Gait analysis for challenged users
based on a rollator equipped with
force sensors
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INTRODUCTION



Gait analysis

* Neuropathology: Step time (Left vs
Right) or step length (Left vs Right)

* Orthopaedic lower limbs: Weight-bearing

* Elderly: Cadence, walking velocity,...



How disability affect to some gait

parameters

Gait Parameters

Gail Division g7 Sdl. ST SpL WV T WB
Healthy [12] Men 102(8) | 1.18(0.08) | 1.39(0.014) | 0.59(0.05) | 0.69(0.08) | 1.17(0.16) -

T Women 113(20) | 1.06(0.13) | 1.23(0.17) | 0.53(0.06) | 0.61(0.09) | 1.16(0.2) -

. affected 18 18
Antalgic non affected %[[18]] \—L[[IS]] L119]
Ataxic 1 [20] Vv [21] 1 [21] TV [21] 1 [21] 1 [21]
Hypokinetic - [22 1 [23] 1V [21] 1 [21]
Vestibular 1 [24] 1 [24] 1 [25]
Spastic 1 [26] 1 [26]
Paretic affected 1 [28]

Non affected |+ 127 T 127] $127] T 18] } 127] V1271 L I28]

Cautious [29] i) l 1

Dyskinetic

[nvoluntary movements or postures, these abnormalities can not be measured consistently.




Specific tools

Optotrak Certus

GAITRite System

MVN BIOMECH Awinda



Force sensors on i-VWWalker

* 3 force components
in handlebar

e Encoders in both
wheels

e Tilt sensor and 2
forces sensor for
normal force

e 2D laser




Force sensors on a rollator

e Disadvantages:
> Low accuracy

° |t can not measures gait kinematic, only
spatiotemporal gait parameters.

e Advantages:
o Assistive device for rehabilitation process.
> Minimal configuration changes.

> Can be used in everyday conditions and for a
long term monitoring.



METHODOLOGY
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Peaks in difference between forces
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Estimation of gait parameters
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Testing our algorithm

* 9 volunteers: 6 women and 3 men

* They had a variety of cognitive and/or physical
disabilities

e Users are in average 68 years old (range 45-86
years)

e |0 meter test

Left prosthetic femur

fracture.
Women (/7)




(g) User 7

3

B b 8

(h) User &

(i) User 9



Results validated by medical staff

Oser | Lea | CAD SaT Sl ST S il 073

| l;‘;:t 739336 | 1581300.4308) | 0.7649(0.2002) 85‘182{8:222; %f%ﬁ‘[ﬂdlf;l? 04829 zfzggﬂg%;
) li‘;:t BT | 36190.5296) | 0.6473(0.1369) ]18;1;3‘{7’2??) O'{l,,?([oobl,f;ff 01801 ﬁ;g;mgzzz(]};
3 lﬁt 55,5556 | 218700.1967) | 0.7089(00618) :é;gg?{??gﬁ 8)83288218 03048 ‘Pf;ﬁg‘;;gff;‘;
4 l;‘;:t SLIOI3 | 2374100.2923) | 0.6933(0.0459) ‘?33(')[8333?1 Oa;g?ggjg:; 02899 igi,‘)”gggf’)fg}‘zi
5 li‘;:[ 1425532 | 0.8408(0.0956) | 0.2039(0.0253) gj{ﬂgigg%}; 00.110{;,,9(09{%’;1? 02423 11225'74;217?1]31122%
6 lif;;t 31969 | 34935(06364) | 0.6256(0.1845) }g?égtgjizg 8% 01782 iflm;;
1 li‘;; 8195 | LS0S8(0.1728) | 0.720.0791) 836’22512?8;\@(8’:88;&)04788 @88;351!,;32?)
3 li‘;:[ 823713 | 1426200.192) | 0.2242(0.0468) W 8“;}1:83::8 0.1544 :,',; 4:'7;8;?([‘7;002002663
9 lif;;t 1773 | 161920.2324) | 0.5846(0.0931) 8;2?1:8 :;g 8?332?832;8 03626 ;;;6076:5[788;897%




CONCLUSION AND
FUTURE WORK



Conclusions

e It has been validated with a number of
volunteers presenting a variety of disabilities.

e The gait parameters evolve according to
reported clinical studies and is coherent with
the reported users’ diagnosis

e Unlike more complex methods, it does not
provide enough information for detailed gait
analysis (e.g. kinematic analysis of joint
rotations).

e It requires the user to lean on both handlebars



Future work

e Normalization of the obtained data

e To increase the number of volunteers
(currently we have 25)

* To reduce the margin of error in heel
contact detection



The end

Thank you for your attention



