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Abstract—This paper presents the design of our new humanoid
robot platform Robinion Sr. We discuss the versatile and robust
hardware and software systems of the humanoid robot, which
is targeted for use in many different fields such as research,
development, competition, and service industry. The cost of the
robot was also an important consideration in the design process.
We introduce a novel and inexpensive mechanical design (e.g.,
external gears, low cost sensors, and parallel kinematics for the
legs) in order to reduce the weight and overall cost of the robot.
The robot is equipped with an efficient electrical structure. We
also present a vision system for Deep Learning-based object
detection without the use of a GPU. This paper presents our
design methodology and evaluates the results.

I. I NTRODUCTION
When designing a humanoid robot it is tempting to make use
of the latest technology and expensive hardware [1]. However,
if left unchecked this desire can lead to a ballooning of
the manufacturing and hardware cost. Furthermore, the best
hardware performance-wise might not be the best fit for a
specific robot design, which also have to take into account
elements such as mass distribution and power consumption
[2].
In this work, we present a lightweight humanoid robot
platform called Robinion Sr. It is a 135 centimeters tall
humanoid and weighs approximately 12 kg. Keeping in mind
the target of a low-cost humanoid robot we describe our
hardware and software systems. Notably, our robot’s main
computer is a low-cost Tablet computer and does not have
a GPU. Nonetheless we are still able to deploy state-of-theart deep learning systems such as a modified Tiny YOLOV3 model. We circumvent the need for a dedicated GPU by
making use of the Google’s Edge TPU USB device, which
can still achieve real-time inference speed by compiling the
processed models into a special format [3].
In Section II, we introduce the humanoid robot along
with its mechanical structure, electrical structure, and GUIbased software. Section III explains an IMU-based closedloop walking gait. We show our custom version of a Deep
Learning model using the Tiny YOLO-V3 model in Section IV.
We present the results of our work in Section V. Finally, we
present our conclusion and future paths of research in Section
VI.
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Fig. 1. Humanoid Robot Platform - Robinion Sr

II. H UMANOID ROBOT P LATFORM
This section describes our humanoid robot platform including its electrical structure, mechanical structure, and GUIbased software. We considered the optimization of the hardware and software to minimize the cost of robot manufacturing [4]. The total development cost is similar to a small
humanoid robot Darwin-OP31 of ROBOTIS, which is one-third
the price of a life-size humanoid robot NimbRo-OP2, and it
was manufactured at one of the lowest price among humanoid
robots of a similar size [5]. Table I shows the specification
of the lightweight humanoid robot. The performance of the
robot is efficient in walking and object recognition using Deep
Learning algorithms.
TABLE I
ROBOT SPECIFICATION
Items
Name
Height
Weight
Degrees Of Freedom
Actuators
Camera
Main controller
Sub controller
Sensor
Battery
Walking speed

Specification
Robinion Sr.
135 cm
12 kg
40
MX-106, MX-64, MX-28
C930e (Wide-angle lens: 150◦ FOV)
Intel core-m5 Tablet with Edge TPU
Cortex-M3
IMU
LiPo 14.8V, 6400mA
25 cm/s

Robinion Sr is 135cm tall and weighs approximately 12kg.
1 https://emanual.robotis.com/docs/en/platform/op3/introduction/

The robot uses 26 actuators for 18 joints with ten in the
legs, six in the arms, and two in the head. All roll and pitch
joints of the legs use dual motors and external gears in one
joint to increase torque. The humanoid robot is equipped with
the smart actuators Dynamixel MX series from manufacturer
ROBOTIS. The actuator has advanced functions such as precise
control, PID control, 360-degree position control, and highspeed communication. The robot also counts with a gripper
with 10 degrees of freedom manufactured by Seed Robotics.
As its main processing unit, it features an inexpensive tablet
PC with Intel Core m5 processor with 4GB RAM and 128GB
SSD. The robot also uses Google’s Edge TPU to detect
objects using Deep Learning techniques, as a replacement
for expensive GPUs.. The Edge TPU is not only low price,
but also has efficient power consumption and fast inference
speed, and is can be for a variety of tasks such as object
detection, pose estimation, image segmentation, etc. In order
to reduce the amount of computation of the main controller, we
optimized the inverse kinematics computation of the walking
gait and the generation of trajectories to be computed in a 32bit sub controller. Since the sub-controller is not optimized for
matrix operations commonly needed for kinematic analysis,
we optimized it using trigonometric computations. We developed an IMU-based closed-loop walking gait for the stable
gait of the robot. Robinion Sr can walk in a stable manner at
speeds of up to 25 cm/s.

ankle and hip, 24:36 for the pitch axis of the knee, and 24:40
for the yaw axis of the hip. We developed parallel kinematics
for the legs to reduce one joint for each leg. The knee joint
controls the pitch joint at the ankle and the pitch joint at the
hip. We designed the robot frame using sanded and anodized
aluminum for high strength and light weight.

Fig. 3. GUI-based software

We developed a graphical user interface (GUI) using Qt
with Python for users to control various functions of the robot
(see Figure 3). Our software can be used in competitions
such as Robocup Humanoid league, FIRA Hurocup, IROS
Humanoid robot Application Challenge (HAC), as well as
research. The software system contains an array of functionality such as detecting objects using image processing as
well as Deep Learning algorithms, sending kinematics data
to control the walking gait of the robot, and controlling the
robot via a joystick for teleoperation. We developed speech
recognition, object detection, text-to-speech, and serial communication between our main software and the sub-controller
of the robot. The user can set the communication connection
between the sub-controller and the main controller as well as
the connection between the main controller and the camera
in the menu bar. Robinion Sr calculates the inverse/forward
kinematics in real-time by analyzing the protocol parametrized
by the software.
III. M OTION

Fig. 2. Mechanism design of legs using external gears

When designing the leg of our lightweight humanoid robot
we took into account factors such as development cost, torque,
and joint range (see Figure 2). We used MX-106 actuators in
the legs, and each joint in the leg is composed of two servo
motors working together to increase output torque. However,
even the torque of the two actuators was not sufficient, so
we also designed external gears to provide sufficient torque.
For comparison, in the case of the similarly sized NimbRoOP2[6], 4 actuators are used in a single joint. We opted to
use external gears in all joints of the legs to reduce the overall
weight and cost. We placed standard spur gears on each joint.
The gear ratio of each joint is 24:55 for the roll joint of the

We use an inverse kinematics solution to control the basic
walking gait of our humanoid robot. In order to reduce
the amount of computation required of the main controller,
we calculate the inverse kinematics in real-time in the subcontroller, the 32-bit MCU. We replaced the matrix operations
with trigonometric operation to optimize the amount of computation. Walking is one of the important aspects required for
humanoid robots. In order to walk stably on various surfaces,
closed-loop walking with sensor feedback is a must. We
used the Euler angles of IMU roll and pitch as input data
for feedback control to maintain the robot’s balance while
walking. We developed an omnidirectional walking gait based
closed-loop feed control on an artificial grass surface and a
speed of up to 25cm/s.

Fig. 4. Flowchart of operations to convert he model to a format deployable by the Edge TPU USB Device.

IV. P ERCEPTION
State of the art perception systems commonly use Deep
Learning techniques [7]. One of the most extensively used
operations is the convolution which makes up the supporting
pillar of most common architectures. Since most of these systems are quite complex and have a huge number of parameters
it requires heavy computation for training and even inference.
This computation commonly takes the form of GPUs, although
recently there’s been a push for new types of technology such
as TPUs. In our work we use Google’s Edge TPU to deploy
our models2 . It is an ASIC USB hardware designed specifically
for running inference of neural network models. The Edge
TPU device is capable of achieving incredible inference speed
with low power by making use of 8-bit integer operations. As
such, models that are to be deployed on the device are subject
to certain limitations.
For use with the Edge TPU we developed a custom version
of a Tiny YOLO-V3 model [8]. The model is trained in the
usual fashion, that is, using 32-bit floating point numbers.
After the training is complete we use Google’s Tensorflow
library to convert the model to a compatible format. This
involves an operation called post-training quantization3 , where
examples from the dataset are provided along with the model
to compute transformations between floating point numbers
and 8-bit integers. Once the 8-bit quantized model is ready
it can be compiled using a proprietary tool from the device
manufacturer called “Edge TPU Compiler“. This tool will
assure that the operations are supported and generates a file
format that can be loaded by the Edge TPU USB device.
Our model architecture is the same a YOLO-V3 architecture
with the only difference being that the leaky ReLU activation
functions were replaced with regular ReLU units, due to the
former not being a supported operation. Figure 4 depicts a
flowchart of the conversion process.
For use in robot soccer settings, such as RoboCup challenges, the model was trained with a dataset of soccer ball
images. The dataset contained a total of 800 images, where 680
images were used for training and 120 images for validation.
Of the validation images, half of them contained a soccer ball
while the other half didn’t, in order to measure the rate of true
positive and false positive detections. In the Results section we
present a comparison of the custom Tiny YOLO-V3 deployed
on the Edge TPU and a method based on Hough Circles and
basic image processing.
2 https://coral.ai/docs/edgetpu/models-intro/
3 https://www.tensorflow.org/lite/performance/post

training quantization

V. R ESULT
A. Walking gait
We implemented the omnidirectional walking trajectory
with an IMU-based closed-loop algorithm. We realized an
experiment where the robot was commanded to walk forward
a distance of 3 m at a speed of 25 cm/s on an artificial grass
surface. Artificial grass presents a more challenging surface
for walking as opposed to a flat concrete floor(see Figure 5).
The experiment was performed with a stride length of 10cm
and a step cycle of 0.4 s/step. The results showed that the
walking motion was stable for the whole length of the 3 meters
distance.

Fig. 5. Bipedal full gait cycle of Robinion Sr (Speed: 25cm/s)

B. Perception
Table II presents some relevant metrics of the perception
system using the custom Tiny-YOLO V3 model deployed on
the Edge TPU device compared with an approach based on
Hough Circles and image processing. As expected, the performance of the deep learning based system trumps the Hough
Circles approach. The metrics measured on the validation
set show that the YOLO model could find all instances of
the soccer ball, while the Hough Circles method could find
roughly only half of them. Moreover, while the YOLO model
is still susceptible to false positives it is much less so, at a rate
of roughly 8% compared to the 28% rate of the other method.
TABLE II
M ETRICS OF THE P ERCEPTION S YSTEM
Inference Latency
True Positives Rate
False Positives Rate

38ms
100%
7.96%

69ms
52.6%
28.36%

The main advantage of the YOLO model is the inference
speed at a constant of 38 milliseconds. This results in processing approximately 26 frames-per-second which is enough
for real-time applications. It is important to note that since
the inference is executed in the Edge TPU USB device it does
not increase the load in the CPU (or GPU), remaining free to
perform other tasks.

Fig. 6. Ball Detection: Tiny-YOLO V3(left) & Hough Circle(right)

VI. C ONCLUSION
In this paper, we presented a lightweight humanoid robot
platform named Robinion Sr. with target applications for
multiple fields, from robotics competitions to industry and
research labs. We optimized the hardware and software of the
robot platform looking to minimize the manufacturing cost.
We presented how mechanical structure was enhanced using
external gears with the smart actuators and reducing one joint
in each leg by using parallel kinematics. The cost and weight
were minimized through mechanical and electrical optimization. As a whole, our design has a low cost and low power
consumption electrical architecture. On the software side, we
implemented a Deep Learning based lightweight vision system
by using a Edge TPU USB device, circumventing the need for
a bulky GPU. Robinion Sr is able to recognize objects more
than fast enough for use in real-time applications. In future
work, we plan to develop ROS packages to support operations
such as inverse & forward kinematics, walking gait (open-loop
& closed-loop), manipulation, and path planning.
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