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Simulator sickness is a well-known side effect of driving simulation which may reduce the passenger well-being and performance due to its various symptoms. The present study investigated the possible effect of the latency gap correction on simulator sickness. Indeed, dynamic simulators can have different delays in their motion and visual systems (the latency gap), which may cause motion sickness. For now twenty-four participants have done two automated driving sessions in a driving simulator, with and without the correction. Simulator sickness has been estimated thanks to the Simulator Sickness Questionnaire (SSQ).

Introduction

The use of driving simulation may be limited by its well-known side effect the simulator sickness [Kol95]. This phenomenon is a specific form of motion sickness, which is quite similar to those that appear in virtual reality or transportation. Motion sickness is related to motion perception and this not only concerns physical motions but also visual motions [Het92]. With varying susceptibility, most people suffer from motion sickness in their own way, except people without organs of balance who have been shown to be insensitive to both physical and visual motion [Rea75]. Motion sickness is mostly considered as a comfort issue in transports; however, in the case of driving simulation, it also affects task performance [Mon70] and limits the duration of the simulations because of its symptoms which can range widely from pallor to vomiting [Ken93]. Although motion sickness has been extensively studied over the past decades, its causes and the mechanisms involved are not fully understood yet and several theories exist [Rea78,Ric91,Tre77]. The most prominent, the sensory conflict and rearrangement, suggests that the sickness occurs when the information delivered by the visual, vestibular and somatosensory senses are not congruent with each other and especially with the sensory patterns which are expected based on the internal models built from previous experiences [Rea78].

In this paper we intend to study a cause of discrepancies between visual and physical motion rendering, observing that there is a latency gap in dynamic driving simulators between the visual and the motion. Indeed motion systems have a delay depending on their mechanical power, mass, design, etc. And the visual system also, depending on the graphic cards and the projectors, etc. The difference between the two creates a latency gap which is supposed to be a cause to simulator sickness, because of the non-coherent sensory stimulation [Het92]. Our hypothesis is, by adding a pure visual delay to compensate the mechanical delay we will increase the motion coherence and then potentially decrease the induced simulator sickness.

Methodology

Measurement of the motion delay

The measurement of the delay of the motion system, on the Renault Ultimate driving simulator, has already been done in a previous study [Fan11]. The apparent response lag of a computer-controlled actuator system is generally composed of two terms: a pure delay and a phase delay. The pure delay corresponds to the time taken by the computer system to transfer an input information into a command for the actuator system (computation time, data buffering, numerical filters,etc.). The phase delay corresponds to the response time of the motion actuators system, and depends on the technology employed for the motion controllers (frequency and parameters of the control loop) and for the actuators themselves (load, power, and damping). These delays have been measured thanks to the software Spymove specially developed for that and an inertial unit. The results (resumed in table 1) were measured at 0,2 Hz and show a delay of 220 ms. 0.2 Hz is the average frequency of use of the simulator, this delay may vary a bit depending on the frequency of use. 

Experimental protocol

Simulator setup

The experiment took place at Renault in the Ultimate dynamic simulator with the following main capabilities:

-A motion system with 8 degrees of freedom: a 6 DOF platform and two X-Y rails with 5.2 meters of usable strokes -A full cabin equipped with force feedback systems on the steering wheel and the pedals.

-A cylindrical screen covering 210 • of horizontal field-of-view (FOV) and attached to the cabin (radius of 1.9 m and centered on the driver) -Sound rendering is made inside the cabin.

Scenario

The subjects had to perform two driving sessions, one with the latency correction and the other without. These conditions have been set in a random order, between subjects, to avoid rank effect and habituation. All the driving sessions were separated by at least 18 hours to avoid the accumulation effect on the sickness.

The simulation scenario has been developed on SCANeR Studio 1.8. Subjects were placed in a Renault Espace car, in autonomous mode, on the N104 highway at 110 km/h. The traffic around the autonomous car created some situations forcing the vehicle to move around and do some accelerations and decelerations, like some work on the road, vehicle insertion, etc. This scenario lasted a bit more than 10 minutes and the subjects were asked to sit behind the steering wheel, to look around and pay attention to what happens on the road.

Measurement of the motion sickness

For now, twenty-four subjects have passed the experimentation with the two conditions. The motion sickness has been evaluated with the simulator sickness questionnaire (SSQ) [Ken93] before and after each session. At the end of each session they had to fill out a questionnaire reporting their feelings about the driving session, how did they see the scene moving, etc. And another one at the end to compare the two driving sessions, which one they prefer, etc.

Results and Discussion

For now 24 subjects have completed the experimentation, we don't have yet the results but from the comments of the participants, this correction seems to have a good impact. Some even felt an enhancement on some gaze disturbance they encountered without correction during the strong accelerations.

Here we have 145 ms of latency gap, which is quite big for a simulator, but almost imperceptible for a standard driver though it can create motion sickness after long session of driving. With the correction we have a global delay around 220 ms, which is hard for a standard driver to perceive, especially here in autonomous driving, the drivers were not active on the car comportment, so the global delay is quite transparent for them. Later, we want to do some tests in manual driving, also, to see if this delay isn't too disturbing.

Table 1 : Delay results for the simulator Ultimate

 1 The visual delay of the Renault Ultimate has been measured thanks to a specific tool from AVSimulation for measuring the delays of dynamic driving simulators running with SCANeR. It is composed of an oscilloscope connected to the supervisor computer (which controls the simulation with SCANeR) and to a photodiode placed near the lens of the projector. A specific version of the vehicle dynamics model and the visual module has been used to perform this test.As we saw in the two previous paragraphs the visual and the motion systems have different delays which create à latency gap of 145 ms. The only way to correct it and thus to creates a more synchronized sensory stimulation is to add a 145 ms transport delay on the signals of the visual system. The correction of the latency gap has been made thanks to a Matlab model. This module has been added at the end of the simulation computation and adds a transport delay on the visual signals of 145 ms.

		Pure delay (ms) Phase delay (ms)
	Hexapod	30-35	35
	Rails	15-20	200