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Abstract The development of the Fourth Industrial Revolution, along with factors, such as population
decline, will lead to a shift towards uncrewed systems in the future battlefield. The military will
increasingly rely on uncrewed systems to carry out operations. Among them, uncrewed systems are
replacing the surveillance and reconnaissance field. In this study, deep learning-based algorithms were
used to judge the scale of ground-based military echelons moving in the surveillance area. A specific
military unit was identified in the video using object detection and tracking techniques, and the scale
of the military echelons was determined based on the count of detected objects. In particular, this study
focused on detecting, tracking, and counting specific weapon units, such as self-propelled artillery,
tanks, and armored vehicles. The model consists of the YOLOv8s object detection algorithm as an object
detector and the BYTE algorithm as a multi-object tracking algorithm, showing high performance in
object detection and tracking. Finally, the model was completed by adding algorithms that count objects
by class and judge the size based on the counting. The training data was collected by the three types
of classes from images taken from a ground perspective: self-propelled artillery, tanks, and armored
vehicles. This study evaluated the model accuracy using test videos, and the result had an accuracy of 80%.
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Table 1. Weapon systems in military echelons

Weapon systems in echelon -
Military echelons SP Military
v ) Tank APC | symbology
artillery
battery 6
Artillery I
battalion 18
platoon . 3 @
Tank company : 10 <C>
N
battalion : 32 <C>
platoon . . 3 @
Mechanized compan . . 10
infantry pany
N
battalion : : 32 @

*SP artilley : Self Propelled artillery(A-5=3%)
*APC : Armored Personnel Carrier(37=h)
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Fig. 1. Flowchart of the research
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P
Precision = TP+ FP) (1)
TP
Recall = 7( TP+ EN) 2

Where, TP true positive, TN true negative,
FP false positive, FN false negative

(Precision X Recall)
=2X
£ Seore =2 (Precision+ Recall)
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Table 2. Performance of trained model

Epoch | Precision Recall F1 Scoret |mAP @50 1
1 0.55679 0.59835 0.57682 0.56483
50 0.96620 0.96936 0.96777 0.99042
100 0.97986 0.97592 0.97789 0.99147
150 0.97789 0.97642 0.97715 0.9904
200 0.96979 0.96428 0.96703 0.98812
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Fig. 5. The process of object counting as the frame
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Table 3. The experiments results of the military echelon scale measurement

Experiments #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
SP artillery 6 7 10
Counting value by Tank 4 1 2% 13 10
the algorithm an
APC 5 7 8 1 3 2 2 1
Ground truth SP artillery 6 6 10
value of class Tank 4 26 10
counts APC 5 7 10 1 2 1

Results of the military echelon
scale assessment
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echelon scale

GO B Qi
RO RIS

S
S

447



AR &85 =5 A A2438 A5%, 2023

Table 4. Accuracy of the counts for each class and
echelon scale measurement

Class SP artillery| Tank APC ]?x:::slz?e:nc:rlj
Accuracy(%) 95.6 95.0 82.3 80.0
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