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Abstract. We present the novel human-centered rehabilitation methods from 
the research as well as literature to provide the robot assisted rehabilitation 
control strategies and motor function assessment methods. The research is 
based on the upper extremity compound movements (UECM) rehabilitation 
training robot [1], which is applied to the rehabilitation of upper extremity 
functions in patients with movement disorders. So called “human-centered” 
[2]or “patient-cooperative” strategies can take into account the patient’s 
individual situations, intentions and efforts rather than imposing predefined 
instructions. It is considered that such robot-assisted methods can improve the 
therapeutic outcome compared to classical rehabilitation methods.  
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1   Human-Centered Rehablilitation Methods 

Many clinical studies support the effectiveness of the robot-assisted rehabilitation 
training, particularly patients after stroke [3]. Repetitive movements can improve 
muscular function and neural activity in patients, as well as prevent complications 
such as muscle atrophy, osteoporosis, etc. 

Manually training by therapist has several limitations, such as high labor intensity, 
lacks of experience, training duration, assessment and so on. In contrast, the 
rehablilitation robot is consistent and customized to the patient, thus the appropriate 
afferent sensory input, which is believed to be important in improving the status of 
limb muscular activity and nervous activity [4], can be activated in the normal way.  

In recently years, there is an increasing emphasis on “human-centered” robotic 
system for human rehablilitation after neurological injury[2]. The “human-centered” 
strategy means close interaction between the rehablilitation robot and the human, 
meanwhile the human is always in the center of the therapy. As the abnormal 
muscular tone may cause strain or dislocation of patient’s joint[5] and other problems, 
rehabilitation robot should be safe, flexible, interactive and gentle toward the patient 
and therapist[6]. In consideration of the synergies of joints and muscles, the robot 
should also assist the patient’s movemont adaptability and behave in a patient-
cooperative way.  
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The development of novel rehabilitation strategies such as virtual reality[7] and 
automatic adaptation control method can improve the interaction between the 
rehabilitation robot and the patient with hemiplegia or aphasia. Optimal training 
effects also depend on appropriate feedback and assessment about patient’s individual 
performance.  

Several researchers and groups have developed different rehabilitation robots, for 
example, MIT-MANUS[8] by MIT, LOKOMAT[9] & ARMin[10] by ETH Zurich, 
Intelligent Robotic Arm[11] by Chicago Rehabilitation Inst, etc. 

In our study, the novel human-centered robot mentioned above has been 
developed. The robot provide different training modes(such as passive movement, 
impedance movement[12], patient-driven motion reinforcement movement[13],etc). 
The robot arm move the patient’s limb in a defined trajectory , can also recognize and 
follow the patient’s movement intention. Or allow the patient to deviate a certain 
range from a predefined reference trajectory in impedance control strategy. Allow the 
patient to reinforce the normal patterns of muscular abilities and give them feedback 
just like the therapist do.  

We will present the human-centered principles that applied in the robot in this paper.  

2   The Control Strategies 

The robot consist of two-joint robotic arm that is used along with a limb-support 
display panel. The limb is actuated by a fixing bracket with bi-axes diver system. The 
panel can display the limb trajectory real-time and instructions ahead. The panel can 
also train patient in higher dimensions by changing its tilt angle. 

 

Fig. 1. The UECM rehabilitation robot[1] 

The robot detect the patient’s movement efforts and provide complex spacial 
trajectory training modes for the patients. Different control strategies are described 
and compared in this process: (1)The passive motion strategy, robot support patient’s 
movements completely; (2) The motion reinforcement control strategy: robot assist 
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patient’s movements induced by patient ; (3) The impedance control strategy; (4)The 
adaptive control strategy[14] will be preformed in the future. The motion 
reinforcemen strategy and impedance control strategy are described in the following 
subsections. 

Subjects were instructed to do exercise in circular trajectory with the robot arms in 
different training modes. The biofeedback and motivation method is applied in the 
process. Several training parameters, such as panel postures and movement speed, are 
varied to assess the effectiveness. They were also asked to change their performances 
and activity levels by observing visual feedback.  

2.1   Motion Reinforcement Control Strategy 

The actual movement induced by the patient is feedback into an inverse dynamic 
model to determine the robot contribution. So patient need to do some voluntary 
efforts to maintains the movement supported by the robot, and a scaling factor is used 
to change the supporting force.  

 

Fig. 2. Block diagram of motion reinforcement control strategy[15] 

2.2   Impedance Control Strategy 

Commonly, the impedance control strategy in rehabilitation robot allow deviation 
from a given trajectory and makes the robot compliantly[12]. Under such condition, 
the patient need to apply force to achieve the deviation trajectory. The deviation 
magnitude depends on the patient’s muscular contribution, and keep the end of limb 
stay in a defined range along the trajectory by the impedance force . 

It’s considered that patients with paraplegia may be restricted and get less 
possibilities to change the muscular activation pattern bacause of the spasms[16].  

2.3   Adaptive Control 

In order to suit for the patient in severe spasm ,the adaptive control algorithms will be 
used and compared in the future. In this control strategy, patient will contribute 
voluntary muscular efforts to do his preferred trajectory under a reference [16]. Robot 
minimizes interaction forces between the patient and the robot, adapt the different 
impedance force to the individual patient’s desired motion. 



 Novel Human-Centered Rehabilitation Robot 475 

 

 
Fig. 3. Block diagram of impedance control strategy[15] 

3   Biofeedback and Assessment 

3.1   Overview 

To promote the patient's active participation, several biofeedback elements are 
activated: stimulating patient’s interest and neural activity; providing training status 
for the patient through real-time display of limb trajectory, speed, interactive force 
and tactile input; muscular activity and cardiopulmonary activity recordings; different 
control strategy for the individual patient. 

The robot measures the track of upper extremity, movemont duration, range of 
motion by position sensors, as well as the reaction forces by force sensors on the 
fixing bracket. The muscular activity are also recorded by electromyographic (EMG). 
The recorded parameters of biomechanical and neurological states are processed and 
feed back to the patients via both the displays in front and the displays below the 
limbs [1].  

Other parameters, such as heart rate, blood pressure, the spasticity evaluation, can 
also be measured and used as biofeedback values. These values are coonsider to be 
adequately important for presenting training condition and making rehabilitation plans 
for the therapist. 

Robot-assisted assessment and feedback can extend and improve robot-assisted 
training therapy. The therapists can adapt the therapy and give further instructions to 
the patients. Combining robot-assisted training and assessment with biofeedback will 
make future therapy easier and more efficient. 

3.2   Results 

Results about the effects using different visual feedback method have been also 
obtained via experiment by healthy subjects. Variance analysis of the trajectory as 
follows (Heavy line: Desired trajectory; thin line: Actual trajectory; dotted line: 
Fitting average of actual trajectory). 
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Fig. 4. Motion trajectory using visual feedback below limb (Visual feedback method 1) 

 

Fig. 5. Motion trajectory using visual feedback in front (Visual feedback method 2) 

Table 1. Statistical deviation of trajectory[1] 

Tilt angle of support panel Horizontal (0°) Lean to human side(35°) Lean to other side (-10°) 
Visual feedback method 1 0.7893 8.2095mm -0.9773 13.735mm 0.7443 14.9341mm 
Visual feedback method 2 4.4482 22.159mm 3.7021 21.7491mm -4.8251 22.4571mm  

 
We can see that the error band using visual feedback below limb (method 1) along 

with impedance control strategy is less as comparing the data using visual feedback in 
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front (method 2) along with impedance control strategy. Meanwhile, the influence of 
the support panel tilting angle is more distinct in method 1 than method 2. In method 
2, error is mainly composed of visual feedback factor rather than tilting angle. In the 
tilting panel condition, shoulder and elbow joints will stretch more, and deltoid 
muscle could get more training because of gravity�verified by Motion Analysis  
systems[17] and SIMM module[18] in our previous experiments [19]�. 

4   Conclusions and Outlook 

The common feature of control strategies mentioned above is the cooperatively 
interactive performance of the robot, including the compliant behaviour in impedance 
control strategy, supporting behaviour in motion reinforcement control strategy, 
adaptive behaviour in adaptive control strategy. All these strategies try to activate 
natural and muscular activities induced by the patient. 

More function of the rehabilitation robot should be developed by imitating human 
therapist: for example, the rehabilitation robot can take appropriate treatment even 
when patient is passive and weak in the early stage of the rehabilitation. 

Future clinical evaluations should be performed with a large population of different 
patient groups, including patients with hemiplegia after stroke, and others such as 
patients with Parkinson’s disease.  
 
Acknowledgments. We thank Lining Chen and Yupeng Ren for their contributions to 
this paper.  

References 

1. Chen, L.: Development of A Multi-posture Hemiplegia Rehabilitation Training Robot for 
Upper Extremity Compound-Motion. Tsinghua University, Beijing (2008) 

2. Khatib, O., Brock, O., Chang, K.S., Ruspini, D., Sentis, L., Sriram, V.: Human-centered 
robotics and interactive haptic simulation. The Int. Journal of Robotics Research 23,  
167–178 (2004) 

3. Barbeau, H., Rossignol, S.: Enhancement of locomotor recovery following spinal cord 
injury. Current Opinion in Neurology 7, 517–524 (1994) 

4. Hogan, N., Krebs, H.I., et al.: Robot-aided neurorehabilitation. IEEE Trans. Rehab. Eng. 6, 
75–87 (1998) 

5. O’Dwyer, N.J., Ada, L., Neilson, P.D.: Spasticity and muscle contracture following stroke. 
Brain 119, 1737–1749 (1996) 

6. Stefanov, D., Bien, Z.Z.: Advances in Rehabilitation Robotics. LNCIS, vol. 306, pp. 25–44. 
Springer, Heidelberg (2004) 

7. Riener, R., Wellner, M., Nef, T., et al.: A view on VR-enhanced rehabilitation robotics. In: 
2006 International Workshop on Virtual Rehabilitation, New York, pp. 149–154 (2006) 

8. Hogan, N., Krebs, H.I., et al.: MIT-MANUS: A Workstation for Manual and Training. In: 
IEEE International Workshop on Robot and Human Communication, Tokyo, pp. 161–165 
(1992) 

9. Colombo, G., Joerg, M., Schreier, R., Dietz, V.: Treadmill training of paraplegic patients 
using a robotic orthosis. J. Rehabil. Res. Dev. 37(6), 693–700 (2000) 



478 R. Yang, L. Ji, and H. Chen 

 

10. Nef, T., Riener, R.: ARMin-Design of a novel arm rehabilitation robot. In: ICORR 2005, 
9th International Conference on Rehabilitation Robotics, pp. 57–60 (2005) 

11. Zhang, L.-Q., Park, H.-S., Ren, Y.: Developing an intelligent robotic arm for stroke 
rehabilitation. In: ICORR 2007, 10th International Conference on Rehabilitation Robotics, 
pp. 984–993 (2007) 

12. Hogan, N.: Impedance control: An Approach to Manipulation. Journal of Dynamic 
Systems, Measurement, and Control 107, 1–23 (1985) 

13. Riener, R., Fuhr, T.: Patient-driven control of FES-supported standing-up: A simulation 
study. IEEE Transactions on Rehabilitation Engineering 6, 113–124 (1998) 

14. Jezernik, S., Colombo, G., Morari, M.: Automatic gait-pattern adaptation algorithms for 
rehabilitation with a 4-DOF robotic orthosis. IEEE Trans Robotics and Automation 20(3), 
574–582 (2004) 

15. Ren, Y.: Robotic Assist Control and Evaluation System for Upper Limb Rehabilitation. 
Tsinghua University, Beijing (2004) 

16. Riener, R., Lünenburger, L., Colombo, G.: Human-centered robotics applied to gait 
training and assessment. JRRD 43, 679–694 (2006) 

17. Motion Analysis Corporation, http://www.motionanalysis.com/ 
18. MusculoGraphics, Inc., http://www.musculographics.com/ 
19. Wang, Z., Chen, L., Yao, C., et al.: The influence of transforming operation plane on 

compound movement training in upper limb robot aided rehabilitation. Chinese Journal of 
Rehabilitation Medicine 24, 65–67 (2009) 


	Novel Human-Centered Rehabilitation Robot with Biofeedback for Training and Assessment
	Human-Centered Rehablilitation Methods
	The Control Strategies
	Motion Reinforcement Control Strategy
	Impedance Control Strategy
	Adaptive Control

	Biofeedback and Assessment
	Overview
	Results

	Conclusions and Outlook
	References



<<
  /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 true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




