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Abstract 

This deliverable will focus on the following items for research in data transmission technology focusing virtual 

reality use-case: 

 

- Specifications and performance evaluation of a Gbps radio system (radio analog/digital and baseband 

processing), 

- Specifications and performance evaluation of a Gbps optical wireless communication (OWC) system 

(optical/digital and baseband processing), 

- Common Gbps radio and OWC modem architecture definition with control selection. 

- Global architecture for V1 demonstrator, 

- Scenario to be implemented (video format, SoTA about VR equipment including protocols) 

- Optical transmission (throughput objectives, technology choices, simulations performance, link budget, latency 

estimation, HW targeted board, potential risks, dataflow interconnection) 

- Radio transmission (throughput objectives, technology choices, simulations performance, link budget, latency 

estimation, HW targeted board, potential risks, dataflow interconnection) 

- Common optical/radio components (potential common architecture) 

- MAC layer issues (Protocol description, implementation, latency constraints, potential risks, dataflow 

interconnection) 

- Video processing 

- Conclusion/perspectives (synthesis and global architecture view) 
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Executive Summary 
This task focuses on virtual reality use-case data transmission permitting to: 

a) Specify and evaluate the performance of a Gbps radio system that includes analog/digital radio and baseband 

processing, 

b) Specify and evaluate the performance of a Gbps Optical Wireless Communications (OWC) system, this is, the 

optical/digital and baseband processing, 

 c) Define a common Gbps radio and OWC architecture with control selection. 

Inputs from WP2 permit in WP3 to design the wireless radio and OWC physical layer system. Here, the 

architecture for radio and OWC system includes now all the elements of the transmission chain such as the 

digital baseband processing (coding, modulation, link adaptation, framing, detection, estimation) and the radio 

and optical front-end stages (antenna design, impairments, ADC/DAC, amplification, filtering). For the 

WORTECS proof-of-concept PoC, positioning and tracking is also described. The systemôs architecture consider 

the results on modelling propagation channel, radio high and very high frequencies and AWC transmissions and 

asymmetry in data rates for uplink and downlink. 

A decision matrix that lists all the potential components has been included which will permit to select the main 

elements that will be implemented in the final PoC. For the building of such a matrix, complexity evaluation and 

implementation feasibility have been taken into account. 

 

 

 

 

 

Impact on the other Work-packages 

Input from WP2 

The design of wireless radio and OWC physical layer is based on inputs from WP2. 

 

Output towards WP4  

A decision matrix that lists all the potential components has been included which will permit to select the main 

elements that will be implemented in work package WP4. 

Selection and specifications of radio and optics system will be provided to WP4. These components takes into 

account complexity evaluation and HW implementation feasibility as well as platform capabilities and the 

amount of resources dedicated to the HW implementation. The final specifications will be defined through an 

iterative process between WP3 and WP4. 
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1 Introduction  

1.1 Context presentation 

          In future VR equipments, the need of data throughput will reach hundreds of Giga bits per second as 

described in the WORTECS D2.3a document. Furthermore, the VR experience should improve greatly if cables 

between the computer and the HMD are suppressed. 

The goal of the project is to realise this high data rate connection using a wireless transmission system based on 

both radio and optical technologies.  

Reality is a scientific and technical domain that uses computer science and behavioural 

interfaces to simulate in a virtual world the behaviour of 3D entities, which interact in real 

time with each other and with one or more users in pseudo-natural immersion via 

sensorimotor channels. 

 
Figure 1 - A CAVE-like environment (left) and an HMD (right).  

 

 

1.2 VR requirement 

1.2.1 Location 

One of the key point to ensure a good VR user experience is the localisation (also called tracking). It consists of 

measuring on one side the position of the user in a delimited area, and in the other side, the orientation of the 

user head. More these information are precise and frequently sent, more the VR scene could be realistic and in 

phase with the user movements. 

Autonomous system based on accelerometers could be used. A first calibration is done at the system set up, and 

the next position could be computed by integrating the accelerometers measures. But the too noisy measures 

obtained with low cost accelerometers introduce a bias in the position computation. By the way, a perceptible 

deviation of the position requires a recalibration quiet often. 

This recalibration is done with an external equipment that capture the position of the HMD. The merge of the 

accelerometers and recalibration information gives a precise measure of localisation and orientation. 

Two kinds of external tracking system exist: Inside-out and outside-in tracking.  

The first one (inside-out) consist of catching static markers placed on the external environment using a camera 

mounted onto the HMD. From the markers position, the HMD can compute its own position information.  

The second one (outside-in) consist of catching HMD pictures with many static cameras located all around the 

VR room, and compute its location.  
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Figure 2 - Inside-Out and Inside-In location mechanisms example. 

 

The location system available for the use case (SteamVR) is an evolution of the inside-out position tracking 

system. To avoid analysing the video captures inside the HMD (and by doing so save computing power), the 

camera has been replaced by IR sensors, and the fixed markers by an IR source. 

The fixed marker is named base station or lighthouse. The base station generates two kinds of IR light. The first 

one is an omnidirectional flash, and is a kind of start of measure signal. The second one is based on a laser 

source. This source scan the user space as a scanner could do. One phase consist in scanning horizontally the 

user space using vertical laser line, and another phase consists in scanning vertically the user space using 

horizontal laser line.  

When an IR receptor get the starting flash, it resets a time counter, and when it receives the horizontal laser 

(moving from up to down), it stops the time counter. Depending on the measured time, knowing the base station 

scanning velocity and its localisation, it is possible to compute the vertical plan where the captor is located. 

Additionally, when an IR receptor gets the starting flash, it resets a time counter, and when it receives the 

vertical laser (moving from left to right), it stops the time counter. Depending on the measured time, knowing the 

base station scanning velocity and its localisation, it is possible to compute the horizontal plan where the captor 

is located. 

The mix of these two information gives a line the receptor is located on, and by extension the lines where all 

receptors are located (30 of them). Combined with the well-known HMD geometry, an initial calibration phase 

and the 6 degree of freedom accelerometers embedded in the HMD, it is possible to track the HMD localisation 

and orientation with a precision of 2mm.  

On a small cave, a single base station could be enough, but if the user is too far from it, or if the HMD is not well 

oriented, it could be possible that it does not have a direct view of the base station, and then loss the tracking 

capabilities. In order to avoid these situations, a second base station is installed on the opposite corner of the 

cave. The two light sources are synchronised to ovoid cross interferences, and the covered area could be 

expanded.  

 

1.2.2 Virtual scene creation 

In virtual reality, all the scenes sent to the HMD are fully live generated by a computer. Based on the location of 

the user in the room, the computer defines a new scene each time the user is moving. For each new scene, two 

new pictures are computed (one for each eye). These pictures are not fully defined, they are only meshed in order 

to be generated as fast as possible (90Hz). These meshes are sent to the graphic card which have the 

responsibility to apply on it all the advanced algorithm (and heavy computing process) to create textures, light 

reflexions and others features that makes the picture realistic. The video signal generated is sent to the HMD 

using standard connection like HDMI or Display ports. Both of them have been created for the transport of first 

digital video signals and there maximum bandwidth has been upgraded along the generation.  

 

1.2.3 Connectors standards data rate and throughput 

The two main standards that can be used in virtual reality are the HDMI and the Display Port. Their capacity has 

been improved over the years and their maximum throughput and data rate evolutions are presented in the table 

here after.  

In parallel, different video resolutions are presented, from the simple HD video format till the 8K advanced 

video format, and their associated data rate are computed. The table clearly show the maximum video resolutions 

that can be transport by each standard revision.  
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Remark: For the data rate definition, uncompressed 8 bpc (24 bit/pixel) colour depth with RGB or YǋCBCR 4:4:4 

colour format and CVT-R2 timing are used. Uncompressed data rate for RGB images in bits per second is 

calculated as bits per pixel × pixels per frame × frames per second. Pixels per frame include blanking intervals as 

defined by CVT-R2. 

https://en.wikipedia.org/wiki/Coordinated_Video_Timings
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Table 1 - DP and HDMI video standards data rate and throughput 

 

 

 

 

мΦлςмΦммΦнςмΦнŀмΦоςмΦпōнΦлςнΦлō 2.1 мΦлςмΦмŀмΦнςмΦнŀ 1.3 1.4

4,95 4,95 10,2 18 48 10,8 21,6 32,4 32,4

3,96 3,96 8,16 14,4 42,6 8,64 17,28 25,92 25,92

8b/10b 8b/10b 8b/10b 8b/10b 16b/18b 8b/10b 8b/10b 8b/10b 8b/10b

30 720 Mbit/s Yes Yes Yes Yes Yes

60 1.45 Gbit/s Yes Yes Yes Yes Yes

120 2.99 Gbit/s No Yes Yes Yes Yes

30 1.58 Gbit/s Yes Yes Yes Yes Yes Yes Yes Yes Yes

60 3.20 Gbit/s Yes Yes Yes Yes Yes Yes Yes Yes Yes

120 6.59 Gbit/s No No Yes Yes Yes Yes Yes Yes Yes

144 8.00 Gbit/s No No Yes Yes Yes Yes Yes Yes Yes

240 14.00 Gbit/s No No No Yes Yes No Yes Yes Yes

30 2.78 Gbit/s No Yes Yes Yes Yes Yes Yes Yes Yes

60 5.63 Gbit/s No No Yes Yes Yes Yes Yes Yes Yes

75 7.09 Gbit/s No No Yes Yes Yes Yes Yes Yes Yes

120 11.59 Gbit/s No No No Yes Yes No Yes Yes Yes

144 14.08 Gbit/s No No No Yes Yes No Yes Yes Yes

165 16.30 Gbit/s No Yes Yes Yes

240 24.62 Gbit/s No No No No Yes No 4:2:2[c] Yes Yes

30 6.18 Gbit/s No No Yes Yes Yes Yes Yes Yes Yes

60 12.54 Gbit/s No No No Yes Yes No Yes Yes Yes

75 15.79 Gbit/s No No No No Yes No Yes Yes Yes

120 25.82 Gbit/s No No No No Yes No 4:2:2[c] Yes Yes

144 31.35 Gbit/s No No No No Yes No No 4:2:2[c] DSC[d]

240 54.84 Gbit/s No No No No Yes[b] No No 4:2:0[c] DSC[d]

30 10.94 Gbit/s No No No No Yes No Yes Yes Yes

60 22.18 Gbit/s No No No No Yes No 4:2:2[c] Yes Yes

120 45.66 Gbit/s No No No No Yes[b] No No 4:2:0[c] DSC[d]

30 24.48 Gbit/s No No No No Yes No 4:2:2[c] Yes Yes

60 49.65 Gbit/s No No No No Yes[b] No No 4:2:0[c] DSC[d]

120 102.2 Gbit/s No No No No Yes[b]

мΦлςмΦммΦнςмΦнŀмΦоςмΦпōнΦлςнΦлō 2.1 мΦлςмΦмŀмΦнςмΦнŀ 1.3 1.4

HDMI DP

Video Format

Shorthand Resolution
Refresh Rate 

(Hz)

Data Rate 

Required[a]

2160p (4K) 3840 × 2160

2560 × 14401440p

5K 5120 × 2880

8K 7680 × 4320

Video Format
DisplayPort VersionHDMI Version

1080p 1920 × 1080

Version / Maximum Data Rate / Serdes CoderVersion / Max Throughput / Maximum Data Rate / Serdes Coder

720p 1280 × 720
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The HDMI2.0b and display port 1.4 are the standards used nowadays. The HDMI2.1 is still under 

standardisation, and products supporting it are not ready yet. 

 

1.2.4 HMD resolution 

As described in the D2.3a document, if we consider that 

¶ the standard human eye resolution is one arc minute (it can distinguish details as small as one sixtieth of 

a degree) 

¶ the eye field of view is 150° for each, with an overlap of 90° (the overall FOV is about 210°) 

¶ a normal head speed reach 120°/s, 

The required row bandwidth of a non-limiting HDR HMD would be 470Gbps.  

 

1.2.5 Overall latency 

To ensure a good user experience, the total amount of time measured from the head movement, until the final 

display of the new corresponding scene must be smaller than 17 ms. To avoid seasick troubles, this latency must 

be smaller than 20 ms. 

This latency includes: 

¶ HMD movement detection 

¶ new location definition 

¶ location transfer to the computer 

¶ scene generation 

¶ scene transfer to the HMD  

¶ scene display 

Taking into account that a classical VR system has a typical motion to photon latency of 15ms (MTP) implies 

that only 2 ms can be added to the system when replacing the cables by the wireless system. 

 

 

1.3 Wireless VR 

The goal of wireless VR is to replace the two links between the computer and the HMD with wireless system. 

The first one is the uplink cable, which is a USB cable that carries the localisation information from the HMD 

and the computer. The second one is the downlink cable, which is a video cable (HDMI or Display Port 

depending on the HMD used) that carry the VR scene from the computer to the HMD. 

The following Figure 3 represents the two links between computers and the HMDs in the case of a two-user 

scenario.  

 

 
Figure 3 - Wired VR overview. 

 

The Downlink cable (the green one) carries the high throughput video from the b<>com server (point A) to the 

HMD (point H). Depending on the HMD display used and the cableôs maximum capacity, the video data rate 

could reach 32 Gbps. 

The Uplink cable (the blue one) carry the low throughput localisation information from the HMD (point H) to 

the b<>com server (point A). The connection used is based on USB standard, release 2.0 or 3.0 depending on the 

HMD used. However whatever the maximum cable bandwidth, based on the D2.3a results, the location data rate 

would be smaller than 1Mbps if no information other than localisation is sent back. 

Considering that two wireless transmission systems are used, a MAC layer be in charge of delivering data from 

the computer to the most appropriated system depending on the quality of each of them. Furthermore, 
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considering that multiple users could operate in the same time, data sent by the computers (one computer per 

user) will be associated to a destination mac address (one address per HMD). This way, multiple sources could 

send video data to multiple users through radio or optical link. 

The interconnection of equipment to a MAC layer using an IP interface is not a problem when data transmission 

is IP based. However in our system, none of the two targeted HMDs are IP ready. The HMD is fed by the 

graphic card of the computer with a video signal, transported by a video link, using a video standard (HDMI or 

DP). A direct interconnection from video connector to IP one is impossible. That is why an additional module 

will be in charge to make this connection possible.  

Here after, the overall scheme of what could be the multi user wireless VR system is detailed. 

 

In Figure 4, going from point A to H, the video signal will follow the next steps: 

Å From A to B : The video data is converted into IP packets 

Å From B to C : The IP packets are oriented to the best transmitter 

Å From C to D : IP data is encoded mapped and sent onto the air (optical or radio) 

Å From D to E : The channel transport the data  

Å From E to G : Received signals are de-mapped, decoded and sent as IP packets 

Å From G to H : IP packets are converted into video signal 

 

Similarly, going from point H to A, the localisation signal will follow the next steps: 

Å From H to G : Localisation data is converted into IP packets 

Å From G to F : The IP packets are oriented to the best transmitter 

Å From F to E : IP data are encoded, mapped and sent onto the air (optical or radio ) 

Å From E to D : The channel transport the data 

Å From D to C : Received signals are de-mapped, decoded and sent as IP packets 

Å From C to B : IP packets are sent to the corresponding destination 

Å From B to A : IP packets are converted into localisation data 

 

 
Figure 4 - Wireless VR overview 
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1.4 State of the art 

As described in the D2.3a, few VR wireless products already exist. They are developed for SoTA HMD, with 

resolution of 2x1080x1200 and frame rate of 90Hz. The corresponding throughput of 5.6Gbps (see 2.1.1) is 

transmitted aver the air using 802.11ac or 802.11ad standards.  

In the case of the 802.11ac transmission, the available bandwidth of 1Gbps is not enough and compression is 

mandatory. 

In the other cases, compression can be avoided thanks to the larger available bandwidth. 

The problem with the video compression is the time consumed to compress on one side, but most of all, the time 

used to decompress on the other side. That explains why the systems based on 1Gbps bandwidth have a latency 

of 12ms. 

 

Name Protocol Bandwidth Latency Max Resolution 

TPCast Proprietary? 7 Gbps?@60 GHz <2ms 2x1080x1200@90Hz 

Kwik VR 802.11ac 1 Gbps@5 Ghz <12ms 2x1080x1200@90Hz 

Immersive VR 
802.11ac & 

802.11ad 
7 Gbps@60 GHz 1ms 4K (lossy 20:1) 

NGCodec 802.11ac 1 Gbps@5 Ghz <12ms 
2x1080x1200@90Hz 

(lossy 500:1) 

Nitero 802.11ad 7 Gbps@60 GHz 1ms 2x1080x1200@90Hz 

Table 2 - Wireless VR solutions 
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2 Demonstration set up 

2.1 Hardware set up 

A selection of the VR elements in high-end components was made, keeping in mind their realistic availability for 

the project deadline.  

 

2.1.1 Current  generation HMD  

The classical HMDs available the market are the HTC vive and the Oculus rift. These HMDs use a single 

display, which has a total resolution of 2160x1200 pixels with a refresh rate of 90 Hz. This single display 

provides to each eye a picture of 1200x1080 pixels. 

With 8 bit per colour definition, the equivalent throughput of this screen is 5.2Gbps.  

 

HMD Name Resolution Raw Bandwidth Comment 

HTC Vive 1x2160x1200@90Hz 5.6 Gbps Already available at b<>com 

Oculus Rift 1x2160x1200@90Hz 5.6 Gbps  

Table 3 - State of the art HMDs 

 

2.1.2 Next generation HMD 

Few month ago, a new generation of HMD arrived on the market.  

¶ Their resolutions are greatly improved when compared to the state of the art and reach 2560x1440 on 

each eyes. 

¶ The Field of view is close to the ideal one and reaches 210°. 

 

2.1.2.1 StarVR 

One of them is the StarVR, developed by Starbreeze. With a resolution of 2x2560x1440, it outperforms the 

SoTA HMD both in term of resolution and of field of view. Unfortunately, this company has signed a 

partnership with IMAX and therefore, integrating this product in the project seems to be difficult. 

 

2.1.2.2 Pimax8K 

Another HMD of new generation is the PiMax8K, result of a Kickstarter campaign, and should be available at 

end of 2018. Its name comes from the definition of the screens used for each eyes. Each of them is a 4K 

definition screen (8K for 2x4K). 

Each screens have a definition of 3840x2160 pixels. They announced a frame rate of 90Hz, a time to display of 

15ms, and the couple offer a field of view of 200° horizontally and 120° vertically. 

Nevertheless, the problem with such a high definition screens with high frame rate is computing power required 

to create live scenes. Effectively, even high end GPU cards are not able to generate two 4K pictures at 90 Hz. 

For this reason, this HMD has been equipped with an interpolation system which upscale incoming pictures from 

a resolution of 2560x1440 to the required 4K resolution. Finally, the generated VR scene would have the same 

resolution as the StarVR HMD. 

The following table present the definition and the bandwidth of the new generation of HMD, still considering 24 

bits per pixel (8 bits per colour). 

 

HMD Name Resolution Raw Bandwidth Comment 

Pimax8K 2x3840x2160@90Hz 15.9 Gbps Image upscale from 2x2560x1440 

to 2x3840x2160  

StarVR 2x2560x1440@90Hz 15.9 Gbps  

Table 4 ï New generation HMDs 

 

For the video transport, the HMD is connected to the graphic card using a DisplayPort1.4 connector. The 

location information is transmitted to the computer using a USB3.0 connector. 

The SteamVR tracking system is supported by the Pimax8K HMD. A custom tracking system is also planned but 

not available yet.  
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Field of view 200° Horizontally, 120° Vertically 

Resolution 2x3840x2160 (Image upscale from 2x2560x1440) 

Screen Customized low persistence liquid (CLPL) display 

MTP (Motion to picture) Latency 15ms 

Refresh rate 75/90 Hz per eye (Support 150/180 Hz with Brainwarp) 

Interface DP1.4, USB 3.0 

Table 5 ï Pimax8K technical specifications 

 

 

2.1.3 GPU based Computer 

The generation of ultra-high definition VR scenes at a high refresh rate requires a powerful computer. Such a 

computer is called a VR Ready computer. 

In case of classical HMD, with a resolution of 2160x1200@90Hz, the computer could be composed of the 

following: 

¶ A mother board, powered with a Core i5 processor 

¶ 8 GBytes of RAM 

¶ A graphic card NVidia GTX 980 or 1070 

 

In case of new generation HMD, the computer should be composed with the following: 

¶ A mother board, powered with a Core i7 processor 

¶ 16 GBytes of RAM 

¶ A graphic card NVidia GTX 1070 or 1080, and eventually two of these (using SLI) if full 8K is 

generated. 

 

Finally, Unity is used as the application software. It creates and animates the scene depending on the user 

location and movements.  

 

2.1.4 Localisation system 

As the SteamVR tracking system is already installed on the b<>com smart cave, and as the Pimax8K is 

SteamVR compatible, it will be the tacking system of the project use case. 

 

2.1.5 Connectors 

The targeted HMD should be the Pimax8K. Therefore, the connectors used between the graphic cards and the 

display will be: 

¶ DP1.4 for the video transport 

¶ USB3.0 for the localisation information transport 

 

2.2 Environment description 

2.2.1 The Smart Cave 

The VR environment (named the smart cave) is the area where the user can move during its virtual word 

exploration. The cave structure is made of metallic tubes of 5 cm diameter which are linked in groups of four. 

Floor and ceiling are made out of green painted wood and a long piece of green fabric is hanging all around the 

four walls.  

A 3D model of the complete smart cave has been realised for wave propagations and channel estimations studies 

and the following Figure 5 gives an overview of it.  
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Figure 5 - Cave structure and dimension 

 

 

2.2.2 The show room 

The smart cave is installed in a dedicated show room on the ground floor of b<>com building. It is used for 

virtual reality demonstrations performed by the HyperMedia division.  

The walls, floor and ceiling are mainly made of concrete, and many windows are placed all around the room. 

The dimensions of the show room are 7 m wide by 20 m long and 3.6 m high. 

The following figures are extracted from its 3D model. 

 
Figure 6 - Showroom front view 

 






























































































