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 Abstract - Rotary steerable system (RSS) is a new technique 
of drilling technology adopted in directional drilling. Compared 
with conventional directional drilling, RSS has the ability to 
improve the drilling efficiency, reduce the drilling risk and 
decrease the drilling cost at the same time. This paper summaries 
the fundamental structure, classification, directional principle 
and development process of RSS; and gives detail analysis of the 
control methods in RSS. According to these summaries and 
analyses, the advantages and disadvantages of RSS at present are 
given, and some key suggestions about this technique and the 
related control methods are also proposed in this paper. 
 
 Index Terms – rotary steerable system, fundamental structure, 
directional principle, RSS control method. 
 

I.  INTRODUCTION 

 With the development of oil drilling to the new directions 
of extended reach well, three-dimensional multi-target 
directional well, horizontal well with deep and deeper pay 
zone and so on [1], the equipment of oil drilling not only needs 
to meet the requirements for well drilling trajectory, but also 
needs to work reliably in more complex stratum and harsher 
operating conditions in a long time. However, traditional 
drilling technique is hard to satisfy the performance 
requirements of oil drilling in the new era. For the past 20 
years many new techniques are presented such as directional 
drilling, vertical drilling, ultrasonic drilling, laser drilling and 
so on [2-5], which can shorten the drilling period, improve the 
drilling accuracy and increase the rate of penetration (ROP) 
[6-8]. 

Rotary steerable system (RSS) is a new automatic 
technique of directional drilling developed in the late 1980s 
[9-11], which is mainly composed by bottom hole assembly 
(BHA) and ground monitoring center. RSS can automatically 
adjust the inclination and azimuth and keep the downhole 
system’s stability while drilling. The downhole steering tool 
which fixed on drill rig is the key part of BHA to realize 
borehole propagation and drilling trajectory control [12]. At 
present, major oilfield technology service companies in 
domestic and abroad have successively developed techniques 
of RSSs [14]. 

Control system design plays an important role in RSS 
which is mainly used to control the magnitude and direction of 
lateral force to make the drill bit point to the desired 
propagation [13]. In practical rotary steerable system, the 
drilling performances are influenced by lithology, dip, type of 

drill bit, configurations and dimensions of BHA, rotary speed, 
weight-on-bit (WOB), hole curvature and so on. It is hard to 
establish the system’s mathematical model and predict its state 
accurately due to the fact that downhole working condition 
contains numerous intense nonlinearity, time-variation and 
other unknown disturbance factors. Therefore, advanced 
control algorithms and strategies are introduced to realize 
accurate control of RSS, which have solved the problems in 
the borehole such as low control precision, bad control effect 
and so on to a large extent. 

This paper gives an overview on rotary steerable drilling 
system and its control methods, which is organized as follows. 
The fundamental structure, classification, development process 
and directional principle of RSS are introduced in section II.  
Main control methods and algorithms applied in rotary 
steerable system are listed and analyzed in section III. Finally 
some problems which rotary steerable system faces are 
summarized and some suggestions for future work are 
presented in section IV. 

II. ROTARY STEERABLE SYSTEM 

A. Fundamental Structure and Classification 
 RSS is mainly composed of ground monitoring center, 
bidirectional communication system, logging while drilling 
(LWD) or measurement while drilling (MWD), downhole 
steering tool [15] as shown in Fig.1. LWD uses logging well 
tool fixed on BHA to measure the geophysical parameters in 
the borehole while drilling and transmit real-time measurement 
results to the surface for geological analysis via a drilling mud 
pulser or other advanced techniques. MWD is used to obtain 
drilling parameters about pressure, temperature, inclination, 
azimuth or others to ensure pre-defined drilling process. 
Downhole steering tool is a key part to realize wellbore 
trajectory control and is usually made up of bias unit, drilling 
fluid control unit and stable platform [16]. The bias unit relies 
on wing rib and hydraulic cylinder to realize bias effect. 
Drilling fluid control unit can regulate the lateral force that 
comes from hydraulic cylinder by controlling the flux of 
drilling fluid and rotation angle of upper disc valve on control 
unit. Stable platform is of great importance for keeping 
stability of downhole control system and signal transmission, 
which can guarantee bias unit work normally in the vibrational 
conditions while drilling [17]. Stable platform is mainly 
composed of two turbine generators, electronic hardware, 
measurement and control unit. The two turbine generators are 
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used to provide the power with electric equipment in the 
borehole by converting kinetic energy into electric energy. 
Some devices of signal detection and transmission are 
contained in electronic hardware, such as tri-axial 
accelerometer, gyroscope, control circuits, annunciator and so 
on. The electronic hardware part and measurement and control 
system are located between the two turbine generators which 
are used to implement signal transmission and reception, and 
measurement of deviation angle. 

 
 1. Ground monitor system 2. Stable platform 3. Drilling fluid control 
unit 4. Bias unit 5. PDC bit 

   Fig. 1 The fundamental structure of RSS [18]. 
RSS can be divided into static bias and dynamic bias 

according to different bias units, and can also be divided into 
push-the-bit and point-the-bit according to different directional 
principles. So, RSS can be divided into four categories 
comprehensively: static bias push-the-bit, static bias point-the-
bit, dynamic bias push-the-bit and dynamic bias point-the-bit 
[13, 19]. Static bias refers that the bias unit in the drill rig does 
not rotate with drill bit, and it only provides lateral force in a 
certain constant position, while dynamic bias refers that the 
bias unit in the drill rig rotates with drill bit, and it can provide 
periodic lateral force in the position to realize directional 
drilling effect. The bias unit of push-the-bit RSS is fixed near 
the drill bit and directly provides lateral force for drill bit. The 
bias unit of point-the-bit RSS provides lateral force to the 
eccentric shaft directly or indirectly in the drill string (just as 
shown in Fig. 1). Under the action of the lateral force, the 
eccentric shaft is bent and makes drill bit point to the given 
direction. 
B. Development Process 
 Some typical RSSs in oil drilling engineering are 
summarized in TABLE I [13].  It is indicated from this table 
that most of the drilling steering tools of RSSs in early stage 
belong to the type of push-the-bit, such as the PowerDrive 
SRD from Schlumberger, the Auto-Trak RCLS from Baker 
Hughes and so on. Push-the-bit RSSs can accomplish the task 
of directional drilling efficiently in most instances, while 
several problems need to be solved. For example, the 
extendable pads connected to the hydraulic cylinders can lead 
to the stable platform’s violent torsional vibration, even may 
render borehole spiraling and bring difficulties for next well 
cementation and completion. In order to overcome these 
drawbacks of push-the-bit, point-the-bit RSSs were developed 
and the PowerDrive Xceed from Schlumberger and the Geo-
Pilot from Halliburton were representative among this kind of 
RSSs. The point-the-bit steering tools currently adopt a set of 
offset mechanisms to deflect the eccentric shaft and 

consequently regulate the drilling trajectory. In the section of 
driving power, due to the fact that point-the-bit steering tool 
uses servo motors rather than hydraulic cylinders, its control 
accuracy is much better and the working life of BHA is greatly 
longer than the push-the-bit RSS. At the same time, because 
the point-the-bit steering tool has the benefits of less friction 
resistance and torque, larger ultimate horizontal displacements, 
better adaptability to complex stratum and working condition, 
it can provide better wellbore quality, lower vibration, higher 
rate of penetration and shorter drilling time. Main shortage of 
the point-the-bit RSS is that its eccentric shaft is easy to be 
worn, which is difficult to be overcome. Therefore, a new 
hybrid type RSS with both advantages of push-the-bit and 
point-the-bit has been studying by some researchers in the past 
few years. A prominent example is the PowerDrive Archer 
from Schlumberger [20, 21], which changes the direction of 
the drill bit by inclining the steering sleeve, and uses 
extendable pad installed on the inner sleeve to push the outer 
sleeve to regulate the drilling trajectory. 

TABLE I 
COMMON COMMERCIAL RSSS 

Company Year Machine 
Model 

Type 

Baker Hughes Inteq 1997 Auto-Trak 
RCLS 

Static bias push-
the-bit 

Pathfinder Energy 
Services 

2003 Pathmaker Static bias push-
the-bit 

Noble Corp, NDT 2004 Express Drill Static bias push-
the-bit 

TerraVici Drilling 
Solutions 

2005 TerraVici X2 Static bias push-
the-bit 

Schlumberger 1998 PowerDrive 
SRD 

Dynamic bias 
push-the-bit 

Sinopec 2008 MRSS Dynamic bias 
push-the-bit 

Gyrodata 
Incorporated 

—— Well-Guide 
RSS 

Static bias point-
the-bit 

Weatherford 2005 Revolution Static bias point-
the-bit 

Halliburton 2006 EZ-Pilot Static bias point-
the-bit 

Halliburton 2013 Geo-Pilot 
Dirigo 

Static bias point-
the-bit 

Schlumberger 2003 PowerDrive 
Xceed 

Dynamic bias 
point-the-bit 

Schlumberger 2011 PowerDrive 
Archer 

The hybrid type 

  
C. Directional Principle 
 Rotary steerable system regulates the parameters in 
drilling process according to the pre-defined procedures to 
fulfill the purpose of controlling the wellbore trajectory and 
direction. The directional principle of push-the-bit RSS as Fig. 
2(a) [22]. The power of driving drill string to change direction 
comes from pressure difference between inside and outside of 
drill string produced by drilling fluid through the drilling 
channel. The downhole steering tool usually has 3, 4 or 6 
hydraulic cylinders and their phase differences are 120°, 90° 
and 60° respectively. In most cases the number of hydraulic 
pistons are 3 because of its simple structure and superior 
performance. The operating principle of bias unit is to push the 
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hydraulic cylinder through the pressure exerted by the drilling 
fluid control valve when drill string is rotating. Then the 
extendable pads are pushed by corresponding hydraulic 
cylinders and contact the borehole wall. The magnitude of 
thrust force is related to the pressure exerted by drilling fluid 
control valve. At the same time, the reaction force provided by 
the borehole wall to the extendable pad pushes the drill string 
changing original path and moving to the pre-setting drilling 
trajectory. When the drilling direction is consistent with the 
setting direction, the extending magnitudes of three extendable 
pads will keep the same lengths and will not provide thrust 
force on the borehole wall. The directional principle of point-
the-bit is similar to push-the-bit. The difference is only that 
point-the-bit uses eccentric shaft to control drilling trajectory, 
whose schematic diagram is roughly shown as in Fig. 2(b). 

 
(a) Steering tool of push-the-bit      (b) Eccentric shaft of point-the-bit 

Fig. 2 The directional principle of RSS. 

III. THE CONTROL METHODS OF ROTARY STEERABLE SYSTEM 

A. Control Architecture 
A double closed-loops architecture is typically adopted in 

most RSS’s control system, which is shown in Fig. 3. The 
inner loop is usually mainly composed of MWD, downhole 
controller, eccentric stabilizer, polycrystalline diamond 
compact (PDC) bit and near-bit inclination sensor. The outer 
loop is composed of the inner control loop and ground 
processing system, which generates desired drilling trajectory. 
In general, the inner loop regulates downhole closed-loop 
control operation automatically according to pre-defined 
procedures, while the outer closed-loop involves human’s 
operation in adjusting real-time drilling trajectory. 

Near-bit inclination sensor is a main measurement unit of 
inner closed-loop in the control system, which is used to 
measure the real-time drilling trajectory and transmit it to the 
downhole controller. The downhole controller compares the 
real-time drilling trajectory with predefined borehole trajectory 
and calculates the error between them. According to this error, 
the downhole controller determines control outputs by well-
designed control strategies and sends corresponding control 
instructions to the actuators to regulate inclination, azimuth 
and rates of them. At the same time, MWD converts the output 
parameters measured by near-bit inclination sensor to drilling 
mud pulse and transmits these signals to surface. Ground 
processing system is used to implement online-manual 
monitoring on real drilling trajectory, and modify it by sending 
high priority control signal to downhole controller when the 
real drilling trajectory deviates far from the desired borehole 
trajectory. In the control process, control strategy is the key to 

realize excellent downhole stability and accurate drilling 
trajectory. 

Downhole controllerMWD Stabilizer PDC bit

Near-bit inclination sensor

Ground processing 
system

Instruction
downloadSignal

upload

Parameter
upload

Control
instruction

Disturbance Controlled variables 
(inclination/rate of 

inclination/azimuth/rate 
of azimuth)

 
Fig. 3 The typical architecture of RSS’s control system. 

B. Control Strategies 
Precise drilling trajectory control of RSS is a complex 

and hard problem because it concerns numerous intense 
nonlinearity, time-variation and other unknown disturbance 
factors. In order to obtain better directional control effect, 
many control strategies have been introduced into the RSS 
control system besides traditional open-loop control and PID 
control, which includes some modern control strategies, 
intelligent control strategies and so on. 

1) Modern Control Strategies: Modern control strategy is 
mainly used to solve complex multi-variables time-varying 
control system based on state space model. Several control 
problems of RSS like borehole trajectory control can be 
overcome by application of some modern control strategies, 
such as robust control, optimal control, adaptive control, 
predictive control, sliding mode control and so on. 

By regarding the rotary steerable system’s EFFSZM 
(Explicit Force, Finitely Sharp, Zero Mass) model given in 
[23] as a linear uncertain system with internal delays, Sun et 
al. [24] proposed a L1 adaptive controller based on a fast 
estimation scheme, which mainly consists of a state predictor, 
an adaptive law and a control law. Under coordinate work of 
these three components, the controller can compensate for the 
uncertainties in the system and drive the system output to track 
the output of a stable reference system, which leads to uniform 
guaranteed performance in both transient state and steady 
state. The L1 adaptive controller’s fast adaptability and 
guaranteed robustness make it especially suitable for 
environments rich in measurement noise and disturbances. By 
simulation of servoing the borehole-propagation angle to a 
user defined value, the closed-loop system is proved to be 
close to that of a stable bound reference system, and the 
performance bound can be improved by increasing the 
adaptation rate. 

Kremers et al. [25] presented a model-based robust 
controller synthesis approach which enables the drilling of 
complex borehole geometries while preventing borehole 
spiraling. The basis of this controller synthesis is a directional 
drilling model in terms of delay differential equations for the 
case of a two-stabilizer BHA. Based on this model, curved 
well-bore generation is formulated as a tracking problem with 
transient performance specifications and an observer-based 
output feedback tracking strategy is developed to solve this 
robust tracking problem. The influence of quasi-constant 
disturbances, such as gravitational effects, on the accuracy of 
borehole propagation can be reduced by dedicated designs of 
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both the controller and observer. It is verified by simulations 
that this control strategy for RSS can guarantee the stable 
generation of complex curved boreholes without the 
occurrence of undesired borehole oscillations, and the 
resulting closed-loop system is robust against both parameter 
uncertainties and perturbations. Van de Wouw [26] proposed 
an output-feedback inclination control to solve the same robust 
tracking problem. 

Zhou [27] and Dai [28] presented a stair-like general 
predictive control strategy (GPC) and a discrete predictive 
method based on augmented minimal state-space (AMSS) for 
the stabilized platform respectively. They studied the friction 
problem of stabilized platform of RSS and established the 
mathematical model of the generalized controlled object with 
friction. These methods both can improve the accuracy and 
stability for the downhole stabilized platform. Combined with 
traditional PID control and common model predictive control 
(MPC), the better anti-interference and robustness to external 
disturbance and parameter perturbation of rotary steerable 
system can be improved by using GPC or AMSS. 

2) Intelligent Control Strategies: Intelligent control 
strategy is a synthesis approach of artificial intelligence, 
automatic control, operational research and information 
theory. It is a class of control methods which use various 
intelligence computing approaches like fuzzy logic, neural 
networks, Bayesian probability, machine learning, 
evolutionary computation and others. Intelligent control 

methods have been applying to a large number of complex 
control environments like RSS. 

Li et al. [29] proposed a multi-objective optimization 
algorithm using modified NSGA-II, which is a fast and elitist 
multi-objective genetic algorithm [30], by incorporating 
dynamic crowding distance strategies and fuzzy set theory 
(FST) for steering mechanism. The optimization problem of 
steering mechanism with structural parameters is formulated to 
minimize dynamic responses and outer diameter. The best 
compromise solution is obtained by FST to avoid human 
interference in selection of the best solution from Pareto 
optimal solutions when the objective preferences are absent. It 
is verified that the optimization procedure based on MNSGA-
II and FST is feasible to solve the multi-objective optimization 
of gear train with mixed continuous-discrete variables under 
nonlinear constraints and can be extended to optimizations of 
other more complex mechanical structures. 

Duan [31] proposed a fuzzy adaptive PI and variable 
damping control method for MRST rotary steerable system, 
whose schematic diagram is shown in Fig. 4. This method can 
regulate the proportional gain Kp, integral gain Ki and system’s 
damping Ct online according to the system’s response, which 
is implemented by fuzzy reasoning theory. Through regulating 
these parameters online while drilling, multiple outer 
disturbances are reduced. This method’s perfect control effects 
and better adaptivity to nonlinearity, time-varying uncertainty 
and posterity are verified by simulations. 

Fuzzy PI 
Controller/d dt

Fuzzy Variable 
Damping Controller

MK /MK J 1/ s 1/ s

WK

iK ( ) /C t J

K

e

ec

in
out

fI
fT

Fig. 4 Duan’s schematic diagram of fuzzy adaptive PI and variable damping controlling system. 
Taking drilling fluid pump as control object instead of 

drive motor, Chen et al. [32] implemented an adaptive drilling 
hydraulic closed-loop control system based on fuzzy-PID 
control algorithm, which regards hydraulic pressure output of 
drilling fluid pump as feedback and applies fuzzy reasoning 
theory to regulate the parameters of PID controller online. 
Simulation results show that the system overshoot can be 
reduced and the system stability can be accelerated by this 
method. A main shortcoming of this control algorithm is that it 
would increase time delay which may render time response 
worse. 

3) Compound Control Strategies: Compound control 
strategy comprehensively applies two or more control methods 
to implement the RSS’s control system according to its 
properties of multi-variables, time-variations, uncertainty, and 
nonlinearity. The shortage of each method can be avoided and 
the better performance can be obtained.  

Huo et al. [33] presented an integral sliding mode 
controller for the non-linear friction torque and an adaptive 

estimator of uncertain disturbance of disc valve on the stable 
platform to realize the inhibition of friction torque. They 
established a dual-loop system as Fig. 5 according to the 
design objectives and inherent properties of the generator-style 
single-axis inertial stabilized platform in RSS. The position 
controller was designed as sliding mode control law and the 
speed controller was implemented as P control law in the 
control system. It is indicated that tool face angle tracking 
curves and error response curves are greatly better than the 
curves that use PID control law from the simulations. 
However, it is also indicated that at the beginning of face angle 
tracking curves there is a violent oscillation that may lead to 
uncertain influence in the drilling process. In the controller 
integral factor was introduced to overcome the chattering 
problem of sliding mode control and ensure the state error was 
zero in the sliding surface. But it also exists several problems 
to be solved such as it is difficult to realize in hardware and 
ensure its real-time property in software. 
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Fig. 5 Huo’s Closed-loop control system block diagram. 
Zhang [34] presented a novel adaptive sliding mode 

control method (SOSM) for the stabilized platform of rotary 
steering drilling tool that solves the uncertainties and 
nonlinearities of the upper bound that dissatisfy the stability 
condition and reduces high frequency chattering in the system 
input. They established an uncertain mathematical model for 
stabilized platform, and chose tool face angle and its 
derivative as state vector and output torque of lower turbo-
dynamotor as control output. In the control system design, the 
first order and second order time derivatives of the sliding 
surface have been introduced as standard sliding mode. The 
advantages of this control method are that the knowledge 
about upper bound of the system uncertainty is not required 
and chattering in the system input is reduced. Simulation 
results show that the control strategy can improve the control 
performance and robustness of the stabilized platform in a 
certain extent. 

Shi et al. [35] presented a derivative and integral sliding 
mode control strategy to solve the stick-slip oscillation of RSS. 
This control strategy mainly consists of three steps: a) deriving 
input-state linearization of RSS; b) designing integral sliding 
mode controller; c) designing nonlinear derivative controller. 
The control effects show that the novel sliding mode control 
has strong robustness stability and can increase rate of 
penetration. Also, this control strategy can make the error to 
zero through increasing system damping and suppress system 
oscillation. 

Abdulgalil [36] proposed a PID based on slide mode 
control strategy for robust stability of nonlinear RSS. They 
designed a robust controller that chooses angle velocity of drill 
rig as sliding surface. This control system contains input-state 
linearization controller and slide mode controller which 
introduced in [37-39]. The PID controller based on sliding 
surface can deal with the uncertainty of nonlinear system 
accurately, and increase the system’s stability and tracking 
precision. 

4) Others: Other control strategies include traditional 
control, motor speed regulation, control structure regulation 
and signal transmission stability in the control system of RSS. 

Matheus [40] proposed a hybrid approach consisting of 
two levels to perform the trajectory control in the oil drilling 
industry using RSS. The first level is attitude control which 
can regulate inclination and azimuth in the borehole, and the 
second level is outer loop which can monitor the performance 
of the inner-loop and control the directional drilling commands 
issued to the tool to track a predefined drilling trajectory. This 
novel control algorithm has obtained worldwide applications, 

and its excellent control effects of inclination and azimuth has 
been verified.  

Elshafei et al. [41] proposed a real-time control and 
optimization of the quad bit directional drilling system (RSS). 
The control commands include the angular velocity and torque 
of each of the 4 motors. The control function is updated at 
regular distance intervals. The optimization procedures 
determine the drilling parameters to minimize the drilling time 
and the deviation from the planned trajectory. 

Tang et al. [42] implemented a signal processing method 
based on signal similarity principle in order to identify 
downhole command signals accurately and efficiently with 
negative fluid pulse intervals in the RSS engineering and solve 
the complex operation and high error rate problems in the 
command identification and explanation process of downhole 
receivers. This method simplified operating procedure of 
signal transmission and improved the anti-interference 
capacity of signal identification. Thereby it overcomes the 
influence of peak and periodic disturbance on time counting, 
the effects of inertia of transmitting channel and low frequency 
noise on signal jump edge judging under closed loop control. 

IV. PROBLEMS AND SUGGESTIONS 

 Researchers have been studying the rotary steerable 
system for decades. And great progresses in design, 
manufacture and other aspects of RSS are achieved. However, 
there are several problems still need to be solved in the future 
due to the excessively complex downhole control condition 
and the development of oil and gas exploration such as the 
extraction of shale gas. 
A. Angle Build Hole Rate 

At present the rotary steerable system has better 
performance in angle build hole rate than before. However, 
compared with directional drilling approach which uses screw, 
the angle build hole rate of RSS need to be increased by 
advanced techniques. Although several companies and 
institutes have studied novel RSSs which have high build hole 
rate, they still need to be validated further in the field of 
drilling application. 
B. Directional Mechanism 

Due to the limitation of mechanical structure and 
material, as well as complex condition in the downhole such as 
corrosive stratum, mudstone, mechanical oscillation or others, 
the directional mechanism is liable to be worn. The point-the-
bit RSS is easier to be damaged compared with the push-the-
bit RSS because of its relatively fragile eccentric shaft. This 
situation is especially serious when drills ultra-deep wells or 
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horizontal wells. Therefore, this is a problem that needs to 
adopt new-style materials or structures to realize eccentric 
shaft and other auxiliary mechanisms. This limiting factor 
should be solved further. 
C. Sealing Performance of BHA 

Sealing performance of BHA is also an important factor 
in the working life of RSS. If a BHA has bad sealing 
performance in the downhole, drilling mud will flow into the 
inner directional mechanism and lead to sticking accident. At 
present, sealing performance of BHA limits directly the 
working life of RSS. Researchers have studied many new 
approaches to modify the sealing performance and achieved 
some progress. However, in order to improve the sealing 
performance, the mechanical structure and material of BHA 
both need to be further enhanced. 
D. Mathematical Model Establishment 

A rigid and exact mathematical model of RSS is the key 
factor to achieve excellent control effects. Most mathematical 
models adopted in current RSS control systems cannot reflect 
the real working model because their establishments and state 
observer designs are usually based on some assumptions and 
simplifications. With the development of neural network, 
automatic techniques, deep learning and other intelligent 
modeling techniques based on learning mechanism, these new 
techniques will be combined with auto regression, least square 
method, augmented state space method and other traditional 
system identification techniques to comprehensively use model 
analysis, data-driven and others to make the mathematical 
model approximate real working process of RSS. 
E. Downhole Real-time Condition Measurement and Data 

Processing 
Model construction techniques based on data-driven and 

learning need stable and reliable real-time measurement to 
obtain large amounts of multidimensional working data. In the 
actual working condition the measured data will be disturbed 
by lots of noise and perturbation. Therefore, development of 
data filtering and data mining technologies suitable for RSS 
will become more important for downhole real-time data 
processing. 
F. Accurate Experimental Platform Establishment of the 

Downhole 
For the lack of experimental platform on the ground 

which is consistent with actual downhole environment, most of 
control methods are verified by simulations at present. And it 
exists risks of equipment damaging if new control methods are 
directly applied to actual downhole debugging. Therefore, 
establishment of experimental platform which can simulate 
downhole environments accurately is a key procedure to 
promote the advanced control methods from digital simulation 
to field application. 
G. Control Methods 

It is indicated that control methods researches of RSS are 
generally developed. Several advanced control techniques 
including sliding mode control, adaptive control, fuzzy control 
and others have been achieving applications on downhole 
position control, attitude control, disturbance control and 

borehole trajectory tracking to some extent. However, there 
are several problems need to be further solved. Firstly, most of 
control methods of RSS are in the simulation stage and lack 
actual field applications. The realization of control methods 
applied to RSS needs to be further verified on site. Secondly, 
how to apply random control, model-free data-driven control, 
disturbance compensation and other technologies to solve the 
inherent problems of RSS about complex mathematical model 
or violent random disturbance is a new direction that needs to 
be studied deeply. Finally, when designing a control system 
both control effects and the realization of control algorithm 
must be considered simultaneously. Excessively complex 
control algorithm is not conducive to field applications. 
H. Other Development Trends  

At present, there are various full-blown schemes to deal 
with different complex conditions. In the future, the point-the-
bit RSS is developing into a leading steering mechanism rather 
than the push-the-bit RSS. The hybrid type RSS also will have 
gratifying progress and prospect. In terms of bidirectional 
communication, wireless communication has made 
considerable progress in real-time, reliability and anti-
interference. LWD/MWD is taking the place of wireline 
logging because of its superior property. In terms of control 
methods, several advanced control algorithms have been 
applied in the testing of directional drilling. In the future RSSs 
that use advanced control strategies will be applied in the 
oilfield, and further modified based on current research 
achievements. 

V. CONCLUSION 
According to this overview it can be concluded that the 

rotary steerable system has been obtaining great development 
thanks to the hard work of researchers. In this paper, the 
fundamental structure, classification, directional principle and 
development process are introduced, and several advanced 
control methods such as adaptive control, sliding mode 
control, fuzzy control and so on applied to RSS are concluded. 
Moreover, the existing problems and developing trends are 
discussed, and several improving suggestions are proposed in 
this paper. 
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