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ABSTRACT

Home health care services are a rapidly growing sector within health systems, creating more
precise and novel requirements for transportation and operations planning. This paper addresses
a combined scheduling and routing problem in which a healthcare provider must deploy
therapists from a central depot to patients’ homes to meet daily requests. Each request has a
service duration, a soft time window, and daily prioritization penalties; moreover, patients may
have preferences for particular therapists. Therapist shifts have specified time capacities, and
each therapist is only allowed to visit patients that match their skills. The problem is formulated
as a mixed-integer programming model that integrates temporal, capacity, skill, and preference
constraints and reveals the practical trade-offs among service quality, therapist workload, and
travel volume. To analyze the model’s performance, numerical experiments are conducted on
representative scenarios, demonstrating how demand patterns, time window tightness, and shift
structures affect route efficiency and total travel time. The results indicate that integrating
scheduling and routing decisions can significantly reduce travel time and improve operational
efficiency without compromising service coverage. In addition to the mathematical model and
exact solution of small instances, a metaheuristic algorithm based on Variable Neighborhood
Search (VNS) is designed and implemented for larger instances; exploiting diverse
neighborhood structures and local search mechanisms, it produces high-quality solutions within
operational time frames. Comparisons between exact solutions and VNS outcomes show that
the proposed method can serve as a practical tool for home health care service centers.
The findings offer actionable insights for transportation planners and health service managers
and lay the groundwork for future research on related topics such as dynamic requests and
multi-skilled workforce allocation.

Keywords: Home Nursing, Vehicle Routing; Staff Scheduling, Operational Resource
Allocation, Variable Neighborhood Search, Mathematical Modeling
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