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Introduction

✓ Motion-to-photon latency

– Time delay which takes between the head motion to new 
orientation and the correct image arriving on a display of the 
device 

– Overall process of the image rendering in HMDs
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Introduction

✓ Motion-to-photon latency

– Due to the latency, the HMD outputs a delayed image 
different from the image at an ideal time point

✓ The motion-to-photon latency is an important problem in the 
HMD, and various solutions have been proposed

– Foveated rendering

– Increasing display frame rate (60hz -> 75hz)

– Pre-warping technique

– Asynchronous time-warp

✓ Limitation of conventional methods

– Hardware dependency

– High complexity
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Latency Compensation Method

✓ Motion prediction process

– The motion prediction process predicts the latency σ  and 
outputs an image quickly

– It outputs an image of angles that match the current time

– As a result, discrepancies between the current angle and the 
represented angle are compensated

– Concept of latency reduction model using prediction method
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Latency Compensation Method

✓ Motion prediction process

– Overall procedure of the proposed latency reduction

– The motion prediction process consists of three steps: raw 
sensor data acquisition, sensor fusion, motion prediction
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Latency Compensation Method

✓ Raw sensor data

– The Inertial Measurement Unit (IMU) consists of a gyroscope, 
an accelerometer, and a magnetometer

– Usually, the IMU outputs raw data with motion information at 
regular intervals

✓ Optimal sensor fusion algorithm

– It is needed to compensate for distortion of raw data such as 
drift, diffusion, and bias

– Candidate filters with high accuracy and low computation 

• 1st complimentary filter

• Linear Kalman filter (LKF)

• Extended Kalman Filter (EKF)

• Unscented Kalman Filter (UKF)

• Madgwick filter 
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Latency Compensation Method

✓ Optimal sensor fusion algorithm

– Raw data output: red(gyroscope),yellow(accelerometer or 
magnetometer)

– Sensor fusion output: green(1st complimentary filter)
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Latency Compensation Method

✓ Various prediction method

✓ Linear extrapolation

– 𝜽𝒕+𝝈 ≅ 𝜽𝒕 − 𝜽𝒕−𝑻 × 𝝈 + 𝜽𝒕
– Although a linear extrapolation is a simple formula, it has a 

good result in the high sampling rate and it is suitable for low 
computing power devices
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Latency Compensation Method

✓ Sensor-based extrapolation

–
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– 𝜽𝒕+𝝈 ≅ 𝜽′𝒕 × 𝝈 + 𝜽𝒕
– The sensor-based extrapolation uses the current angular 

velocity measured by the gyroscope of the IMU to predict the 
Euler angle
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Latency Compensation Method

✓ Sensor-based extrapolation

– Comparison of the reference and conventional methods 

– In certain areas, the linear extrapolation has a vibration

– The estimation performance of the sensor based method is 
more accurate than the linear method
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Latency Compensation Method

✓ Proposed prediction method 

– Hybrid combination of two 
conventional prediction methods 
for compensating latency

– This improves the precision and 
computation time by selecting 
both prediction methods in 
suitable cases

– It is possible to complement each 
disadvantage and to maximize 
the advantage
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Experimental Result

✓ Optimal sensor fusion method for HMD

– This experiment used a data set with the motion of the HMD 
for a certain period of time

– Experiments to verify optimized sensor fusion filters in terms 
of low computational complexity

– EKF and Madgwick filter show good performance
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Experimental Result

✓ Optimal prediction method for HMD

– This experiment used a data set with the motion of the HMD 
for a certain period of time

– The results are compared with the precision and the 
computation time according to the prediction method

– The proposed prediction method has good performance
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Experimental Result

✓ Performance comparison between the integration of the sensor 
fusions and the prediction filters

– This experiment used a data set with the motion of the HMD 
for a certain period of time

– The performance of the proposed prediction method and EKF 
are good
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Conclusion

✓ We proposed a low computational complexity-based a prediction 
method that can effectively remove the motion-to-photon 
latency in a HMD

– We compared various sensor fusion methods to calculate the 
head position of a user because there was no sensor fusion 
comparison for the HMD

– The experimental results showed that the proposed 
prediction method with the sensor fusion method has the 
highest accuracy and low computation time
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