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1.1 EMS is Low Resolution 

1.2 EMS Requires time-consuming, Per-User Calibration 
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1.3 Contribution: Towards Auto-Calibration of High-Density EMS 

n

Fig. 1. A) Custom signal switching boards to multiplex EMG and EMS signals between 60 electrodes. B-D) The process of 
EMG-calibration for EMS. B) The user puts on the sleeve. C) The user performs a desired pose whilst EMG data is 
gathered. D) An EMS stimulation pattern is calculated from the EMG data. The user can then explore the signal 

parameters across that stimulation pattern. 

2.1 EMS in HCI: Time-Intensive, Expert Calibration 
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2.2 EMS Beyond HCI: High resolution, Complex Calibration 

2.3 Arrays For EMG 
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Research 

No. of 

Electrodes 

(total) 

Calibration Details Provided 

Our Work 60 

Users perform a desired gesture. During this time, EMG data is collected 

between 306 unique electrode combinations. This EMG data is used to 

derive complex, multi-electrode patterns for EMS. Multi-channel 

stimulation is calibrated. Calibration takes ~1 minute per pose. 

3.1 A High-Density Electrode Sleeve 

�
�
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Fig. 2. Illustration of the prototype circuitry design. An Arduino routes the signal from an EMS device and two EMG 
devices onto custom signal switching boards. The switching boards route the signals onto any combination of 60 

electrodes sewn into a sleeve. 

3.2 Custom Electronics 
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3.3 Muscle Reading 

Fig. 3. Individual differences in EMG patterns across 3 users and 3 example gestures. Bottom Left: illustrates the EMG 
electrode reading patterns, between red (anode) and green (cathode) electrodes. 
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3.4 Muscle Writing 

3.5 Walkthrough: the EMG – EMS Mapping Process 

4.1 Procedure 
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Fig. 4. Illustration of the gestures used in the study. a) wrist flexion, b) wrist extension, c) radial deviation, d) ulnar 
deviation, e) squeeze fingers, f) lift index finger. 

�

4.2 Results 
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Fig. 5. Confusion matrix of study results. In total, 52% of gestures were replayed correctly, with Wrist-Down and Hand-
Right both achieving 89% replay accuracy. 
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5.1 Increasing the Accuracy of Auto-Calibration 

�



68:14   J. Knibbe et al. 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies, Vol. 1, No. 3, Article 68. Publication date: 

September 2017.

per-pose

all-possible-movements



Automatic Calibration of High Density Electric Muscle Stimulation • 68:15 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies, Vol. 1, No. 3, Article 68. Publication date: 

September 2017.

Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems

Proceedings of the 8th ACM/IEEE International Conference on Human-robot Interaction

Nature

Annals of Biomedical Engineering

Journal of NeuroEngineering and Rehabilitation
Proceedings of the 

2016 ACM International Joint Conference on Pervasive and Ubiquitous Computing: Adjunct

Journal of Electromyography and Kinesiology

PLOS ONE

Proceedings of the 4th 
Augmented Human International Conference

Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing Systems



68:16   J. Knibbe et al. 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies, Vol. 1, No. 3, Article 68. Publication date: 

September 2017.

28th Annual International Conference of the IEEE Engineering in Medicine and Biology Society, 2006. EMBS ’06

Journal of Automatic Control

Medical Engineering & Physics

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems

Proceedings of the 4th Augmented Human International Conference

Proceedings of the 28th Annual ACM Symposium on User Interface Software & Technology

Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems

Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems

Proceedings of the 29th Annual Symposium on User Interface 
Software and Technology

Journal of 
NeuroEngineering and Rehabilitation

Journal of Automatic Control
Journal 

of Electromyography and Kinesiology

Proceedings of the 2016 CHI Conference on Human 
Factors in Computing Systems

Ergonomics

Proceedings of the 2016 CHI 
Conference Extended Abstracts on Human Factors in Computing Systems

Proceedings of the 33rd Annual ACM Conference on Human Factors in 
Computing Systems

Progress in Brain Research

Artificial Organs

Biomedizinische Technik. Biomedical Engineering

Journal of Neurophysiology

Journal of Electromyography and Kinesiology: Official Journal of the International Society of Electrophysiological Kinesiology

Proceedings of the 29th Annual Symposium on User Interface Software and Technology



Automatic Calibration of High Density Electric Muscle Stimulation • 68:17 

Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies, Vol. 1, No. 3, Article 68. Publication date: 

September 2017.

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems

2013 IEEE Aerospace Conference



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


