
Abstract
This proposed system includes (i) segmentation of 
the therapy time into activity and non-activity 
durations, (ii) recognition of the exercise performed in 
an activity segment, and (iii) counting of the number 
of repetitions of the same exercise performed within 
that segment.

Segmentation and Counting
We use Bayesian optimizer to optimize seven 
hyperparameters for the following three algorithms.

Algorithm 1 ▶ Repetitive window averaging over a 
selected range of principal components (𝑃𝜔).

Activity Classification
Three optimized DNN models work hierarchically to 
classify six actions, three each in two groups – wrist 
and finger. Segmented CSI windows are passed as 
the inputs of the models.

Results: Counting
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Related Works
Existing studies propose either segmentation for 
whole body movements or classification, whereas we 
offer segmentation, classification and counting for 
subtle movements involving wrist and fingers.

Overview
We perform six hand physiotherapy gestures in a 
custom WiFi field using ESP32 microcontrollers, collect 
CSI, apply PCA & our developed three algorithms to 
get action segments & counts, and classify those 
actions by three DNN models.

What is WiFi Sensing?
In WiFi sensing, WiFi signals are used for sensing 
activities by multipath RF signal summation, several 
signal processing steps and classified by ML models 
afterwards.

Algorithm 2 ▶ Segment activities (𝜒) by comparing 
series values with its counter local-average section.

Algorithm 3 ▶ Merge isolated tiny segments in (𝜒)
with the surrounding activity or non-activity segment.

Counting ▶ The 
number of local optima 
in 𝑃𝜔 coincides with the 
number of repetitions 
of the hand gestures.

Results: Segmentation
Our segmentation algorithms achieve 94.89% CSI 
frame-level (10ms resolution) accuracy and 100% 
segment identification accuracy.

Results: Activity Classification
Our hierarchical classifier has an overall accuracy of 91.2%.

Generalizability
We have good accuracy in all three sections with several 
other volunteers after optimizing the hyperparameters only for 
one person.

Overall System Flowchart

Conclusion
The proposed system considers small-scale movements like 
wrist and finger movements and it can not only classify an 
activity but also can detect when, for how long, and how 
many times that activity is performed using only the 
ubiquitous WiFi signals around us. It also has potential to run 
on low-memory edge devices due to using DNN model and is 
easily scalable due to the hierarchical architecture.

WiFi CSI Data Collection

Activity Fingerprints

Duration Est. ▶
Our system can 
estimate the 
action durations 
with 1.11 sec. of 
mean absolute 
error (MAE).


