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b) Second image 
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c) Cross correlation coefficient 

Fig. 6 Two sample images with different view and 

their cross correlation coefficient 

illustrated that roll and pitch had significant effect on 

horizon lines to the extent that the extracted lines 

look very different from each other even though the 

images are captured in rather similar environment. 

Without the effect of roll and pitch angles， extracted 

line from the second image should be the same as the 

expected line exhibited in Fig 7a. To get rid of their 

e妊ect，the moving average filter and derivation w巴re

implemented on horizon lines before applying cross 
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a) The extracted horizon lines after averaging. 
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b) The derivation of lines. 

Fig. 7 The horizon lines of two images after using 

moving average and derivation to result in 

similar signals and mor巴 accurateheading 

angle estimation 

correlation method. The application of these two 

methods improved the previously mentioned horizon 

lines and yielded similar signals， as illustrated in Fig 7 

b. Now that the signals are in close resemblance， the 

cross-correlation method could then be implemented 

to obtain the heading angle with higher accuracy. In 

this example it is about 1，490 pixels or 26 l.90
• As it is 

shown in Fig. 8， the benefit of using moving average 

and derivation on cross correlation coefficient is strik-

ing and the estimation error could be decreased to 7 

pixels (l.20
) 

The e百ectof different combination of moving aver-

age and derivation has been studied on cross correla-

tion coefficient and estimation of heading angle. Figure 

9， shows the e百ectof them on cross correlation coeffi-

cient. The correlation coefficient with. and without 

moving averaging was almost the same and deriva-
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Fig. 8 Cross correlation coefficient after applying 
moving average and derivation on two images 
shown in previous figure 

Table 1 The result of heading angle estimation error 
in different baseline length and using different 

methods before applying cross correlation 
(in pixel) 

A : raw data， B : derivation， C : moving average， 

and D : moving average and derivation 

2m 4m 6m 8m/ 10m 20m 30m 40m 

A 891 。。--，968 ー14 -13 -23 -32 

B -2 135 4 8 146 287 332 17 

C 887 5 l -960 -10 -17 -31 -34 

D 。 5 1 -8 -10 -17 -31 -72 

tive of signals without averaging made it worth. 

However， correlation coeffi.cient is very clear around 

the correct rotation after averaging and derivation. 

An example from different combination of. moving 

average and derivation that affect estimation error of 

robot heading angle is shown in Table 1. In the table， 

“A" dec1ares applying cross correlation method with-

out moving average and derivation.“B" is cross coπe-

lation with derivation， 
moving average filter and “D" is by using both. It is 

clear the moving average filter alone didn't have 

a任ectson result and the a首ectof derivation is better 

than moving average but yet not helpful. However， 

the result is much better after averaging the signals 

and applying cross correlation on derivatives of signals. 

Moreover， this algorithm helped in finding the correct 

rotation angle when there are two tall objects in oppo・

site direction of camera. When there are two objects 

in opposite side， the inc1ination affects the horizon 

edge so that the rotation error comes up to about 1800
• 

Table 1 illustrates this situation made wrong estima-

tion in 2 m and 8 m baseline length but averaging and 
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Fig.9 E首ectof moving average filter and derivation 

on cross correlation coefficient 

derivatives succeed in finding it out and giving ac-

ceptable answer. Furthermore， this Table shows the 

rotation estimation error raise gradually by increas-

ing the baseline length that its explanation might be 

in the a妊ectof di首erentview on objects. As muchas 

the stereo vision pair images has been captured with 

far distance from each other， the changes of angle 

view to 3・dimentionobjects and environment will be 

bigger and distinguishing the same point with cross 

correlation method will be diffi.cult. Consequently， the 

result is increasing the error. 

Thus far， cross correlation was applied on 2 com-

plete images. To further decrease the processing time 

and improve the accuracy， cross correlation was im-

plemented on a selected part of the image， in addition 

to the moving average filter and derivation. Never-

theless， using the partial image increased the rotation 

estimation error whereas the moving average and 

derivation applied on horizon edge together. The best 

improvement was while using moving average alone 

and in long baseline length. In short baseline length， 

it didn't have significant improvement and error 

remained almost the same. Figure 10 shows the result 
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Fig. 10 Effect of using partial image on cross cor-

relation results with differ巴ntbaseline length 

of using partial image on differen t baseline length as 

the same time as applying moving average. From 

10% until 100% of one image correlated with whole 

other image. And the cross correlation on horizon line 

had the best result around 70% of the image. In this 

work， the left part of the image was chosen randomly 

without any preference. It is possible that selection 

based on the application of a special algorithm could 

result in higher accuracy， but this is b巴yondthe scope 

of this study. 

Figure 11 presents the estimating heading angle by 

utilizing the Sum or Direct method described in s巴c-

tion 3 part 4. The result of experiment for Sum method 

has shown of all image and partial image until 70% 

Unexpectedly， the result of Sum method is better than 

direct method. The explan丘tionmight be hidden in 

this fact that the changing view to scene in slightly 

long distanc巴affectsthe accuracy of cross correlation. 

Additionally， the rotation estimation error could be of 

positive or negative values， so the final error value 

might be decreas巴d.

Usually in image processing based methods， the 

time of analyzing is relatively long and it becomes 

more serious wh巴nthe used image is high resolution. 

The proposed method d巴creasedthe time of data 

analyzing by combining the image processing with 

signal processing method. Therefor巴， it is fast enough 

to use in real tim巴 navigation，besides the estimated 

heading angle error is fairly small. For clarifying， it 

should be said that one degree heading angle wiU 

result less than one meter error in fifty meters dis-

tance 

V Conclusion 

The objective of this research was to estimate the 

horizontal heading of robot in real time navigation 
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Comparison of estimation error of heading 

angle obtained using Direct method and Sum 

method in partial image 

using the horizon line of pair spherical images with-

out using any corresponding or optical f1ow. An omni-

directional camera with high resolution image was 

used as the sensor to take a panoramic view and 

generate spherical image. Using an omnidirectional 

camera that remain scene structure within the camera's 

field of view through a considerable amount of motion， 

made possible to use horizon line for estimating the 

heading parameter. The horizon line was extracted 

by thresholding of sky in the image. Then， the hori-

zon line averag巴dwith moving filter and its deriva 

tion was found. The cross-correlation method applied 

to two derivative signals came from pair stereo vision 

system and the. horizontal heading angles was es-

timated. Th巴 errorfor estimated rotation angle was 

less than 2 degree in 10m baseline length and巴xperi-

ments showed that the summation method can im-

prove the result of estimated heading angle. At the 

end， the method of estimation absolute heading angle 

provided for the GPS-incorporated robot. This method 

is easy and its accuracy is fairly high enough to 

navigate the robot tractor autonomously in the meadow 

application. 
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「研究論文」

牧草地において使用するロボット車両の知能化システム

の開発(第2報)

一全方位カメラを使用したロボット方位角の算出ー

ファロイティモロウラーマン叫・野口 伸剖

要 = 目

障害物回避と自律走行に際して重要なことは，ロボッ

ト走行車両の現在位置や周辺環境の把握である。本研究

は全方位カメラと RTK-GPSを用いて，ステレオビジョ

ンの原理に基づき，ロボット車両の地上座標系に対して

の絶対方位角を算出するアルゴリズムの開発を目的とし

た。全方位カメラの場合，移動や回転に伴う画像範囲に変

化がないことから， 2枚の画像について相互相関法を適用

して， 20以下の誤差で方位を算出することができた。この

手法は方位算出の演算処理負荷が大きくないため，ロ

ボット方位角の算出をリアルタイムに行うことが可能で

ある。
[キーワード]全方位カメラ，マシンビジョン，方位角，位置推定，

ステレオビジョン，相互相関の手法
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