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Who Will Lead the VR Industry into the 

Online Era, released by Huawei iLab, 

mentions that the immersion 

experience of the VR technology is 

fascinating and attracts people. With 

the current technology, over 20 

minutes of immersing in VR programs 

with a head-mounted display (HMD) 

device may cause viewers to have 

physiological discomfort. Huawei iLab

now offers you an analysis of the 

problems, requirements on the network, 

and developing trend of the current VR 

360 video industry from a technical 

perspective.

Key discoveries by Huawei iLab: 

1. VR 360 videos are in an urgent 

need to improve the video resolution 

to 8K or above.

2. The VR 360 video experience may 

evolve through following stages: 

early stage, entry-level experience 

stage, advanced experience stage, 

and ultimate experience stage.

3. The projection and the transmission 

technology of VR 360 videos are 

closely related to network 

development. 

1. VR 360 video Evolution Route

The current user experience of VR 360 

videos ascertains that 8K and higher 

resolutions are a must for user 

experience enhancement. For 

immersive terminals such as the HMD 

and cave automatic virtual environment 

(CAVE), visual information that a single 

eye can grasp in the VR 360 video is 

only a small part of the total information 

of the panoramic field of view (FOV):

For example, if FOV is 90°, 1/8 of the 

spherical data that a single eye can 

grasp is received; if FOV is 120°, 4/9 

of the spherical data that a single eye 

can grasp is received.

This is not applicable for VR on 

traditional terminals, such as televisions, 

pads, and phones, where the angle of

view is far smaller than 90°.

The traditionally defined resolution 

corresponds to the spherical full-view 

resolution, and user experience is 

determined by the single-eye resolution.

For example, the online VR 360 video 

from YouTube with 4K resolution 

employs H.264 coding at an average 

code rate of 20 Mbit/s. However, the 

actual single-eye visible resolution of 4K 

resolution in spherical full perspective is 

only 960x960, which has only 10 pixels 

in each degree (PPD) in the 

corresponding 90° FOV. This value is 

far beneath 60 PPD required by the 

retina of normal eyesight. The actual 

video experience is worse than SD 

video on traditional TVs, PCs and Pads.

An FOV on immersive terminals has a 

higher requirement for the full 

perspective resolution. The full 

perspective 4K resolution ratio is far 

behind the required video quality. 

Therefore, it is a necessity to increase 

the video resolution ratio to over 8K. 

Take FOV = 90 as an example: 

When the full perspective resolution ratio 

reaches 8K, the single-eye resolution 

ratio is 1920x1920, and PPD increases 

to 22.

When the full perspective resolution ratio 

rises to 12K, the single-eye resolution 

ratio is 2880x2880, and PPD increases 

to 32. 

To summarize, the development of VR 

360 videos focuses user experience and 

is a process of constant improvement of 

image quality and information volume. 

The synchronization between a 

transmission technology and a network 

technology determines the degree that 

image quality and interaction experience 

can reach. We believe that VR 360 video 

experience may involve through 

following stages: early stage, 

entry-level experience stage, advanced 

experience stage, and ultimate 

experience stage. Currently, VR still 

resides at the early stage, and has not 

reached the entry-level experience stage. 

We have prejudged the terminal, 

contents, experience, network, and 

arrival point for each stage, as described 

in the following table.
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Note 1: PPD is short for pixel per degree. 

The retina of common human beings can 

reach the resolution of 60 PPD. 

Note 2: The compression is calculated 

based on empirical value of H.264, 

HEVC, and H.266. The contents of left 

and right 3D eyes are highly related; 

therefore, compression at a large 

proportion can be completed without 

much quality distortion. 

Note 3: For typical network 

bandwidths, the value of the video on 

demand (VOD) is estimated by 1.5 

times of the bit rate. 

Note 4: With a specific target latency 

value, the packet loss probability is 

calculated using the TCP throughput 

formula based on the actual network 

bandwidth. 

2. VR 360 Video Projection and Transmission Technologies: 

Closely Related to Network Development

The compression efficiency of the VR 

360 video projection technology 

determines the amount of information 

transmitted on networks, and a 

transmission technology determine the 

network requirements on bandwidths 

and latency. 

(1) Projection technologies

a. An equirectangular projection (ERP) 

is a mainstream format of VR 360 

videos. However, image quality may 

manifest distortion, and the 

compression efficiency is within 

bottleneck. 

 This approach of projection employs 

a typical idea of projecting meridian 

and parallel and unfolds the sphere 

into two-dimensional rectangle. 

 The orthogonality of meridian and 

parallel for isometric projection is 90°
with no angular distortion but maximum 

area distortion. The angle stays stable 

mainly due to the increase of the area.

 The projection of the equator of the 

sphere manifests small degree of 

quality distortion which increases 

towards the two ends.

 While the two ends unfold and the 

angle stays the same depending on the 

area increase, more ineffective 

redundant pixels are introduced, which 

causes low efficiency in video coding 

and compression.

 YouTube, Oculus and Samsung Gear 

out of China and China Youku and 

iQIYI all adopt VR 360 media files 

produced by this projection.

Standard Pre-VR (Current) Entry-Level VR Advanced VR Ultimate VR

Continuous 

experience duration

(minute)

< 20 < 20 20–60 > 60

Estimated time Within 2 years 2–3 years 3–5 years 5–10 years

Video resolution

Full-view 4K 2D 

video (YouTube

full-frame 

resolution: 

3840x1920) 

Full-view 8K 2D 

video (YouTube

full-frame 

resolution: 

7680x3840) 

Full-view 12K 2D 

video 

(full-frame 

resolution: 

11520x5760)

Full-view 24K 3D 

video 

(full-frame 

resolution: 

23040x11520) 

Single-eye resolution

960x960 (with 

glasses and a view 

angle of 90°)

1920x1920 (with 

glasses and a view 

angle of 90°)

3840x3840 (with 

specialized HMD 

and a view angle 

of 120°)

7680x7680 (with 

specialized HMD 

and a view angle of 

120°)

PPD (Note 1) 11 21 32 64

Equivalent traditional 

TV 

screen resolution

240p 480p 720p 4K 

Color depth (bit) 8 8 10 (HDR) 12 

Compression ratio 

(Note 2)
165:1 165:1 215:1 350:1 (3D) 

Frame rate 30 30 60 120 

Typical video bit rate 16 M 64 M 279 M 3.29 G 

Typical bandwidth 

requirement (Note 3)
25 Mbit/s 100 Mbit/s 418 Mbit/s 

• 1 Gbit/s for 

smooth play

• 2.35 Gbit/s for 

instant interaction 

Requirement on 

typical network 

latency (Note 4)

40 ms 30 ms 20 ms 10 ms 

Requirement on 

typical packet loss 

probability (Note 4)

1.4E-4 1.5E-5 1.9E-6 5.5E-8 
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b. PSP projection: The mode has become a new focus in the industry. It features 

in little distortion and high compression efficiency.

Tetrahedron

(4 faces)
4 3.31x 2.11x

Cube

(6 faces)
8 1.91x 1.22x

Octahedron

(8 faces)
6 1.65x 1.05x

Dodecahedr

on

(12 faces)
20 1.32x 0.84x

Iosahedron

(20 faces) 12 1.21x 0.77x

PSP projection format. 

2. Transmission technologies

a. Full-perspective transmission 

scheme: 360° surround image 

information is transmitted to the 

terminal. When a user head rotates to 

switch the image, all the processing is 

finished in the local terminal. This 

scheme requires a higher bandwidth 

speed but a lower latency. This is a 

transmission scheme of "bandwidth 

exchanged for latency". 

 Platonic solid projection (PSP) 

utilizes another typical map 

projection idea, which divides the 

sphere into numbers of spherical 

trapezoids based on meridians and 

parallels with same difference of 

latitude and longitude and projected 

to certain polyhedron. 

 The polyhedron can be tetrahedron, 

cube, pyramid, and dodecahedron. 

 On the MPEG meeting in May 2016, 

Samsung and Facebook pushed the
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b. FOV transmission scheme: transmits visual images in the current visual angle. 

When the visual angle changes by user head rotation, the terminal requests the 

server for the visual-angle file corresponding to new visual angle. Therefore, the 

scheme requires lower bandwidth speed but higher latency (E2E latency < 20 ms), 

belonging to a transmission scheme of "latency exchanged for bandwidth".

The development of VR 360 videos 

focuses user experience and is a 

process of constant improvement of 

image quality and information volume. 

The synchronization between a 

transmission technology and a network 

technology determines the degree that 

image quality and interaction 

experience can reach. 
 Entry-level experience: Image 

quality experience is not good, but a 

full-view transmission solution 

ensures good interaction experience. 
 Advanced experience: Image quality 

experience is improved, and a full-

view transmission scheme has higher 

requirements on network bandwidths. 

Good interaction experience can be 

delivered when network bandwidths 

are ready. If the network has a higher 

bandwidth speed and the bandwidth 

cost is lower, the FOV transmission 

scheme is not used; if the network 

has a higher bandwidth speed and the 

bandwidth cost is higher, the FOV 

transmission scheme is used. 
 Ultimate experience: The image 

quality that a single eye can view 

reaches the resolution that the retina 

of common human beings can obtain.

To summarize, two transmission technologies attempt to make a balance between 

image quality and interaction experience, and between network bandwidths and 

latency requirements.

However, full-view transmission has 

extreme high requirements on network 

bandwidths, the FOV transmission 

scheme must be used, and new 

requirements are raised on low 

network latency. 

Industrial application case: Facebook

has achieved a compromise between 

image quality and interaction experience, 

and between bandwidths and latency 

using a network transmission technology 

based on pyramid projection. 

(1) The pyramid projection can reduce 

the average code-rate to 20% of the 

original image quality of ERP projection. 
 The plane in front of the user viewpoint is 

FOV plane, with high resolution 

code-rate; 
 The rest four planes are non-FOV planes, 

with the resolution gradually lowering 

from the side intersecting with FOV plane 

to the vertex in the opposite direction of 

visual angle. 
 All 360° spherical visual information can 

be placed in the rectangular frame. 
 The coding in rectangular frame format 

has high compression efficiency. The 

code rate of pyramid projection can be 

reduced to 20% of the original image 

quality of ERP projection. 

Non-FOV plane

Non-FOV plane

FOV plane

High 

resolution

Low 

resolution

Low 

resolution

Low 

resolution

Low 

resolution

(2) The pyramid projection is 

compatible with existing transmission 

technologies to sacrifice some 

storage space for shortened latency 

and image quality experience for 

interaction experience. 
 It can number averagely distributed 

user head poses, pre-create 30 tapered 

full-view files, and save them 

on the server (sacrificing storage 

space for shortened latency), 

compatible with existing MPEG-DASH 

streaming solution. 
 When a user's head pose does not 

change, the high-resolution FOV plane 

is decoded by default. 
 When the change of a user's head 

position does not exceed the request 

threshold, the FOV information that the 

user receives is composed of the large

part of FOV plane (high resolution) 

and small part of non-FOV plane 

(low resolution).

In this way, this technology sacrifices 

image experience to ensure 

interaction experience.
 When the change of a user's head 

position exceeds the request 

threshold, the FOV information that 

the user receives is composed of the 

small part of FOV plane (high 

resolution) and large part of non-FOV 

plane (low resolution). At the same 

time, the system requests the tapered 

full-view file mapping to the new pose 

and replaces the FOV information 

with FOV plane (high resolution) after 

the data is downloaded, sacrificing 

short-time image experience for 

interaction experience. 
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Facebook has achieved a compromise 

between image quality and interaction 

experience, and between bandwidths 

and latency using a network 

transmission technology based on the 

pyramid projection.

Image quality and interaction 

experience are guaranteed, and the 

minimum requirement is raised on 

network latency. At the same time, 

burst traffic is produced.

Time

Bandwidth 

requirement

When No.1 pyramid file is being downloaded, 

the video can be smoothly played. 

Bandwidth = 1.X times average bit rate

Complete N x GoP data 

download in user 

experience threshold time 

T-Y*RTT

Stable 

download 

phase

Control 

interaction 

phase

Burst 

download 

phase

Stable 

download 

phase

Pose 

interaction 

process, 

requiring 

Y times 

RTT

Head turn 

angle not 

exceeding 

threshold

High 

resolution

High 

resolution

Low 

resolution

FOV plane 1: 

full-high resolution

Mix large part of FOV plane 

(HD) and small part of non-FOV 

planes (LD), degrading image 

profile experience (interaction 

experience not affected)

Head turn 

angle not 

exceeding 

threshold

High 

resolution

Low 

resolution

Large part of 

plane in LD 

Request 

for No.2 

FOV 

plane 2

High 

resolution

FOV plane 2: 

full-high resolution

Complete one GoP

download for FOV plane 

2 in the time threshold 

sensed by a user
Head pose No.2Head pose No.1


