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Summary: 

Muscle fatigue monitoring during isometric exercise can support safer training and rehabilitation, but 
conventional limb sEMG setups can be inconvenient in daily use. This work investigates four-class fa-
tigue detection from the myoelectric component extracted from chest ECG during wall-sit exercise. Six 
healthy adults performed wall-sit until task failure, and the signal was segmented into non-overlapping 
1 s windows labeled as rest, low fatigue, moderate fatigue, and high fatigue. Standard deviation, skew-
ness, and kurtosis were used to train a bagging tree classifier. The proposed approach achieved an 
overall accuracy of 67.5% in 10-fold cross-validation and demonstrates that simple distribution-based 
features from chest ECG-derived EMG can support low-complexity fatigue sensing. 
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Background, Motivation and Objective 

Muscle fatigue assessment is important in exer-
cise coaching, rehabilitation, and wearable mon-
itoring [1,2]. Surface EMG is widely used to char-
acterize myoelectric manifestations of fatigue, 
and both amplitude-related and distributional 
signal properties change during sustained con-
traction [1-3]. Recent studies have also explored 
exercise fatigue analysis using ECG and EMG 
together [4]. In this work, we investigate whether 
a practical four-class fatigue model can be built 
from the EMG component extracted from a chest 
ECG measurement during wall-sit exercise. The 
objective is to distinguish rest, low fatigue, mod-
erate fatigue, and high fatigue using a small 
number of features that are suitable for embed-
ded or wearable implementation. 

Description of the New Method or System 

Six healthy adults performed wall-sit until failure 
while a chest ECG signal was recorded. To iso-
late the myoelectric component, the ECG was 
band-pass filtered between 100 and 500 Hz, and 
the resulting ECG-derived EMG was divided into 
non-overlapping 1 s segments. Rest data were 
labeled as the rest class. For each wall-sit trial, 
the initial 33% of the time-to-failure interval was 
labeled as low fatigue, the middle 33% as mod-
erate fatigue, and the final 34% as high fatigue. 
The dataset comprised 1,958 labeled segments 
in total: 480 rest, 486 low fatigue, 486 moderate 
fatigue, and 506 high fatigue. Three statistical 
descriptors were extracted from each segment: 
standard deviation (STD), skewness, and 

kurtosis. A bagging tree classifier [5] was trained 
to predict the four fatigue classes, and perfor-
mance was evaluated by 10-fold cross-validation. 

Results 

Fig. 1 shows the temporal evolution of the statis-
tical features during rest and wall-sit. As wall-sit 
progressed, STD increased gradually, indicating 
that the EMG amplitude and the level of muscle 
activation became larger as fatigue accumulated. 
In contrast, the magnitude of skewness de-
creased toward zero, which suggests a more 
symmetric signal distribution at higher fatigue 
levels. Kurtosis decreased from approximately 
20-30 in the early stage to about 5 near task fail-
ure, implying a transition of EMG distribution 
from a super-Gaussian toward a more Gaussian 
[3]. These consistent trends confirm that the se-
lected features capture both amplitude changes 
and distributional reshaping associated with sus-
tained isometric exertion. 
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Fig. 1. Temporal variation of STD, skewness, and kur-
tosis for rest and wall-sit segments. (a): rest and (b): 
wall sit. 

The fatigue classification performance is de-
picted in Table. 1. The proposed classifier 
achieved an overall accuracy of 67.5%. The rest 
class showed the highest recall at 80.6% 
(387/480), whereas low fatigue and moderate fa-
tigue were more difficult to separate because 
their physiological characteristics partly over-
lapped. Most misclassifications occurred be-
tween adjacent fatigue stages, especially low 
versus moderate fatigue and moderate versus 
high fatigue, rather than between distant states. 
The high-fatigue class still reached a recall of 
69.6% (352/506), which is encouraging for prac-
tical monitoring because the late stage is the 
most relevant for preventing performance col-
lapse. 

Overall, chest ECG-derived EMG features ena-
bled meaningful fatigue-state discrimination. In 
future works, we plan to advance the fatigue 

analysis based on multi-modal electrophysiolog-
ical signals. 

Tab. 1: Confusion matrix of four-class fatigue classifi-
cation. 
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