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[Abstract] To address issues such as poor synchronization, low update efficiency, and insufficient reliability in
program updates for multi—node electronic controller clusters, this paper proposes a program update method
based on hierarchical communication architecture and incremental synchronization mechanism, along with
corresponding hardware device design. The method achieves efficient synchronization updates for cluster nodes
through hierarchical collaboration between master and slave controllers, combined with incremental data packet
transmission strategy based on CRC32 checksum. An experimental platform composed of 16 controller nodes
was established, and the method's effectiveness was verified through two comparative experiments. Results show
that the update delay is =<28ms, synchronization error is controlled within 3ms, and data packet transmission
success rate reaches 99.87%. Compared to traditional full-update methods, the update efficiency improves by
42.3%, and stable updates are maintained even under network packet loss rate =<5% scenarios. This research
provides reliable technical support for program maintenance in industrial control and intelligent terminal cluster
fields.
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