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Abstract. As a matter of fact, with the continuous progress of science and technology, it is
increasingly important for people to study whether there are other planets in the universe. With this
in mind, the aim of this paper is to analyze several commonly used planet search methods and
summarize their advantages, disadvantages as well as scope of application. To be specific, by
studying and investigating the radio velocity method, the transit method and the direct imaging
method, it is found that the radial velocity method and the transit method are the most popular
methods for discovering exoplanets. According to the analysis, the state-of-art observation results,
current drawbacks as well as prospects are discussed. In reality, these studies are essential for
obtaining the knowledge of planetary formation and planetary distribution in the Universe, and
provide further impetus to human exploration of the Universe. Therefore, this study is of great
scientific significance and applied value and these results shed light on guiding further exploration
of planet searching.
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1. Introduction

Research on planetary exploration methods has always attracted much attention. With the
continuous progress of science and technology, Human understanding of the universe is also
deepening. Planetary exploration can not only assist the comprehend the formation and evolution of
planets, but also help to explore the existence of extraterrestrial life. This study will introduce the
history and research significance of planetary detection, outline the research progress in recent years,
and take the radial velocity method, the transiting method and the direct imaging method as the focus
of the research, and elaborate the principles and applications of each. In the field of planetary
detection, one can trace the history back to several centuries ago. As early as the 17th century, Kepler's
laws of planetary motion laid the foundation for planetary detection and provided an important basis
for our understanding of planetary orbits and motions. Until the first half of the 20th century, however,
planetary detection still relied heavily on observations and Earth-based methods. However, as
astronomical techniques evolved, one gradually began to use advanced technologies such as remote
sensing and unmanned probes for planetary detection. Planetary exploration helps mankind to
understand the physical properties of planets, the composition of their atmospheres, their geological
features and the possibility of life [1-3].

In recent years, many important results have been achieved in planetary exploration. For example,
by using the radial velocity method, scientists have successfully discovered many exoplanets,
revealing the diversity and distribution patterns of planets. The radial velocity method is a method
that makes use of the gravitational force applied by a star's gravity on the stars around it. By measuring
the spectral frequency shift of the star, the nature of the planet's motion around the star can be inferred.
This method has led to great breakthroughs in the discovery of Earth-like and Sun-like planets.

The transiting method is another important planetary detection method. It is useful for discovering
planets by measuring the variations in the luminosity of a star. When a planet passes by a star, it
blocks some of its light, causing its brightness to change. The advantage of the transiting method is
that it can detect smaller planets, even Earth-sized ones. Through the transiting method, scientists
have discovered many exoplanets and have studied their properties in depth.

Direct imaging is a more difficult but very promising method of planet detection. This method
discovers and studies planets by directly observing their images. Because of the large brightness
differences between planets and stars, direct imaging requires the use of high-performance telescopes
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and advanced image-processing techniques. This method is very helpful in studying the atmospheric
composition and surface characteristics of planets, providing more direct data.

The motivation for writing this paper is to further explore and summarize methods and advances
in planetary exploration. The Sec. 2 will introduce the principles, applications, and research progress
of the radial velocity method, the transit method, and the direct imaging method in detail. Among
them, the radial velocity method is mainly used to explore and study the nature and distribution of
exoplanets; the transit method focuses on detecting small planets and revealing planetary features;
and the direct imaging method focuses more on studying the atmospheric and surface features of
planets. Through a deeper understanding of these methods, One will have a better understanding of
planetary diversity and evolution, which will be the basis for future planetary exploration.

2. Basic Descriptions

Planetary exploration is the science of studying planetary systems with the aim of understanding
and exploring the properties of planets, moons and other celestial bodies in the universe. Along with
scientific and technological progress, mankind has developed several planetary exploration methods
and achieved numerous important research results. In this section, several planet detection methods
and some of the results that have been achieved will be introduced to help readers understand the
latest progress in the field of planet detection.

One commonly used planet detection method is remote sensing. By using instruments on the
ground, in the air, or on satellites, remote sensing techniques can obtain information about planets
and other celestial bodies. For example, remote sensing of atmospheres can be used to study the
composition and structure of planets by observing spectral features in their atmospheres, and Seager
and Deming, in their review article, outlined recent advances in the study of planetary atmospheres,
including observations and modeling to reveal the characteristics of planetary atmospheres [1].
Another method of planetary detection is direct imaging. Direct imaging involves taking images of a
planet to study its properties. This method requires the use of high-resolution telescopes and advanced
image-processing techniques. Aksnes and Kaasalainen review the advances in direct imaging
research in recent years and explore future challenges and possible goals. In addition, planetary
detection can be achieved through methods such as planetary orbital dynamics and gravitational
measurements. By observing a planet's trajectory and changes in its gravitational field, scientists can
infer a planet's mass, orbital properties, and other important parameters. This method is often used to
detect and study extrasolar planets. For example, the Kepler space telescope is an important planet-
detection tool that has discovered a large number of Earth-like planets, and Gillon used the Kepler
telescope to observe several temperate Earth-like planets around neighboring ultracool dwarfs [2].

In addition to these common methods of planet detection, there are other emerging methods, such
as microgravitational lensing, extrasolar planetary transits observations, and planetary atmosphere
spectroscopy. The emergence of these methods provides more opportunities and challenges for planet
detection.

Overall, planetary exploration is a field full of challenges and opportunities, and many important
research results have been achieved by scientists through remote sensing techniques, direct imaging,
planetary orbital dynamics and gravitational measurements. In the future, with the further
development of science and technology, it is expected to reveal more mysteries about planetary
systems and further advance the field of planetary exploration.

3. Radial Velocity Method

The Radial Velocity Method, also referred to as the Doppler Spectroscopy Method, is an indirect
planet detection technique that involves measuring the changes in a star's radial velocity. This method
offers valuable insights into various aspects of a planet, including its mass, orbital period, and orbital
eccentricity. Widely employed in the field of planetary detection, the radial velocity method plays a
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significant role in expanding the knowledge of planetary systems within the vastness of the universe
[3]. The primary principle of the radial velocity method involves deducing the movement of a star by
examining the Doppler shift exhibited in its spectral lines. When a star is accompanied by a planet,
both entities revolve around a shared center of mass, generating a Doppler shift in the star's spectral
lines. As the star moves away from the Earth, its spectral lines experience a redshift, while moving
towards the Earth results in a blueshift. By precisely measuring the frequency shifts observed in the
spectral lines, one can infer the variations in the star's radial velocity, thereby determining the
presence and characteristics of planets. Measuring the frequency shift of a star's spectral lines requires
the use of a high-resolution spectrometer. A commonly used instrument is the High Precision Radial
Velocity Planet Searcher (HARPS), which uses a stable optical assembly and a high-precision
frequency reference source to measure the radial velocity variation of a star to an accuracy of a few
meters per second.

The radial velocity method has yielded many important typical results. One of them is the
discovery of a large number of exoplanets. Using the radial velocity method, scientists have
discovered hundreds of exoplanets, including some rocky planets similar to Earth. These discoveries
have helped people to better comprehend the distribution, formation and evolution of planets in the
universe. For example, the discovery of HD 209458 b using the radial velocity method is an important
exemplary result. The exoplanet known as HD 209458 b holds the distinction of being the first one
discovered with a mass resembling that of Jupiter. It orbits a star named HD 209458. Observations
have found that HD 209458 b orbits very close to its star, which gives it an unusually high surface
temperature and possible loss of material from its atmosphere [4].

Another important typical result is the discovery of the TRAPPIST-1 planetary system. The
TRAPPIST-1 planetary system, discovered by the radial velocity method, contains seven Earth-sized
planets orbiting a red dwarf star called TRAPPIST-1. This discovery has attracted a lot of attention
from the scientific community because three of the planets are within the habitable zone and have the
potential for liquid water and life [5]. In addition, many other special planets have been detected by
the radial velocity method. For example, 51 Pegasi b, detected by the radial velocity method, was the
first discovered Jovian planet that orbits a Sun-like star. This discovery overturned previous
knowledge of planet formation theories and revealed the diversity of planetary systems. The radial
velocity method will enable to discover more exoplanets and increase our understanding of planetary
systems in the Universe, providing valuable data for future planetary exploration and astrophysical
research.

4. Transit Method

The transit method is a method used to detect planets indirectly by observing the transit of a planet
in front of a star. This method provides information about the planet, such as its size, orbital period,
and the distance of its orbit from the star. The transit method is widely used in planetary detection
and provides important observational data for our understanding of planetary systems in the Universe.
The transit method is a technique employed for the indirect detection of planets by observing their
passage in front of a star, resulting in a transit. Through this method, valuable insights about the
planets can be obtained, including their size, orbital period, and distance from the star. The transit
method is extensively utilized in the detection of planets and offers significant observational data that
contribute to our understanding of planetary systems in the vast expanse of the Universe.

The observational instrumentation for the transits method usually consists of a high-precision
photometer, which measures changes in the brightness of the star. As technology advances,
researchers continue to improve the sensitivity and measurement accuracy of the instruments to better
detect planetary transits. The transit method has yielded many important and typical results. One of
them is the discovery of a large number of exoplanets. By using the transiting method, scientists have
discovered many exoplanets, some of which are even similar to Earth. These discoveries have helped
us to better understand the distribution, formation and evolution of planets in the universe. For
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example, the discovery of the Kepler-11 planetary system using the transiting method is an important
typical result. This planetary system consists of six planets orbiting the star Kepler-11. The planets
vary in size and orbital position, making it an important example of planetary diversity [6]. Another
important exemplary result is the discovery of the TRAPPIST-1 planetary system. It encompasses a
red dwarf star called TRAPPIST-1 (seen from Fig. 1), around which seven Earth-sized planets have
been discovered. This remarkable discovery has garnered significant interest from the scientific
community due to the fact that three of these planets reside within the habitable zone, offering the
possibility of liquid water and the potential for life [7, 8]
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Fig. 1 Transmission Spectra of TRAPPIST-1 Planets.

In addition, the transit method has also discovered some exceptional planets, such as WASP-18Db,
a giant hot Jupiter discovered by the transit method that has a large mass and orbits extremely close
to its star. This discovery provides important data for the study of large climate differences and
theories of planet formation [9]. Through the transiting method, one will be able to discover more
exoplanets and increase our understanding of planetary systems in the Universe, providing valuable
data for future planetary exploration and astrophysical research.

5. Direct Imaging Method

Direct imaging is a method used to detect exoplanets by taking direct images of the planets to
obtain information about them. Compared with the traditional radial velocity and transiting methods,
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the direct imaging method can provide more direct and detailed planetary data, such as the mass,
brightness, temperature, and atmospheric composition of the planet (seen from Fig. 2) [10]. The
methodology, principles, typical results, and typical instrumentation of the direct imaging method are
described in detail.
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Fig. 2 The CCD frame of 2M1207b.

The implementation of the direct imaging method requires solving the problem of the huge
difference in brightness between the planet and the host star. In order to shield the light from the host
star, a common method is to use a masking device, such as an occultation plate or an adjustable
diaphragm, which makes the image of the planet more visible. In addition, adaptive optics is widely
used in direct imaging methods. It removes the effect of atmospheric turbulence on the image quality
through real-time optical corrections, thus improving the accuracy and resolution of the image. The
combination of these methods can improve the imaging quality and sensitivity of the direct imaging
method.

In recent years, many studies have successfully detected exoplanets using the direct imaging
method, and many important results have been obtained. As an instance, Marois et al. accomplished
a remarkable feat in 2008 by utilizing direct imaging to directly capture images of several planets in
orbit around the star HR 8799. Through careful examination of these images, the researchers were
able to establish the planets’ mass, orbital characteristics, and even make deductions about their
atmospheric makeup. This discovery has significant implications for advancing our comprehension
of the physical attributes and developmental trajectory of exoplanets [11].

Another example is the discovery of a young exoplanet around the star DoAr 21 using direct
imaging in a 2011 study by Bonnefoy et al. By analyzing the images and spectral features of the
planet, the researchers determined the mass and age of the planet, shedding further light on the
formation and evolution of the planet. This discovery provides vital clues to our understanding of
young star systems and the origin of planets [12].

In addition, in their 2013 study, Currie et al. used direct imaging to discover a candidate planet
below/near the deuterium-burning limiting mass around ROXs 42B. Through spectral
characterization of the planet and orbital analysis, the researchers inferred the mass, temperature and
atmospheric composition of the planet, further exploring the mechanisms of planet formation and
evolution. This discovery provides an important reference for our understanding of the physical
properties and origins of low-mass planets [13]. Based on these representative outcomes, it is evident
that the direct imaging approach has made significant strides in the identification and examination of
exoplanets. As technological advancements persist, the direct imaging method will further unravel
the enigmas of the cosmos and furnish crucial data to deepen our comprehension of the genesis,
development, and potential habitability of celestial bodies.

There are some typical instruments that are widely used in the study of direct imaging method.
These include adaptive optics systems, high-resolution imagers and spectrometers. Adaptive optics
systems are capable of correcting aberrations caused by atmospheric turbulence in real time,
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improving the quality and resolution of imaging. High-resolution imagers are able to capture finer
details to better distinguish planets from their host stars. Spectrographs can analyze the spectral
characteristics of planets to infer important parameters such as their atmospheric composition and
temperature. The continuous development and improvement of these instruments will further enhance
the imaging quality and sensitivity of the direct imaging method and bring more exciting discoveries
in the field of planetary exploration.

In conclusion, the direct imaging method, as a method used to detect exoplanets, obtains
information about planets by directly taking images of them. It plays an important role in revealing
the mysteries in the universe and understanding the origin and evolution process of planets. With the
continuous advancement of technology and the development of instruments, it is believed that the
direct imaging method will bring us more exciting discoveries and opportunities for in-depth
exploration of exoplanets.

6. Limitations and Future Outlooks

The current limitations in the field of planetary exploration are mainly the following. First, long-
range planetary exploration missions face enormous technical challenges. Owing to the great
distances between planets, there are delays and attenuation in the transmission of signals, which pose
a challenge for real-time control and data acquisition. Secondly, the energy supply of the probes is
also a difficulty. During long-duration space missions, solar panels may be affected by the planetary
orbits and the special environments of the planets themselves, such as magnetic fields and radiation,
leading to unstable energy supply. In addition, the complex environments and extreme climatic
conditions on planetary surfaces increase the requirements for the design and endurance of probes.
Finally, the high cost of planetary exploration missions also limits their further development. Current
planetary exploration missions often require significant investment and resources, which may limit
the number and frequency of exploration missions.

However, the field of future planetary exploration is still full of great potential and prospects. On
the one hand, as technology continues to evolve, one can expect more advanced probes to be designed
and built with greater autonomous navigation and data processing capabilities. For example, the
development of autonomous robotic probes will make planetary exploration missions smarter and
more efficient. On the other hand, emerging technologies and approaches will open new paths for
planetary exploration. For example, the Mars Sample Return Mission is expected to bring back to
Earth samples of Martian rocks to further study the origin and evolution of planets. In addition, plans
and explorations of human landings on planets will also become an important direction in the future,
providing mankind with opportunities to understand planets in greater depth.

In summary, although there are some limitations in the field of planetary exploration at present,
the outlook for the future remains bright with the continuous breakthroughs and innovations in
technology. One can look forward to more exciting discoveries and breakthroughs that will further
expand our knowledge and exploration of the planetary universe.

7. Conclusion

To sum up, this paper focuses on three main methods in the field of planetary detection: the radial
velocity method, the transit method and the direct imaging method. It also discusses the limitations
of the development of the field and the future outlook. Firstly, this paper investigates the radial
velocity method. The radial velocity method is used to detect planets indirectly by observing the
spectral variations of stars. The method infers the presence and orbital parameters of planets by
measuring the Doppler shift in the spectrum of a star. Through the study of this method, it is a
relatively reliable and effective method for the discovery of large planets in close proximity. However,
the method has some limitations for the detection of planets farther away from the Earth. Secondly,
this study analyzed the transiting method. The transiting method detects planets by observing the
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change in stellar brightness caused by a planet passing in front of a star. The method is mainly
applicable to close planets, especially large planets. According to the anaysis, the transit method is a
very effective method, and many planets have been discovered. However, the fact that planets can
only be observed under certain transits limits the applicability of the method. Then, this study
investigated the direct imaging method. The direct imaging method detects planets by observing the
light emitted by the planets themselves. This method first requires that the planet has sufficiently
bright light and a sufficiently large separation angle. By analyzing and processing the data from direct
imaging, it is able to obtain images of the planets and their physical characteristics. However, the
application of the direct imaging method is limited by the fact that planetary light is very faint and
difficult to detect in the glare of a star. Finally, this study discusses limitations and future perspectives
in the field of planetary detection. The field of planetary exploration currently faces several challenges,
such as the detection of planets at long distances, the energy supply of detectors, and the complexity
of planetary surface environments. However, as technology continues to evolve, one can expect
greater breakthroughs in the field of planetary exploration in the future. The emergence of new
technologies and methods will further expand our knowledge of the planetary universe, such as the
development of autonomous robotic probes, Mars sample return missions, and the planning and
exploration of human landings on planets.

Overall, this study investigates and summarizes the radial velocity method, the transit method, and
the direct imaging method in the field of planetary exploration, and discusses the limitations and
future perspectives in the field of planetary exploration. This will provide valuable references for
further research and exploration.
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