


(a) The HUBO Robot (b) The HUBO Hand 

Fig. l. The HUBO robot and the robot hand. In Figure lea): l. Harmonic 
drive; 2. Two computers and batteries placed in the chest; 3. Inertial 
measurement unit; 4. FIT sensor on the wrist; 5. Brushless DC motor; 6. 
Motor control board; 7. FIT sensor on the ankle. 

minimize and compensate for the error caused by systematic 

and environmental uncertainties. 

B. Our Approach 

The hose installment task requires the integration of differ

ent planning and control algorithms. We decompose the task 

into the following four sub-tasks and describe our approach 

to each of them. 

The first sub-task for the humanoid robot is to detect where 

the hose is and to plan a collision-free motion to grasp 

it. In our work, the fire hose is assumed to be rigid. We 

are planning to put force/torque sensors on the robot hand 

so that contact forces can be measured by them. With this 

sensory capability, a force compensator program can be used 

to control the grasping motion. In addition, the grasping force 

controller utilizes the tactile sensors on the robot hands and 

controls the net force of holding, which will optimally avoid 

slipping and assure stable contact with the hose. 

After the hose is grasped, the humanoid robot lifts up the 

hose so that there can be some clearance between the hose 

and the table to facilitate motion planning for transporting 

the hose. In this process, the robot may need to adjust its 

body pose properly with a center of mass position (CoM) 

controller to keep the zero-moment point (ZMP) of the robot 

within the support polygon. 

The third sub-task is to carry the hose to the target 

position. To this end, the humanoid robot first detects the 

target and obstacles. Then it generates a collision-free path 

that defines the walking path and the foot placement in 

real time. Considering the change to the location of the 

original CoM of the robot caused by the extra weight of 

the hose, the walking gait may be adjusted based on the new 

CoM position. In the meantime, the ZMP controller keeps 

controlling the robot to follow the desired ZMP trajectory 

defined by the walking path and foot placement. A separate 

landing controller compensates for the unexpected contact 

forces caused by the ground contact. 

Once the hose is transported to the hydrant, the humanoid 

robot moves the hose to the hydrant before it inserts the 
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Fig. 2. Our manipulation pipeline which includes three stages. In the 
grasp recording stage, stable grasps are predefined and stored into a grasp 
database using our Grasplt! simulator [14]. In the motion planning stage, 
a predefined stable grasp is retrieved from the database according to 
the requested manipulation tasks and arm motion is planned using the 
OpenRAVE simulator [15] to generate a joint trajectory for the manipulation 
task. Once a joint trajectory is generated, it is sent to the robot through a 
real-time control system to accomplish the manipulation task. 

hose into the hydrant. Considering potential errors from the 

kinematic model of the robot and its sensors, the humanoid 

robot may utilize a dedicated force controller to compensate 

for unexpected contact force and to predict whether the hose 

is properly oriented and aligned with the hydrant. 

In this paper, our focus is on planning arm trajectories 

for all the motions to grasp the hose, transport it to the 

hydrant, and insert the hose into the hydrant. While we 

haven't implemented all the dedicated controllers as specified 

above, we have ported the planned motion to the physical 

robot and executed the motions as our initial result. 

III. THE HUBO ROBOT 

A. Hardware Overview 

HUBO is a full-sized humanoid robot and open-platform 

developed at KAIST (Figure l(a)). It is 130cm tall and 

weighs about 42kg. In terms of mechanics, HUBO has 38 

degrees of freedom including 6 on each leg, 6 on each 

arm, 5 on each hand, 1 on the torso, and 3 on the neck. 

Each joint is driven by a brushless DC motor with harmonic 

drive and has an optical encoder that allows users to control 

each joint angle individually. There are four 3-axis force

torque sensors located at each wrist and ankle joint, and 

one inertial measurement unit at the center of pelvis. Inside 

the robot, two computers are located in the chest. One is 

dedicated to joint control and sensor measurement via CAN 

bus and the other one works for other processes such as 

perception and high-level control. The real-time operating 

system (RTX) and customized control boards are the main 

features of the HUBO robot which compensate for the delay 

and interpolate the error so that a user can control each 

actuator at a hardware-based frequency [16]. 

There are two robot hands on the HUBO robot. In each 

of the HUBO hands, as shown in Figure l(b), there are five 

fingers connected through cables. Each of these fingers is 

driven by a small DC motor. The net grasping force is 15 N. 

We use the OpenRAVE software as a simulation environ

ment to simulate the HUBO robot and plan robot motions 

[15]. This simulator provides us with a tool to rapidly 

prototype and evaluate different algorithms and analyze the 

motion of the HUBO robot. One main feature of OpenRAVE 

is the open-simulation module that is kinematically and 

dynamically synchronized with the HUBO robot, which 

allows users to apply their algorithms to the physical robot 

and evaluate the results on the HUBO robot. Figure 5 










