
Hand gestures recognition with surface 

electromyogram and inertial sensors

Abstract
This MScEng Thesis confronts with the real-world problem of hand gesture recognition. Data from 4 types of sensors, surface electromyogram, accelerometer, gyroscope and magnetometer which
are placed on a subject’s forearm, are analyzed, in order to recognize a gesture. These data are publicly available on the Ninapro-project’swebsite in the Database 7. To achieve satisfactory recognition
for 40 gestures of 22 subjects (2 of whom are amputees) we use machine learning models, deep learning models and ensemble learning. Due to the nature of the biosignals we process, we provide an
intra-subjectanalysis.Ourresultsfollowtheliteratureandarecompetitive.
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Data
• We focusonthesensors“1-8” thatare positioned 3 cm undertheelbow andare equally spaced

aroundtheforearm.
• Therepetitionsofagestureareconsideredintheirfull length.
• The data are immediately split in Train Set (repetitions “1”, “3”, “4”, “5”, “6”) and Test Set

(repetition“2”).

Performance Measures
Per subject analysis score:

• 𝐶𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠

𝑇𝑜𝑡𝑎𝑙𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛𝑠

• All moves are represented by the same number of repetitions.
• Chance level: 2.5%

Per move analysis score:

• F1score =
2

1

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛
+

1

𝑟𝑒𝑐𝑎𝑙𝑙

=
𝑡𝑟𝑢𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑡𝑟𝑢𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠+
1

2
(𝑓𝑎𝑙𝑠𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠+𝑓𝑎𝑙𝑠𝑒𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠)

• Robust system with high precision and high recall.

Preprocessing
• The problem is simplified by focusing only in the most muscularly activated area of the hand,

andthemostactivechannelofeachsensor(thechannelwiththegreatestvariance).
• Theresultedsignalsarefilteredaccordingtotheliterature.
• Featuresareextractedfromthesignals.
• Featurestandardizationisapplied.
• Thebestsubsetof featuresisselectedwithfeatureselectionmethods.

Models
• LDA, RBFkernel Support VectorMachines, RandomForests,SoftVoting Clfs[LDA,RBF SVM,

RF],HardVotingClfs[LDA,RBFSVM,RF],NeuralNetworks.
• Eachclassifierisoptimizedpersubjectandpertypeofsensor.
• Wegrid(orrandom)searchparametersanduse5f-CVtopickthebestclassifier.
• Eachclassifier is trainedpersubjectandpersensorwiththeselectedparameters.
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Results
• 𝐹1𝑠𝑐𝑜𝑟𝑒 > 0.7, for 30 of the total 40 gestures (20 subjects).
• Example:   20 subjects, 40 gestures, Highly Optimized Machine Learning Models

https://nemertes.library
.upatras.gr/jspui//handl
e/10889/15038

Conclusions
• Thecombinationofdifferentsensorsresultsinthehighestclassificationaccuracy.
• The highest accuracy between the single sensors was achieved by themagnetometer’s signals.

This result agrees with the literature that exists around the Database 7. However, we expect
theseresultstohaveoccurredduetobiasinthewaythegesturesweresampled.

• The surface electromyogram have achieved close results to those of the accelerometer. The
gyroscopesignalshaveresultedintheworstperformance.

• Thereishighvariabilityintheclassificationaccuracyresultsofdifferentsubjects.
• It ishardertorecognizethegesturesof theamputeesgroup.

Suggestions for Future Research 
• Canmuchbetterresultsbeachievedbyanalyzingmoredatafromasinglesubject?
• Canamoveberecognizedwithonlyfewmsecof itsonset?


