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Abstract� This paper presents the development of the
lightweight hydraulic quadruped robot MiniHyQ. To the au-
thors� best knowledge, MiniHyQ is the lightest and smallest
hydraulic quadruped robot that has been built so far. MiniHyQ
is a fully torque controlled robot. It has recon�gurable leg
con�gurations. It has wide joint range of motion and an
onboard compact power pack. The robot has almost the same
leg length as the previous robot (HyQ [1], built by our group),
but its link segment lengths are 15 % less in �ex con�guration,
due to the special isogram knee joint mechanism. Its weight
is only 35 kg (24 kg with an offboard pump unit), which
makes it portable by one person. To achieve this lightweight,
miniature hydraulic actuators were carefully selected, allowing
us to reduce the required pump size inside the torso. By using
a hydraulic rotary actuator for the hip and linear actuators
with isogram mechanism for the knee joint, a wider range of
motion is achieved, allowing a self-righting motion. For the
design validation and hardware testing, series of experiments
are conducted on MiniHyQ single leg.

I. INTRODUCTION

Given the advances over the last few decades, legged robots

are gradually becoming a promising solution for rough terrain

navigation. In order to advance research faster, legged robots

must become more manageable. So that dynamic experiments

can be performed faster and more easily. The simplest way

to achieve this goal is by reducing the size and weight of the

robot. But which actuation method would be most suitable

at that scale?

Traditionally, electrically actuated legged robots have

suffered during highly-dynamic tasks due to the electric

motors limitations. These motors tended to provide a small

torque relative to their size and weight. In order to increase

the torque, reduction drives were used with high ratios, in

turn, reducing the maximum joint velocity. Systems such as

these struggle with motion on uneven terrains due to the

high, near instant, torque peaks which tend to be generated

during footfall. Exceeding the maximum torque limit like this

eventually results in the breakdown of the gears. To avoid

these peak forces, designers normally add passive spring

assemblies in series to reduce the joint stiffness. Series elastic

actuation (SEA) can also be used to measure the joint torque

through the displacement of the spring. By tuning the stiffness

of SEAs of�ine they can be used effectively for running

robots [2]�[4] but the inherent elasticity of SEA signi�cantly

reduces the closed loop control bandwidth [5].

Currently very few electrically actuated quadruped robots

exist that are capable of performing fast and powerful motions

simultaneously. The MIT Cheetah [6] is the most recent

example of it which can perform tasks like running and

jumping. To achieve this they used high power, low geared

electromagnetic motors with proprioceptive force control.

Another common actuation method is pneumatic which

allows low passive impedance but it restricts to low control

bandwidth [7].

Fig. 1. Picture of the lightweight hydraulically actuated quadruped robot
MiniHyQ with onboard power pack

Hydraulic actuation on the other hand is much more robust

against impacts, allowing high-bandwidth control and the

application of very large forces. For these reasons most

mainstream dynamic legged robots like HyQ [1] and the

robots from Boston Dynamics (BigDog [8], LS3, Cheetah and

ATLAS) use hydraulics. However the conventional hydraulic

quadrupeds are currently facing four main issues.

Firstly, the hydraulic robots tend to be bulky and it is

clearly showed in a comparison made in Table I (discussed

later in Section II). It makes dif�cult to conduct experiment

with hydraulic quadruped robots. Also appropriate safety
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procedures requires a large number of people.

The second problem is that most commercial hydraulic

components are focused on heavy industrial applications, for

example excavators and bulldozers. Small scale hydraulics are

still largely absent from the mainstream hydraulic industry

and can normally only be found in niche markets.

Thirdly, hydraulically actuated robots need pump to actuate

them. In the case of BigDog [8] and JINPOONG [9], they

have a combustion engine to actuate the pump inside the torso.

However, when using a combustion engine it is dif�cult to

conduct indoor experiments, because of the noise and the

exhaust fumes. Normally for indoor experiments an external

electric pump is used to supply hydraulic power to the robot

by means of two hydraulic hoses. These hoses can negatively

affect the dynamics of the robots, causing unpredictable

disturbances and restricting the working range of the robot

in a circumference around the pump.

Lastly, existing legged hydraulic robots often lack versatil-

ity to perform a wide range of different motion. It is because

of limited joint range of motion and its torque limits. From

our experience with HyQ, for example during one of our

recent experiments where HyQ walked over obstacles with

planned footholds in a 3D map [10]: When stepping onto

a pallet, stairs or over obstacles, the limited hip joint range

made it dif�cult to impossible to retract the leg enough to

avoid collisions.

The motivation for this work arose from the experience

of our group (the Dynamic Legged System lab) with the

quadruped robot HyQ [1]. The desire to resolve the above

issues while maintaining the abilities of a world class platform

led us to build a lightweight hydraulic quadruped robot.

Contributions: the main contribution of this work is the

development of a lightweight hydraulic quadruped robot

(MiniHyQ) with a compact onboard power pack (shown

in Fig. 1). To the authors best knowledge, MiniHyQ is the

lightest and smallest hydraulic quadruped robot that has been

built so far. A comparison of existing hydraulic quadruped

robots has been made (Table I), demonstrating how MiniHyQ

lines up against the rest of the existing hydraulic quadruped

robots. MiniHyQ is around 3 times lighter than most of

the existing hydraulic quadruped robots. It has almost 30 %
higher joint torque density (robot mass to joint torque ratio)

and 40 % wider joint range of motion in leg-sagittal plane

compared to HyQ. Another contribution of this work is a

special knee joint mechanism (an Isogram Mechanism) which

was added to enable a larger joint range and to allow the

optimization of the joint torque curves over the whole range

of the linear actuator extension. Experiments are performed

on a single leg and the results are shown in Section V.

Paper Outline: the paper is structured as follows: �rst,

in Section II we discuss related work and various existing

hydraulic quadruped robots. The design of MiniHyQ is

discussed in Section III. An overview of the MiniHyQ�s

control system is described in Section IV; next, experimental

results are shown in Section V, together with a MiniHyQ

self-righting task. Section VI discusses the results obtained

and concludes the paper. The summary of this work is shown

at the given video link in Section VII which includes the

experiments preformed on MiniHyQ�s single leg.

II. RELATED WORK

Since Boston Dynamics demonstrated their hydrauli-

cally actuated quadruped robot BigDog [8], the develop-

ment of hydraulically actuated robots has been extensive

[11], [12], [9], [13]. In Table I we show a comparison between

the existing hydraulic quadruped robots. All of them are larger

in size and heavier in weight. Only Jinpoong and BigDog

have 4 DoF while the other robots exhibit 3 DoF per each

leg. LS3 and WildCat speci�cations are not published yet,

we can only get an idea from the online videos published by

Boston Dynamics.

TABLE I

A COMPARISON OF HYDRAULIC QUADRUPED ROBOTS

Name Mass [kg]
pump off (on)

Dimensions [m3]
L [m] × W [m] × H [m]

DoF
per leg

Trq.
Ctrl.

SCalf [12] 78 (123) 1.10 × 0.49 × 1.00 3 Yes

HyQ [1] 75 (98) 1.00 × 0.50 × 1.00 3 Yes

Baby Elephant [11] 90 (130) 1.20 × 0.60 × 1.00 3 No

BigDog [8] N/A (110) 1.10 × 0.40 × 1.00 4 Yes

JINPOONG [9] 80 (120) 1.10 × 0.40 × 1.20 4 No

RLA-1 [13] 60.2 (N/A) 1.10 × 0.67 × 1.00 3 No

LS3 N/A > BigDog 3 N/A

Wildcat N/A N/A 3 N/A

MiniHyQ 24 (35) 0.85 × 0.35 × 0.77 3 Yes

Fig. 2. The CAD model of MiniHyQ with exposed view of onboard power
pack, magnetic encoder disks and EtherCat control PCB in upper leg link.

III. DESIGN OF MINIHYQ

By default, MiniHyQ is con�gured as forward/backward

(inward-pointing) leg con�guration, but it is recon�gurable as

can be seen in Fig 3. Several studies [14]�[16] indicated that

this con�guration is suitable for quadruped robots. It reduces
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Fig. 14. Self-righting sequence, front view. From 1 to the 6: After a fall
the robot lies on its top. To right itself, the robot �rst has to move the feet
of the two legs at one side and push to the ground up to turn its torso. The
HAA will then rotate to push the robot up until the CoG passes the pivot
point of the frame. As a consequence, the robot will then roll back onto the
bottom of the torso. The retracted legs will then extend to move the robot
back onto its feet.

all the existing hydraulically actuated quadruped robots.

The development of this robot is a signi�cant step forward

in miniature hydraulics in robotics. We demonstrated the

development of lightweight hydraulic actuated quadruped.

We also show novel knee joint: despite its higher complexity,

the isogram mechanism is superior to the traditional design,

because its many kinematic parameters can be �ne-tuned

to achieve an optimal torque pro�le. Such pro�les should

preferably lead to a robotic leg that is strong in a �exed

con�guration and fast when almost extended. For the design

validation and hardware testing, series of experiments are

conducted on a MiniHyQ leg. It includes a demonstration of

its range of motion, joint velocities at different speeds, leg

swing in air with load attached to foot and push up action

when leg is under load.

Future work: Future experiments will be performed on

MiniHyQ using the onboard power pack. The versatility of

robot will be demonstrated in future work by performing

different motion and gaits using its wide range of joint angles.

VII. APPENDIX � VIDEO CONTENTS

At the given video link, the summary of this work is shown which includes

experiments preformed on MiniHyQ single leg.

http://youtu.be/Yux0FMzUzPo
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