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Abstract—Surface mount technology is essential to the
development of the electronic manufacturing industry. This
article studies optimizing the surface mount process for the
beam-head placement machine. A mixed-integer program-
ming (MIP) model is proposed for this problem, which is
decomposed into three interconnected hierarchical parts:
feeder allocation; component assignment; and pick-and-
place (PAP) sequence problems. This article proposes an
efficient hierarchical framework with three elaborately de-
signed heuristics to solve the above problem. The design
of the scan-based algorithms optimizes the subobjectives
of feeder allocation and component assignment. First, the
allocation heuristic arranges the feeders into slots as a
prerequisite for other problems. Then, the component as-
signment heuristic determines the component type for each
head with a variety of criteria and long short-term objec-
tives. Finally, the PAP sequence problem is solved using a
modified beam search algorithm. The proposed algorithm
offers advantages in terms of effectiveness, efficiency, and
extension, which can satisfy various customization de-
mands. Experiments are conducted on our self-designed
placement machine using industrial and randomly gener-
ated data. Computational experiments show that the scan-
based heuristic algorithm obtains near-optimal solutions
with a gap of 9.93% averagely compared with the proposed
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MIP model and provides efficiency improvement over the
mainstream studies.

Index Terms—Hierarchical decomposition, mixed-integer
linear model, printed circuit board (PCB) assembly opti-
mization, scan-based heuristic.

I. INTRODUCTION

NOWADAYS, the widespread use of electronic products in
modern life has raised attention to the price and quality

of printed circuit boards (PCBs). A complicated collection of
production procedures makes up for manufacturing electronic
products. PCB assembly is one of the necessary but time-
consuming processes among them. The placement machine is
a sophisticated computer-controlled apparatus that integrates
mechanical, electrical, and optical techniques [1]. The factory
uses automatic manufacturing lines to produce high-quality
PCB, and the maximum production capacity of the placement
machine is the efficiency bottleneck of the whole production line.
The application benefit of an effective assembly optimization
technique is enormous.

This article focuses on the beam-head placement machine,
which has a stationary PCB platform, two stationary feeder
bases, and a moving gantry with beam heads, as shown in
Fig. 1. The feeders loading with components are installed on
the feeder base. There are three basic types of feeders for
assembling various package component parts: tape, stick, and
tray. The gantry moves between the PCB and the feeder base
to pick and place the components with vacuum valves. The
fly camera is equipped in the heads for chip detection; for
some large chips, the gantry moves to the fixed camera for
inspection. An auto nozzle changer (ANC) is kept with multiple
nozzle types to fulfill the assembly needs for various compo-
nent shapes. The primary distinction between the beam-head
placement machine and other types is its mechanical design,
which enables multiheads to pick up components from feeders
simultaneously.

As shown in Fig. 2, the surface mount process consists of six
different types of operations, and the dashed line framed part
includes a pick-and-place (PAP) cycle, which is the fundamental
unit. The nozzle change, component pickup, and component
placement operations in a PAP cycle take substantial time, and
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