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Purpose: In France, tens of thousands of people use a wheelchair. Driving powered wheelchairs (PWCs) present risks for users and their families. The risk of collision in PWC driver increases with severity of dis-ability and may reduce their independence to drive. The European ADAPT project has developed a robotic assistance add-on for PWCs to prevent collisions and improve their driving performance.

Materials and methods:

The aim of the SWADAPT2 study is to assess the benefit of this robotic assistance add-on arranged on a Standard Quickie Salsa M2 PWC in a population of PWC drivers with neuro-logical disorders and driving difficulties. Eighteen (18) participants tested the system on three circuits of increasing difficulty, with and without the robotic assistance add-on. Results: The benefit of the robotic assistance add-on was important especially on the more difficult circuits without impacting cognitive load or driving speed. The number of collisions was significantly reduced when using robotic assistance add-on from 2.16 to 0.36 on circuit 2 (p = 0.009) and from 7.3 to 1.33 on circuit 3 (p = 0.0009). Task load demand was not increased with the assistance. Conclusion: Finally, this system seems to be indicated to assist and improve driving safety for PWC drivers in driving difficulty. Evaluation was performed in controlled environments; therefore, further evaluation in real-world scenarios is needed to reach technology readiness.

IMPLICATION FOR REHABILITATION

This device is an effective technology to avoid collisions, especially for patients with neurological disorders in difficulty of driving. Several use cases can be considered: the equipment of drivers who are losing driving ability due to age evolution of their pathology, or anxiety; the equipment of users in driving training with difficulties, in order to facilitate access to users who are currently unable to drive.

Introduction

The World Health Organization (2008) estimated that about 65 million people use wheelchairs (powered or manual), which represents about 1% of the world population [START_REF]Guidelines on the provision of manual wheelchairs in less resourced settings[END_REF]. As reported by Kokosy et al. [START_REF] Kokosy | SYSIASS? an intelligent powered wheelchair[END_REF], the prevalence of wheelchair users is increasing in Western countries, estimated at 60-200 per 10,000. This prevalence is 92 per 10.000 in USA [START_REF] Steinmetz | Americans with disabilities: 2002[END_REF], and 90 per 10,000 in Canada [of which 14.8% are powered wheelchairs (PWCs)] [START_REF] Smith | Prevalence of wheelchair and scooter use among Community-Dwelling Canadians[END_REF]. In Europe, prevalence is 6.4 per 10,000 inhabitants in France [5], and 200 for 10.000 in Great Britain [START_REF] Sedgwick | Improving services for wheelchair users and carers. Good practice guide: learning from the wheelchair services collaborative[END_REF].

While the use of a wheelchair improves the quality of life of the person and their family, it also exposes them to certain risks. In 2006, 100,000 accidents involving wheelchair users were recorded in the USA [START_REF] Xiang | Wheelchair related injuries treated in US emergency departments[END_REF]. Edwards reported that the yearly accident rate of WC users in Australia was 21% [START_REF] Edwards | A survey of adult power wheelchair and scooter users[END_REF]. In the Chen study in Taiwan, 54.7% of subjects said they had experienced at least one accident in the past three years [START_REF] Chen | Wheelchair-related accidents: relationship with wheelchair-using behavior in active community wheelchair users[END_REF]. Tips and falls are the leading mechanisms of related injury, but accidental contacts with an immovable or mobile object or being represent 7% of the wheelchair-related accidents. The risk of collision accidents is one of the main problems reported due to environmental (obstacles, road quality) and human (difficulties linked to disability, or inappropriate behaviour) [START_REF] Kim | The status of accidents and management for electronic assistive devices among the handicapped[END_REF][START_REF] Henje | Obstacles and risks in the traffic environment for users of powered wheelchairs in Sweden[END_REF] factors, which can have major consequences for health and social participation [START_REF] Ummat | Nonfatal wheelchair-related accidents reported to the national electronic injury surveillance system[END_REF][START_REF] Mcclure | Wheelchair repairs, breakdown, and adverse consequences for people with traumatic spinal cord injury[END_REF].

PWCs are essential technical aids for many individuals, allowing them to maintain independence of movement and contribute to a satisfactory quality of life [START_REF] Brandt | Older people's use of powered wheelchairs for activity and participation[END_REF][START_REF] Davies | Changes in the quality of life in severely disabled people following provision of powered indoor/outdoor chairs[END_REF][START_REF] Pettersson | The value of an outdoor powered wheelchair with regard to the quality of life of persons with stroke: a follow-up study[END_REF]. But the risk of collision may increase with the level of disability. It can restrict its use thus resulting in limited mobility which further impacts daily autonomy and quality of life [START_REF] Cooper | Driving characteristics of electric-powered wheelchair users: how far, fast, and often do people drive?[END_REF][START_REF] Fehr | Adequacy of power wheelchair control interfaces for persons with severe disabilities: a clinical survey[END_REF][START_REF] Rushton | The potential impact of intelligent power wheelchair use on social participation: perspectives of users, caregivers and clinicians[END_REF][START_REF] Gallien | Quality of life of adults with cerebral palsy living in britanny[END_REF]. In this context, minimising the risk of collision via navigational assistance would allow people who are not eligible to use a PWC to have access to this option, or PWC users who have difficulties due to their disability to continue using their wheelchair. Patients suffering from visual disorders, cognitive slowness, or significant functional limb impairment may benefit from such a solution.

For several years, PWC navigation assistance using environmental sensors has been studied extensively by many laboratories, whether involving ultrasonic sensors [START_REF] Levine | The NavChair assistive wheelchair navigation system[END_REF][START_REF] Ragot | Coalas: a eu multidisciplinary research project for assistive robotics neuro-rehabilitation[END_REF][START_REF] Babel | HandiViz project: clinical validation of a driving assistance for electrical wheelchair[END_REF], infrared sensors [START_REF] Kokosy | SYSIASS? An intelligent powered wheelchair[END_REF][START_REF] Leblong | SWADAPT1: assessment of an electric wheelchair-driving robotic module in standardized circuits: a prospective, controlled repeated measure design pilot study[END_REF], cameras [START_REF] Mihailidis | An intelligent powered wheelchair to enable mobility of cognitively impaired older adults: an anticollision system[END_REF], or even lasers [START_REF] Demeester | Wheelchair navigation assistance in the fp7 project radhar: objectives and current state[END_REF][START_REF] Favey | Development of a new negative obstacle sensor for augmented electric wheelchair[END_REF]. However, few solutions have been brought to market especially because smartwheelchairs are considered as a " niche market" [START_REF] Simpson | Smart wheelchairs: a literature review[END_REF].There is a broad range of disabilities who can benefit from navigation assistance but several reasons limit their development as sensor's cost, lack of standard communication with commercial PWC, lack of clinical evidence, and clinician and user's acceptance [START_REF] Leaman | A comprehensive review of smart wheelchair past, present, and future[END_REF]. Most of the experiments were conducted on people without disabilities. Moreover, most of publications with PWC users included a limited number of participants [START_REF] Kim | The status of accidents and management for electronic assistive devices among the handicapped[END_REF][START_REF] Leblong | SWADAPT1: assessment of an electric wheelchair-driving robotic module in standardized circuits: a prospective, controlled repeated measure design pilot study[END_REF][START_REF] Leaman | A comprehensive review of smart wheelchair past, present, and future[END_REF][START_REF] Simpson | A prototype power assist wheelchair that provides for obstacle detection and avoidance for those with visual impairments[END_REF].

Only a few devices are available on the market. Braze and Smile Smart System are obstacle-warning systems [32,33]. Luci is the only one including obstacle detection and collision avoidance. These devices are perceived as simple and useful and reduce the mental load when driving PWCs [START_REF] Simpson | Smart wheelchairs: a literature review[END_REF][START_REF] Pellichero | Blind spot sensor sys-tems for power wheelchairs: obstacle detection accuracy, cognitive task load, and perceived usefulness among older adults[END_REF]. However, these solutions require the driver to process the information and then adjust his trajectory.

Under the scope of the ADAPT project (Assistive Devices for empowering disAbled People through robotic Technologies) [START_REF]ADAPT (Assistive Devices for empowering disAbled People through robotic Technologie[END_REF] a robotic assistance add-on capable of handling positive obstacles (collision avoidance module) was developed. The module is a semi-autonomous driving assistance system, with the module activated the PWC will stop on a frontal arrival in front of an obstacle. In the event of an angled arrival the PWC will autonomously circumvent the obstacle by skirting it. The SWADAPT1 study [START_REF] Leblong | SWADAPT1: assessment of an electric wheelchair-driving robotic module in standardized circuits: a prospective, controlled repeated measure design pilot study[END_REF] validated the feasibility, acceptability, safety and benefits of the anti-collision module in patient who were regular wheelchair users without any difficulty in using PWCs in daily life. Moreover, the use of robotic assistance add-on significantly reduced the risk of collision on the most complex circuit. In this second stage of the project (SWADAPT2), our aim was to evaluate the benefit of this robotic assistance add-on module for PWC users with driving difficulties comparing the use of the wheelchair with and without the detection system on the three circuits. We hypothesis that the use of robotic assistance add-on module in assessment days, 7 d apart, requiring them to navigate a circuit of increasing difficulty over a period of 15 d. The circuits were the ones that had been designed and used in the ADAPT project, described in the SWADAPT1 study [START_REF] Leblong | SWADAPT1: assessment of an electric wheelchair-driving robotic module in standardized circuits: a prospective, controlled repeated measure design pilot study[END_REF]. The scenarios of the three circuits were defined based on a survey (publication in progress) of 366 professionals who evaluated the level of difficulty of a list of 31 driving tasks synthesising data from different assessments and standardised programs (PIDA, WST and WSP) and the experience of professionals. The 3 levels of the 3 circuits were inspired by these data to include tasks corresponding to increasing difficulty (Table 1). Each circuit corresponded to a difficulty level, i.e., C1 low, C2 moderate, C3 high difficulty (Figure 2). Each assessment day comprised an initial interview (demographic questionnaire, presentation of the system), the time to discover the circuit, the time to test the circuit, and time for an assessment after each randomisation mode. The order according to which participants were tested on the circuit (with or without the assistance module) was determined randomly on each assessment day. Each test run on the circuits was preceded by five minutes of hands-on time with the PWC used for the test. Each circuit was tested three times consecutively in one or other of the modes (with and without activation of the robotic assistance add-on) whose order depended on the randomisation. A 30-min washout period between each mode corresponding to the completion of the questionnaires was performed. In total, each participant made 18 test runs; six on each circuit and three in each mode. 

Outcome measures

The primary outcome measure was the number of collisions reported during each run. A collision was defined as any physical contact between any part of the PWC and any part of the circuit. Two occupational therapists independently assessed (by direct observation) the number of collisions during each run on the three circuits. They were unaware of which mode was being used.

In the event of disagreement between the two observers, the data retained were the data with the highest score. The outcome measure "number of collisions" retained for each experimental condition (with and without activation of the robotic assistance add-on) was the mean number of collisions from three runs of each of the circuits. The secondary outcome measures were:

the mean speed calculated over the three runs in each mode on each circuit (mean of the 3 runs); -Task load demand and mental demand by the raw NASA Task Load Index (NASA TLX) [START_REF] Hart | NASA-task load index (NASA-TLX); 20 years later[END_REF][START_REF] Grier | How high is high? A meta-analysis of NASA-TLX global workload scores[END_REF] and subscore. The raw NASA-TLX instrument is partitioned into six distinct subscales, namely mental demand, temporal demand, physical demand, performance, effort and frustration. Each of these subscales is assigned a numerical score ranging from 0 to 100. The NASA task load index is computed as the mean of the scores from the six subscales: usability of the add-on assessed via the Usability, Satisfaction and Ease of Use Questionnaire (USE), composed of 30 questions grouped in four dimensions: usefulness (8 items), ease of use (11 items), ease of learning (4 items) and satisfaction (7 items). Each item is measured by a 7-point Likert scale, the score for each dimension is out of 7 [START_REF] Lund | Measuring usability with the USE questionnaire[END_REF].

Task load demand and usability were assessed after three runs had been completed in each mode, for each of the three circuits.

Statistical analysis

As each circuit was run three times to obtain the score of collisions and run times, the mean of the three runs was calculated.

The mean for the number of collisions and time was used to respect the protocol of the first study [START_REF] Leblong | SWADAPT1: assessment of an electric wheelchair-driving robotic module in standardized circuits: a prospective, controlled repeated measure design pilot study[END_REF].

The statistical analysis related to these means. The other scores were only assessed at the end of the series of three consecutive tests with or without assistance. Statistical analysis was performed using R studio software, version 4.0.5 (2021), on matched data. Descriptive quantitative data included the mean, standard deviation, median and quartiles. The Shapiro-Wilk test showed that the sample was not normal for the main criterion (p < 0.0001).

The Wilcoxon test for matched samples was therefore used to compare the data. For the raw NASA-TLX data no pairwise comparisons were use and no weighted score was calculated. Comparison for condition with/without assistance, were assessed via paired Wilcoxon signed ranks.

Effect sizes were calculated using the Wilcoxon test and confidence intervals by bootstrapping. The significance threshold used was 0.05. The predictability of driving difficulty (WST-Q) on the safety gain of the robotic assistance add-on (difference between the number of collisions with and without assistance) was assessed using a linear regression model. A diagram presenting the average number of collisions measured on the 3 circuits C1, C2, C3. These results show that the difference in the number of collisions increases with the difficulty and becomes significant for the second circuit and multiplied by 5 for the C3.

Results

Population

Sixteen participants took part in the study, eight men and eight women with a mean age of 57 ± 13 years. Characteristics of the population are shown in Table 2. Fourteen participants took part in all the three tests on the three circuits. One participant did not complete the third test run on circuits 2 and 3 and one other participant did not complete the third test run on circuit 3 due to fatigue following the driving session.

Number of collisions

The first circuit did not present any major difficulties (driving in a wide corridor in forward direction, turning in a wide space, wide turns) (Table 3, Figure 3). Collisions were only reported in four participants. From the second circuit onwards, the use of assistance significantly reduced collisions from 2.16 (3.73) to 0.36 (0.9) (p= 0.009). For circuit 3, the most complex circuit with the maximum number of high-risk situations, 100% of users had collisions but the robotic assistance add-on significantly reduced the number of collisions from 7.30 (8.90) to 1.33 (1.40) (p =0.0009). The effect is large for circuit 2: r value=0.73, 95% CI [0.56-0.85]; and large for circuit 3: r value =0.83, 95% CI [0.68-0.88]. We fitted a linear model to predict "collision gain" with WST-Q score. The model explains a statistically significant and moderate proportion of variance (p = 0.044, adj. R2 = 0.21). Within this model, the effect of WST-Q score is statistically significant and negative (beta = 0.68, 95% CI [-1.34-0.02], p = 0.044).

Statistical analysis demonstrated none difference concerning efficacity of the assistance regarding hand laterality.

Duration of circuit

No significant differences were reported between the two modes (Table 4, Figure 4). The use of the robotic assistance add-on did not affect the completion time of the run in people with driving difficulties.

Task load demand and mental demand (NASA-TLX and subscore)

Task load demand was moderately high for the three circuits, regardless of the mode (Table 5, Figure 5). The introduction of robotic assistance add-on did not significantly change this task load demand, even if a downward trend was observed for circuits 2 and 3 in the assisted mode.

However, a closer analysis of the NASA sub-scores shows a significant difference of 11.6 points on the mental demand score, in favour of the assistance (p = 0.05).

Usability (USE)

Scores were high in the four dimensions demonstrating a good level of usability of the robotic assistance add-on in the context of the experiment, with or without the assistance module and without the module having an impact on the usability of the wheelchair (Table 6).

Discussion

The results obtained in this study are consistent with the data previously reported in the literature. However, while several studies report experiments and assessments with PWC users as part of an assessment of smart wheelchairs, most of these experiments were conducted on people without disabilities [START_REF] Kim | The status of accidents and management for electronic assistive devices among the handicapped[END_REF][START_REF] Leaman | A comprehensive review of smart wheelchair past, present, and future[END_REF][START_REF] Boucher | Design and validatyion of an intelligent wheelchair towards a clinically_functional out-come[END_REF][START_REF] Simpson | Voice control of a powered wheelchair[END_REF][START_REF] Aziz | HMM based automated wheelchair navigation using EOG traces in EEG[END_REF][START_REF] Faria | Evaluation of distinct input methods of an intelligent wheelchair in simulated and real environments: a performance and usability study[END_REF][START_REF] Lamti | When mental fatigue maybe characterized by event related potential (P300) during virtual wheelchair navigation[END_REF][START_REF] Li | Design of assistive wheelchair system directly steered by human thoughts[END_REF][START_REF] Js | Experimental study on a smart wheelchair system using a combination of stereoscopic and spherical vision[END_REF][START_REF] Rojas | Skills based evaluation of alternative input methods to command a semi-autonomous electric wheelchair[END_REF][START_REF] Sharma | Evaluation of semiautonomous navigation assistance system for power wheelchairs with blindfolded nondisabled individuals[END_REF][START_REF] Stansfield | A comparison of the efficacy of weight-shift vs. joystick control of a robotic mobility device by infants ages 5 to 10 months[END_REF][49][START_REF] Puanhvuan | Navigation-synchronized multimodal control wheelchair from brain to alternative assistive technologies for persons with severe disabilities[END_REF][START_REF] Rebsamen | A brain controlled wheelchair to navigate in familiar environments[END_REF][START_REF] Ron-Angevin | Brain-computer interface application: auditory serial interface to control a two-class motor-imagery-based wheelchair[END_REF][START_REF] Tsui | A self-paced motor imagery based brain-computer interface for robotic wheelchair control[END_REF]. A few publications report case studies of PWC users with a limited number of participants ranging from 1 to 9 people [START_REF] Kim | The status of accidents and management for electronic assistive devices among the handicapped[END_REF][START_REF] Leaman | A comprehensive review of smart wheelchair past, present, and future[END_REF][START_REF] Boucher | Design and validatyion of an intelligent wheelchair towards a clinically_functional out-come[END_REF][START_REF] Lamti | When mental fatigue maybe characterized by event related potential (P300) during virtual wheelchair navigation[END_REF][START_REF] Li | Design of assistive wheelchair system directly steered by human thoughts[END_REF][START_REF] Sharma | Evaluation of semiautonomous navigation assistance system for power wheelchairs with blindfolded nondisabled individuals[END_REF][START_REF] W€astlund | Evaluating gaze-driven power wheelchair with navigation support for persons with disabilities[END_REF][START_REF] Bastos-Filho | Towards a new modality-independent interface for a robotic wheelchair[END_REF][START_REF] Cheein | SLAM algorithm applied to robotics assistance for navigation in unknown environments[END_REF][START_REF] He | A P300-based threshold-free brain switch and its application in wheelchair control[END_REF][START_REF] How | Evaluation of an intelligent wheelchair system for older adults with cognitive impairments[END_REF][START_REF] Mcgarry | The smart wheelchair: is it an appropriate mobility training tool for children with physical disabilities?[END_REF][START_REF] Ceres | A robotic vehicle for dis-abled children. Providing assisted mobility with the PALMA project[END_REF][START_REF] Wang | Usability testing of multimodal feedback interface and simulated collisionavoidance power wheelchair for long-term-care home resi-dents with cognitive impairments[END_REF]. Only Ju et al. [START_REF] Ju | Vision based interface system for hands free control of an intelligent wheelchair[END_REF], Shiomi [START_REF] Shiomi | Effectiveness of social behav-iors for autonomous wheelchair robot to support elderly people in Japan[END_REF] and Pellichero et al. [START_REF] Pellichero | Blind spot sensor sys-tems for power wheelchairs: obstacle detection accuracy, cognitive task load, and perceived usefulness among older adults[END_REF] have tested their solution on cohorts of more than 10 participants with disabilities. This is one of the first studies involving a cohort of more than 10 participants with disabilities assessing smart wheelchairs. Most of the study population were powered electric wheelchair users with cerebral disabilities, only two participants had spinal cord injuries. In the case of brain damage, particularly supra-tentorial damage, cognitive elements often accompany motor difficulties making wheelchair driving more complex due to issues including attention deficit, executive-decision making or visual-spatial issues such as hemispatial neglect. Fatigue is also an important impairment, which can limit daily life activities. Two participants in our trial did not complete the study, because travel to participate in the study was finally too exhausting for them. The system under study is a robotic assistance add-on that does not require cognitive processing by the participant as it corrects the trajectory of the wheelchair automatically without user intervention. This further limits the risk of collision compared to warning systems that require action following the perception of the alert and therefore depend on the user's reaction time, which is often increased in the case of cognitive disorders. Our results tend to show that its effectiveness in preventing collisions does not impact either performance, cognitive load or tiredness as may be the case with other systems based on visual distance mapping [START_REF] Tomari | Development of smart wheelchair system for a user with severe motor impairment[END_REF] or auditory instructions [START_REF] Rathore | A novel multipurpose smart wheelchair[END_REF]. The robotic assistance add-on studied could reduce this cognitive load during the most demanding tasks. In addition, the user does not require a learning phase, which can be a lengthy and complex process in the case of cognitive disabilities. It is therefore perfectly suited to the target population with driving difficulties connected to central neurological injuries. Moreover, the regression results seem to show that the greater the driving difficulty, the greater the benefit of the robotic assistance add-on. The robotic assistance add-on is especially useful for drivers with major difficulties.

From a technological perspective, it is important to emphasise the easy interfacing of the system with a commercial PWC. Thus, unlike many driver-assistance solutions proposed in the literature [START_REF] Sivakanthan | Minireview: robotic wheelchair taxonomy and readiness[END_REF], neither the electronics of the chair nor the chassis have been modified for the automation. The proposed solution is therefore completely risk-free and easy to install on wheelchairs using R-net. Further work might be needed to generalise to other power wheelchairs.

In addition, the same PWC, uniquely configured (speed, margins for obstacle avoidance), was used by all participants to avoid any technological bias. Only the control interface was adapted to the abilities and habits of participants (simple joystick adapted as required for either a T-handle or ball control). The standardised configuration used for the study is therefore suboptimal from the perspective of the user: the chair used may differ considerably from the personal chair of the participant (motorisation, settings, finer adjustments). However, the performances achieved by the robotic assistance add-on in this study underline the ease of use, as seen in the USE scores. Finally, as no learning process is required, robotic assistance add-on is transparent to the user: the system is based on an intuitive cooperation between the robotic system and the user. It therefore does not affect the mental load. This is an important issue for the acceptance of any technological assistance.

Concerning limitations, first, the sample size was small and the length of driving experience and disability level varied widely (5 participants only had a single WST item lower than 2 compared to 14 items for other participants) as did the profile of disorders, which makes it difficult to generalise the results to all users with driving difficulties.

Second, a single PWC model was used in the experimental sessions, for standardisation purposes. However, it is well known that driving performance is also linked to the adaptation of the WC to the needs of the participant. The performance achieved may have been biased by this choice.

In addition, the results were obtained under circuit conditions which, although they tend to reproduce environment-related tasks, are still conditions close to laboratory conditions and do not greatly reflect the reality of the daily lives of users. The transposition of the results into everyday life is still debatable at this stage.

Conclusion

This study demonstrates the value of the robotic assistance add-on in preventing collisions with positive obstacles for PWC users with driving difficulties in controlled situations. Further evaluation in real-world scenarios is needed to reach technology readiness.

In addition, to achieve full mobility autonomy inside and outside, the risks of tipping and falling due to the presence of negative obstacles in urban situations should be considered [START_REF] Favey | Development of a new negative obstacle sensor for augmented electric wheelchair[END_REF]. Outside of the home, many situations may involve a risk of tipping over (edges of steps, pavements, etc.). Considering negative obstacles is therefore an important additional stage in driving autonomy. The ADAPT project will therefore continue to develop robotic assistance add-on to prevent risks linked to negative obstacles.
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 1 Figure 1 : standard conditions for people with driving difficulties reduces the number of collisions, without impacting driving speed or mental workload.
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 2 Figure 2. Evolution of collisions on the 3 circuits (W; with assistance, W/O: without assistance).

Figure 3 .

 3 Figure 3. Evolution of running time on the 3 circuits. (W: with assistance, W/O: without assistance). A diagram presenting the completion time of the course measured on the 3 circuits. The figure shows that the duration increases in the 3 circuits but in an almost parallel way with a difference which remains not significant for the 3 circuits

Table 5 .

 5 Comparison for condition with (W) vs without assistance (W/O) for raw NASA-TLX. Nasa 1 Mental Demand, Nasa 2 Physical Demand, Nasa 3 Temporal Demand, Nasa 4 Own Performance, Nasa 5 Effort, Nasa 6 Frustration Level, NTLI NASA Task Load Index. Signif. codes: 0 ' *** ' 0.001 ' ** ' 0.01 ' * ' 0.05 '.' 0.1 ''1.

Figure 4 .

 4 Figure 4. Evolution task load and mental demand on the 3 circuits (W: with assistance, W/O: without assistance).A diagram presenting the evolution of the mental load through the global score of the NASATLX and its mental demand sub-score. It shows a non-significant tendency that the mental load increases more the difficulty of the circuits for the condition without assistance in comparison with the use of the anti-collision sensors

Table 1 .

 1 The different tasks included in each circuit.

	Circuit	Task description
	1	Wide corridor (2.5 m) Forward
		Wide turn
		U-turn on site Reverse
	2	Fixed obstacle on the ground to be circumvented
		Low slope (5 °) to go down and up
		Wide corridor/wide doorway
		Fixed obstacle on the ground to cross
		Low and moderate slope (5 ° and 10 ) ) to go down
		and up
	3	Fixed obstacle in height
		Emergency stop
		Stop with precision
		Walk along a wall
		Narrow corridor (1.5 m)
		Table: setting up Double stain
		Elevator simulation: forward entry and reverse exit
		Restricted space
		Moving obstacle to bypass

Table 2 .

 2 Characteristics of the population studied.

	Participants	Gender	Age	Pathology	Laterality	Number of items with WST-Q ability
						score <2
	1	Men	68	Stroke	Left	17
	2	Women	45	Stroke	Right	11
	3	Men	56	Cerebellar syndrome	Left	12
	4	Women	32	Severe visual disturbances of unknown central origin	Right	1
	5	Men	76	Quadriplegia	Left	14
	6	Women	34	Cerebral palsy	Left	15
	7	Men	72	Cerebellar syndrome	Right	9
	8	Men	43	Quadriplegia	Right	1
	9	Women	51	cerebellar syndrome	Right	5
	10	Women	62	Stroke	Left	12
	11	Women	59	Stroke	Right	6
	12	Men	66	Stroke	Right	1
	13	Men	73	Stroke	Right	1
	14	Women	50	Stroke	Right	11
	15	Women	59	Brain injury	Left	1
	16	Men	64	Parkinson	Right	3

Table 3 .

 3 Comparison of the number of collisions on the three circuits between without (W/O) and with (W) assistance, * p < 0.05, ** p < 0.01, *** p <

	0.001			
			Collision	
		Mean (sd)	Mean (sd)	Wilcox test
	Circuit	W/O	W	P value
	C1	0.39 (1.01)	0.06 (0.18)	0.18
	C2	2.16 (3.73)	0.36 (0.9)	0.009**
	3	7.30 (8.90)	1.33 (1.40)	0.0009***

Table 4 .

 4 Comparison of time to completion on the three circuits between without (W/O) and with (W) assistance.

			Time (s)	
		Mean (sd)	Mean (sd)	Wilcoxon
	Circuit	W/O	W	test
				p value
	C1	109.8 (34.7) 95.8	105.5 (30.9) 95.0	0.97
	C2	148.4 (84.5)	149.8 (76.4)	0.83
		116.3	113.5	
	C3	264.1 (97.2)	227.3 (113.9)	0.13
		194.6	234.8	

Table 6 .

 6 Comparison of USE sub-scores without (W/O) and with (W) assistance.

		Mean (sd)	Mean (sd)	Wilcox
	Circuit	W/O	W	test
				p value
	Utility			
	C1	5.66 (0.90)	5.72 (1.15)	0.70
	C2	5.56 (1.28)	5.53 (1.46)	0.81
	C3	5.49 (1.18)	5.57 (1.30)	0.87
	Facility use			
	C1	6.04 (084)	6.09 (0.72)	0.90
	C2	5.91 (0.75)	6.07 (0.72)	0.15
	C3	5.99 (0.85)	6.13 (0.79)	0.63
	Facility learning			
	C1	6.25 (0.72)	6.20 (0.78)	0.88
	C2	6.27 (0.58)	6.23 (0.86)	0.49
	C3	6.16 (0.71)	6.33 (0.87)	0.19
	Satisfaction			
	C1	5.		

80 (1.13) 6.50 (0.82) 0.59 C2 5.66 (1.04) 5.42 (1.31) 0.16 C3 5.31 (1.75) 5.36 (1.43) 1.00
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