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Abstract: Problems of the hydraulic system of multi-legged walking robot are focused, such as large energy loss, relatively

single structure, and complex control strategy. Status of the hydraulic control system of multi-legged walking robot is

analyzed in two aspects, i.e. hydraulic system and control strategy. Firstly, the hydraulic system is separately elaborated from

pump unit, hydraulic manipulator and hydraulic control structure. The pump unit is introduced from the power source and the

structure of oil circuit. The applications of different hydraulic manipulators are briefly described according to the structure

classification, the integration and the special functions. The hydraulic control structure is classified into the valve control

system and the pump control system. Secondly, the system control strategies for the free space and the constrained space

are introduced. The development directions of the hydraulic system of multi-legged walking robot include miniaturization,

weight reduction, energy saving, noise suppression, leakage reduction, and improvement of the control strategy.
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Walking Truck [3]
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ASV [4] 2720 kg 5.6 m

1
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Boston Dynamic Big-

Dog [6] 1 m 0.3 m

1 m 90 kg

Boston Dynamic

LS3 [7] Cheetah WildCat [8] Spot [9]

HyQ [10]
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3.2

1 [16]

Hy-Mo

2D 2

2 [29]

1

Fig.1 The structure of the integrated hydraulic actuator

2 Hy-Mo

Fig.2 “Hy-Mo” structure

3.3
series elastic actuator SEA

[30]

Monopod [31] Chu SEA

5 kN/m

20 kN/m 3 [30]

SEA

SEA
[32]

3

Fig.3 Configuration of the hydraulic SEA

Dominguez

magnetorheological hydraulic piston cylinder
[33-34]
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Fig.4 The hydraulic cylinder with varying effective area

Shang
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4 Hydraulic control struc-
ture
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Fig.5 Hydraulic system used in the multi-legged walking robot
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Fig.6 Schematic of the double-stage energy-supplying

hydraulic system

Xue

6 [36]

1

1
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Fig.7 Schematic of the hydraulic buck converter
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Fig.8 Different digital valve hydraulic systems
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[36]

4.2

Al-

Kharusi

[41]

ASV 9
[42]

3200 kg

220 kg

9 ASV

Fig.9 Pump-controlled hydraulic system of the six-legged

walking vehicle ASV

Kaminaga

10 [43]

[44]

64%

10

Fig.10 Joint structure of the pump-controlled hydraulic system

Huang

11 [45]
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Fig.11 Schematic of the asymmetric pump-controlled

hydraulic system

5 Control strategy
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2

5.1

PID

PID

Cunha PID

[46]

Ke [47] [48] active distur-

bance rejection controller ADRC

ADRC

PID
[47]

Boaventura HyQ
[49]

Focchi PID

linear quadratic regulator LQR

feedback linearization controller FLC
[50] FLC

Bech
[51]

(1) sliding mode controller SMC

(2)

adaptive inverse dynamics controller

AIDC

(3) AIDC PI

(4)

model-reference adaptive controller with veloci-

ty measurement, MRACV

MRACV

Yao backstepping design

adaptive robust con-

troller ARC
[52] Yao

(1)

desired compensation adaptive robust controller

DCARC

[53] (2) indirect

adaptive robust controller IARC

ARC
[54]
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5.2

Boaventura virtual spring

damper VSD

[56]

Z-width
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Irawan

COMET-IV

[58-59]

Montes

Roboclimber
[60]

Montes

zero moment point ZMP

Koivumaki virtual de-

composition control VDC

[61] [62]

[63]

COMET-IV

HyQ

6 Future trends

[64]

6.1

6.1.1
miniHyQ

35 kg 92 g 10 kW

[65]

6.1.2

Raade

HEPU 27 kg 2.3 kW

6.9 MPa 220 W 15 V

12 [66] Alfayad

80 mm×40 mm×40 mm

20 mm/s

35 kg [67-68]

12 HEPU

Fig.12 HEPU highly integrated hydraulic power source

6.1.3
Semini AlSiMg

13 [69] El Asswad

28 kg [70]

13

Fig.13 Hydraulic manifold with additive manufacturing

6.2
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(1)

6.1 (2)

COMET-IV
[12] (3)

Du

70%
[71]

6.3

Guglielmino
[72]

Amundson

87 dBA

78 dBA [73]

Yang

[74]

6.4

2

(1) PID Stojanovic

PID
[75]

bat algorithm BA genetic

algorithm GA cuckoo search

algorithm CS particle swarm op-

timization PSO (2)

[76] Lu

radical basis function neural network

RBFNN

barrier Lyapunov

function BLF [77]

7 Conclusion
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