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Abstract: An unstructured environment requires a robot to possess outstanding mobility and advanced control algorithms

since there exist complicated configurations such as obstacle, uneven surface, etc. Especially, when a quadruped robot walks in

these environments, obstacles in the walking route will obstruct the walking or may give rise to a serious trouble. In this paper,

we introduce a strategy for the stable walking in unstructured environment. The proposed strategy consists of two control

algorithms. One is a collision–free algorithm to avoid obstacles and the other is an algorithm to overcome any obstacle. These

are based on the obstacle detection method and a shape reconstruction algorithm, Which algorithms are described in detail. In

addition, the validity of these algorithms have been demonstrated through experiments using a quadruped walking robot called

“MRWALLSPECT III(Multifunctional Robot for Wall inSPECTion version 3 )”.
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1. Introduction

Recently, in the field of robotics a lot of progress has been

made and many things considered to be impossible previ-

ously are going to be performed by robots. In a near future,

robots are sure to be used as substitutes of the human for

many tasks in our daily life. In order to replace the human,

a robot should have several special abilities such as the high

intellectual power to cope with arbitrary situations, mobility

or adaptability to travel in the environment and dexterity to

manipulate objects. Among theses requirements, the legged

system have been considered as the solution to improve the

mobility of robot. So, many researchers have been performed

on various walking robots such as biped, quadruped, hexa-

pod robot, etc. Especially, the quadruped walking robot is

expected to apply in industrial facilities because they have an

outstanding mobility and the potential capability to adapt

in uneven terrain. Though many people recognized the mo-

bility advantage of legged locomotion systems, it was diffi-

cult to develop a suitable walking robot which can be used

in unstructured environment. Because the environment in

which a walking robot is expected to locomote is composed

of complicated configurations such as obstacle, uneven sur-

face, etc. To develop a walking robot which can locomote in

unstructured environment may not be easily accomplished

but classification of unstructured environment and develop-

ment of gait control algorithm will give us good inspirations

of design and deserve to refer to. In fact several studies have

been reported on the classification and quantitative descrip-

tion of configuration of an unstructured environment[1]. And

some researchers have proposed some criteria which can be

applied to the design of walking robot[2][3]. Moreover, the

other researchers proposed various gait control algorithms

to overcome unknown environments[4][5]. In spite of these

many results, there are no example of the walking robot

which can be used in the industrial fields. Among reasons,
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Fig. 1. MRWALLSPECT III

a major cause is that robot has not the ability to adapt in

unknown environment. To obtain the enough ability, the de-

tection algorithm and gait control algorithm are considered

at once. So, in this paper, we propose a control method to

improve the adaptability of robot in unknown environment.

We performed the obstacle detection using two degree of

freedom(abbreviated as DOF) infrared sensor. And then,

we can get some important data such as height and width

of obstacle. These data will be used to determine the gait

control algorithm as ”overcoming” or ”avoidance”.

This paper is organized as follows. In the next section, we

will describe the quadruped walking robot called MRWALL-

SPECT III. A gait control algorithm to overcome and to

avoid any obstacle is presented in section 3. And the obsta-

cle detection method and shape reconstruction algorithm are



presented in Section 4. Section 5 introduces several simula-

tions and experimental results, and we conclude with sum-

mary in Section 6.

2. MRWALLSPECT III

To verify the proposed strategy, we used a quadruped

robot called MRWALLSPECT III as shown in Fig. 1. MR-

WALLSPECT III had been developed for walking and climb-

ing in three dimensional unstructured environment. But,

in this work, we regards MRWALLSPECT III as a general

quadruped robot for the proof of the proposed gait control

algorithm. This robot has four legs with three–DOFs ac-

tive joints and a passive ankle joint for each leg. The active

joints are actuated by three geared DC motors, respectively.

The ankle joint of the robot that is a passive spherical joint.

MRWALLSPECT III contains two controllers. One is an em-

bedded controller using a single board computer(Pentium-

III 850MHz with IDE type flash disk, several DIO channels,

DA channels, and wireless LAN module) and RTLinux(real

time linux 2.2) is ported as the operating system. The other

controller is used to drive the two–DOF scanning module

consisted a CCD camera and a infrared sensor. Motors in

the scanning module are driven by 50Hz PWM signal gen-

erated by FPGA(EPM7128SLC84-15). The visual informa-

tion of the camera module is transferred to the operator via

RF(radio frequency) transmission unit. The power of the

robot is supplied with a tether cable, although all the other

communication is transmitted through wireless LAN. In the

open space, it can be controlled far from 300 meters away.

3. Unified Gait Control Algorithm
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Fig. 2. Motivation

If a quadruped robot walks in unknown environment, scat-

tered obstacles in walking route will obstruct the walking or

may give rise to a serious trouble. So, the discriminative gait

controls are required for the stable walking in this environ-

ment. For example, as shown Fig. 2, when robot reaches the

obstacle, a suitable gait should be determined by the opera-

tor or itself. In this case, there is two gait. One is a gait to

go over the obstacle through PATH I, the other is a gait to

avoid the obstacle through PATH II.

In this section, we will introduce the strategy to determine

the discriminative gait controls as overcoming or avoidance

algorithm. This strategy is composed of three major parts
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Fig. 3. Discrimination of environment

such as an obstacle detection method, a algorithm to over-

come obstacle and avoidance obstacle.

From Fig. 3, we assume that Ho is the height of the step,

Hr is the height between the bottom of robot body and the

first joint, and the length of thigh L1 and tibia L2 of legs are

equal to L. Then, we can discriminate between an obstacle

and a wall according to

1. Ho < L− Hr: the step is considered as an obstacle that the

robot can go over.

2. Ho ≥ L−Hr: the step is regarded as a kind of wall to climb

on.
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Fig. 4. The flowchart for the differential gait control

Depending on this discrimination, the patterns of locomo-

tion is changed. For example, in case of Ho < L − Hr the

obstacle overcoming gait is used, and the other case the gait

control should be changed to the obstacle avoidance gait.



The flowchart for the discriminative gait control algorithm

is shown in Fig. 4. In this algorithm, the object detection

algorithm is base on the shape reconstruction algorithm. At

following sections, we will describe the detail explanation

about these algorithms.

4. Shape Reconstruction

Up to now much attention has been paid to sensing the

shape of object or the environment with the active or pas-

sive sensing method. Visual sensing is considered as one of

the ways, but it may not be suitable for robot system since

that is required too much calculation power as well as con-

ditions. Though tactile or force/torque sensor can be used

easily for sensing, this is not a desirable way because it is

contact sensing. In this section, we will propose a suitable

method to sensing the shape of object or the environment

with infrared sensor. Our shape reconstruction algorithm is

based on the calculation of any surface on Euclidean 3-space

R3[6].

4.1. Mathematical Background

In order to help the understanding of the proposed algo-

rithm in advance some basic concepts in differential geometry

are introduced[6]
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Fig. 5. Approximated tangent vector

Theorem 1: In the Fig. 5, if β is a regular curve on Eu-

clidean 3-space R3 and ∆u has very small value, Eq. (1)and

(2) are valid, clearly.

‖PQ‖ ' ∆S (1)

vp '
PQ

‖PQ‖
(2)

where, ∆S means the segment length of curve β and vp is a

unit tangent vector on point P .
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Fig. 6. Integration of surface with coordinate patch

Theorem 2: As shown in Fig. 6, To discover a proper

definition of area in R3, generally, a coordinate patch is

performed as x: D → M . Let ∆R be a small coordinate

rectangle in D with side ∆u and ∆v. Now, x distorts

∆R into a small curved region x(∆R) in M , marked off

by four segments of parameter curves. If the segment from

x(u, v) to x(u + ∆u, v) is linearly approximated by the vec-

tor ∆uxu evaluated at (u, v), and the segment from x(u, v)

to x(u, v + ∆v) is approximated by ∆vxv. Thus the region

x(∆R) is approximated by the parallelogram in the tangent

plane at x(u, v) as Eq. (3).

‖∆uxu × ∆vxv‖ = ‖xu × xv‖∆u∆v (3)

where, xu and xv are unit tangent vectors at point OM in

direction u and v, respectively.

If ∆u and ∆v have a small value, we can find Eqs. (4) and

(5) using Theorem 1.

xu '
OMQM

‖OMQM‖
(4)

xv '
OMPM

‖OMPM‖
(5)

Substituting Eqs. (4) and (5) for Eq.(3), we obtain Eq. (6).

‖∆uxu × ∆vxv‖ = ‖OMPM × OMRM‖ (6)

From Eq. (6), we can find that the parallelogram in the

tangent plane coincide with the parallelogram formed by four

points on any surface. Consequently, in Euclidean 3-space

R3, if three points on any surface are determined, another

point is derived by using parallelism theorem. Also, if the

local area composed by four points is very small, the fourth

point derived from three points is located on this surface.

4.2. Shape Reconstruction Algorithm

In this paragraph, an algorithm is proposed to derive the

shape reconstruction of object or environment by using two–

DOF infrared sensor.
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Fig. 7. Relationship between sensor and shape control points

In the Euclidean 3-space R3, To obtain curves which can

be expressive of the shape of obstacle, N times sweeping

are executed with a range sensor(N ≥ 2). In this time, all

curves must pass through PC called common position formed

by sweeping. Then the i th curve is divided into two curves

as ui and ui+N , respectively. These curves are called shape

curve. If there exists a large number of points which depend

on the sampling frequency of a range sensor and these points

compose ui, then these points are called shape control point.



This point can be expressed in
∑

S
as the position vector

C
(i,)

(m,)(where, it is the m th point of ui). Also, if ui and ui+1

are selected, one local area M(i,i+1) called fanwise surface is

determined.

The relationship between the range sensor and shape

curves in Fig. 7. In Fig. 7, θi
j and φi

j represent angles of

sweeping of the range sensor. di
j denotes the distance from

the origin of
∑

S
to point C

(i,0)

(m,0).

Then we can express Shape control point such as

C
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i
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If three points which locate on surface S in R3 are selected,

we can generate two vectors connected with two points, re-

spectively. And then we can determine the fourth point

C
(i,i+1)

(m,n) called virtual shape control point with the parallelism

theorem. Of course, in Theorem 1 and 2, we confirmed

that this point is located on surface S. Thus, the relation-

ship between C
(i,)

(m,) and C
(i,i+)

(m,n) is presented as Eq. 8. The

local area M(i,i+1) is a set composed of C
(i,)

(m,) and C
(i,i+)

(m,n) ,

and a surface S is a set composed of M(i,i+1), respectively.

Therefore, we can reconstruct the shape of object with this

relationship. Fig. 8 shows the outline of the proposed algo-

rithm.

C
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Fig. 8. Reconstruction of the local area

4.3. Evaluation of the Shape Reconstruction Algo-

rithm

[Simulation] The performances of the proposed algo-

rithm have been evaluated through several preliminary simu-

lations. For simulations we selected geometrical models such

as a sphere and a winding surface as shown Fig. 9 (a) and

(b). In the simulation, we determined two curves as scan-

ning curves. Also, three hundred shape control points and
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(b) Surface model

(c) Simulation (d) Simulation

Fig. 9. Simulations of the shape reconstruction algorithm

four shape curves are obtained, respectively. Results of these

simulations are shown Fig. 9 (c) and (d).

[Experiments] We carried out experiments to evaluate

a propose algorithm with actual system. To obtain shape

control points, two times sweeping was executed. So, we

could get eighteen shape control points and sixty three virtual

shape control points. Fig. 10 shows results.

5. Simulations and Experiments

As shown Fig. 12, Algorithms presented in this work have

been proved through simulations. These confirmed algo-

rithms are applied to the actual robot system with MR-

WALLSPECT III. Fig. 13(a) shows the obstacle overcom-

ing gait. A height of obstacle measured with two–DOF in-

frared range sensor is about 150mm. In this case, MRWALL-

SPECT III can go over this obstacle because the attainable

height of this robot is L − Hr = 160mm. When the height

of obstacle is higher than 160mm, MRWALLSPECT III

should avoid the obstacle based on omni–directional gait[7],

as shown Fig. 13(b).

6. Conclusion and Discussion

In this paper, we proposed a control method to improve

the adaptability of robot in unknown environment. To ob-

tain the information of obstacle, two–DOF infrared sensor

is applied. The proposed gait control algorithm are com-

posed of a collision–free algorithm to avoid obstacles and an

algorithm for overcoming, and additional algorithms are pre-

sented such as an obstacle detection a shape reconstruction

algorithm. In addition, the validity of these algorithms have

been demonstrated through experiments using a quadruped
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Fig. 13. Experiments for evaluation of the algorithm

(a) Vertical plane surface
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Fig. 10. Experiments with actual objects

walking robot called MRWALLSPECT III.
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