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�7�D�E�O�H�������������6�X�P�P�D�U�\���R�I���U�H�Y�L�H�Z�H�G���U�H�O�D�W�H�G���Z�R�U�N�V���R�Q���L�Q�V�H�F�W���P�R�Q�L�W�R�U�L�Q�J�� 

Paper Method Model Hardware Performance Description 

[62] 
Cloud 

detection & 
counting 

YOLO-SIP 
camera 

device and 
remote server 

mAP = 84.22%, 
MAE = 0.422, MSE 

= 1.126 

Sticky traps images transmitted wirelessly to cloud for 
processing; requires connectivity; similar image 
acquisition and offline processing in [64][65]. 

[66] Segmentation DE-Net Server 
~95.5% Jaccard 

index; 83 MB model; 
~0.07 s inference 

Captures high-level features; generates high-resolution 
masks; no power, RAM, or deployment metrics 

reported. 

[67] 
Segmentation 
+ detection 

U-Net + 
YOLOv5s / 
YOLOv8s 

Server 
AP = 95% 

(YOLOv8s), 94% 
(YOLOv5s) 

Two stages: U-Net pre-processing and YOLO 
detection; pheromone trap images; no resource or 

deployment metrics reported. 

[69] 
Detection + 

counting 
Mask R-CNN 
(ResNet50) Server 

R² = 0.81 (aphids), R² 
= 0.78 and F1 = 0.55 

(parasitoids) 

In the lab from trap images; accurate but 
computationally expensive backbone. 

[70] 
Cloud-based 
IoT detection 

Faster R-CNN 
(ResNet50) 

4-layer IoT 
and remote 

server 

94% accuracy; 0.2 s 
inference 

A ball camera captured images; images sent using a 
WiFi network to a remote server; no power data. 

[71-
76] 

Detection / 
recognition 

Computer vision 
and ML/DL 

models 
Cloud/Server 

Accuracy as the main 
metric 

Focus on recognition performance; ignore other 
aspects. 

[77] 
Detection 

(HH dataset) 
YOLOv5 
variants 

Remote 
system >75% mAP 

Drone + smartphone images; preliminary filtering (blur 
& brightness); offline processing. 

[78] 
Drone 

platform 
(HH dataset) 

YOLOv5, 
YOLOv8, 
RetinaNet, 

Faster-R-CNN  

Android app 
and server <71% mAP 

Aerial telephotos; server-side inference; requires image 
transfer. 
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[88] 
[89] 

Edge 
detection & 

classification 

LeNet, VGG16, 
MobileNetV2 

RPi3, RPi4, 
Intel 

Movidius 
NCS 

>95% accuracy; 
~123.2 J energy 
(RPi3 + LeNet) 

RoI extraction + classification pipeline; energy usage 
compared across hardware. 

[90] Detection 
YOLOv5, 
YOLOv3 RPi 3B 

AP=92%, 
Recall=94%, 

F1=93%, 
mAP=94.4% 

Model evaluated offline but claimed feasible on RPi; 
accuracy was the main metric. 

[91] Counting + 
classification 

YOLO + SVM RPi 2B 
92.5% counting, 90% 

classification; ~5 
min/image 

Approximate YOLO counting + SVM refinement; slow 
inference. 

  

[92] 
IoT-based 
detection 

VGG19, 
VGG16, 

ResNet50, 
InceptionV3, 

Xception 

RPi 98.91% (VGG19) 
Several models evaluated; blockchain for secure 

transfer; large backbones and high compute. 

[93] 
Edge 

detection 

SSD-
MobilenetV1/V2
, YOLOv4-tiny 

RPi 3B + 
Arduino >95% accuracy 

Arduino controls system power; SSD-MobilenetV2 
chosen for best trade-off between latency & accuracy. 

[94] Edge 
detection 

TinyYOLOv3 + 
CNNs 

RPi Zero W 

F1 = 96%; ~11 sec 
inference; ~151 MB 
GPU RAM; ~57 MB 

storage 

Two-stage approach: detection by a tiny YOLO 
followed by tree-based classification; slow inference. 

[95] 
Edge 

counting 
CNN 

(regression) 
ESP32/ RPi/ 
Google Coral 

~95% custom 
accuracy; ~51 sec 

inference; 6 mA deep 
sleep; model ~0.5 

MB (ESP32) 

Quantized; species classification ignored; best 
deployment on ESP32. 
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[96] Few-shot 
recognition 

Lightweight 
CNN + triplet 

loss 
FPGA board >95% accuracy Fow-shot learning mechanism for small datasets; no 

power/cost reported. 

[103] MCU 
monitoring 

Selective search 
+ MobileNetV2 

OpenMV 
Cam H7 
(MCU) 

0.164 counting 
custom loss 

A low-power lightweight MCU-based device; no 
power, RAM, or deployment metrics reported. 

[104] Edge 
monitoring 

Same as [103] RPi Zero W 
~400 sec/cycle; 2.1 
W active, 22 mW 

inactive 

Slow due to selective search algorithm; longer cycle 
time increasing power. 

[105] Edge 
classification 

CNN GAP8 SoC 93% accuracy; ~3.5 
mJ per inference 

Grayscale 244×324 input images; 40×40 ROIs; 
quantized; highly optimized classification pipeline. 

[107] 
Edge 

detection 

MobileNetV3-
SSDLite & 
Viola-Jones 

GAP8 / 
GAP9 

83%-72% accuracy; 
model size 3.44 MB; 

�•���������0�%���H�[�W�H�U�Q�D�O��
RAM; <0.22 sec 

inference 

Quantization was used to reduce the memory; grayscale 
320×240 input images. 

[109] Edge 
detection  

FOMO-
MobileNetV2 & 

SSDLite-
MobileNetV3 

Nano-UAV + 
Arduino 

Portenta H7 / 
GAP9 

mAP = 0.66 
(FOMO), 0.79 

(SSDLite);  

Quantization was used; input reduced to 160×160 or 
96×96; grayscale reduces accuracy; footprint: 0.4-3.6 
MB, inference: <0.462 sec, power: <0.5 W depending 

on input/data type. 

[110] Edge 
detection  

SSDLite-
MobileNetV3 

Nano-UAV + 
GAP9 

mAP = 0.8; memory: 
1.8 / 3.6 MB, 

inference: <0.462 sec; 
power: <0.04 W. 

Part of ground-aerial system for orchard pest control; 
quantization was used; 320×240 RGB input images. 
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�0�H�D�Q���� �F�R�Q�W�U�L�E�X�W�H�V���W�R���S�H�U�I�R�U�P�D�Q�F�H���� �V�D�P�S�O�H���G�L�V�W�U�L�E�X�W�L�R�Q�V���U�H�O�D�W�H�G���W�R���V�X�E�V�H�W������ �I�U�R�P���W�K�H��

�G�D�W�D�V�H�W���D�U�H���S�O�R�W�W�H�G���L�Q���)�L�J�X�U�H���������������W�R�S�������,�Q���W�K�L�V���I�L�J�X�U�H�����H�D�F�K���S�R�L�Q�W���L�V���F�R�O�R�U�H�G���E�D�V�H�G���R�Q��

�L�W�V���F�O�D�V�V���O�D�E�H�O���L�Q���E�O�X�H���D�Q�G���U�H�G�����7�K�H���I�L�U�V�W���F�R�O�X�P�Q���G�L�V�S�O�D�\�V���W�K�H���J�U�R�X�Q�G���W�U�X�W�K���O�D�E�H�O�V���R�I���H�D�F�K��

�V�D�P�S�O�H���S�R�L�Q�W�����Z�K�L�O�H���W�K�H���V�H�F�R�Q�G���D�Q�G���W�K�L�U�G���F�R�O�X�P�Q�V���V�K�R�Z���W�K�H���D�V�V�L�J�Q�H�G���F�O�D�V�V�H�V���R�E�W�D�L�Q�H�G��

�X�V�L�Q�J�� �V�W�D�Q�G�D�U�G�� �.���0�H�D�Q�V�� �D�Q�G���W�K�H�� �S�U�R�S�R�V�H�G�� �0���. ���0�H�D�Q�V���� �U�H�V�S�H�F�W�L�Y�H�O�\���� �7�K�H�� �I�L�U�V�W�� �U�R�Z��

�F�R�U�U�H�V�S�R�Q�G�V���W�R���W�K�H���E�D�V�H���P�R�G�H�O���Z�L�W�K�R�X�W���L�Q�F�U�H�P�H�Q�W�D�O���U�H�W�U�D�L�Q�L�Q�J�����Z�K�L�O�H���W�K�H���V�H�F�R�Q�G���U�R�Z��

�V�K�R�Z�V�� �W�K�H�� �U�H�V�X�O�W�V�� �I�U�R�P�� �W�K�H�� �P�R�G�H�O�� �U�H�W�U�D�L�Q�H�G�� �L�Q�F�U�H�P�H�Q�W�D�O�O�\���� �%�\�� �F�R�P�S�D�U�L�Q�J�� �W�K�H�� �I�L�U�V�W��

�F�R�O�X�P�Q�����L�W���L�V���R�E�Y�L�R�X�V���W�K�D�W���U�H�W�U�D�L�Q�L�Q�J���L�P�S�U�R�Y�H�G���F�O�D�V�V���V�H�S�D�U�D�W�L�R�Q���D�Q�G���U�H�F�R�J�Q�L�W�L�R�Q�����Z�K�L�F�K��

�O�H�G���W�R���K�L�J�K�H�U���D�F�F�X�U�D�F�\���L�Q���E�R�W�K���V�W�D�Q�G�D�U�G���.���0�H�D�Q�V���D�Q�G���0���. ���0�H�D�Q�V�����,�Q���D�G�G�L�W�L�R�Q�����L�W���L�V��

�F�O�H�D�U���W�K�D�W���W�K�H���S�U�R�S�R�V�H�G���0���. ���0�H�D�Q�V���D�F�K�L�H�Y�H�G���K�L�J�K�H�U���D�F�F�X�U�D�F�\�����+�R�Z�H�Y�H�U�����W�K�L�V���Z�D�V���Q�R�W��

�D�F�U�R�V�V���D�O�O���G�D�W�D���D�V���V�R�P�H���V�D�P�S�O�H�V���Z�H�U�H���F�O�D�V�V�L�I�L�H�G���D�V���³�X�Q�F�H�U�W�D�L�Q�´�����D�Q�G���W�K�X�V�����Z�H�U�H���Q�R�W���X�V�H�G��

�I�R�U���W�K�H���P�R�G�H�O���U�H�W�U�D�L�Q�L�Q�J�����7�K�L�V���H�[�F�O�X�V�L�R�Q���R�I���G�D�W�D���Z�D�V���L�Q�W�H�Q�W�L�R�Q�D�O�����D�V���P�R�U�H���D�F�F�X�U�D�W�H���G�D�W�D��

�Z�D�V���S�U�H�I�H�U�U�H�G���I�R�U���U�H�W�U�D�L�Q�L�Q�J���� �H�Y�H�Q���L�I�� �L�W���U�H�V�X�O�W�H�G���L�Q���I�H�Z�H�U���V�D�P�S�O�H�V���E�H�L�Q�J���X�V�H�G�����)�L�J�X�U�H��

�������������E�R�W�W�R�P���� �V�K�R�Z�V�� �W�K�H�� �D�Y�H�U�D�J�H�� �D�F�F�X�U�D�F�\�� �R�I�� �W�K�H�� �F�O�D�V�V�L�I�L�H�U�� �D�F�U�R�V�V�� �D�O�O�� �V�X�E�V�H�W�V���� �%�\��

�L�Q�F�U�H�P�H�Q�W�D�O�O�\�� �U�H�W�U�D�L�Q�L�Q�J�� �W�K�H�� �F�O�D�V�V�L�I�L�H�U�� �P�R�G�H�O�� �D�Q�G�� �X�V�L�Q�J�� �W�K�H�� �S�U�R�S�R�V�H�G�� �0���. ���0�H�D�Q�V��

�D�F�U�R�V�V���D�O�O���V�X�E�V�H�W�V�����W�K�H���V�\�V�W�H�P���Z�D�V���D�E�O�H���W�R���V�H�O�H�F�W�����������R�I���W�K�H���G�D�W�D���Z�L�W�K���D�Q���D�F�F�X�U�D�F�\���R�I��

�����������,�Q���F�R�Q�W�U�D�V�W�����Z�L�W�K�R�X�W���L�Q�F�U�H�P�H�Q�W�D�O���U�H�W�U�D�L�Q�L�Q�J�����W�K�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�F�F�X�U�D�F�\���Z�D�V����������

�R�Q���R�Q�O�\�����������R�I���W�K�H���G�D�W�D���X�V�L�Q�J���0���. ���0�H�D�Q�V���R�U�����������R�Q���W�K�H���H�Q�W�L�U�H���G�D�W�D���X�V�L�Q�J���V�W�D�Q�G�D�U�G��

�. ���0�H�D�Q�V�����7�K�L�V���K�L�J�K�O�L�J�K�W�V���W�K�H���L�P�S�U�R�Y�H�P�H�Q�W�V���P�D�G�H���E�\���E�R�W�K���W�K�H���S�U�R�S�R�V�H�G���0���. ���0�H�D�Q�V��

�D�Q�G���L�Q�F�U�H�P�H�Q�W�D�O���U�H�W�U�D�L�Q�L�Q�J���R�I���W�K�H���F�O�D�V�V�L�I�L�H�U�� 

�1�H�[�W�����W�K�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���S�U�R�S�R�V�H�G���I�U�D�P�H�Z�R�U�N���Z�D�V���H�Y�D�O�X�D�W�H�G���L�Q���W�H�U�P�V���R�I��

�D�F�F�X�U�D�F�\���L�P�S�U�R�Y�H�P�H�Q�W���R�Y�H�U���W�L�P�H�����7�R���F�R�P�S�D�U�H���W�K�H���S�U�R�S�R�V�H�G���I�U�D�P�H�Z�R�U�N���S�H�U�I�R�U�P�D�Q�F�H����

�W�K�H���I�R�O�O�R�Z�L�Q�J���V�H�W�X�S�V���Z�H�U�H���F�R�Q�V�L�G�H�U�H�G�� 



 

������ 
 

�x �%�D�V�H�O�L�Q�H�����%�D�V�H�������7�K�L�V���L�V���D���6�H�P�L�<���1�H�W���P�R�G�H�O���W�U�D�L�Q�H�G���R�Q���V�W�H�S�������Z�L�W�K�R�X�W���D�Q�\��

�I�X�U�W�K�H�U���U�H�W�U�D�L�Q�L�Q�J�����D���F�O�D�V�V�L�F�D�O���'�/���P�R�G�H�O���G�H�S�O�R�\�P�H�Q�W���D�S�S�U�R�D�F�K�� 

�x �0�D�Q�X�D�O���,�/�����0���,�/�������7�K�L�V���L�V���D���F�O�D�V�V�L�F�D�O���L�Q�F�U�H�P�H�Q�W�D�O���O�H�D�U�Q�L�Q�J���D�S�S�U�R�D�F�K���L�Q��

�Z�K�L�F�K���W�K�H���P�R�G�H�O���L�V���U�H�W�U�D�L�Q�H�G���X�V�L�Q�J���L�P�D�J�H�V���O�D�E�H�O�H�G���E�\���H�[�S�H�U�W�V�����7�K�L�V���Q�H�H�G�V��

�W�R���W�U�D�Q�V�I�H�U���W�K�H���H�Q�W�L�U�H���F�D�S�W�X�U�H�G���L�P�D�J�H�V���D�Q�G���P�D�Q�X�D�O�O�\���F�U�H�D�W�H���P�D�V�N�V���D�Q�G���+�+��

�Q�X�P�E�H�U�V�� 

�x �,�/���� �7�K�L�V�� �L�V�� �W�K�H�� �S�U�R�S�R�V�H�G�� �I�U�D�P�H�Z�R�U�N�� �L�Q�� �Z�K�L�F�K�� �W�K�H�� �V�\�V�W�H�P�� �D�X�W�R�P�D�W�L�F�D�O�O�\��

�J�H�Q�H�U�D�W�H�V���P�D�V�N�V���D�Q�G���+�+���Q�X�P�E�H�U�V���I�R�U���H�D�F�K���Q�H�Z���L�P�D�J�H���D�Q�G���L�Q�F�U�H�P�H�Q�W�D�O�O�\��

�U�H�W�U�D�L�Q�V���W�K�H���P�R�G�H�O���X�V�L�Q�J���W�K�H�P�����7�K�L�V���Q�H�H�G�V���W�R���R�Q�O�\���W�U�D�Q�V�I�H�U���L�P�S�R�U�W�D�Q�W���S�D�U�W�V��

�R�I���W�K�H���L�P�D�J�H�V���L�Q�V�W�H�D�G���R�I���W�K�H���H�Q�W�L�U�H���L�P�D�J�H�V���D�Q�G���D�O�V�R���H�O�L�P�L�Q�D�W�H�V���K�X�P�D�Q�V���I�U�R�P��

�W�K�H�� �S�U�R�F�H�V�V���� �6�H�Y�H�U�D�O�� �-�3�(�*�� �T�X�D�O�L�W�\�� �O�H�Y�H�O�V�� ���,�/�������� �,�/�������� �,�/�������� �,�/�������� �,�/������

 
�)�L�J�X�U�H���������������&�O�D�V�V�L�I�L�H�U���S�H�U�I�R�U�P�D�Q�F�H�����7�R�S�����6�F�D�W�W�H�U���S�O�R�W�V���R�I���V�D�P�S�O�H�V���I�U�R�P��

�V�X�E�V�H�W�������F�R�O�R�U�H�G���E�\���W�U�X�H���O�D�E�H�O�V�����.���0�H�D�Q�V���S�U�H�G�L�F�W�L�R�Q�V�����D�Q�G���0���. ���0�H�D�Q�V���S�U�H�G�L�F�W�L�R�Q�V����
�7�K�H���W�R�S���U�R�Z���V�K�R�Z�V���W�K�H���E�D�V�H���P�R�G�H�O���Z�L�W�K�R�X�W���U�H�W�U�D�L�Q�L�Q�J�����D�Q�G���W�K�H���E�R�W�W�R�P���U�R�Z���V�K�R�Z�V��
�W�K�H���P�R�G�H�O���U�H�W�U�D�L�Q�H�G���R�Q���S�U�H�Y�L�R�X�V���V�X�E�V�H�W�V�����%�R�W�W�R�P�����$�Y�H�U�D�J�H���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�F�F�X�U�D�F�\��
�D�F�U�R�V�V���D�O�O���V�X�E�V�H�W�V���Z�L�W�K���W�K�H���S�H�U�F�H�Q�W�D�J�H���R�I���G�D�W�D���U�H�W�D�L�Q�H�G���D�I�W�H�U���0���. ���0�H�D�Q�V���I�L�O�W�H�U�L�Q�J�� 



 

������ 
 

�Z�H�U�H���D�O�V�R���H�Y�D�O�X�D�W�H�G���W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���W�U�D�G�H���R�I�I���E�H�W�Z�H�H�Q���F�R�P�S�U�H�V�V�L�R�Q���D�Q�G��

�S�H�U�I�R�U�P�D�Q�F�H�� 

�x �<�2�/�2���D�Q�G���6�R�I�W�P�D�[�����7�K�H�V�H���W�Z�R���Z�H�U�H�� �F�R�Q�V�L�G�H�U�H�G���D�V���H�[�W�H�U�Q�D�O���E�D�V�H�O�L�Q�H�V����

�7�K�H�� �I�L�U�V�W�� �L�V���<�2�/�2�Y���Q���V�H�J�� �U�H�W�U�D�L�Q�H�G�� �X�V�L�Q�J�� �F�R�Q�I�L�G�H�Q�F�H���W�K�U�H�V�K�R�O�G�� �S�V�H�X�G�R��

�O�D�E�H�O�V�� �W�R�� �J�H�Q�H�U�D�W�H�� �P�D�V�N�V�����7�K�H�� �V�H�F�R�Q�G�� �L�V�� �D�� �6�R�I�W�P�D�[���E�D�V�H�G�� �Y�H�U�V�L�R�Q�� �R�I�� �W�K�H��

�X�V�H�G�� �E�D�F�N�E�R�Q�H�� ���Z�L�W�K�R�X�W�� �W�U�L�S�O�H�W�� �O�R�V�V�� �D�Q�G�� �0���. ���0�H�D�Q�V������ �U�H�W�U�D�L�Q�H�G�� �X�V�L�Q�J��

�F�R�Q�I�L�G�H�Q�F�H���W�K�U�H�V�K�R�O�G���S�V�H�X�G�R���O�D�E�H�O�V�����1�R�W�H���W�K�D�W���W�K�H���<�2�/�2�Y���Q�����W�K�H���V�P�D�O�O�H�V�W��

�Y�H�U�V�L�R�Q���R�I���W�K�H���P�R�G�H�O���G�H�Y�H�O�R�S�H�G���E�\���8�O�W�U�D�O�\�W�L�F�V���>�����@�����F�D�Q�Q�R�W���E�H���G�H�S�O�R�\�H�G���R�Q��

�0�&�8�V�����,�Q���H�[�S�H�U�L�P�H�Q�W�V�����W�K�H���<�2�/�2���%�D�V�H���L�V���D���P�R�G�H�O���Z�L�W�K�R�X�W���U�H�W�U�D�L�Q�L�Q�J�����D�Q�G��

�<�2�/�2���,�/���L�V���L�Q�F�U�H�P�H�Q�W�D�O�O�\���U�H�W�U�D�L�Q�H�G���R�Q���V�X�E�V�H�W�V�� 

�1�R�W�H�� �W�K�D�W���� �D�V�� �P�H�Q�W�L�R�Q�H�G�� �H�D�U�O�L�H�U���� �W�K�H�� �G�D�W�D�V�H�W�� �Z�D�V�� �V�S�O�L�W�� �L�Q�W�R�� �Q�L�Q�H�� �V�X�E�V�H�W�V��

�F�K�U�R�Q�R�O�R�J�L�F�D�O�O�\�����7�K�H�U�H�I�R�U�H�����W�K�H���W�L�P�H�O�L�Q�H���Z�D�V���G�L�Y�L�G�H�G���L�Q�W�R���Q�L�Q�H���V�W�H�S�V���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R��

�H�D�F�K�� �V�X�E�V�H�W���� �7�K�H�� �E�D�V�H�� �P�R�G�H�O�� �Z�D�V�� �W�U�D�L�Q�H�G�� �R�Q�� �V�X�E�V�H�W�� ���� ���W�K�H�� �I�L�U�V�W�� �V�X�E�V�H�W������ �D�Q�G�� �W�K�H��

�U�H�P�D�L�Q�L�Q�J�� �V�X�E�V�H�W�V�������� �W�R�� ������ �Z�H�U�H�� �X�V�H�G�� �W�R�� �H�Y�D�O�X�D�W�H�� �W�K�H�� �S�U�R�S�R�V�H�G�� �V�\�V�W�H�P�� �S�H�U�I�R�U�P�D�Q�F�H��

�R�Y�H�U�� �W�L�P�H�����)�L�J�X�U�H�� �����������G�H�P�R�Q�V�W�U�D�W�H�V�� �W�K�H�� �6�H�P�L�<���1�H�W�� �D�F�F�X�U�D�F�\�� �X�V�L�Q�J�� �W�K�H�� �S�U�R�S�R�V�H�G��

�I�U�D�P�H�Z�R�U�N�� ���,�/���� �I�R�U�� �-�3�(�*�� �F�R�P�S�U�H�V�V�L�R�Q�� �O�H�Y�H�O�V�� �R�I�� �������� �W�K�H�� �0�D�Q�X�D�O���,�/�� ���0���,�/������ �W�K�H��

�%�D�V�H�O�L�Q�H�� ���%�D�V�H������ �6�R�I�W�P�D�[�� �D�Q�G�� �<�2�/�2���%�D�V�H�� �D�Q�G���<�2�/�2���U�H�W�� �R�Y�H�U�� �W�L�P�H���� �)�R�U�� �W�K�H��

�V�H�J�P�H�Q�W�D�W�L�R�Q���R�X�W�S�X�W�����W�K�H���D�F�F�X�U�D�F�\���Z�D�V���H�Y�D�O�X�D�W�H�G���E�\���'�6�&�����D�Q�G���W�K�H���F�R�X�Q�W�L�Q�J���R�X�W�S�X�W���Z�D�V��
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