
Abstract—Federated human activity recognition usually treats 
sensor acquisition as fixed: every client first records a periodic 
stream, after which federated learning begins. Edge devices may 
instead sup-press locally redundant measurements through signal-
dependent sam-pling, and different clients may apply different 
thresholds because of bandwidth or sensing constraints. This paper 
formally defines acquisi-tion-policy heterogeneity for horizontal 
federated classification and derives application requirements for cost 
isolation, recognition utility, client-group reliability, and policy-shift 
transparency. Send-on-Delta sampling is evaluated against periodic 
and random retention at exactly matched within-window packet 
counts using a leakage-safe protocol, twelve paired optimization 
seeds, and a fixed round-30 endpoint on WISDM, PAMAP2, and 
MotionSense. At 50.5% retention on WISDM, Send-on-Delta 
improves the test-sample-weighted mean client Macro-F1 over 
matched periodic sampling by 0.0120 and over matched random 
retention by 0.0368; both paired effects remain significant after Holm 
correction for the two WISDM comparisons. PAMAP2 and 
MotionSense provide no evidence of a packet-count-matched 
advantage at 57.4% and 46.1% retention, respectively; their SOD 
Macro-F1 means differ from full periodic by -0.0013 and -0.0001, but 
no equivalence margin was predeclared. An eight-seed policy-shift 
audit exposes a WISDM failure boundary under aggressive post-
training threshold increases; under the PAMAP2 severe policy, the 
mean changes by +0.0001 and its 95% confidence interval crosses 
zero. In sequence-state-ful sensitivities, the SOD-random intervals 
are positive on WISDM and MotionSense, while every SOD-periodic 
interval crosses zero. A prede-clared convolutional neural network 
with doubled channel widths and about 3.8 times as many trainable 
parameters preserves the WISDM SOD-periodic direction and yields 
only a small PAMAP2 effect. The reusable finding is conditional: 
retained packet count alone can be insuf-ficient to characterize sparse 
federated sensing, but the value of signal-dependent timestamps 
depends on the activity stream, model, and oper-ating policy.

Index Terms—Federated learning, human activity recognition, 
Internet of Things, Send-on-Delta sampling, event-based sensing, 
edge intelligence.
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  There are also statistical limitations. Twelve paired optimiza-
tion seeds improve primary effect precision, but uncertainty 
remains, especially for the WISDM random baseline. Because 
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