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A Study on the Basic Control of Humanoid Robot
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Abstract

This paper presents the implementation and experimental analysis of a fundamental control system for
humanoid robots utilizing Python-based SDK and API frameworks. As humanoid robots gain increasing
adoption across diverse applications due to their anthropomorphic design and motion capabilities, the
development of precise and modularized control technologies becomes essential. This study implements and
validates core functionalities including locomotion, arm manipulation, and balance maintenance, with
comprehensive evaluation of control accuracy and system responsiveness. A real-time sensor data
acquisition and processing system was developed through ROS integration, specifically targeting LiDAR
and IMU sensor streams. The sensor integration experiments were systematically evaluated based on
three key performance metrics: latency, data stability, and processing efficiency. Furthermore, the
interaction between sensor inputs and control commands was modularized to establish a framework
compatible with reinforcement learning-based autonomous control algorithms. Experimental results
demonstrate the system'’s effectiveness in achieving reliable control performance with average response
times of 0.2 seconds for locomotion commands and positioning accuracy within 5% error margins. The
developed framework provides a robust foundation for advanced autonomous control systems and
multi-modal sensor fusion applications in humanoid robotics.
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E 1. Unitree G1 282 7424
Table 1. Main components of Unitree G1 robot

Item Specifications

Height 127 cm
Weight 35 kg
HYEFE 065 m
Ho B35 E 2.0 m/Sec
DOF : 23(Arms 6%2, Legs 6%2,
Waist 1)

Joint TE7]  AEF AHLE
A A= +0.02 rad (oF 1.15°)
HAd E3 : 200Nmr
=2l © WiFi 802.11ac, Ethernet
Ao)F7] ¢ IkHzZ(AG5),
100Hz(325)

SDKA9 : Python, C++, ROS
MU 6% #4244
LiDAR :2D, 10m 9, 360° 34
RGB7H] 2}:1080p, 30fps
bkt AlA 1 43/ 70d
Depth 7}#2} : Intel RealSense

Physical

Control
System

Sensor
System

= [¢}
Aoz 207 oldel ¥4 DOF(Degrees of
gk A A kY

£ ASIMOP, NAO, Atlas &°| #8 4,
AR Vee B 2RE0] SAH
al, 2020 o] Fell= 73t Shsy 7Nk HE XA
ste} HEl G AlA 9 7]so] 8% Sophia,
Tesla Optimus, Unitree G134 722 419 &4
wol=7t JpdEo|[6], Aled =] AA A
& 7FeAdel A SdH L A= Aotk

2.2 HOf AZESQ0f

Aol 2ZE o= 23 e HAS 9
A SDK= wjEE 1 glom gho]ld Bl C++ 7|4k
o Fo] JuH7]. API= AF= Alojst ugFE

Aolz AF HAv 15E Aol w, B ER,
Y RS ge BEe usl Tad 4
)

o,

from unitree_sdk import Robot

robot = Robot()

robot.set joint position(joint_id=1, position=0.5)

4 1H WO Ar Q= 0=
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% 1. SDKE o|&%t Mo ZE
Fig. 1. Control code using SDK
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import rospy

from sensor_msgs.msg import Imu
def imu_callback(data):

print("IMu CO|E{:", data.orientation)
rospy.init_node('gl_imu_listener")
rospy.subscriber(”/g1/imu”, Imu, imu_callback)

rospy.spin()

%3 2. ROS 718k IMU MM Hlole 4 2=
Fig. 2. ROS-based IMU sensor data reception code
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Control PC (Ubuntu)
- Python SDK
- ROS Noetic
- OpenCV, NumPy

G1 Humanoid Robot

- Motor control

- Sensor data collection
- WiFi / Ethernet

Network connection(WiFi or Ethernet)

ROS-based data processing node

- LiDAR data collection and analysis
- IMU sensor data processing

- Utilization of the foot pressure sensor

% 3 AlA” x5
Fig. 3. System Architecture Diagram

E 2. Mo A|lAEHIS FM 24
Table 2. Components of a control system

Component Contents
Control PC Ubuntu 20.04 LTS, Python 3.8
Robot Unitree G1 Humanoid
Network WiFi
ROS ROS Noetic + Unitree SDK
IMU, LiDAR, DRGB camera, foot
Sensor
pressure Sensor
Motion Control, Motor control
SDK/AFI using Python API
&7t 5m xbm HH(AW)
EEEEE
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SH5E 1 2242°C, 45+5% RH
QHAA WA, bl
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7tstsl =2 H21d HM2=

Connect to the robot via Python SDK on the control PC

l

Initialize the robot and check the current status

]

Send control commands (walk, arm movement, etc.)

Control PC .
G1 Humanoid Robot
(Python SDK)
- Command generation t—- Command reception/execution

(walking, arm movement, etc.) (motor control)
- ROS data processing t+— - Sensor data transmission

(IMU, LiDAR, etc)

]

The robot executes the commands and returns sensor data

I

Analyzes sensor data using ROS

l

Perform additional actions based on the analyzed data

T 4, AAE S A|ZA Z2MA
Fig. 4. System step—by-step sequence process
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Fig. 5. Software operation process
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sudo apt update
sudo apt install ros-noetic-desktop-full
>> ~/.bashrc

~f .bashrc

T2 6. ROS Noetic Mx| ! &z MY 3=
Fig. 6. ROS Noetic Installation and Configuration Code
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from unitree_sdk import Robot
robot = Robot()
orint(robot.get_status())

a8l 7. APIE 0|8
Fig. 7. Robot status check code using API
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from unitree sdk import Robot
robot = Robot()

robot.initialize()

int("E2=E0| 2SI SSLICE)

a7 8 28 x7(35t
Fig. 8. Robot initialization
B3 L& walk_forward(speed, duration)® HE
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robot.walk forward(speed=0.5, duration=3)
robot.stop()

a7 9 28 23 xo ZE
Fig. 9. Robot walking control code
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robot.set joint position(joint id=18, position=8.5)

robot.set_joint position(joint id=11, position=8.5)

J3 10 22 Z ojM Ho
Fig. 10. Robot arm value control

A delgel g AiA] o 59 o Fu &
1259 QFE Qd Frols 2o £
T A el B FEE dadEs T
/3 stofof gt

A dlelE o] IMUE 259 AHA|, 714 =, 3]
A EE ARE AANTo R AFsith B =Fo
M get_imu_data() WIAZZ dlo|HE 218
Hudo] 93 A& AFsis. #3149
diolel= AAl 34, 78 Alof, Asists v=y)

S 5 47 dlolE 35

imu_data = robot.get imu data()

nt("1™U GOIE{:", imu_data)
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Fig. 11. IMU sensor data reception code
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Table 3. Experimental items and Evaluation criteria

Items Evaluation Criteria
. Directi h
Walking Test Speed, Direction Change
Response Speed
Arm Movement | Accuracy and Reaction Time

Test of Joint Control
Utilization of

Sensor Data

Speed of Sensor Data
Processing
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Table 4. Experimental items and measurement items

Items Measurement items
. Speed, Response Speed,
Walking Test Balance

Target positioning

Arm movement test
accuracy, Response speed

Balance maintenance Balance recovery time,

Compensation action

Data collection speed,
Real-time processing

experiment

Utilization of sensor
data

performance

B3 A9dE Gl freol= 23] A o)F
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4E 34 stk AdedAE walk_forward()
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£ A TR T4 HH 022 o]
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3 AA o] AlRE 7He] e AbE oF 5% o]st
2 UEstth g2 a9 128 AW g 3x3
23] olFataL ofolx] A% WO R 0.3m/sec
&5 2 227 o]Fsle ZEE Ko Fa 9t

robot.walk_forward(speed=0.5, duration=3) # 0.5m/s
robot.walk_forward(speed=-0.5, duration=3) # 0.5n/s

robot.walk(direction="left", speed=0.3, duration=2) # &=

robot.stop() # ZX

a8 12, 28 MY 3=

Fig. 12. Walking experiment code
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Fig. 13. Result of arm joint control experiment
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robot.set_joint_position(joint_id=16, position=0.5)

robot. set_joint position(joint id=11, position=-0.5)

a2l 14, Am joint M| AE ZE
Fig. 14. Arm joint control experiment code
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t} get_imu_data() 9} get_lidar data() 45 &
g5t Gl Frwols EROoRREH IMU %2
LIDAR 44 dle]HE AAtoz F2180= o
Alo] e},

imu_data = robot.get imu data()
lidar_data = robot.get_lidar_data()
print("IMU:", imu_data)
print("LiDAR:", lidar_data)

a2 16. IMU / LIDAR 21 ZE
Fig. 16. IMU / LIDAR reception code

=
.
o e

OE,OEL“_E
J&,zl'—\.i%
o S
X 3R
o =
oty 2
H £ o
—OLQh
£ = &5
o 2
o[-ﬂﬁjré
Mo Ty X
rﬁmmim
oi’J:'HuOW
2£>}E=°"='
32 ¢ o,
Jﬂoﬁom
o 2 ox

lo o @& to te [o fo
a1
o
T

(e
ol
oo ot
[o
2
it
ol
ol
At
+
ol
ol
N
§2
O
dlo
=
bl
off Mo ¥ £ Mz 2 rff Mz dd 32 rlo o

=
o2
o
>~
>
e
o
1>
ol
>~
>
e
=3
m
ru
o r
~
o)
o
i)



FHL0|S 20| J|2 Hojo] BE 917

2L Aol S Y3k A4 APIFA AFsd s, T AEAE EAs] A8 FaAEATt e
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& A7l 7127k 4 g vk v & 5w & E7 78 |X gt 23
T AR w2 na A% Wyt A7E ek Table 7. Balance maintenance assessment results
o]t Angle of Keep the Balanc.e
. restoration
incline (angle) balance .
time (s)
E b & MH EEPE 2 M5 "ot 7%1} 5 Good 05
Table 5. Results of walking performance evaluation
according to speed setting 10 Good 12
Speed Ayerage Average 15 Bad -
. distance response
setting . Balance
(m/s) traveled time
() o) AN dolE A A% #7bs IMUS LiDar
05 145 02 Good e glo s, TS ¥ 8 AlA
A little bit dlolele] "7F 23tE yebd Aol
1.0 2.85 0.18 .
of shaking
15 490 015 Loss of E 8 4lA ololef ot Zo}
balance Table 8. Sensor data evaluation results
Sensor t Data Processing Average
A8 Aufo] A e £%(05m/s)dl ,q_e ) YPe speed (Hz) Latency (ms)
& ogHor A EHHYo, SEv} MU 100 10
VTS 7y fAdd odHeS E?iﬁ} ol &= LiDAR 30 133
AEshe AY RE ZEEY FER @A Tt
gatolgl 8 = Q) e E 6L T E2} o
°} ]iiﬁ At j f 62 & 2 g X 9= Gl 283 NAO[6I17] ¢ %
sF A& = 7o
EH\.. =2 7 EJ’]—E L}-E]—‘_)\]D}- *é%oﬂ EHE}_J: H]ﬂ}_,z_ O]E]—
Z6 T 33 HoH o
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Table 6. Arm movement evaluation results
Z&2 d|w
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