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Abstract 

We propose a black box with a wide range view using two 

camera lenses for automobile’s black box. In the proposed 

scheme, the view range of the black box is larger than 200 º 

which is wider view range compared with commercially 

available black boxes of which view range is about 120º. To 

catch side views and a rear view, several black boxes have been 

proposed such as two channel, three channel, and four channel 

black boxes. The proposed black box uses two camera lenses 

to get front view, which enable the proposed black box to catch 

left and right side views, eliminating side view cameras which 

are needed for three and four channel black boxes. In the 

proposed black box, we make each camera face outward to 

extend the front view from the automobile's front  but limit the 

amount of turning not to miss the front view. In the design of 

two cameras in the proposed black box, we derive an equation 

regarding the skew angle of cameras from the horizontal line 

which connects two cameras, taking into account the length of 

a bonnet and the distance between two cameras. The proposed 

black box catches front images from the front of an 

automobile's bonnet. To show two images on a display as one 

whole image, we adjust two images from the two cameras 

through image processing, such as image clipping, vertical 

movement to get rid of vertical offset, and brightness control. 

We believe that the proposed black box has larger front view 

range than commercially available black boxes and is 

advantageous over previous black boxes in terms of black box 

size, cost, power consumption, installation, etc. 
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INTRODUCTION 

Black box had been realized for airplanes to record flight 

conditions and surround environmental data such as flight 

speed, direction, altitude, pressure, etc., which enables 

investigators to access the main causes of any flight accidents. 

The airplane black box technologies has applied to the black 

box of automobiles on road, to analyze and to find out the real 

cause of automobile accidents which could be involved with 

complicated compensation argument, insurance law suits, and 

even criminal prosecution.[1-4] In most automobile accidents, 

data files, audio and video, on a black box could contribute to 

judge which part involved in an accident is more responsible 

for the accident. Among the data files in a black box, the video 

files is more crucial to investigate the situation at the moment 

of the accident than other files, because video files could 

provide more information around the accident than others, such 

as traffic signal status, traffic lane violation, signaling, etc.[4-

8] The video file recorded on a black box is obtained by 

continuously catching images through a camera, storing the 

images on temporary memory and keeping them on the 

temporary memory for a certain determined amount of time, 

waiting any control signals which are triggered by any shock 

sensors. On receiving the control signal evoked by any shock 

sensors, the black box save the image files on a temporary 

memory space to a permanent memory space. If the black box 

does not receive any control signal for a certain predetermined 

amount of time, the new images replace previous images on the 

temporary memory.  

Four types of black boxes are commercially available, one 

channel, two channel, three channel and four channel black 

boxes, Figure 1. The type black box is determined by the 

number of cameras in a black box. The one channel black box 

has one image catching camera which is usually employed for 

obtaining the front view, Figure 1 (a). The one channel black 

box cannot obtain images of left, right and rear sides. For two 

channel black box with two cameras, one of the cameras is used 

to acquire the front view and the other is fixed to get the rear 

view of an automobile, Figure 1 (b). While the two channel 

black box needs more electric power than one channel, it misses 

both side views. Three channel black box catches front, left and 

right side images using three cameras, Figure 1 (c). Four 

channel black box installs four cameras around an automobile, 

one for front view, another for rear view, and the other two 

cameras for each side view, Figure 1 (d). Installing four 

cameras around an automobile is a complicated work, because 

mounting cameras and placing electric lines for a rear camera 

and two side view cameras around each side view mirror 

requires lots of labor. However, the four channel black box still 

misses a certain range of view which is from the boundary of 

the view range of the front camera to the boundary of the view 

range of each side view camera. In this camera alignment, the 

four channel black box could miss images of a collision 

accident with a motorcycle which comes from the blind angle. 

In this paper, we propose a black box with two cameras for 
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front view and investigate the suitability of the proposed black 

box in terms of design and getting image files. The proposed 

 

 

 
(a) 

 
(b) 

     
(c) 

 
(d) 

Figure 1: Black box types (a) one channel black box (b) two 

channel black box (c) three channel black box (d) four channel 

black box 

black box can eliminate the blind spot which exists around side 

view mirrors, reduce the electric power consumption to operate, 

and unburden the camera installation work. 

 

 

PROPOSED BLACKBOX WITH TWO CAMERAS 

We propose an extended front view black box with two 

cameras which are installed with slanted angles from the front 

to obtain both side views as well as the front view. Figure 2 

shows the conceptual design of the proposed black box. By 

putting two cameras side by side with slanted angles, the black 

box can extend the front view range, even catch the side views 

around the side mirror. To get each side view, the conventional 

black box should use two cameras to get both side views as 

shown in Figure 1 (c). Another advantage of the proposed black 

box is that the black box is easy to install, because the two 

cameras of the proposed black box are mounted on the same 

circuit board. Compared with three cameras of a four channel 

black box in terms of electric power consumption, the proposed 

black box requires less electric power because the proposed 

black box employs only two cameras to obtain side views and 

two cameras are installed on the same circuit board. 

. 

 
Figure 2: Proposed black box with two cameras to extend the 

front view 

 

Let's assume that the view angle of a conventional camera is 

about 120º. In our proposed black box, the slant angle of each 

front camera determines the range of the side view, and the 

range of the blind spot at the front of windshield. The small 

slant angle from the vertical  line which goes from rear to front 

along the center of an automobile could removes blind spot at 

the front of windshield, Figure 3 (a). However, the locating of 

the cameras with small slant angle can limit the side view range. 

On the contrary, a large slant angle can encompass larger side 

view range compared with the small slant angle case. But the 

large slant angle increases the blind spot at the front of 

windshield, Figure 3(b). Therefore, adequate slant angle is 

required not only for including large side views but also 

removing blind spot at the front of windshield. 

For setting the slant angle, the allowable blind spot at the front 

windshield should be determined. Since collision at the front 
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side begins at the front bumper, we allow the blind spot in the 

front up to the front end of the bonnet of an automobile, Figure 

4. From the front end of bonnet, there is a overlap between two 

images obtained from two cameras. In determining the slant 

angle, the distance between the two cameras should be taken 

into account. For the distance of d between two cameras and 

the length of L from the location of cameras to the bonnet end 

in vertical direction in Figure 4, the angle  in Figure 4 can be 

described as follows,  

 

𝑡𝑎𝑛θ =  
𝐿

𝑑/2
 

θ =  𝑡𝑎𝑛−1 (
2𝐿

𝑑
).  

 

That is, the camera angle facing front is   + 60°, where the 

angle is measured from the horizontal line connecting two 

cameras. 

By adequately determining the distance between the two 

cameras and the slant angle of  each camera, we realize the two 

camera black box to extend the front view range, Figure 5. 

 

     
            (a) 

 
            (b) 

Figure 3: Effect of installation angle of cameras in a black 

box (a) small slant angle from the vertical line   (b) large slant 

angle from the vertical line 

 

 
Figure 4: Proposed black box with two cameras to extend the 

front view. 

 

 
Figure 5: Proposed black box with two cameras. 

 

 

IMAGE PROCESSING FOR A TWO CAMERA 

BLACKBOX 

While the proposed black box can extend the front image range 

with two cameras, the two images obtained from two cameras 

should be modified to show the two images on a display as one 

whole image. Because the display shows the two images by 

putting those two images side by side, a straight horizontal line 

could be displayed as broken lines at the borderline between the 

two images on a display, if two images are not vertically 

aligned, Figure 6 (a). On the display of the proposed black box, 

we adjust each image to eliminate the image dislocation 

between the two images by adjusting the vertical placement. 

Another issue for displaying two images on a screen is the 

image ranges of each image which is obtained from each 

camera. Figure 4 shows that, beyond the end of bonnet, there is 

an overlapped area in images of two cameras due to skewed 

camera viewing angles from the front of an automobile. When 

two images are not properly clipped around the borderline 

between the two images on a display, the object of a circle 

could be displayed like what is shown in Figure 6 (b). In Figure 

6 (b), some region which is close to the borderline is displayed 

twice in left and right side. By properly clipping region around 

the borderline, the complete circle could be obtained. 
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(a) 

 

 
(b) 

 

Figure 6: Images on a screen of the proposed black box after 

improper image processing (a) a case of vertical dislocation 

between two images (b) a case of incorrect clipping of two 

images around the borderline. 

 

 

Figure 7 (a) shows the image obtained by the two camera lenses 

of the proposed black box in which two  images, one from left 

and the other from right camera lenses, are laid side by side. 

The properly clipped two images on a display which do not 

show an overlapped region shows the vertical dislocation 

making a vertical line between the two images. By adjusting 

the vertical placement, the borderline which is resulted from 

dislocation of the two images is removed, Figure 7 (b). After 

solving above problems, brightness control is required to adjust 

brightness difference between the two images, which makes the 

two images seem to be one whole image. In adjusting the 

brightness, we calculate the brightness of each image and 

change the brightness of each image to a comparable level.  

 

 

CONCLUSION 
We propose a black box with two camera lenses to extend the 

front view range beyond 200º which is wider view angle than 

 
(a)  

 

 

 
(b)  

 

Figure 7: Image on a display. (a) Image before image 

processing. Two camera images are  laid side by side, showing 

vertical dislocation between the two images. (b) Image after 

image processing to get rid of the vertical dislocation. 

 

 

commercially available black boxes with a view angle of 

around 120º. The proposed black box with extended front view 

range can catch left and right side views, eliminating side view 

cameras which are needed for 3 and 4 channel black boxes, 

Figure 1 (c) and (d). In the proposed black box, we turn each 

camera outward to extend the front view but limit the amount 

of turning angle in order to get the front view of the proposed 

black box from the front of a bonnet. In the placement design 

of the two cameras, we take into account the length of a bonnet 

and distance between two cameras. To show two images on a 

display as one whole image, we describe steps to make one 

smooth image such as image clipping, image placement, and 

brightness adjustment. Even though we show an image in 

Figure 7 which does not need further brightness adjustments, 

we may need further adjustments to make the two images look 

like one image in some cases, such as the case that sun light is 

mostly incident on only one of the two cameras.  

We believe that the propsed black box is advantageous over 

previous black boxes in terms of black box size, cost, power 

consumption, installation, etc.  
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