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Motivation 
The joint-actuator based designs, whose actuator, power supply 

unit, and control unit are directly connected with the wearer’s legs, 
often make the device too bulky, heavy. The rotational inertia 
applied to the wearer is large because of the extra mass. 

To reduce the extra weight, two methods have been proposed for 
exoskeletons, i.e., to reduce mass using a passive device and to 
allocate the main mass remotely and off-board using tethered 
techniques. However, the passive devices do not have high power 
output, and the tethered devices are not portable. 

To combine the advantages of being lightweight, having high power 
output, and portability, and to reduce the redundant rotational 
inertia applied to the wearer’s leg, cable-driven ankle exoskeletons 
are proposed. However, most current cable-driven ankle 
exoskeletons achieve only plantarflexion movement. 

Moreover, some cable-driven exoskeletons apply two actuators to 
realize bidirectional assistance. Can it be achieved using only one 
actuator?  
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Main idea 
 In this paper we present an untethered cable-driven ankle 

exoskeleton that can achieve plantarflexion-dorsiflexion 
bidirectional motion using a pair of single motors for both legs. 
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Method-Mechanical design 

Force and movement analysis of the end-effector is performed to 
assist the bidirectional movement of the ankle. 

Pulley assembly applied on the hip and knee modules is designed 
to keep the cable length unchanged, which can potentially 
improve the transmission efficiency. 
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Method-Mechanical design (Cont’d) 

A cable length self-tensioning in the power output module is 
designed to compensate for the cable length difference of forefoot 
cable and heel cable. 

 

Fig. 11  An overview of the exoskeleton 
worn on the human body 
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Method-Gait cycle detection 

The human gait cycle can be divided into heel strike (HS), foot flat 
(FF), push off (PO), toe off (TO), and mid swing (MS).  

The gait states can be detected by the foot pressure sensor and 
the inertial measurement unit (IMU). 
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Method-Controller design 

The gait detector is composed of the foot pressure sensor and 
IMU. It can detect the human walking and identify the gait cycle. 
Then the controller controls the execution unit to output the 
desired torque to the body by the feedforward and proportional-
derivative (PD) controllers according to the gait cycle. 
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Results-Gait cycle detection 

Using the threshold method to individually complete gait cycle 
detection based on the data from the foot pressure sensor and IMU. 

Using the fusion strategy to identify the gait state during walking. 
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Results-Biological gait torque tracking 

To validate the power output performance of the exoskeleton, 
an experiment tracking the desired biological torque was 
implemented. 
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Results-Assistance effect evaluation by muscle activity 

The soleus activity was measured under three different conditions 
(No Exo, Power Off, and Power On). When the subject wore the 
exoskeleton with power on, the soleus activity was reduced by 
5.2% compared to the without-wearing exoskeleton state, and 
16.7% of energy was saved compared to wearing exoskeleton 
with power off. 
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Conclusions 

The results indicated that for the subject walking on the flat ground, 
the untethered cable-driven ankle exoskeleton has the following 
advantages:  
The extra weight added to the wearer’s legs is less and there is 

not much extra burden on the user  
The gait detection system can identify human gait states 

accurately and efficiently 
Plantarflexion-dorsiflexion bidirectional movement assistance can 

be provided by the exoskeleton 
The assistance torque provided by the exoskeleton can well track 

the desired ankle torque 
With the subject wearing the exoskeleton with the power on, the 

soleus muscle activity can be reduced by 5.2% compared with 
the without-wearing the exoskeleton state, which can potentially 
help the wearers reduce energy consumption 

Front In
form

 Technol E
lectro

n Eng



王田苗，博士，北航机器人研究所教授博导，北航机

器人所名誉所长，北航校学术委员会副主任，中关村

智友天使研究院院长，国家教育部长江学者特聘教授，

国家杰出青年基金获得者，国防先进机器人技术创新

团队带头人。曾先后担任北航机器人所所长、北航机

械工程及自动化学院院长、“十一五”国家863计划先

进制造技术首席专家、“十二五”服务机器人专项首

席专家、IEEE机器人与自动化北京大区主席等，参加

了第29次南极机器人科考试验。从事人工智能与机器

人研究近30年，荣获8项国家级科技成果奖，其中医疗

机器人国家科技进步二等奖2项、图像空间映射方法北

京市科学技术进步一等奖、脑外科机器人中国机械工

业科学技术进步一等奖、移动机器人国家电子工业部

科技进步一等奖、仿生机器鱼国防科技进步二等奖、

机器人灵巧手国家航空部科技进步二等奖等。发表论

文 350 余篇（其中SCI 检索 110 篇以上）。 
 

Front In
form

 Technol E
lectro

n Eng


	An untethered cable-driven ankle exoskeleton with plantarflexion-dorsiflexion bidirectional movement assistance
	Motivation
	Main idea
	Method-Mechanical design
	Method-Mechanical design (Cont’d)
	Method-Gait cycle detection
	Method-Controller design
	Results-Gait cycle detection
	Results-Biological gait torque tracking
	Results-Assistance effect evaluation by muscle activity
	Conclusions
	Slide Number 12


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages false

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /Warning

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 600

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.01667

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /Warning

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 600

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 2.03333

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /Warning

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 2400

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /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 (sRGB IEC61966-2.1)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /DEU <>

    /ENU <>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





