
Motion Programming Environment
for Humanoid Robots

Objective

Humanoid Modeling

[ Humanoid Abstraction and Tree Structure ]

• Nod-Edge Structure
– Node: Topologically essential

body parts which are subjects 
for motion commands.

– Edge: Arbitrary kinematic Chains
connecting two distinguished 
nodes.

Motion Primitives

Motion Description Language

Simulation

• A set of motion alphabet 
constructing  complex behaviors.

• Should be
– Able to describe motions 

independent to kinematic 
structure,

– Expressive enough to depict 
everyday chores.

• More complex motions can be 
expressed as combination of 
primitives.

• Two kinds of motions:Free-space Motion (inspired by 
Labanotation): Graphical 
notation for human motion

[ Labanotation and Examples ]

Occupational Task (inspired by 
MTM (Method-Time Measurement)): 
– Computes the mean time 

required to perform an 
occupational task by 
decomposing a task into 
primitives,

– Is proven at decomposition.

[ Table of Motion Primitives ]
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“Bring the cup on the table” (combined)

0. (Specifying the cup from knowledge)
1. Walk to the table (combined)
2. Reach the cup (primitive)
3. Pickup the cup (combined)
4. Walk to the commander (combined)
5. Move the cup to the commander (primitive)

Decompose
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NODE Time Line
HEAD

HANDS Reach Pickup Hold Move
FEET Walk Stand Stand Walk Stand

TORSO
PELVIS Balance

Rearrange

Translate
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Validation

Overall Framework

• Provide a measure for modeling 
kinematics and dynamics

• Emulate real sensors and 
actuators

• Compute actual kinematic and 
dynamic variables and 
parameters

• Execute dynamics simulation 
(runtime debug)

[ Real robot and its Simulator ]

Actual Hardware
Devices

Emulated Hardware
Devices (Simulator)

Internal Kinematic & Dynamic Models

Command InputSensor Output

Concurrent Motion Synthesis
Balance Collision

• By STATIC ANALYSIS

Motion Language L

Syntax 
error

(invalid & 
impossible 

motion)

Static 
analysis

(Balance & 
Collision)

Runtime 
error

Error Check

Error Check

Error Check

• Developing Motion Programming Environment
–Specified for humanoid robots and not limiting 

their kinematic structure,
–Describing motions independently to kinematic 

structure with expressiveness,

–Vertically integrated from low-level to high-
level equipped with error detection at each 
level,

–Providing a handy measure  for programming 
humanoids, avoiding starting from scratch.

Given motion 
sequence w in L,
is ZMP(x) in 
support area S(x)?

Kinematic Machine
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ed• Motion language                  
where      is a finite 
input alphabet.

: state space (joint 
values)
: output s pace 
(position)

Atom of Motion Language L: (u, k, 
T)
If the machine receives an input 
string 

then     evolves according to

where               is a feedback 
function.

One (u, k, T) represents one 
piece-wise continuous motion 
segment.

Motion Synthesis

Given motion 
sequence w in L,
does point p(x) 
coincide with point 
q(x)?

NODE Time Line
HEAD

HANDS (u, k, T)2 (u, k, T)4 (u, k, T)6 (u, k, T)8
FEET (u, k, T)1 (u, k, T)3 (u, k, T)5 (u, k, T)7 (u, k, T)9

TORSO
PELVIS (u, k, T)0

Orchestration

• Hierarchical control of 
primitives

– Prioritized: lower priority 
primitives projected into the 
null space of higher priority 
primitives


