From Table 3, the automatic method of census 
through Oto-BaCTM was successfully reduced 
census time; 3.2 min, 3.1 min and 0.3 min for G1, 
G2 and G3 groups, respectively. However, these 

Note: Bars across a group with the different letters are significantly different (P<0.05) after LSD test. Each snapshot 
represented different position of capturing images: Snapshot 1 = top No. 1 of frond, snapshot 2 = top No. 2 of frond, 
snapshot 3 = middle frond and snapshot 4 = bottom part of frond.

Figure 7. Performance of the improved prototype in detecting living and dead G2 larvae through automatic census against manual 
census in second trial. 
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durations can fluctuate depending on Oto-BaCTM 
battery condition, the lower battery percentage, the 
longer time used by the device to display results on 
screen. By using false colour analysis, processing 
time for G3 was saved because this method 
involved applying pixel intensity of the images 
through slopes to classify between the living and 
dead pupae.

DISCUSSION

Based on the results of first field trial, it was 
revealed that the percentage of detection accuracy to 
distinguish between the living and dead bagworms 
were averaged, approximately to 47%-72% for G1 
larvae and 39%-50% for G2 larvae. This component 
of the study was the most challenging scope because 
the test on performance of the prototype was 
conducted at the field site of an oil palm plantations, 
with bagworms outbreak. In terms of lighting effect 
from surrounding/sunlight, the prototype has 
been equipped with imaging chamber or set up in 
a closed system operation. This condition gave a 
better recognition on bagworm features or details. 
According to Shivang et al. (2019), up-scaling the 
image before detection can tackle low detection 
errors. However, a raw upscaling is not competent, 
due to the large sized images that are too large 
and heavy to fit into a GPU processor for training. 
Furthermore, when the detection was carried out at 

TABLE 2. A SUMMARY OF BAGWORM DETECTION IN G1-G3 GROUPS IN THREE TRIALS

Group
% Detection in Trial 1 % Detection in Trial 2 % Detection in Trial 3

Live Dead Live Dead Live Dead
1(larvae) 47.0a 72.0a 87.5b 78.7b N/A N/A
2(larvae) 39.0a 50.0a 79.2b 79.2b N/A N/A
3(pupae) N/A N/A N/A N/A 77.0 75.0

Note: Bars across a trial group with the different letters are significantly different (P<0.05) after LSD test.

TABLE 3. CENSUS DURATION FOR THREE 
GROUP OF BAGWORMS DURING THREE 

TRIALS

Bagworm’s 
group

Census duration, min/
frond

Automatic Manual
G1(larvae) 14.0 17.2
G2(larvae) 13.9 17.0
G3(pupae) 0.5 0.8

Note: Every frond required 4 snapshot to complete 
census.

the field, the ground was uneven for operating the 
prototype. The structure of the fronds contributed 
to different LED light intensity which came from 
the Red and infrared (IR) light sources (630 nm and 
940 nm), to detect the living and dead pupae. This 
irregular uneven ground could be part of the factors 
that contributed to the low percentages of the 
detection accuracy. Additionally, the deep learning 
with Faster R-CNN (Ren et al., 2015) algorithm 
configuration could be one of the reasons for lower 
detection performance. Specificity of the model 
used must be correlated with the targeted object 
characteristic, corresponding to the configuration 
of TensorFlow. Further works on training dataset 
and developing codes are crucial to ensure that high 
accuracy of detection can be achieved. According to 
Zhou et al. (2018), a larger training data can improve 
the detection accuracy of the proposed detection 
model. 
 Based on the second field trial results, it was 
revealed that the percentages of detection were 
increased up to 87.5% for the G1 larvae and 79.2% 
for the G2 larvae. The increment was achieved after 
training with more image datasets and changing of 
the algorithm to detect the living larvae. This was 
successfully conducted by setting the first frame of 
the captured images as a living larvae, not averaging 
100 frames per 4.16 s.
 Census duration for G1 and G2 larvae was 
influenced by motion that occurred when there 
was a change in pixel of larvae contour in current 
frame comparing with the previous frame. Since 
the pixel change was very minimal between two 
frames, a consecutive 100 frames of images that was 
equivalent to video with 4.16 s duration (24 frames 
per second) was used in the motion analysis. The 
device took around 120 s (2 min) to execute the whole 
larvae algorithm. The processing time can be further 
improved by reducing the total frame (shorten the 
video duration). For G3 pupae, processing time was 
saved because this method involved applying pixel 
intensity of the images through slopes to classify 
between the living and dead pupae. The time can 
be divided into time acquiring images (around 5 
s), identification (1 s), subtracting IR and red image 
with reference image and calculating slope (7 s). 
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Overall, the automatic detection was faster than the 
manual census, by saving three minutes for G1 and 
G2 larvae and 0.3 min for G3 pupae during census.

CONCLUSION

Through this study, it was concluded that the Oto-
BaCTM as a ground-based AI, false colour detector 
and counter of bagworms can be applied and 
improved for automatic tool applications in oil palm 
plantations. Overall, the performance of Oto-BaCTM 
was validated and tested to detect and count the 
bagworms according to their groups. Initially, in the 
first trial, the Oto-BaCTM resulted in low percentages 
of detection accuracy for the living and dead G1 
larvae (47% and 72%) and G2 larvae (39% and 50%). 
After some improvements on training dataset, the 
increment percentages have been recorded in the 
next field trial that amounted to 40.5% and 6.7% for 
the living and dead G1 larvae, 40.2% and 29.2% for 
the living and dead G2 larvae. In the third trial, the 
Oto-BaCTM successfully recognised the G3 pupae 
with 77% (live) and 75% (dead) of detection accuracy. 
The development of an automated detector and 
counter for bagworm census is essential as it would 
greatly benefit planters and smallholders in term of 
plant protection. By applying this device, control 
actions can be planned and carried out at the right 
time and the exact bagworm larval stages. This will 
help the oil palm industry to minimise the cost on 
pesticide application throughout the year. Besides 
this, the technology also addresses labour shortage 
and significantly reduces the time spent for census. 
In addition, precise data collection can be compiled 
for further analysis while assessment of control 
measures can be taken in managing the bagworm 
infestation strategically for better FFB yield in the 
future. 
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