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Original video: https://www.youtube.com/watch?v=_fNp37zFn9Q

Motion-to-Photon Latency (MTP) in HMD
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Big OBSTACLE 
in VR industry
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Measurement Equipment Results

Choi et al., 2016
- Photosensor
- Oculus Rift DK2

- Latency difference (i.g.: 90 degree, 51.8 ms) per 
rotation angle. Measurement system proposal.

Zhao et al., 2017
- Photosensor
- Rotary potentiometer
- Oculus Rift DK2

- Rotational and translational Motion-to-Photon 
latencies

- Measurement methods

Seo et al., 2017
- Photosensor
- Rotary encoder
- Oculus Rift DK2

- average latency 47.1 ms
- 381.17ms (increasing the rendering workload in the 

HMD)
- Photosensor-based latency measurement system

Choi et al., 2018
- Photosensor
- Rotary encoder
- Oculus Rift DK2

- Minimum of 46.6 ms to a maximum of 154.63 ms
according to the workload levels

- This paper proposes a novel system to measure and 
visualize the time sequential motion-to-photon latency 
in real time for HMDs

Xun et al., 2019
- Photosensor
- HTC VIVE 

- We propose an automated and universal HMD latency 
measurement system

- average latency 22.6 ms
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1. Perceptual threshold of MTP latency using brain 
signal (EEG)
• Designed experiment task 

• Conducted pilot study

2. Device MTP latency measurement system
• Built up Hardware

• develop software (ongoing)

Our approaches
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• Participants moves their head left and right following the visual cue (red ball).

• The field of view (FOV) is 80°, and the subject's head movement speed is 80 °/s.

• A total of 5 trials with forced latency of 0, 15, 30, 45, and 60 ms are conducted, 
and each trial lasts 2 minutes.

Task with MTP Latency

40°
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Only device latency

Device (innate) latency + 60 ms (forced latency )
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Averaged 5 subject data

Delta (1 – 4 Hz)
Latency ↑ → Power ↑

Theta (4 – 8 Hz)
Latency ↑ → Power ↑

Alpha (8 – 13 Hz)
Latency ↑ → Power ↑

Innate Innate + 30 ms Innate + 60 ms
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Click to edit Master title stylePreliminary Results for Pilot Test
Averaged 5 subject data

Beta (13 – 30 Hz)
Latency ↑ → Power –

Gamma (30 – 50 Hz)
Latency ↑ → Power –

Innate Innate + 30 ms Innate + 60 ms
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M. Seo et al., Sensors 2017
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Photosensor

Encoder for pitch direction

Encoder for yaw direction

Oscilloscope 
for measuring 
encoder and 
photosensor
signals

Photodiode 
amplifier

HMD display
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Pitch direction Yaw direction
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