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3. EXECUTIVE SUMMARY 
Within the SIMUSAFE project, as the result of Work Package 3, the consortium partners develop a 
Simulation Environment (SE) that will be used to perform Simulated Driving Tests (SDT) with drivers, 
motorbike riders, cyclists and pedestrians. 

The Simulated Driving Tests will be performed in three cycles: 

• Cycle I: SDTs will be carried out in parallel to Naturalistic Driving Tests (NDT). Each volunteer 
will perform the same role in both the SDTs and NDTs in order to produce comparable data. 
The results of the NDTs in this cycle will be used to improve the Simulation Environment. 

• Cycle II: Controlled Environment Tests (CET) will take place both in real-life conditions and in 
simulation. The simulated scenarios will be designed to closely match the real-life scenarios. 
The improvements produced in Cycle I in the SE will be tested and improved upon, using the 
data produced during Cycle II. 

• Cycle III: The consortium partners will use all the data from the previous cycles in order to 
refine the Simulation Environment. Drivers, riders and pedestrians in Altered Driving 
Conditions (ADC) will participate in SDTs. 

This document describes the cockpits that will be used by the volunteers while participating in all 
cycles, and that will serve as the interface between users and the Simulation Environment.  
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4. CAR 
Once the specifications for the car cockpit had been established as described in D3.1, ITCL found three 
different suppliers that could provide the necessary hardware. A quote was requested from each of 
them, which resulted on the following table. 

 

Cockpit model Company Meets 
specifications 

Notes PPU 

DriveSeat 650 ST Drivesim Yes. Screens not included. 4200€ 

8 EF-Ultra ECA Faros Yes.  Additional simulation software 
included. Screens included. 

14345€ 

Simescar Ambar Simumak Yes. Screens included. 7800€ 

 

The partners agreed that the difference in costs between the DriveSeat cockpit and the other options 
was not supported by a similar increment in quality or characteristics, even considering the cost of 
adding three screens to each cockpit. Therefore, the cheaper option was selected and eight cockpits 
were purchased from Drivesim.  

 
Figure 1 - DriveSeat 650 ST 

Drivesim sent a first cockpit for validation to ITCL’s facilities in May 2018. This was a close-to-final 
version that featured the input controllers and most of the cockpit structure. However, some issues 
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with the structure made it hard to enter and exit the cockpit (e.g. pointy corners that could hit the 
users’ knees, or obstacles that would trip users upon exiting). The seat was not adjustable in height 
and the handbrake input was not analogue, but digital. 

 
Figure 2 - Side panel that tripped users, proposed solution 

 

 
Figure 3 - Pointy corner, proposed solution 
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All these issues were reported by ITCL together with the proposed solutions. DriveSim implemented 
the requested changes, but it took them unnecessarily long, which meant that the final cockpits would 
not be ready until September 2018. 

In September 2018, after receiving the new version of the cockpits, it was noted that some of the 
buttons were missing from the cockpit. Fog lights and warning lights had no associated buttons or 
switches. This was also reported, and Drivesim produced a fix that was ready during October 2018.  

4.1. TV Stands 
SimuSafe developed specific requirements regarding size and positioning of the screens for optimal 
simulation (D3.1) and reduction of simulator sickness (D3.2). Although all the cockpits that were 
considered included TV stands in some form, ITCL noted that it was not possible to use those and still 
match the requirements. The main issues in this regard were that the size of the TVs was too small, or 
that it was not possible to adjust the position and angle of the TVs. Therefore, in addition to the 
cockpits, custom-made TV stands were designed and purchased from Drivesim.  

These stands consist of a metallic structure that can be moved and adjusted in height and angle. They 
are compatible with most TVs because they include VESA mounts (20x20, 30x30). The stands have 
rubber feet and a considerable weight so that, once adjusted, they cannot be moved accidentally. 

As stated later in the document, the TV stands will be shared by three types of users. This means that, 
in the first FESTA cycle, it will not be necessary to purchase all 15 TVs and stands (three cars, one 
bicycle, and one PTW times three TVs each), due to the fact that users will not participate in 
concurrent simulations until cycle 2.  

5. POWERED TWO-WHEELER 
The Honda SMARTrainer simulator was chosen as the preliminary cockpit with the understanding it 
can evolve to allow for more complexity and realism for cycles II and III. The SMARTrainer comes 
equipped with a computer monitor, PTW seat, handlebars with motorcycle controls, a brake pedal, 
and a shift lever.  
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Figure 4 - Honda Smart Trainer 

Initially, COU tried using an HMD instead of the included monitor due to its greater FOV and 
immersiveness as well as its affordability. However, after seeing the significant simulator-sickness 
effect of using an HMD in the bicycle cockpit, it has been decided that motorcycles will use the same 
three-screen setup as cars. 

The basic SMARTrainer cockpit does not allow for countersteering or leaning. The use of a motion 
platform has been discarded due to the extra cost that it would mean for the project. Instead, in cycles 
II and III, pressure sensors are considered to be included to measure leaning. The cockpit steering 
controls also may be modified to provide more realistic force feedback when steering. If possible, the 
pressure sensors and force feedback may be included in cycle II or III.  

The SMARTrainer is no longer commercially produced. SIMUSAFE was able to locate three used 
cockpits from DriveSim in Spain. All three were shipped to the partners in early summer of 2018. While 
ITCL and MDH/IFSTTAR received their PTW cockpits without any issues, Coventry’s cockpit 
unfortunately hit many shipping hurdles... 

DriveSim sent the PTW cockpit to Coventry on 18 July and shortly after that UPS lost it in France. More 
than a month later it was located in Germany and sent on to the UK. It sat in a shipping depot in the 
UK for another month while Coventry and DriveSim tried to get UPS to release it to the receivers. It is 
unclear why this was an issue. However, on 8 October, the SMARTrainer finally arrived in Coventry. 
Sadly, all that time in transit and storage damaged part of the cockpit and DriveSim had to send 
replacement parts. The replacement parts arrived on 18 October.   

 

 
Figure 5 - Damaged structure on the Honda cockpit 
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Figure 6 - State of the packaging on delivery 

 

6. BICYCLE 
The partners recognized that the bicycles chosen for the simulators needed to fit as wide a range of 
users as possible. It was also likely that some study participants may not be accustomed to riding 
bicycles so the set up and geometry had to be as comfortable as possible. To that end, Coventry chose 
three identical hybrid bicycles. The Bicycles are 19” (as measured from centre to top) with step-thru 
frames and an upright position. The stem and seatpost are both adjustable allowing the partners to fit 
the bicycles to a wide range of users.   

 
Figure 7 - Bicycle cockpit with Kinetic trainer and sensors 
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Figure 8 - Bicycle cockpit without the sensors 

The Mark I and II bicycles have been mounted on a heavy-duty, smart bicycle trainer. The Kinetic Rock 
and Roll trainers were chosen due to their pivot point at the back of the frame allowing for some 
lateral movement to more closely replicate the bicycle-riding experience.  

Sensors have been added which collect data on steering angles, braking, cadence, and speed. In Mark 
II, pressure sensors will be added to the base of the trainer to collect additional data on leaning 
behaviour.  

Wheel RPM Revolutions-per-minute of the back wheel 

Pedal RPM Also known as cadence, revolutions-per-minute 
of crank 

Brake  Distance (arbitrary units) between each side of 
the brake calliper. This measure decreases as the 
brake lever is pulled. 

Handlebar Angle of handlebar to bike frame in degrees. 

Pitch Angle between the x- and z- planes (Shown in 
Figure 9) 

Roll Angle between the y- and z- planes (Shown in 
Figure 9) 

Power Power output of bike from Kinetic trainer 

Virtual speed Speed as estimated by the Kinetic trainer 

Virtual Cadence Cadence as estimated by the Kinetic trainer 
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Figure 9 - Three axis of rotation on the bicycle 
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6.1. Update speeds 
  

Sensor Max Sensor 
latency 

Max Server 
Latency (local) 

Estimated Server 
Latency (remote) 

Data handling 
latency (server) 

Hall effect 
sensors 

15ms 30ms 40ms 25ms 

Distance and 
Handlebar 
sensors 

35ms 30ms 40ms 25ms 

Accelerometer 
(Angle measurer 

25ms 30ms 40ms 25ms 

Kinetic Trainer 1s* 30ms 40ms 25ms 

  

In Mark I, the handlebar steering sensor constructed out of wood and mounted on the inside of the 
stem and head tube. It turned out to be a vulnerable position and was the bicycle’s most problematic 
sensor. In Mark II, the sensor mount is now built out of aluminium and attached to the front of the 
head tube and stem keeping out of the way of people getting on and off the bike.   

 

 
Figure 10 - Handlebar sensor and mount 
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The bicycle simulator was designed to be used with the Head Mounted Display (HMD). An HMD would 
provide the FOV required by cyclists to most closely resemble what riders experience in the real world. 
However, the partners have now decided not to use the HMD with the bicycle cockpit for safety 
reasons.   

Coventry University found that the HMD made the riding experience within the environment too 
immersive for some users. We had several people panic and try to jump off the bicycle when the visual 
and physical cues did not match up. We also found that people experienced simulation sickness very 
quickly thus further limiting the usefulness of this arrangement for the project’s research.  

Based on these tests, the partners have decided to use a three-screen setup for bicycles, which should 
alleviate part of the issue. Bicycle riders will use the same TVs and stands as cars and PTWs, which will 
be adjusted in height if necessary. 

7. PEDESTRIAN 
Meeting the specifications for the pedestrian cockpit requires two very different pieces of technology. 
The first of these is a virtual reality HMD, and the second is an omnidirectional treadmill. In this case, 
an HMD is acceptable over TV screens. The treadmill supports the user at the waist, and this contact 
with the real world reduces to a very large extent the simulator sickness. Moreover, six or eight large 
and expensive TV screens would be needed to create the necessary 360 degrees field-of-view around 
the treadmill. Other solutions like caves exist but are equally very expensive. 

7.1. Virtual Reality HMD 
The market for VR HMDs is currently dominated by Oculus and HTC Vive, which produce high-end, PC-
focused virtual reality. In terms of characteristics, both are very similar in field of view, frame rate, and 
required computer specifications.  

HTC Vive features a tracking system that overshadows that of Oculus, being able to track the HMD 
inside the play area with a sub-millimetre precision, regardless of the orientation. Oculus, on the other 
hand, can only track the HMD when it is facing a tracking camera, and only one such camera is 
included with the purchase of the HMD.  

The specifications for the pedestrian cockpit do not require having a room scale VR setup, but the 
tracking in the HTC Vive is extremely precise and minimizes the risk of suffering simulation sickness. 
This is the main reason why Vive has been chosen over Oculus. 

 



D3.3: Simulator Cockpits 
 

 

 

MG 3.5-2016 Behavioural aspects for safer transport SIMUSAFE Project nr: 723386 Page 15 
This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 723386 
The content of this deliverable does not reflect the official opinion of the European Union. Responsibility for the information and views expressed therein lies entirely with the author(s) 

 

 
Figure 11 - HTC Vive 

7.2. Omnidirectional Treadmill 
By the time the SIMUSAFE project started, there was only one omnidirectional treadmill publicly 
available, with a few others under active development. This device is called the Virtuix Omni, and 
features a concave, slippery base where users walk using special shoes. Users are secured by a 
harness-like structure that prevents them from falling. This harness is also used to track where the 
users are facing. 

 
Figure 12 - Virtuix Omni 

ITCL started the process to get one Virtuix Omni in October 2017 through a reseller. The price of the 
Omni had been advertised as below 1000 USD, but that price only applied to Kickstarter backers. The 
actual price of the platform and all the different-sized shoes that would be needed was around 8000€, 
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which was much higher than expected and completely outside of the budget. However, since it was 
the only option at that moment, one Omni was acquired. 

The integration with the simulators has proven to be extremely complex due to the fact that the 
development tools that Virtuix provided are poorly documented, and the demo material is prepared to 
be used in a specific way that does not match SIMUSAFE needs. 

Despite all of that, the combination of the Omni and the HTC Vive has already been implemented in 
SIMUSAFE, and it provides a good immersion and complete freedom of movement in the virtual 
environment.  

Using the Omni requires some training, and the walking motion feels unnatural at first, but it is easy to 
learn and has a positive effect regarding simulation sickness. The added motion from the user seems 
to reduce the impact of the HMD in terms of sickness. 

A few new omnidirectional treadmills have been released or announced during 2018, such as KAT 
Walk, VUE VR, Infinadeck or Omnifinity. Some of these are completely impractical for SIMUSAFE due to 
the amount of physical space they take, and others because of the price. However, KAT Walk seems to 
match both the budget and the specifications that the project requires and will probably be tested for 
its use in cycles 2 and 3. 
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