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Results and discussion

Problem description 

Abstract
To obtain the orientation and the position of an object, internal measurement unit (IMU) is often used in many application. However, gyroscopes generally have signal drifting problem over time due to the noise within the device. We

provide a system of object tracking based on stereo camera and IMU sensor. Stereo camera system reduces the accumulation error of gyroscope due to the time independency of error. On the other hand, IMU system provides higher

frequency position estimation with the accelerator. In order to keep the data consistency on stereo cameras and IMU system, extrinsic calibration between two cameras and camera-IMU calibration are applied to get the coordinate

transformations. Two Kalman filters are used in the estimation of the tracking result. One is used to estimate the position with the prediction model of camera system (low frequency) ,and another is used to estimate the position with

the prediction model of IMU system (high frequency). Based on these two tracking system, the improvement on camera‘s low frequency and IMU’s low accuracy are expected.
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In order to integrate IMU and camera systems, we apply data fusion by using Kalman filters. To do this, the coordinate transformation between

stereo camera system and IMU system is needed to be determined.

Tracking by single camera + IMU

To improve the constraint of camera’s view, we consider the image data from single camera and IMU data. With the initial normal vector

provided by stereo camera vision, the depth of targeted object can be determined. In our tracking system, we reset the normal vector and position

information when stereo camera is available. And apply Kalman filter 2 (descripted below) to give a position estimate.

Camera-IMU Calibration

In order to apply data fusion of IMU and stereo camera system, the transformation between camera and IMU coordinate is needed to be

determined.
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Kalman filter 1 model setting in IMU system 

Prediction model and Observation model of Kalman filter 1, it 

is applied with the frequency 100 Hz.
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Kalman filter 2 model setting in Camera system 

Prediction model and Observation model of Kalman filter 2, 

it is applied with the frequency 30 Hz.

Our tracking system increase the available view of camera system by taking IMU data into consider. Based on the use of Kalman filter, the position estimate given by tracking system improves the accuracy of IMU system and 

solves the problem of frequency limit on camera system. By using parallel computing, the system can give the position tracking result  in real time. However, the accuracy of tracking relies a lot on camera’s vision. If the camera 

loses the position of target, we can only rely on the IMU data for position estimate. In order to solve this problem, calibration is needed to improve the accuracy of IMU. In addition, a reliable experiment designed to check the 

accuracy of our tracking system is also in the future work.
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Minimization function to obtained the rotation in camera coordinate : 

Equation of relation between the same rotation in different coordinate :

Tracking result

Figure 6 and Figure 7 show the result of tracking . In the figures, blue points are the

position information provided by camera system, green points are the position data

computed by integrating the acceleration offered from IMU, the red points are the

Kalman filter result.

From the result on Z-axis plot, we can know that the position estimate only relies on

integration of IMU data has obvious accumulate error. And Kalman filter gives the

position estimate of data fusion with camera system. In the result of Kalman filter 1, the

position estimate of IMU system is corrected by stereo camera system. It provides a

high frequency and reliable position estimate.

Figure 5. Parallel computing is used in the program of the system. (b) shows that the comparison between the use of

multithreading package and multiprocessing package in Python. The result show that the use of multiprocessing

package make the real time tracking possible.

(a) Program structure diagram of the tracking system (b) Process time test of Python multithreading and 

multiprocessing

(b) Marker tracking on stereo image

Figure 4. Tracked object in the experiment is set on a controllable platform, we use 19 markers in the needs of

CAM-IMU calibration

(a) Tracking scene setting

(a) Epipolar geometry  [6] 

Figure 2. Stereo camera vision provided a relatively reliable 3-D

position information based on epipolar geometry, but it relies a lot on

the common range of camera view. The webcams in (b) capture at

30Hz.

(b) Setup of camera system

To estimate the position based on the both camera vision and IMU sensor, Kalman filter is taken into the application:

Figure 3. In order to improve the lack of stereo camera view, we use

the position relation depends on the camera imaging . Depth of point

A,B,C are obtained from the formula above.

Figure 1. A IMU sensor can provide the orientation data in terms of

Euler angle (yaw, pitch and roll axis) or quaternion. In the

experiment, we use the form of quaternion and set the output

frequency as 100Hz. IMU sensor is attached on the object as (c).

(a) Head mounted device [5] (b) IMU sensor (lpms ME1)
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Head positional tracking is a usual problem in the application of head mounted display (ex. VR device) and robot control. It’s a problem to

determine orientation and translation movement of head. In our experiment, we set a styrofoam ball on the controllable platform to simulate

head’s movement. In order to obtain the ball’s movement data, an IMU is attached on the ball and two webcams are placed 50 cm behind the

platform.

Tracking by IMU

An Inertial measurement unit (IMU) is used as a sensor of the orientation, it is often attached on the tracked object (ex. VR devices, smartphones

etc.) IMU provided the orientation data based on the information of gyroscope, accelerometer, and magnetometer. However, the orientation will

have shifting problem in long time tracking, and the position tracking of IMU is not reliable due to the cumulative error of acceleration.

Tracking by Stereo Vision

Stereo vision provides the position of tracked object. Two cameras are placed in stationary locations in the environment to track the position of

markers attached to the tracked object. This method is constrained by the common range of cameras’ view and the lack of camera capture

frequency.

Methodology

(a) X-axis (b) Y-axis (c) Z-axis

Figure 7.

(a) X-axis (b) Y-axis (c) Z-axis

Figure 6. 

Experiment Setup

The platform can rotate along yaw and pitch axis. In the experiment setup, we control the platform rotation 30 degrees in 

yaw axis, and track the position of the marker at the center.
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