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X�x

Abstract

The present study focuses on the path planning of an Autonomous Underwater Vehicle

(AUV) in a three-dimensional environment using an improved potential function. In

the traditional three-dimensional flow around a sphere, the superposition of uniform

flow and dipole flow is limited to scenarios where the flow velocity remains constan-

t in one direction, making it impossible to set a target point and only allowing for

reaching the end of a flow line from a certain point. To enhance versatility, we pro-

pose superimposing three-dimensional dipole flows and three-dimensional point sinks,

enabling AUV path planning even when there are varying flow velocities within the

planning space and allowing for setting fixed target points. Additionally, we improve

upon obstacle representation by considering ellipsoidal obstacles and their correspond-

ing flows. Simulation results demonstrate that this improved potential function can

effectively plan feasible routes for AUV in different environments.
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1. Úó

AUV´�«Ã<ö�!U3YeÕá�¤ý½?Ö�Åì. AUV��OÚõU¦ÙU3�°!

�Ñ½Ù¦Y��¸¥�1�«?Ö, äkéÐ�A^cµ. n�´»5y3JpAUV5UÚÿÐ

ÙA^+�¥u�X'��^. õc5¯õÆöJÑ�n�´»5y�{��©�ã|¢�{(A∗

�{ [1]!Dijkstra�{ [2])!æ��{(¯��Åä [3, 4]!VÇ´�ã [5])!<ó³|{ [6, 7]!¢

D�{ [8, 9]!�
Ü6�� [10]! ²�ä [11, 12]��"

éu|^³|{)û�UN�n�´»5y, ©z [13]JÑ
|^{z�6¼ê��6A��

O��äk;æõU��Zn�;,, Ó��JÑ
�«ÄuJ[æNÔ�{�´»C/�{5�
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X�x

NÔ´áNé¡�, ¤±ò¥/æNÔ^ØÓ�Z�²¡���¤��ØÓ�»��/æNÔ, ÏL

T�{¦ÑéAØÓZ�I��/æNÔ�6¼ê©Ù, Ó�ÏLò�/;,N��ý�/;,5

�Ñ¢:¯K. ©z [15]|^n�7¥6Ä�éu, òn�þ!6� u�:?�n�ó46³¼

ê?1U\, l¦��/æNÔ u�:?�766Ä, 2|^^=²£Ý
¦��56���

766�.

¯¢þ, 3|^³|{)û�UN�n�´»5y�, Ñ´3þ!6��¸e?1�Ä�, ù�

U·^uÓ���Y6�Ý�Ó��´»5y, �¢S�¹ØÎ, �Ã{��8I:, l,:Ñu�

U��T6��ª:. ��©�Äòn�ó4f6�n�:®?1U\, ¦�U35y�mS�?

6�ÑØÓ��¸e�ÄAUV�´»5y, �U
���½8I:. Ó�, �
\rÊ·5, 35y

�mS�\\
ý¥/æNÔ5�ÄAUV�766Ä.

�©�Ù{Ü©|�Xe. 312!¥, ·�0�
n�7¥6Ä��'Vg. 313!¥�Ñ


ØÓ�¸e�AUV ´»5y. 314!¥�Ñ
ØÓæNÔ/G�AUV766Ä. �'ê��[

Ð«315!¥. ���Ü©é¤���(Ø?1
o(¿é�YïÄ��?1Ð".

2. ý��£

½Â2.1. ó4f6: �rÝ6Ú®6��«|Ü, Ù¥:Ú:®Ã��C¿�±rÝÚå

l�¦È�u�~ê�.

3n��¹e, eò u A(−a, 0, 0)�:, rÝ� m, � u B(a, 0, 0)�rÝ�:®U\,

- φ1Ú φ2©O´:®Ú:��Ý³, ò:�:®?1U\, K�n�ó4f6��Ý³:

φ = lim
a→0
m→0

(φ1 + φ2) = lim
a→0
m→0

[
−m

4π

(
1√

(x− a)2 + y2 + z2
− 1√

(x+ a)2 + y2 + z2

)]

= −M
4π

∂

∂x

1√
x2 + y2 + z2

=
M

4π

x

(x2 + y2 + z2)
3
2

=
M

4π

x

r3
=
M cos θ

4πr2

Ù¥,

r2 = x2 + y2 + z2, x = r cos θ, lim
a→0
m→∞

m · 2a = M

M �ó4fÝ.

½Â2.2. Ø�Ø6N³6�$ÄÆ^� (Ô¡^�) : 36N�ÔNL¡�>�, 6N��Ý©

þ7L�TÔNL¡�{�����.

äN5`, �±Lã�:

(i)��^�: 6N��Ý¥þ3�N>.þ7L�>.L¡�{���R�. ù¿�X6NØ

UBß�NL¡, 6N��~�Ý©þ (�éuÔ¡�R�©þ)7L�uÔ¡��~�Ý©þ.

(ii)ÃBß^�: 6NâfØUBß�N>., =6N3>.þ��Ý©þ7L�u>.��3

T:��Ý©þ. éu�½ØÄ�ÔN§ù¿�X6N3>.þ��~�Ý©þ7L�".

ù
^�(�
6N6Ä�, ÔNL¡���5�±�±, �6NØ¬3ÔNL¡�)?ÛØ
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X�x

y¢�Bß½©ly�.

½Â2.3. 7n�¥�³66Ä: n�þ!6Ún�ó4f6�U\.

U\���Ý³�:

φ = Ux+
m cos θ

4πr2

�Ý|�:

Vr =
∂φ

∂r
= cos θ

(
U − m

2πr3

)
�
÷vÔ¡^�, I�3 a ( a�¥�»)þ, Vr = 0, =:

Vr|r=a = cos θ
(
U − m

2πr3

)
r=a

= 0

⇒ a = 3

√
m

2πU
½m = 2πUa3

Ïd, 7n�¥�³66Ä��Ý³�:

φ = U cos θ

(
r +

a3

2r2

)
Ù¥, U �þ!6�rÝ.

3. ØÓ�¸e�Ä AUV´»5y

3.1. üæNÔ;æÊ´O�

3n�7¥6Ä¥, ´òn�þ!6�n�ó4f6U\, l/¤
7n�¥N�þ!6Ä.

�Ï�|^�´þ!6, ¦��U·^uÓ���Y6�Ý�Ó�é AUV?1´»5y, �¢S�

¹ØÎ, �Ã{��8I:, l,:Ñu�U��T6��ª:. �
\rÊ·5, ��Äòn�ó

4f6�n�:®?1U\, ¦�U35y�mS�?6�ÑØÓ��¸e�Ä AUV�´»5y

Ó�U
���½8I:. Ù¥, n�:®³¼ê�:

φ1 =
m

4πr

n�ó46�³¼ê�:

φ2 =
M

4π

x

r3

�:®��3 (b, 0, 0)� �, ó4f u�:?. ò:®�ó46�³¼ê?1U\:

φ =
M cos θ

4πr2
+
m

4π

[
1√

(x− b)2 + y2 + z2

]

=
M cos θ

4πr2
+
m

4π

(
1√

r2 − 2br cos θ + b2

) (1)
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X�x

�Ý|�:

Vr =
∂φ

∂r
= −M cos θ

2πr3
− m

4π

[
r − b cos θ

(r2 − 2br cos θ + b2)
3
2

]

= − 1

2π

[
M cos θ

r3
+
m

2
× r − b cos θ

(r2 − 2br cos θ + b2)
3
2

]

�
÷vÔ¡^�, I�3 r = a ( a�¥�»)þ, Vr = 0, =:

Vr =
∂φ

∂r
= 0

�
M cos θ

a3
+
m

2
× a− b cos θ

(a2 − 2ba cos θ + b2)
3
2

= 0

M = − m (a4 − ba3 cos θ)

2 cos θ (a2 − 2ba cos θ + b2)
3
2

Ù¥, m´:®�rÝ, �� 2. òM �\ (1)ª, ��:

φ =
M cos θ

4πr2
+
m

4π

(
1√

r2 − 2 br cos θ + b2

)

=
m

4π

(
1

(r2 − 2br cos θ + b2)
1
2

− a4 − ba3 cos θ

2r2 (a2 − 2ba cos θ + b2)
3
2

)

éTª¦FÝ=��6�÷ x, y, z ¶�©þ ū = [∂φ/∂x, ∂φ/∂y, ∂φ/∂z], ?¼�35y�m

S�?�ÝÑØ�Ó��766�.

þã´ó46, =¥/æNÔ u�:��6�, �
òO����6�·^un��m¥?

Û56��, ¿�¦õ�æN�±3n��m?¿©Ù, |^^=Ý
5)û.

Ú½:

(i)(½8I��: 8I���±då©:Ú8I:5(½.

(ii)(½^=¶: ^=¶R�u�©�� (x¶)Ú8I��, �±ÏLO�ü����þ��

È5��.

(iii)O�^=�Ý: ¦^:È5O��©��Ú8I���m�Y�.

(iv)�ï^=Ý
: ¦^^=¶Ú^=�Ý�ï^=Ý
.

3.2. õæNÔ;æÊ´O�

35y�mS�3 K �æNÔ�, Ú\�Xê5nÜO�æNÔ�)�766�. b�?¿

1 k�¥N�¥%�I� (xk, yk, zk), �»� ak, �Xê½Â�:
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X�x

ωk =
∏
i6=k

di
dk + di

ª¥, dk =
[
(x− xk)

2
+ (y − yk)

2
+ (z − zk)

2
]1/2
− ak L« AUV�1 k�¥NæNÔL¡�

ål. õæNÔ�¹e�6�L«�:

ū =
K∑

k=1

ωkūk

Ù¥, ūk �üæNÔ766�. é6�È©=�5y�´»�.

4. ØÓ/GæNÔe�Ä AUV´»5y

4.1. üæNÔ;æÊ´O�

7n�µ4ÔN�³66Ä, �Äò u C (−a2, 0, 0)�:, rÝ�m, � u B (a2, 0, 0)�

rÝ�:®U\, /¤ý¥ («Ouó46). 23 A (a1, 0, 0)?��:®, rÝ� Q, ¦�U35y

�mS�?6�ÑØÓ��¸eé7ý¥$Ä� AUV?1´»5y, ¿5½�½�8I:.

Figure 1. Ellipsoid

ã 1. ý¥

Xã 1¤«, S :�Ê¢: (7:), �Ý� 0 , �I� (xs, 0, 0).

U\���Ý³�:

φ =
Q

4π

1√
(x− a1)2 + y2 + z2

− m

4π

 1√
(x+ a2)

2
+ y2 + z2

− 1√
(x− a2)2 + y2 + z2



u =
∂φ

∂x
= − Q

8π

x− a1[
(x− a1)2 + y2 + z2

]3/2 +
m

4π

 x+ a2[
(x+ a2)

2
+ y2 + z2

]3/2 − x− a2[
(x− a2)2 + y2 + z2

]3/2
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X�x

7: S ��Ý:

u|x=xs,y=z=0 = − Q
8π

1

(xs − a1)2
+
m

8π

[
1

(xs + a2)
2 −

1

(xs − a2)2

]
= 0

¤±, k
Q

(xs − a1)2
=

m

(xs + a2)
2 −

m

(xs − a2)2

C¦Ñ xs.

3 x = 0¡þ��Ý©Ù:

u|x=0 =
Q

8π

a1

(a21 +R2)
3/2

+
m

8π

2a2

(a22 +R2)
3/2

Ù¥, R2 = y2 + z2.

ÔN��» R0�±deª(½:

2π

∫ R0

0

u

∣∣∣∣
x=0

·RdR = m

|^ 3.1!¥Ó��^=Ý
�¦Ñüý¥æNÔ�766�.

4.2. õæNÔ;æÊ´O�

du´ý¥æNÔ, �Xê�?1�A�?U, 3 3.2!¥, dk L« AUV�1 k�¥NæN

ÔL¡�ål, Kéuý¥5`, Äk¦Ñ�m¥?¿�:�ý¥¥% (xk, yk, zk)�ål, 2O�T

:�ý¥¥%:ë¤����ý¥��: (xq, yq, zq), ��¦Ñ�:�ý¥¥%�ål, üål�

~�� AUV�ý¥L¡�ål, Xã 2¤«.

Figure 2. Find dk diagram

ã 2. ¦ dk «¿ã

¦ (xq, yq, zq)�Ú½�:

(i)½Âý¥Ú��
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X�x

������þ�: (x− xk, y − yk, z − zk), K���§�:
Px = xk + (x− xk) · t
Py = yk + (y − yk) · t
Pz = zk + (z − zk) · t

ý¥�§�: (
x− xk
xs

)2

+

(
y − yk
R0

)2

+

(
z − zk
R0

)2

= 1

(ii)éá�§¦)

¦Ñ��:�I©O�� x, y, zk'�L�ª
xq = f1(x, y, z)

yq = f2(x, y, z)

zq = f3(x, y, z)

�éuý¥, dk L«�:

dk =

√
(x− xk)

2
+ (y − yk)

2
+ (z − zk)

2 −
√

(xq − xk)
2

+ (yq − yk)
2

+ (zq − zk)
2

|^ 3.2!��Xê�¦Ñ�3ý¥�¥/æNÔ��766�.

Figure 3. Multiple paths at different angles

ã 3. ØÓ�Ýeõ^´»
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5. ê��[

5.1. ØÓ�¸e�Ä AUV´»5y

ò8I:��3 (26, 28, 30), dã 3��, lØÓå:ÑuÑU��8I:, ã 4´?¿å:ü

�´».

?¿(½�å:�´»:

Figure 4. Arbitrary origin path

ã 4. ?¿å:´»

3ã 5¥, ò|^©z [15]�þ!6´»�U?��´»?1é', d¤¦��³¼ê÷vÔ

¡^���, U?��´»Ø¬BßæNÔ, ´»äkÜn5. Ó�d�ý(J��, U?��´»

U
���½8I:, �5y�m¥�:��ÝÑØ�Ó, �k|u�[ý¢�6|µ.

Figure 5. Point sinks are compared with uniform flows

ã 5. :®�þ!6?1é'
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5.2. ØÓ/GæNÔe�Ä AUV´»5y

ý¥ u�:�, 5½8I:� (30, 0, 0), å©:� (-30, 0, -5). 766�Xã 6¤«.

Figure 6. The ellipsoid is located at the origin

ã 6. ý¥ u�:?

?1^=�, ò8I:��3 (28, 28, 0). 766�Xã 7¤«.

Figure 7. Single ellipsoid multipath

ã 7. üý¥õ´»

\\¥/æNÔ�, ����ª´»Xã 8¤«.
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X�x

Figure 8. Final path

ã 8. �ª´»

6. (Ø

3DÚn�7¥6Ä¥, ´òþ!6�ó46?1U\, �ù«U\�U·^uÓ���Y6

�Ý�Ó�é AUV?1´»5y, �Ã{��8I:, X©z [15] . �
¦ AUVU35y�mS

�?6�ÑØÓ��¸e?1´»5y, �5½�½�8I:, �©JÑ
U?³¼ê{¦� AUV

U3ØÓ�¸e¢yk�;æ, d�ý(J��, 3d:®�ï��¸eé AUV?15y�, ��

8I: (26, 28, 30), l?¿å:Ñ���T8I:, Ó��æ^©z [15]¥þ!6�´»?1é',

:®�¸e/¤�´»U���½8I:, �´»�äkÊ·5. ��, �Ä
ØÓ/GXý¥/æ

NÔ�;æ, �ïÓ��3ý¥æNÔÚ�¥æNÔ��¸, ò8I:5½3 (28, 28, 0), l?¿å

:ÑU��T8I:. �Ï�ïÄò8¥uXÛòT�{A^uý¢�6�¸, ¿�ï�õ«/G

æNÔ.
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