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Pengukuran cycle time excavator merupakan indikator penting dalam menilai 

produktivitas alat berat, khususnya di sektor pertambangan dan konstruksi. Metode 

manual yang umum digunakan memiliki keterbatasan dari segi efisiensi, akurasi, dan 

keselamatan kerja. Penelitian ini mengembangkan sistem otomatis berbasis OpenCV 

untuk mengukur cycle time excavator melalui analisis visual dari rekaman video, 

dengan pendekatan pengembangan perangkat lunak menggunakan metode Waterfall. 

Sistem secara otomatis mendeteksi fase siklus excavator, meliputi aktivitas menggali, 

mengayun, membuang material, dan kembali ke posisi awal. Hasil pengujian 

menunjukkan bahwa sistem mampu meningkatkan akurasi pengukuran dan mengurangi 

keterlibatan manusia di area berisiko tinggi. Evaluasi performa sistem menghasilkan 

nilai Mean Average Precision (MAP) sebesar 94%, Mean Absolute Error (MAE) 1,53 

detik, Mean Percentage Error (MPE) 16,86%, koefisien korelasi Pearson (r) sebesar 

0,9975, standard deviation 1,19, dan variance 1,41. Temuan ini menunjukkan bahwa 

sistem deteksi visual yang dikembangkan memiliki potensi sebagai solusi efektif dan 

berkelanjutan untuk optimalisasi operasional alat berat di lapangan secara aman, 

efisien, dan berbasis teknologi. 

 

Kata kunci: Cycle time, Excavator, OpenCV, Waterfall, Deteksi objek, Produktivitas 

alat berat 
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Excavator cycle time measurement is a key indicator for evaluating heavy equipment 

productivity, particularly in the mining and construction sectors. The commonly used 

manual method has limitations in terms of efficiency, accuracy, and worker safety. This 

study developed an automated system based on OpenCV to measure excavator cycle 

time through visual analysis of video recordings, using the Waterfall method as the 

software development approach. The system automatically detects the excavator's 

operational phases, including digging, swinging, dumping, and returning to the initial 

position. Testing results indicate that the system improves measurement accuracy and 

reduces human involvement in hazardous areas. System performance evaluation 

yielded a Mean Average Precision (MAP) of 94%, Mean Absolute Error (MAE) of 1.53 

seconds, Mean Percentage Error (MPE) of 16.86%, Pearson correlation coefficient (r) 

of 0.9975, standard deviation of 1.19, and variance of 1.41. These findings demonstrate 

that the developed visual detection system has strong potential as an effective and 

sustainable solution for optimizing heavy equipment operations in the field in a safe, 

efficient, and technology-driven manner. 

 

Keywords: Cycle time, Excavator, OpenCV, Waterfall, Object detection, Heavy 

equipment productivity 
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