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High-accuracy Synchronization Technology for PCI
Express in Real-Time Systems

NAKATANI Yoshihiro and NISHIMURA Yasuhiro

In the NJ and NX series of OMRON’s machine automation controllers, the internal CPU (Central Processing
Unit) and the internal devices are connected using PCle (PCI Express). One of the features of PCle is that it
allows direct memory access (DMA) to be executed data transfer without going through the CPU. To introduce
PCle into real-time systems such as machine automation controllers, it is necessary to control the DMA transfer
timing to avoid memory resource conflicts.

Traditionally, centralized control by a single CPU made it easy to control DMA transfer timing and avoid
memory resource conflicts. However, modern real-time systems require multifunctionality as well as high-speed
and high-precision control cycles. To achieve both, a distributed processing architecture is needed where multiple
PClIe devices perform DMA transfers with the CPU. To prevent impacts on real-time processing, each PCle
device must transfer data at timings synchronized with the control cycle and with high precision.

This paper proposes a resource conflict avoidance technology for PCle devices with the CPU and a high-preci-
sion time synchronization technology using hardware, which is essential to realize this technology. Synchroniza-
tion accuracy can be achieved less than 39 ns. This allows multiple PCle devices to perform DMA transfers with

the CPU while minimizing the impact on real-time processing.
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