Fig. 9. Relationship between servo motor angles h; and h,.

Using a trigonometric identity, the rotation angles h; and h, of servo motors # 1 and # 2 can be
respectively expressed as:

hy— tan® (hy; /xi) §18b

h,— tan¥! ((in{cL) / \ /6inb226LyiD2> 819p

Fig. 10. Laser projector unit. (a) Exploded drawing. (b) Assembly drawing.
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set to 20. The values of the average position error for each trial obtained using Eq. (20) are
shown in Table 1. The distribution of position error for the 20 trials is shown in Fig. 13. In the
figure, the x-axis is the time of each trial (0, 60 seconds), the y-axis is the trial number (1, 20),
and the z-axis is the value of the position error. Using Eq. (21), the average position error for
the 20 trials is obtained as 0.1182 cm. Compared to the dimensions of an obstacle seen by the
driver through the windshield, often about 5 cm & 5 cm, the position error is acceptable.

5. CONCLUSION

The paper presents a mark-on-windshield warning system that indicates the possible
hazardous obstacle on the windshield using a two-degree-of-freedom laser projector unit. The
driver can easily see the identified obstacle without having to divert his sight away from the
road. Obstacle in front of the vehicle is recognized using cameras and image processing
techniques. The coordinates of the obstacle relative to the moving vehicle are calculated and
then the line-of-sight equation between the driver and the obstacle is constructed in real-time.
The intersection point of the line of sight and the windshield is determined and then a laser
projector emits a laser beam to form a warning mark at that point. Both the hardware and
software of the system were implemented. An augmented reality verification platform was
constructed to demonstrate the feasibility of the proposed apparatus. In 20 trials, the average
position error was less than 0.12 cm, which is only a few percent of the size of an obstacle
viewed on the windshield. A road test of the system and verification using an actual vehicle are
being conducted.

Fig. 13. Distribution of position errors for 20 trials.
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