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PERANCANGAN WAREHOUSE EXECUTION SYSTEM (WES) BERBASIS TASK
ASSIGNMENT GUNA MENINGKATKAN EFISIENSI OPERASIONAL GUDANG

Puja Ahmad Maulana Wahyudi
ABSTRAK
Finish Good Warehouse PT XYZ menghadapi permasalahan tingginya Travel Time

proses replenishment (RPL) yang didominasi oleh perjalanan kosong alat angkut (dead
heading). Pada aliran Storage ke Floor, waktu dead heading mencapai 95 detik dari total
Travel Time 155 detik per pallet dari keseluruhan waktu perjalanan. Kondisi tersebut
dipengaruhi oleh mekanisme Oracle WMS yang mengurutkan tugas berdasarkan nomor
lokasi rak tanpa mempertimbangkan posisi akhir reach truck, lokasi pengambilan
berikutnya, keseimbangan beban kerja, dan hubungan akses rak double-deep.

Penelitian ini bertujuan merancang prototipe Warehouse Execution System (WES)
berbasis Python yang mampu menghasilkan task assignment dan drop sequencing secara
otomatis. Model optimasi menggunakan Sequential Hybrid Ant Colony Optimization—
Simulated Annealing (ACO-SA), dengan ACO membentuk kandidat urutan task dan solusi
terbaik ACO digunakan sebagai solusi awal SA untuk pencarian lokal. Model
mengintegrasikan representasi spasial tiga dimensi gudang, kinematika reach truck berbasis
GLBB, hard repair pasangan front-rear double-deep, fixed resource dan zona kerja,
workload balancing dengan ambang 60%, urutan fase operasional, serta closed route.
Prototipe dikembangkan menggunakan metode Rapid Application Development dan
memproses data hasil ekspor Oracle WMS secara on-demand.

Pengujian menggunakan 153 task RPL. Hasil black box testing menunjukkan seluruh
fungsi utama berjalan sesuai rancangan. Hasil benchmark menunjukkan Hybrid ACO-SA
menghasilkan total estimasi waktu closed route sebesar 6.330,16 detik, lebih rendah 19,50%
dibandingkan Oracle Feasible sebesar 7.863,82 detik. Total estimasi jarak menurun 27,38%,
sedangkan estimasi makespan menurun 20,57%. Validasi pada instance kecil 10 task RT01
menunjukkan Hybrid ACO-SA menghasilkan solusi dengan optimality gap sebesar 0,027%
terhadap optimum global OpenSolver—CBC sebesar 910,329 detik. Prototipe menyelesaikan
pengolahan 153 task dalam waktu komputasi 5,663 detik sehingga memenuhi kebutuhan
waktu proses kurang dari satu menit pada batch penelitian. Hasil penelitian merupakan
estimasi model komputasional dan belum menunjukkan penurunan aktual operasional tanpa
validasi lapangan.

Kata kunci: Warehouse Execution System, Ant Colony Optimization, Simulated Annealing,
task assignment, drop sequencing, dead heading, replenishment.
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ABSTRACT

he Finished Goods Warehouse of PT XYZ experiences high travel time in the
replenishment (RPL) process, primarily due to empty material-handling travel, or dead
heading. In the Storage-to-Floor flow, dead heading accounts for 95 seconds of the total
travel time of 155 seconds per pallet of the overall travel time. This condition is influenced
by the Oracle WMS task-sequencing mechanism, which sorts tasks based on rack-location
numbers without considering the final position of the reach truck, the next pickup location,
workload balance, or double-deep rack-access relationships.

This study aims to design a Python-based Warehouse Execution System (WES)
prototype capable of automatically generating task assignment and drop sequencing. The
optimization model applies a Sequential Hybrid Ant Colony Optimization—Simulated
Annealing (ACO-SA) approach, in which ACO constructs candidate task sequences and the
best ACO solution is subsequently used as the initial solution for SA local search. The model
integrates a three-dimensional warehouse representation, reach-truck kinematics based on
uniformly accelerated motion, hard repair for front—rear double-deep pairs, fixed-resource
and work-zone constraints, workload balancing with a 60% threshold, operational-phase
sequencing, and a closed route. The prototype was developed using the Rapid Application
Development method and processes data exported from Oracle WMS on demand.

The evaluation used 153 RPL tasks. Black-box testing showed that all major
functions operated according to the system design. Benchmark results showed that Hybrid
ACO-SA produced a total estimated closed-route time of 6,330.16 seconds, which was
19.50% lower than the Oracle Feasible baseline of 7,863.82 seconds. The total estimated
travel distance decreased by 27.38%, while the estimated makespan decreased by 20.57%.
Validation using a small instance of 10 RT01 tasks showed that Hybrid ACO-SA achieved
an optimality gap of 0.027% relative to the OpenSolver-CBC global optimum of 910.329
seconds. The prototype processed all 153 tasks in 5.663 seconds, thereby meeting the
processing-time requirement of less than one minute for the research batch. The findings are
based on a computational model and do not yet demonstrate actual operational reductions

without field validation.

Keywords: Warehouse Execution System, Ant Colony Optimization, Simulated Annealing,
task assignment, drop sequencing, dead heading, replenishment.
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