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SUMMARY

The People’s Republic of China (PRC) has made significant advances in its space
program and is emerging as a space power. Senior leaders have established space as a national
priority and are allocating significant resources toward enhancing the PRC’s space-related
technology base. With preservation of its monopoly on power as an overriding goal, the
Chinese Communist Party (CCP) bolsters its legitimacy through achievements in space.
Policymakers view space power as one aspect of a broad international competition in
comprehensive national strength and science and technology (S&T). Investments in space also
serve as a stimulant for economic growth. The manned program in particular enhances CCP
prestige and draws international attention to the country’s expanding technology base.

Without a clearly defined civilian space program, such as that managed by the U.S.
National Aeronautics and Space Administration (NASA), the PRC (hereafter also referred to as
“China”) integrates civil and military uses of space. China’s space ambitions are in part
peaceful in nature. Yet technologies can also be used with ill-intent. The PLA is rapidly
improving its space and counterspace capabilities in order to advance CCP interests and defend
against perceived challenges to sovereignty and territorial integrity. Because Taiwan’s
democratic system of government — an alternative to mainland China’s authoritarian model --
presents an existential challenge to the CCP, the PLA relies on military coercion to compel
concessions on sovereignty. Although other interests divert attention and resources, Taiwan
remains the principle illustrative scenario guiding the PLA’s military ambitions in space.
Taiwan is a core interest of the United States. As such, the United States should maintain the
capacity to resist any resort to force or other forms of coercion that would jeopardize the
security, or the social or economic system, of the people on Taiwan.

Space capabilities enable the PLA to conduct military operations at increasingly greater
distances from Chinese shores. Greater Chinese competence in leveraging space technologies
for military use may complicate U.S. freedom of action in the Asia-Pacific region. Over the
next 10-15 years, more advanced precision strike assets, integrated with persistent space-based
surveillance, a single integrated air and space picture, and survivable communications
architecture, could enable greater confidence in contesting a broader range of sovereignty and
territorial claims around China’s periphery. Within an emerging concept of a “national
aerospace security system,” China’s interest in space also is driven by a requirement to field
countermeasures against advanced U.S. long-range precision strike capabilities expected to be
in place over the next 10-15 years.

China has made considerable progress in advancing its space capabilities. A survivable,
growing space-based sensor architecture, able to transmit reconnaissance data to ground sites
in China in near real time, could facilitate the PLA’s ability to carry out long-range precision
strikes with growing lethality and speed. Its space-based sensor development is focused on
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increasingly high resolution, dual-use space-based electro-optical, synthetic aperture radar,
and electronic intelligence satellites for surveillance and targeting. The PLA may augment
existing space-based assets with microsatellites launched on solid-fueled launch vehicles. The
PLA is advancing its development and production of dedicated military communications
satellites able to transmit high volumes of data from sensors to a wide variety of users and
support operations at increasingly extended ranges from China’s periphery. An expanding
constellation of navigation satellites further enhances China’s operational scope. Beyond
traditional space-based platforms, development of “near space” flight vehicles, operating at
altitudes between 20-100 kilometers (km), appears to have a relatively high priority.

The PLA oversees a broad and diffuse organizational infrastructure for developing
requirements and overseeing research and development (R&D), manufacturing, and operation
of space systems. The PLA General Staff Department (GSD) most likely develops joint
operational requirements for space-based and counterspace systems. The Air Force, Navy, and
Second Artillery Force also contribute toward the development of operational requirements.

The PLA General Armaments Department (GAD) appears to oversee space systems
acquisition, including technical design, research and development (R&D), manufacturing, and
space launch services. GAD is improving its ability to leverage technical expertise that resides
throughout China’s defense industrial infrastructure and academic community. The State
Council’s 863 Program offers an institutionalized extra-budgetary source of funding for PLA
strategic technology development. An increasingly sophisticated R&D and industrial
establishment supplies the PLA with military space systems. The most important
organizations in the space program include the China Aerospace Science and Technology
Corporation (CASC) and China Aerospace Science and Industry Corporation (CASIC). As a
rough NASA counterpart, the China National Space Administration (CNSA) facilitates
international exchanges and cooperative programs with other space-faring nations.

The PRC has prioritized international space-related interactions in order to further
political, scientific, technological, and economic goals. China enjoys a broad and close
cooperative relationship with space authorities and engineers from Russia, other members of
the former Soviet Union, and European countries. China also has expanded its satellite sales
and launch services to foreign customers. China and the United States have engaged in limited
collaboration in space. Authorities in Beijing have advocated expanding exchanges, despite the
mistrust that has characterized the relationship over the last 15-20 years.

The PLA has been investing in a wide range of passive and active means to deny a
potential adversary’s ability to leverage space-based assets. R&D investments include foreign
satellite communications monitoring systems, electronic countermeasure systems to disrupt an
opponent’s use of space-based systems, and developing the capability for physical destruction
of satellites in orbit. Chinese space system development is intimately connected with R&D
investment into next generation extended range precision strike systems.
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INTRODUCTION

The PRC is emerging as a world leader in space. Managed by a diverse set of military
and civilian organizations, Chinese political authorities view space power as one element of a
broader international competition in comprehensive strength and science and technology
(S&T). With preservation of its monopoly on power as an overriding goal, the CCP
consolidates its legitimacy through achievements in space. Adopting an integrated civilian and
military perspective in its plans and programs, PRC investment into space technology supports
economic development and advances national defense modernization. Successes in space
symbolize the emergence of the PRC as a world power. How China intends to leverage its
newfound power remains uncertain.

The PRC’s programmatic successes in space are significant. Notable achievements
include manned space platforms, reliable space launch vehicles, and satellites. China has made
substantial progress in developing peaceful and practical uses of space technology. In addition
to supplying cost effective international commercial launch services, the PRC’s space program
supports economic development through subsidized modernization of China’s high technology
industries, contributing to natural disaster warning and response, and developing commercial
applications of space technology.

While the State Council produced space policy white papers in 2000, 2006, and 2011,
the CCP’s vision for future uses of space remains unclear. China’s space ambitions are in part
peaceful in nature. Yet technologies can also be used with ill-intent, and military applications
of dual-use space technology are a principle concern: space technology increases the capacity of
the PLA to project military power vertically into space and horizontally beyond its immediate
periphery. Freedom of action in space offers the PLA potential military advantages on land, at
sea, and in the air.! At present, PLA space and counterspace programs do not appear
integrated from an organizational, operational planning, or acquisition perspective. Yet the
PLA is rapidly improving its space and counterspace capabilities in order to support CCP
interests and defend against perceived challenges to sovereignty and territorial integrity.

Taiwan remains the principle illustrative scenario guiding the PLA’s military ambitions
in space. Beijing seeks the military capacity to coerce Taiwan’s democratically-elected
government into a political settlement on PRC terms. Success may require a credible ability to
deter, delay, or deny possible intervention of U.S. forces in a cross-Strait conflict. Space assets
enable extended range precision strike operations intended to deny U.S. access to or an ability
to operate within a contentious area in the Asia-Pacific region.2 Sophisticated conventional
ballistic and ground launched cruise missiles may be an effective means of suppressing
regional air defenses and military operations from airbases and carriers at sea. Barring
effective countermeasures, the PLA’s ability to complicate U.S. access to space assets is likely to
grow over the next 10-15 years.
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This report examines China’s national and military space program. The report first
addresses civilian oversight and support of China’s space program, including political drivers
and budgetary support under national-level science and technology programs. The report then
details how GAD is organized to manage space systems acquisition, transport payloads, and
maintain space systems in orbit. Discussion then turns to China’s space R&D and industrial
base, and an overview of selected national and military programs. The report next outlines the
role of GSD in developing space requirements and leveraging space assets for integrated joint
operations. A summary of China’s international space launch services is offered as an
appendix.
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SECTION 1:
CIVILIAN SUPPORT FOR CHINA’S SPACE PROGRAM

With the preservation of its political system as an overriding goal, the CCP prioritizes
investments into space technology for a number of reasons, including the establishment of the
PRC as an equal among world powers. Space is an arena for both international competition
and cooperation. Successes in manned spaceflight foster national pride and enhance the
domestic and international legitimacy of the CCP. Indeed, since the Cold War, space
technology has been viewed as a metric of political legitimacy, national power, and status
within the international community.

Senior civilian leaders within the .
party and government view space as a &
national priority and therefore direct
significant  resources toward the
country’s  space-related technology
base. However, space policy, planning,
and program management appear
fragmented and loosely coordinated
among a range of military and civilian
players. At an early point in China’s
space program (August 1989), State
Council authorities directed the
establishment of a State Space Leading Group to coordinate through the bureaucracy and
determine priorities. Its status today is unknown, although a similar leading group exists for
China’s lunar exploration program. Without an empowered civilian space policy organization
such as NASA, executive authority defaults to the PLA GAD for coordinating the R&D and
manufacturing of space systems, and commercial and military space launches. As the national
executive authority for civil and military space by default, GAD adopts an integrated civil and
military approach to managing space programs. In other words, Chinese space systems
support both civilian and military users. Development of space technology supports the vision
outlined by President Hu Jintao and his predecessor, Jiang Zemin, for the PLA to adopt “new
historic missions” to sustain the CCP, safeguard national development, and contribute to global
peace and stability.3

Source: http://english.people.com.cn

Beyond supporting political and military purposes, investments into space systems
support PRC economic development goals, including transformation of China into an
“informatized” society. China’s commercial satellite launch business is a source of revenue for
the defense industry, and China’s remote sensing community may eventually market
commercial space imagery to international customers. Remote sensing data can be leveraged
for land planning, disaster warning, recovery and response, and weather forecasting.
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The State Council establishes general priorities in policy and planning documents, such
as the National Long-Term Science and Technology Development Plan for 2006-2020, Five
Year Plans, the State High Technology Research and Development Program (e.g., the “863”
program), and occasional white papers on space.4

The 863 Program is an example of subsidized technology development. China’s
Ministry of Science and Technology (MOST) has management responsibilities for the 863
Program, with GAD overseeing certain focus areas. Cutting across organizational boundaries,
the program creates synergies within China’s civilian and defense S&T community. The 863
program has been a funding source for a range of R&D programs, and has served as a
mechanism to leverage talent in China’s university system.> According to one estimate, 70
percent of the members of expert groups that manage individual technology development areas
received advanced degrees from American, European, and other foreign universities.® Many
members of 863 Program expert groups also support working groups managed by the PLA
GAD.”

Organizations within the space bureaucracy, including the Chinese Academy of Sciences
(CAS), the PLA, and defense industry, seek senior party and government support for national-
level programs. While a rough counterpart to NASA, the China National Space Administration
(CNSA) functions in large part to facilitate international exchanges and cooperative programs
with other space-faring nations.8 Another key civilian entity shaping resource allocation
formed in 2002 for space-related remote sensing data is the National Geospatial Information
Coordination Committee, which includes PLA representation.®

Funded in part by 863 Program grants, China’s university system plays a prominent role
in space-related R&D. Civilian universities and academic institutions, such as the Beijing
University of Aeronautics and Astronautics (NUAA), Northwest Polytechnical University
(NPU), and the Harbin Institute of Technology (HIT) have long been engaged in defense R&D.
Tsinghua University in Beijing also has been known to be a key player in basic defense R&D.
The networks linking China’s defense R&D community and traditionally civilian universities
appear to be expanding significantly. For examples, Xiamen and Sichuan Universities have
been heavily involved in military opto-electronics R&D; and Zhejiang University has been
instrumental in developing kinetic kill vehicle (KKV)-related components. Nanjing University
has been granted R&D funding for specialized passive stealth coatings for re-entry vehicles.10

The PRC government subsidizes technology development, R&D, manufacturing, and
launching of satellites and other space systems. Like other countries, the risk and expense
associated with the development and manufacturing of space systems require party and
government support. China’s space and missile industry relies on central government
subsidies, although the subsidized proportion of the space industry’s budget is unknown.

Since the beginning of its space program in the 1950s, the PRC has prioritized
international space-related interactions in order to further national political, scientific,
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technological, and economic goals. Focusing on space-related S&T, as well as the applications
of space systems, CNSA has formed multilateral and bilateral partnerships with a wide range of
international partners.  Exchanges include cooperative relationships between civilian
universities and subordinate research centers with counterparts in the United States, Taiwan,
Europe, Russia, and the Ukraine. For instance, a Chinese technical journal credited a major
U.S. university with helping the 863-409 working group overcome a specific technical problem
related to space interceptor KKV development.l! Collaboration with Ukraine’s Academy of
Sciences helped Chinese civilian researchers develop advanced ablative heat resistant materials
for maneuvering boost-glide re-entry vehicles.1?

In short, senior PRC civilian leaders provide policy guidance and authorize resources
toward the country’s space-related technology base. However, civilian oversight appears to be
fragmented, and space programs are loosely coordinated among a range of military and civilian
players. National technology plans, such as the 863 Program, are an important subsidy for
space technology development. Indeed, China’s civilian university system plays a prominent
role in space-related R&D, which is funded in part under 863 Program grants. However, in the
absence of an empowered civilian space policy organization, GAD integrates civil and military
uses of space, and coordinates R&D, manufacturing, and launch of space systems.
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SECTION 2:

CHINA'S EXECUTIVE AUTHORITY FOR SPACE:
THE PLA GENERAL ARMAMENTS DEPARTMENT

The CCP Central Committee, CMC, and State Council rely upon for the PLA GAD for
successful execution of national and military space acquisition policies. The GAD is
responsible to the CMC for establishing defense and space acquisition policies, managing
China’s space program, developing technical solutions to satisfy operational requirements, and
overseeing defense industrial research, development, and manufacturing.

Over the past two decades, GAD and China’s defense R&D establishment have been
breaking down barriers that have hampered the country’s ability to field complex space-related
system of systems. In order to address shortcomings in defense and space technology
development, the CMC directed a reorganization of GAD’s predecessor, the Commission of
Science, Technology, and Industry for National Defense (COSTIND) in 1998. Part of COSTIND
was renamed the State Administration for Science, Technology and Industry for National
Defense (SASTIND) and spun off into the civilian Ministry of Industry and Information
Technology (MIIT). The remaining elements of COSTIND were merged with GSD Equipment
Department to form GAD.13 Today, the GAD oversees a national-level S&T advisory
committee, a number of administrative departments, and operational space units.

GAD S&T Committee

The GAD S&T Committee consists of expert working groups that advise CMC members
and civilian authorities on long term technology acquisition planning and space policy and
operations. At least 20 national-level technology working groups, supported by defense R&D
laboratories around the country, leverage and pool resources to review progress, advise
national leaders on resource allocation, and focus resources to overcome technological
bottlenecks. Examples of individual GAD-led working groups that touch upon space-related
technologies include:

General Missile Technology!4

Precision Guidance Technology?®®

Computer and Software Technology

Satellite Technology

Radar Sensor Technology

Micro-Electromechanical Systems (MEMS) Technology6
Communications, Navigation, and Tracking Technology?!’

e Integrated Military Electronics and Information Systems Technology8

e Simulation Technology
e Stealth Technology!®
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Opto-Electronics Technology

Aircraft Technology

UAYV Systems Technology?20

Target Characteristics and Signal Control
Inertial Technology

GAD Administrative Departments

Beyond the S&T Committee, the GAD consists of as many as 10 second level
departments responsible for various facets of force modernization, space planning and
programming, and space operations. A GAD Space Equipment R&D Center appears to serve as
an interface with space system users.?2l The Comprehensive Planning Department appears
responsible for overall space-related modernization planning and policy. Space architecture
development appears to fall within the purview of the GAD Electronic and Information
Infrastructure Department, which is China’s leading authority for planning, programming, and
budgeting for PLA “informatization” development. It establishes general R&D investment
priorities and standards. The GAD Electronic and Information Infrastructure Department
consists of at least four bureaus and one program office.22 The Aerospace Equipment Bureau is
responsible for charting the PLA’s future space-based communications and surveillance
architecture and may manage R&D and manufacturing contracts with the space and missile
industry.23 The Department also has program management functions, such as the Beidou
Program Office, also known as the China Satellite Navigation System Management Office.24

China’s Space Command

The GAD Headquarters Department probably functions as an operational command
responsible for space launch, tracking, and control.2s Managed by the GAD Chief of Staff and
operating as the China Satellite Launch and Tracking Systems Department (CLTC), the
Headquarters Department oversees China’s space launch operations, including Jiuquan,
Xichang, and Taiyuan satellite launch centers, and a new space launch center under
construction on Hainan Island. Between 1970 and early 2012, CLTC launched 157 satellites for
domestic and international customers.26 The CLTC Director appears to be dual-hatted as
GAD’s Chief of Staff, who oversees the
Headquarters Department.2’ JIUQUAN SATELLITE LAUNCH CENTER

Jiuquan .

Jiuquan Satellite Launch Center,
under GAD Base 20 (63600 Unit) supports
LM-2C, LM-2D, and LM-4 launch of
satellites into low earth orbit, as well
manned space missions on the LM-2F.
Base 20 is also a key facility for ballistic
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and land attack cruise missile testing.
Taiyuan

Taiyuan Satellite Launch Center, under GAD Base 25 (63710 Unit), functions as China’s
primary platform for satellite launches into sun synchronous orbit. Situated in Kelan County
(Shanxi Province), Base 25 is also a key facility for the testing of medium and intermediate
range ballistic missiles.

Xichang

Xichang Satellite Launch Center, under Base 27 (63790 Unit), is China’s primary
platform for launch of satellites into geosynchronous orbit (GEO). Xichang reportedly the has
capacity to launch between eight and 10 satellites a year.28 Base 27 was the launch point of the
PLA’s January 2007 test of a kinetic kill vehicle against an aging Chinese weather satellite.2°

Wenchang

Upon completion, Wenchang Space Launch Center on Hainan Island will serve as a base
for launches of heavy payloads associated with the manned space program. The launch vehicle
will be transported to Hainan via

ship from new manufacturing CHINESE SATELLITE LAUNCH BASES

facilities in Tianjin, rather than JTUQUAN " "

rail .30 Bl \oNCHCENTER ¢ S
= : (Base 20) ) — fis (Base 2)

The GAD has a well-
established infrastructure for
space tracking, control, and
surveillance. In  order to
accommodate its growing space-
based infrastructure, China’s
space surveillance system s
gradually expanding in scope and e B T A R N
sophistication. Headquartered in Welnan (ShaanX| Provmce) Base 26 (63750 Unit) likely
functions as a space and missile surveillance center, and plays a role in monitoring and
identifying debris and other objects in space.3! GAD'’s space tracking network consists of a
center in Xian, fixed land based sites, at least one mobile system, and four Yuanwang tracking
ships capable of operating throughout the Pacific, Atlantic, and Indian Oceans. GAD also
operates a number of foreign tracking and control locations.32

XICHANG
SATELLITE
LAUNCH CENTER
(Base 27)

Pk g WENCHANG
‘ . * - SATELLITE
) LAUNCH CENTER

The Base 26 space surveillance system may fuse data from other sources. One
organization possibly supporting the GAD’s space tracking network is the China Academy of
Science’s Space Target and Debris Observation and Research Center, under the purview of the
Purple Mountain Observatory in Nanjing.33 GSD First Department Survey and Mapping
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Bureau works in partnership with CAS to operate a very long baseline interferometer (VLBI)
network of radio telescopes that support China’s space tracking system. Passive satellite
surveillance information may be provided by GSD Third and Fourth Departments.34 China’s
R&D community also has been exploring options for basing space surveillance platforms in
space.3> During peacetime, GAD Headquarters Department likely directs space operations
from the Beijing Space Command and Control Center. Established in 1996, the center appears
to be manned 24 hours a day, with a GAD Deputy Chief of Staff serving as watch officer. The
facility hosts senior GAD, CMC, and civilian leaders during major events.36

Launch Vehicles

The GAD'’s space transportation infrastructure depends upon a well-established and
increasingly reliable family of launch systems to deploy payloads into space for military and
civilian users. To date, four basic series of Long March (LM) liquid-fueled launch vehicles
deliver payloads to orbits at varying altitudes and inclinations around the earth. The LM
launch vehicle family has roots in the country’s ballistic missile program, specifically the
Dongfeng-4 (DF-4) and Dongfeng-5 (DF-5) intercontinental ballistic missile (ICBM) systems.
Based on a March 1965 CMC decision, formal design work on the two missile systems
commenced in May 1966. By 1970, initial technical designs were completed. The first DF-5
prototype was assembled in May 1971, and tested from Base 20 on September 10, 1971. Its
design was certified in 1973. Both the 211 and 7102 Factory in Sichuan assembled prototypes
for testing. The warhead design, however, was not completed until July 1986.37

The LM-1, a derivative of the DF-4, successfully sent a satellite into low earth orbit in
April 1970, but the program was cancelled the following year. The LM-2 series has been used
for delivering both remote sensing and communications satellites from Jiuquan and Xichang
Space Launch Centers. The LM-2F is China’s most powerful launch vehicle to date, able to
boost more than 8,000 kilograms (kg) into low earth orbit. Sharing the same first and second
stage as the LM-2C, the LM-3 series integrates a cryogenic third stage that has been used for
boosting heavier payloads into space from Xichang Space Launch Center.

Other launch vehicles include the LM-2D and LM-4 series, which have transported
remote sensing, weather, and other payloads in sun-synchronous orbit from Taiyuan Space
Launch Center. The LM-2D has launched payloads into both low earth orbit and sun
synchronous orbit from Jiuquan Space Launch Center.38 Originally a back up to the LM-3 for
launches of communications satellites, preliminary research on the LM-4 series began in 1982,
with formal R&D commencing the following year. After the successful launch of China's first
Dongfanghong-2 (DFH-2) communications satellites on the LM-3, the main mission of LM-4
shifted to sun synchronous orbit satellite launches.3°

Since 2008, China has been investing resources into a new generation of launch
vehicles, including the LM-5, LM-6, and LM-7. The LM-5 is said to be designed to lift a 25 tons
payload to low earth orbit (LEO), or a 14 tons payload into geostationary transfer orbit (GTO).
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With R&D beginning in September 2009, SAST's LM-6 is expected to be a smaller launch
vehicle capable of boosting 500 kg into orbit. The LM-7 is designed to place a 5.5 ton payload
into a sun-synchronous orbit at an altitude of 700 km.

China’s space and missile industry also is developing large high thrust solid rocket
motors for delivering large payloads. Initial ground tests were conducted in 2009.40 A two
staged solid rocket motor was successfully flight tested on September 25, 2010. While
unconfirmed, a large high thrust solid rocket motor with a diameter greater than 2 meters (m)
could serve as the basis for a new mobile ICBM.41
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SECTION 3:
CHINA'S SPACE INDUSTRIAL INFRASTRUCTURE

Senior civilian and military leaders and the GAD rely upon state-owned defense
industrial establishments for research, development, and manufacturing of space systems.
Administrative oversight of China’s defense industry is exercised by the Ministry of Industry
and Information Technology (MIIT). Formed in summer 2008, MIIT oversees a restructured
and downgraded Commission of Science, Technology and Industry for National Defense
(COSTIND), which previously had been a PLA organization that also reports to the State
Council.

MIIT’s State Administration for Science, Technology and Industry for National Defense
(SASTIND) is administratively in charge of defense industrial enterprises that support
military-related R&D, manufacturing, and follow-on support. SASTIND seeks to foster greater
competition within the defense industry in order to better meet the requirements of the PLA,
as well as encourage greater civil-military integration (CMI). SASTIND provides policy
guidance to 11 state-owned defense industrial enterprise groups responsible for space and
missiles, electronics, aviation, nuclear-related products, shipbuilding, and other sectors.

A key guiding principle is CMI, the process of combining the defense and civilian
industrial bases so that common technologies, manufacturing processes and equipment,
personnel, and facilities can be used to meet both defense and commercial needs. As a result,
spin-on technology is prioritized, as is self-reliance and innovation.42 In addition, programs
that primarily cater to civilian interests, such as China’s manned space initiative, may produce
militarily useful technologies, such as thermal protection systems and associated materials.
Engineers engaged in civilian programs often have more access to foreign expertise, which on
occasion can assist in overcoming technical bottlenecks at the component or sub-system level
for military programs.43

The two industrial groups that make up the space and missile industry include China
Aerospace Science and Technology Corporation (CASC) and China Aerospace Science and
Industry Corporation (CASIC). As state-owned enterprises, CASC and CASIC receive
government subsidies, although efforts have been made to introduce market-based incentives.
Led by a group of senior-level executives well under the age of 50, the most extensive shifts in
China’s research, development, and industrial capacity have taken place within its space and
missile (aerospace) industry. The aerospace industry enjoys a historical legacy with a proven
record of success, well-established channels and methods for overcoming technological
bottlenecks, and prestige needed to recruit some of China’s best and brightest. For almost 50
years, China’s space and missile industry enjoyed an unrivalled status and priority that has
given it an advantage over other industries.
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Both CASC and CASIC are organized in a manner similar to U.S. defense corporations,
with a corporate-level structure and various business divisions, referred to as academies. Like
U.S. defense industrial business divisions, each academy focuses on a core competency, such as
medium range ballistic missiles, short range ballistic missiles, ICBMs and satellite launch
vehicles, cruise missiles, and satellites. While U.S. defense companies tend to specialize
further within a business division, CASC/CASIC academies are organized into R&D and/or
design departments, research institutes focusing on specific sub-systems, sub-assemblies,
components, or materials; and then testing and manufacturing facilities. Each academy is
accountable for profit and loss, and includes an information collection and dissemination
institute that diffuses technical information attained from abroad and within China.44

China Aerospace Science and Technology Corporation (CASC)

CASC develops and manufactures space launch vehicles, strategic ballistic missiles,
satellites, and other space flight vehicles.45 CASC employs more than 100,000 engineers,
technicians, and workers. Its functional business divisions specialize in ballistic missiles and
space launch vehicles, large solid rocket motors, liquid fuelled engines, satellites, and related
sub-assemblies and components. A new division was established in 2008 that consolidated
CASC institutes and factories specializing in inertial measurement units, telemetry, and
missile-related microelectronics, such as the high performance digital signal processors and
field programmable gate arrays that are needed for long-range precision strike at high speeds
and extreme temperature conditions. The CASC S&T Committee advises the State Council,
Central Military Commission (CMC), and CASC leadership on space technology issues. CASC’s
dedicated export management and international contracting entity is the China Great Wall
International Corporation (CGWIC).

China Academy of Launch Technology (CASC First Academy)

The CASC First Academy, also known as the China Academy
of Launch Technology (CALT), is China’s largest entity involved in
the development and manufacturing of space launch vehicles and
related ballistic missile systems. CASC First Academy is centered in
the southern Beijing suburb of Nanyuan. Among its products are
China’s entire inventory of liquid fuelled ballistic missiles, including
the DF-4 and silo-based DF-5 ICBMs, and solid fuelled systems, m i H-x
such as the DF-15 SRBM, and DF-31/DF-31A ICBM. CASC First — ‘n
Academy is also a leading organization in China’s manned space
program. Subordinate research institutes specialize in guidance,
navigation, and control sub-systems, re-entry vehicles, and launchers. The 211 Factory is the

academy’s primary launch vehicle assembly plant. CASC First Academy SRBM systems appear
to have been made in competition with designs developed by the CASIC 066 Base, and
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indications exist that it is developing medium range ballistic missile (MRBM) designs to
compete with the CASIC Fourth Academy.46

Beyond space launch vehicles, the CASC First Academy houses one of the defense
technology establishment’s most recent organizational innovations — a new design shop
focused exclusively on hypersonic cruise vehicles that operate in the realm of near space. The
10th Research Institute, also known as the Near Space Flight Vehicle Research Institute,
specializes in the design and development of hypersonic flight vehicles that transit the upper
reaches of the atmosphere (between 20 and 100 km) on a sub-orbital trajectory, rather than
adopting a traditional ballistic flight path. The establishment of such a separate research
institute — one that focuses on a single capability — within China’s premier launch vehicle and
ballistic missile academy serves as a prominent indicator of the priority that senior civilian and
military leaders place on new generation long-range precision strike vehicles.4’

CHINA AEROSPACE SCIENCE

AND TECHNOLOGY CORPORATION
(CASC)

e S&T Committee
e General Office
e Admin Departments

China Great Wall Industry
Corporation
(CGWIC)

CASC First Academy CASC Fourth Academy Fifth Academy

China Academy of Launch Technology
e Launch vehicles, ballistic missiles

Solid Propulsion Technology Academy
e Large solid rocket motors

China Academy of Space Technology
e Satellites and orbital modules

CASC Sixth Academy (067 Base)
Academy of Space Propellant
e Liquid propulsion systems

Seventh Academy (062 Base)
Sichuan Academy of Space Technology
e Launch vehicle and missile components

Eighth Academy
Shanghai Academy of Space Technology
e LVsand satellites

CASC Ninth Academy Tenth Academy
Aerospace Times Electronics Corp Academy of Space Aerodynamics
« Components, computers, INS systems * Aerodynamic testing

Academy of Aerospace Solid Propulsion Technology (CASC Fourth Academy)

With over 7,000 employees and also known as the Academy of Aerospace Solid
Propulsion Technology, CASC Fourth Academy is the key business division responsible for
development and manufacturing of solid rocket motors with diameters of 2 m or more. The
CASC Fourth Academy is centered upon its design department and has five research institutes
and three production facilities involved in all aspects of large, high thrust solid rocket motor
development.

Academy of Space Propellant Technology (CASC Sixth Academy)
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CASC First and Eighth Academies rely upon a vast supply chain for sub-systems and
components. With roots dating back to 1965 and established in its current form on April 26,
2002, the CASC Sixth Academy, also known as the Academy of Space Propellant Technology
(or 067 Base), is China’s primary organization engaged in research, development, and
production of liquid fueled propulsion systems. Originally centered in the Qinling Mountain
range west of Xian, the 067 Base employs around 10,000 people in four research institutes and
one factory, and is now headquartered in Xian. Among its more recent products include the
YF-77 and YF-100, currently China's most powerful liquid oxygen and kerosene rocket engines.
It also is a key organization involved in the development of the LM-5 heavy lift launch vehicle,
expected to operate from Wenchang Satellite Launch Center on Hainan Island.

Shanghai Academy of Space Technology (CASC Eighth Academy)

The CASC Eighth Academy, also known as the Shanghai Academy of Space Technology
(SAST), designs, develops, and manufactures specialized launch vehicles, satellites, and other
aerospace systems. Established in August 1961, the CASC Eight Academy is the aerospace
industry’s largest and most diverse business division. Employing around 16,800 people, the
institution was in large part formed through the consolidation of several defense industry
research institutes in the mid-1960s. SAST oversees a dedicated design department — the 509th
Research Institute — that focuses on weather, synthetic aperture radar, and electronic
reconnaissance satellites.

China Academy of Space Technology (Fifth Academy)

Established in February 1968, the CASC Fifth Academy, or China Academy of Space
Technology (CAST), is China’s primary organization engaged in satellite design, development,
and manufacturing. Based in Beijing’s northwestern suburbs, CAST institutes, factories, and
other enterprises are centered upon the 501st Design Department, which functions as CAST’s
overall systems engineering organization.48 Established in 1975, the 502nd Research Institute
(also known as Beijing Institute of Control Engineering) designs, researches and develops
satellite attitude and orbit control systems, including jet propulsion and various guidance,
navigation and control sub-systems. The 508t Research Institute designs and develops electro-
optical and other satellite sensors. The principle assembly facility is the 529 Factory. Other
institutes specialize in vacuum and cryogenic technologies, antenna systems, and modeling and
simulation.4® A subsidiary in Shenzhen is expected to develop and produce a number of
navigation satellites on behalf of the CASC Fifth Academy.>0

As a final note, CASC'’s principle marketing arm for space launch services is China Great
Wall International Corporation (CGWIC). Established in 1980, CGWIC supplies international
customers with satellites, launch services, and other services.5? CGWIC'’s stated business goal
is to capture 10% of the international commercial satellite market and 15% of the launch
market by 2015.5%2 CGWIC publications indicate that it is the signature authority for
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international satellite sales and launch contracts, with CASC Fifth Academy (CAST) and

GAD/CLTC as sub-contractors.

China Aerospace Science & Industry Corporation (CASIC)

The second major industrial enterprise engaged in space-
related R&D and production is the China Aerospace Science &
Industry Corporation (CASIC). CASIC employs more than
100,000 engineers, technicians, and workers within its
headquarters, academies or business divisions, subordinate
design departments, research institutes, and factories, and
commercial enterprises. CASIC specializes in conventional
defense and aerospace systems, including tactical ballistic
missiles, anti-ship and land attack cruise missiles, air defense

cbsic

missile systems, direct ascent anti-satellite interceptors, operationally responsive tactical
microsatellites, and associated tactical satellite launch vehicles. While academies and
subordinate institutes appear to conduct independent international business transactions,
CASIC’s principle export management enterprise is the China Precision Machinery Import-

Export Company (CPMIEC).5%3

CHINA AEROSPACE SCIENCE

AND INDUSTRYCORPORATION

(CASIC)

e S&T Committee
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Academy of Information Technology (CASIC First Academy)

CASIC’s First Academy, also known as the Academy of Information Technology, has
designed and fielded microsatellites. Working with the academic community, CASIC First
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Academy is one of a number of entities within China focused on operationally responsive
tactical microsatellites that ostensibly could be launched on solid-fueled launch vehicles. It
also is engaged in R&D satellite applications and GPS/inertial guidance units. Serving as a test
bed for MEMS-based guidance and navigation systems, its most prominent product is the
Hangtian-Tsinghua-1 (HT-1) 50 kg microsatellite that operates in a sun synchronous orbit; and
the 25kg NS-1 microsatellite. One institute under the Academy of Information Technology
specializes in space-based and missile-borne electronic countermeasure (ECM) research and
development.54

CASIC Second Academy

CASIC’s Second Academy is the principal industrial group responsible for kinetic kill
counterspace systems, and is China’s largest producer of air defense missile systems.
Established in 1961, and with a growing emphasis on integrated air and space defense, it
consists of a design department, 10 specialized research institutes, a simulation center, three
factories, and nine independent commercial enterprises. With the PLA Air Force serving as a
core customer, the Second Academy’s most prominent defense products include the Hongqi-
series of surface to air missile systems, including the missile, radar, and associated ground
equipment. The Second Academy also likely designed, developed, and produced the space
intercept systems that were tested in January 2007 and January 2010.%5

CASIC Third Academy

CASIC’s Third Academy, established in 1961, is China’s premier enterprise engaged in
design, development and production of cruise missiles, other aerodynamic vehicles and
propulsion systems, and associated launchers. Centered upon the Third Design Department,
the Third Academy has 10 research institutes and two factories, with over 13,000 employees.
Its traditional core customer has been the PLA Navy. However, its land attack cruise missile
program has enabled a closer working relationship with the Second Artillery and Air Force. In
the 1970s and 1980s, China’s aviation industry made an attempt to enter the cruise missile
development and production field. Today, however, it appears that the Third Academy has a
near monopoly on the Chinese cruise missile market. The Third Academy is believed to be
engaged in R&D on airbreathing supersonic combustion ramjet (scramjet) technology in
support of a national hypersonic cruise vehicle program.

CASIC Fourth Academy

CASIC's Fourth Academy was established in 2002 and specializes in design,
development, and manufacturing of the DF-21 MRBM and associated variants.>6 Centered
upon the Fourth Design Department, the Fourth Academy’s business model marks an
evolutionary departure from previous aerospace industrial practices.>” Under its “small core,
large collaboration” philosophy, the Fourth Academy specializes in systems integration
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programs involving a complex supply chain. In the case of the DF-21C, for example, the Fourth
Academy oversaw more than 20 sub-contractors, of which less than half were within CASIC.

CASIC Six Academy

In 2002, China’s senior leadership directed that the CASC Fourth Academy spin off a
major subsidiary located in Inner Mongolia at least in part intended to enhance competition
for contracts related to advanced tactical solid fuel propulsion systems, as well as restartable
hybrid liquid-solid engines. As a new entrant to the defense market, the CASIC Sixth Academy
(formerly a subsidiary of the CASC Fourth Academy) reportedly raised private capital to cover
R&D expenses for a new solid motor used for operationally responsive satellite launch vehicles.
CASIC Sixth Academy manages smaller diameter motors, including kick motors designed to
boost communications satellites to geosynchronous orbit. As a final note, Chinese aerospace
engineers have advocated development and fielding of solid-fueled launch vehicles.

CASIC Ninth Academy (066 Base)

The second CASIC producer of ballistic missile systems is the Ninth Academy. Also
known as 066 Base, the Ninth Academy was created in August 1969 as a third line industry,
specifically supplying cruise missile components to the Third Academy.%8 A key landmark
achievement for the Academy was the establishment of a design shop in October 1975.59 Its
most prominent product is the DF-11 short range ballistic missile. Based on a 1993 decision,
066 Base began work on an extended range variant — the DF-11A — with the goal being to
double the range but keep the same accuracy. This was successfully flight-tested on August 15,
1998. The 066 Base is believed to have expanded its scope of work, and likely has been
developing a follow-on variant to the DF-11A, notionally the DF-11B. Engineers from 066 Base
have been cited as conducting R&D into terminal guidance systems. 80

Jiangnan Aerospace Group (061 Base)

Founded in 1964, Jiangnan Aerospace Group, also known as 061 Base, employs more
than 6000 personnel, of which 650 are technicians. Headquartered in Guizhou and with
subordinate entities in Suzhou, 061 Base is a primary supplier of specialized missile
components and software. Its 20 institutes and factories develop and produce missile-related
guidance, navigation, and control software, composite materials, and a range of components,
including aerospace-qualified fasteners, gyroscopes, autopilot systems, batteries, micro-
motors, and fuel gauges.®!

Hunan Space Bureau (068 Base)

The 068 Base was established in 1970 in Hunan’s Shaoyang area as a third line
production complex. Currently centered in Changsha, its core competencies include special
materials and components, such as magnets, diamond coatings, and antennas. More recently,
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the base has become a key center for R&D and production of reconnaissance platforms
operating in near space.%2

In summary, two large state-owned defense industrial establishments are responsible
for the research, development, and manufacture of China’s space systems. CASC and CASIC
are at the forefront of Chinese spacecraft and space transportation development, and play a key
role in delivering space systems to civilian and military customers.
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SECTION 4:

A REVIEW OF SELECTED SPACE PROGRAMS OF THE
PEOPLE’S REPUBLIC OF CHINA

Leveraging the talent that resides with the space and missile industry, the PLA General
Armaments Department (GAD) and State Council authorities oversee a range of space
programs. Relying on a strategy of incremental modifications to proven designs, China is
gradually improving its ability to overcome complex systems engineering challenges and field
reliable and cost effective space systems. This section first addresses China’s general approach
to systems engineering.63 It then reviews progress being made in China’s manned space and
other programs, including space-based sensors, communications systems, and launch vehicles.

Overview of Chinese Space Systems Engineering

The GAD and space industry manage research and development (R&D) and production
associated with individual programs through a dual chain of command that divides
administrative and technical responsibilities. Based on limited available information, contract
management and oversight of industrial design, R&D, and production appears to reside within
GAD engineering offices.

After authorization to initiate an R&D program, GAD and senior industrial management
authorities select a chief designer and up to six deputy chief designers to oversee and
coordinate technical aspects of R&D, to include coordinating with a vast supply chain. The
chief designer usually is a senior director within an academy’s design department. However, a
senior engineer from CASC or CASIC headquarters may lead larger, more complex systems
engineering projects. Deputy chief designers are generally responsible for major sub-systems
R&D and final assembly/manufacturing. Typical sub-systems could include the solid rocket
motor sub-system; guidance, navigation, and control sub-system; warhead or post boost
vehicle sub-system; and ground equipment sub-system. Deputy chief designers often are
selected from research institutes or factories, and not from within the chief designer’s
departmental chain of command.

The second position within the dual command structure is responsible for
administrative program management. The program manager ensures that timeliness and
guality control standards are being met; oversees testing schedules; and manages the program
budget. Design and program management teams work closely together with GAD and other
military and civilian users (CNSA for international programs) to ensure an economy of effort,
timely production, and cost effective use of resources.64
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China’s National-Level Space Programs

China’s ability to overcome systems ,
engineering challenges is best exemplified by large
scale national level manned space and lunar
exploration programs. As China aspires to become
a leading S&T power, its manned space program
has become a vehicle for pushing the limits of
human innovation to create new technologies with
diverse applications. Manned spaceflights are an
internationally recognized symbol of progress and
wealth, and China has made considerable efforts ; . ) —

. China’s first man in space, Yang Liwei, before
over the past two decades to send humans into  shenzhou-5 mission
space as a powerful icon of international prestige
and national pride. A number of central figures in national space programs appear poised to
assume prominent political positions in the future.®> No direct link between the manned space
program and operational GSD requirements can be discerned. However, national resources
dedicated toward manned space programs may be leveraged to enhance militarily-relevant
capabilities.66

Source: Chinese internet

Shenzhou Manned Space Program

Also known as Project 921, Shenzhou is the nation’s largest space program in terms of
scope and breadth of participation by defense industries. Based on CCP Central Committee
guidance, program management of the manned space program was centralized within the
GAD’s China Manned Space Engineering Office (also known as the 921 Engineering Office).
CASC Fifth Academy plays a leading role in design, development, and manufacturing of orbital
modules.5”

However, technological innovation and research have since expanded the scope of its
space program beyond military research efforts. These new missions further China’s national
interests in space, seeking to “explore outer space, and learn more about the cosmos and the
Earth; to utilize outer space for peaceful purposes, promote mankind's civilization and social
progress, and benefit the whole of mankind; and to meet the growing demands of economic
construction, national security, S&T development and social progress, protect China's national
interests and build up the comprehensive national strength.”8

The origins of China’s current manned space program can be traced to the late 1980s
when Chinese leaders convened a series of conferences to discuss the optimal design for a
manned spacecraft. The decision was ultimately made to develop a space capsule, rather than a
space plane or space shuttle design, which eventually became the Shenzhou spacecraft. The
Politburo, on September 12, 1992, directed investment of resources to support this effort.
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The Shenzhou program began with a series of unmanned launches. The Shenzhou-1
launch in 1999 tested the space capsule’s control systems and interfaces, while Shenzhou-2
focused on the capsule’s environmental systems. Shenzhou-2 also included a sensor package
developed by a leading electronic reconnaissance R&D institute.®® The Shenzhou-3 mission in
March 2002 expanded environmental testing, and remained in orbit for six months during
which testing of various payloads took place. Shenzhou-4 certified the capsule’s emergency
rescue systems.

The most momentous event in the history of China’s space program took place in
October 2003, when China sent then-Lieutenant Colonel Yang Liwei of the PLA Air Force
(PLAAF), into space. The Shenzhou-5 flight vehicle orbited the earth 15 times before landing
safely in Inner Mongolia. In October 2005, China conducted its second manned spaceflight,
Shenzhou-6, to complete the initial phase of Project 921. The program established a
foundation for docking a space laboratory, with the ultimate objective of maintaining a larger
space station for long-term scientific experiments.’® The program’s second phase, Shenzhou-7,
involved space walking as part of the program’s mission in 2008.71 Subsequent unmanned
flights included the Shenzhou-8, which was launched on November 1, 2011 and conducted
China’s initial docking mission with the prototype Tiangong-1 module. The first manned
docking mission (Shenzhou-9) is projected for mid-2012.72

Lunar Exploration Program

Building upon the successes in its manned space program,
China’s lunar exploration program represents an empowerment of
CNSA as a national space program manager. Based on
recommendations from the China Academy of Sciences, and
backed by CNSA, China’s senior leadership began consideration of
a lunar exploration program in 1995 as a focus area under the 863
Program. At least one stated motivation was to explore prospects
for mining lunar Helium-3 as a replacement for fossil fuels. GAD’s
predecessor, the Commission of Science, Technology, and Industry
for National Defense (COSTIND), began detailed planning in 1998.
In November 2000, the State Council included lunar exploration in
its initial white paper on space activities.

Artist concept of Chang’e Lunar Probe
Source: Chinese internet

By 2004, the State Council and CCP Central Committee directed the formation of a
Lunar Orbit Exploration Project Leading Small Group to coordinate efforts across the
bureaucracy.” Along these lines, the lunar exploration program differs from the manned space
program. Rather than falling under direct military purview, the lunar exploration program is
managed at the national level. Former CNSA Director and current SASTIND Director Chen
Qiufa chairs the state leading group. SASTIND’s Lunar Exploration Engineering Center
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exercises day to day program management, along with the China Academy of Sciences’ Lunar
Exploration Engineering Department.’4

The program was structured into three phases.”> Phase | was designed to be a
demonstration of its technological prowess, involving the launch of lunar orbiters Chang’e-1 in
2007 and Chang’e-2 in 2010. The mission of Chang’e-1 was the creation of a three-dimensional
map of the lunar surface, studying the presence and distribution of useful elements and
minerals, and measuring solar winds and their impact on the earth and moon. The 2,350-kg
orbiting spacecraft was completed in December 2006 and contained a number of experimental
packages. The Chang’e-1 spacecraft orbited the moon for approximately one year.’6

Launched in October 2010, Chang’e-2 is said to focus on future lunar rover landing
zones, surveying of Lagrangian points, and testing of upgrades to the Chinese space tracking
and control network.”” Chang’e-1 and Chang’e-2 were to obtain precise images and maps of the
lunar surface and analyze the content and distribution of useful elements and minerals, such as
uranium and titanium. Once in orbit about the moon, the spacecraft will take pictures of the
lunar surface with a stereo camera/spectrometer imager, including photographs of the
northern and southern pole regions; investigate and analyze elements on the lunar surface, to
include the locations of large deposits of elements; and take measurements of the lunar
subsurface, including measurements of Helium-3 (although rare on the Earth, it is thought to
exist in large quantities on the Moon).78

Phase Il of the lunar exploration program is scheduled to begin in 2013 and is believed
to include docking, controlling, and mapping missions. Two remote controlled rovers are to be
deployed to conduct surface investigations. Phase 111 is slated for 2017 with the launch of
Chang’e-5 on the LM-5E heavy launch vehicle for collecting samples from the lunar surface.’®
The program has its sights set on a manned lunar landing for sometime after 2025.s0 CNSA
has sought private and international sources of funding for lunar missions.8!

Space Station Program

In March 2011, China published plans for a multiphase construction project to orbit a
space station by 2020.82 Tiangong, or the “heavenly palace,” will consist of a main module
with two detachable modules on either side. The “Core Cabin Module” module weighs 8.5 tons
and is equipped with two docking ports, and will have a two-year lifetime in earth’s orbit. This
unpiloted spacecraft will be the basis for tests on docking technologies. Tiangong-1 conducted
docking missions with the unmanned Shenzhou-8 spacecraft in November 2011.

Two follow-on Tiangong spacecraft are planned.8 The Tiangong-2 space laboratory,
“Laboratory Cabin Module 1,” is scheduled to be launched by 2013, and designed to test
technologies for larger space stations, including long-term living conditions for astronauts.
The Tiangong-2 will be able to accommodate three astronauts for about 20 days at a time. In
2015, Tiangong-3 (“Laboratory Cabin Module 11”) will allow astronauts to remain onboard for
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40 days while studying regenerative life-support technology and methods for replenishing fuel
and air during missions. The Shenzhou-9 and -10 are scheduled to dock with Tiangong-1 in
2012.84

The three Tiangong modules establish a technology base for a fully functioning space
station by the end of the decade.8> At completion, the station will consist of an 18.1-meter-long
center module and two 14.4-meter laboratory modules, plus a manned spaceship and a cargo
craft. The entire space station will weigh in at 60 tons. Astronauts will eventually take up
residence on the station to conduct research in the fields of astronomy, microgravity, and
biology.86

China’s primary motivation for investing in a space station is said by some to support its
lunar program.8” Others suggest that constructing a space station also supports the broader
goals of boosting national pride and China's international standing. Chinese officials have
stated that the country’s space technology will be compatible with that used in the
International Space Station, so that modules from other countries will be able to dock with its
station.88

Space-Based Intelligence, Surveillance, and Reconnaissance

Increasingly greater spatial resolution and an ability to monitor U.S. activity in the Asia-
Pacific region (including the locations of US aircraft carrier battle groups) in all weather
conditions are likely to enhance China’s ability to conduct military operations farther from
shore.89 Space-based sensors also provide images necessary for mission planning functions,
such as navigation and terminal guidance for land attack cruise missiles. Over the years, the
PLA and Chinese aerospace industry have fielded electro-optical, radar, and other space-based
sensor platforms that can transmit images of the earth’s surface to ground stations in near-real
time. Satellite communications offer a survivable means of communication that will become
particularly important as the PLA operates further from China’s borders.

A number of authoritative journals have advocated accelerating and expanding China’s
space-based surveillance system, including the need for a “space-based theater electronic
information system” that covers an area of 3,000 square km.°0 Unverified sources indicate
that a strategic cueing network for a long-range precision strike capability would rely heavily
on a dual-use satellite architecture that is reportedly being put into place ahead of schedule.!

A regional strike capability would rely in part on high resolution, dual-use space-based
synthetic aperture radar (SAR), electro-optical (EO), and possibly electronic intelligence
(ELINT) satellites for surveillance and targeting. China’s space industry reportedly is nearing
completion of its second generation SAR satellite, and its EO capabilities have been
progressing steadily. While information is sparse, indications exist that at least some funding
has been dedicated toward developing a space-based ELINT capability. Existing and future
data relay satellites and other beyond line of sight communications systems could relay
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targeting data to and from the theater and/or Second Artillery’s operational-level command
center.92 China’s aerospace industry has also been investing resources into examining means
to reduce the radar cross section of satellites.93

Assessing whether or not space systems are under direct PLA or non-military control
can be a speculative endeavor. Authorities seldom distinguish between dedicated military and
civilian satellites, with systems generally cast as supporting remote sensing, environmental
monitoring, or scientific research. Regardless, satellite products controlled by civilian
authorities could support military operations. Dedicated military space assets may also
support civilian users and natural disaster warning and response operations. Prominent
authorities have described dedicated military-use space systems. For example, GAD Aerospace
Bureau Director Wu Weigi has published detailed research on an EO, SAR, and ELINT satellite
sensor architecture for targeting of ships at sea. The GSD Second Department appears to
operate ground receiving stations for military users throughout the PLA.%4

The Ministry of Science and Technology (MOST) National Remote Sensing Center
oversees China’s civilian remote sensing community, coordinates requirements, and manages
the procurement of imagery from foreign sources. The Institute of Remote Sensing Application
(IRSA) is the primary R&D arm of the National Remote Sensing Center. Even as Beijing fields
an expanding array of space systems, it is expected to continue to procure commercial imagery
to augment its own sensors. 9

China has focused its resources on increasingly capable EO satellites employing digital
camera technology, as well as space-based radar for all-weather, 24 hour coverage. These
capabilities are being augmented with electronic reconnaissance satellites able to monitor
radar and radio transmissions. China also is deploying a robust weather satellite capability,
oceanography satellites, specialized satellites for survey and mapping, and possibly space-
based sensors capable of providing early warning of ballistic missile launches.

Electro-Optical Satellites

The PLA and China’s defense R&D community are seeking to field an EO satellite
system with increasingly high resolution. China’s first experimental imagery system was
launched in November 1975, and was followed by two more tests. The system reached 10C in
September 1987 when the Fanhuishi Weixing-1 (FSW-1) or recoverable satellite was launched
from Jiuquan Space Launch Center, and returned to earth with its film in Sichuan. The FSW-1
provided wide area imaging and orbits for 8 days. Four FSW-1 systems were successfully
launched between 1987 and 1992. In 1993, a problem in its attitude control system resulted in a
failed FSW-1 mission.

The follow-on FSW-2 satellite carries 2,000 m of film and has a resolution of at least 10
meters. The first FSW-2, also known as the Jianbing-1B, was launched in August 1992, with
subsequent launches in 1994 and 1996. One of the more significant aspects of the FSW-2 is its
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demonstrated maneuvering capability. The FSW-2 orbits for 15 or 16 days before returning to
earth with its imagery package. On October 20, 1996, using the LM-2D from Jiuquan, China
launched another “scientific survey” satellite that orbited 15 days before returning to earth.
The 1996 FSW-2 launch was expected to be the last in this series as China moves to a more
advanced imaging system.

In the 1980s, the PRC’s space establishment initiated a joint research project with
counterparts in Brazil for development of a more capable electro-optical imaging satellite. The
result was the China-Brazil Earth Resources Satellite (CBERS) program, which has produced a
number of Ziyuan (ZY) earth observation satellites. The ZY series presented China with its first
near-real time surveillance capability. In October 1999, China launched ZY-1 (CBERS-1) from
Taiyuan Satellite Launch Center. Sensors provided 20 m resolution images that could be
transmitted digitally to a ground station over its designed life of approximately two years. Two
other ZY-1/CBERS satellites were launched in 2003 and 2007. Second generation ZY-2
satellites were launched in September 2000, October 2002, and November 2004. These were
apparently in a lower orbit, offering finer resolution images with the same sensor array. The
ZY-2 has been identified in some Western writings as a military reconnaissance system.

With at least 13 launched since April 2006, Yaogan remote sensing satellites appear to
be military space platforms designed for EO and SAR imaging missions.% The PLA’s first EO
satellite, developed and manufactured by CASC Fifth Academy, is said to be the Yaogan-2,
launched on May 25, 2007.97 The Yaogan-5, likely carrying another EO payload, was launched
from Taiyuan on December 15, 2008 on a LM-4B. As of November 2011, at least four systems
demonstrating similar characteristics as the Yaogan-2 and Yaogan-5 satellites have been
launched into orbit.?8

The Shijian-11 series was also developed by CAST’s DFH. Specific nature of the vehicle
has yet to be determined. The first was launched on November 12, 2009 on an LM-2C from
Jiuquan Satellite Launch Center into a roughly 700 km x 98 degree orbit. Among many visions
shared by senior engineers within China's space establishment, one is developing an electro-
optical camera able to image ground targets with a 0.1 meter spatial resolution. Current state of
the art is 0.25 meter.9°

Synthetic Aperture Radar Satellites

SAR satellites are a core component of militarily-relevant surveillance architecture
supporting over-the-horizon (OTH) targeting of surface assets. SAR satellites use a microwave
transmission to create an image of maritime and ground based targets. They can operate night
or day and in all weather conditions, and are therefore well suited for detection of ships in a
wide area. As Chinese engineers have noted, SAR imagery is key for automated target
recognition of ships at sea.l%0 Processed SAR imagery may depict a ship in various ways,
depending on weather conditions, ship orientation and construction, and beam focus. A SAR
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satellite is also able to image ship wakes from which information on ship speed and heading
can be deduced.01

China is expected to have multiple types of space-based SAR systems in orbit over the
coming years that cater to various users. CAS was active in preliminary research on space-
based SAR system in the 1980s, and systems engineering began in 1991.102 Partially funded by
the 863 Program (specifically the 863-308 program), an airborne L-Band SAR capability was
viewed as an intermediate step toward a space-based system by the turn of the century. With
completion of an on-board SAR image processing sub-system in 1994, China’s S&T community
and COSTIND approved the final design and associated high speed data transmission system
in May 1995. By 1997, the airborne SAR capability was tested and fielded. It was followed by a
successful ground simulation system for a SAR satellite program in the late 1990s.103

China’s initial space-based SAR system was planned as part of a small disaster-
monitoring satellite constellation. Under a State Council program formalized in 2003, China
has developed a small satellite constellation for disaster warning, recovery, and response. The
first phase entailed the deployment of three satellites: Huanjing-1A, 1B and 1C. Huanjing-1A
and Huanjing-1B were designed with a three year lifespan. The two EO satellites were
launched on September 6, 2008, and the HJ-1C was launched in September 2009 into sun
synchronous orbits. The second stage will see the deployment of further eight satellites: four
optical satellites and four SAR satellites, which would be expected to increase the revisit rate,
thereby expanding surveillance coverage.’94 The SAR satellite antenna was said to be a joint
R&D effort with the Russian Moscow Power Engineering Institute's Special Design Bureau (an
entity under the Russian Space Agency) and the CAS Institute of Electronics.105 Like Russian
SAR satellites, the HJ-1C is said to operate in the S-Band.106

The PLA'’s first dedicated military SAR satellite likely was deployed in 2006. In
development for a decade and launched on April 27, 2006, the Yaogan-1 was launched from
Taiyuan Satellite Launch Center. CASC Eighth Academy appeared to have been the satellite’s
lead systems integrator, and also produced the launch vehicle (LM-4B) on which the satellite
was launched.107 A subsequent system, the Yaogan-6, was launched on April 22, 2009, and at
least three follow-on variants have been launched to date.’°8 Among these include Yaogan-8,
developed over a four year period and, along with the Xiwang-1 microsatellite, launched on an
LM-4C from Taiyuan on December 16, 2009.10°9 Other possible follow-on variants, designated
Yaogan-10 and Yaogan-13, were launched from Taiyuan in August 2010 and November 2011
respectively.110

Electronic Reconnaissance Satellites

To augment its SAR and EO systems, the PLA likely has fielded a rudimentary electronic
reconnaissance architecture.!! Chinese military analysts view electronic reconnaissance as
necessary to accurately track and target U.S. carrier strike groups in near real time from lower

China’s Evolving Space Capabilities | 31




earth orbit as part of China’s long-range precision strike capability, including its anti-ship
ballistic missile (ASBM) system.12 Major surface vessels, such as aircraft carriers, have
prominent electromagnetic, acoustic, and infrared signatures and large radar cross section.
Although controlling emissions from carriers is feasible for limited periods of time, air
operations depend on electromagnetic radiation.!3

The PLA experimented with electronic reconnaissance satellites in the mid-1970s.114 The
satellite was launched from Jiuquan in July 1975 on an FB-1 launch vehicle, which was
specifically designed to meet the weight and orbital accuracy requirements of electronic
reconnaissance platforms. The FB-1 launched two more experimental satellites in December
1975 and August 1976. For unknown reasons, the program was discontinued. However,
technical writings indicate that China’s space industry has resurrected the program and
intends to field a satellite-borne electronic reconnaissance system. Design studies on an
electronic reconnaissance satellite constellation for geolocation of surface targets began in the
mid-1990s.115

The PLA appears to be investing R&D resources into constellations of two, three, or four
satellites using time difference of arrival (TDOA) direction finding or geolocation techniques.!16
Organizations most likely responsible for space-based electronic reconnaissance, such as CASC
Eighth Academy 509t Institute and SWIEE, have published detailed assessments of how best
to track and target aircraft carriers and other large naval ships.l” Chinese writings have
indicated that while the numbers of electronic reconnaissance satellites are increasing, they
have been unable to meet the demands placed on them from different intelligence
consumers.118  Technical studies also have assessed the utility of electronic reconnaissance
payloads on satellites in geosynchronous orbit.119

Leading candidates for electronic reconnaissance satellites include the Shijian-6 and
Yaogan-9 satellites. R&D on the Shijian-6 series of satellites began as early as 2000, with
CASC Eighth Academy responsible for R&D and manufacturing of the SJ-6A, while CASC Fifth
Academy (CAST) took the lead for the SJ-6B.120 The Shijian-6A and Shijian-6B satellites were
launched in tandem in September 2004.12! Each satellite pair has a service life of two years.122
A second pair of Shijian-6 satellites (SJ-6C and SJ-6D) was launched in October 2006. A third
pair (SJ-6E and SJ-6F) was launched in October 2008; and a fourth pair (SJ-6G and SJ-6H)
was launched in October 2010. Based on this pattern, a fifth pair could be anticipated for
launch in October 2012. As a side note, CASC Eighth Academy produced another satellite, the
Shijian-12, which was launched on a LM-2D from Jiuquan on June 15, 2010.123 The satellite
was noted maneuvering near the SJ-O6F between June 20 and August 16, including a co-
orbital rendezvous perhaps for an inspection mission.124

Although unclear, the CASC Eighth Academy Shijian-6 satellite series may have served
as technology demonstrations. A cluster of three Yaogan-9 satellites, launched from China’s
Jiuquan Satellite Launch Center on March 5, 2010, appears similar to the U.S. Naval Ocean
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Surveillance Satellite (NOSS) system.125 CASC Fifth Academy’s Fifth Design Department had
overall responsibility for the Yaogan-9 program.126

The GSD Fourth Department may be a leading candidate for managing electronic
reconnaissance downlink sites. Space-related units that have been associated with the GSD
Fourth Department are located in Beijing, Hainan, and Shandong areas. For example, one
source notes that GSD Fourth Department initiated a project in 1999 for the construction of 10
coastal stations in the area of Shidao in Shandong Province.127

Oceanographic Satellites

Oceanographic satellites are useful for disaster warning, recovery, and response,
support for fishing, exploitation of maritime resources, as well as for military (especially naval)
operations. Multispectral sensors may be able to detect ships at sea. The Haiyang-1A and 1B
(HY-1A -1B) satellites, both of which were developed and manufactured by the CASC Fifth
Academy, were successfully launched in May 2002 and April 2007 respectively. Requirements
were developed by the State Oceanic Administration (SOA). The satellites, integrating electro-
optical and other sensors, are mainly used for monitoring water color, water environment and
temperatures.’286  An initial follow-on variant, the HY-2, was launched in 2009, with
subsequent launches expected in 2012, 2015, and 2019. HY-2 integrates microwave technology
to detect sea surface wind field, sea surface height and sea surface temperature. Research and
development on a more advanced ocean monitoring system incorporating SAR technology, the
HY-3, is well underway. HY-3 integrates multiple sensors, such as a multi-spectral imager,
synthetic aperture radar, microwave scatterometer, radiometer and radar altimeter.
Manufacturing of sensors and satellite frame was slated to begin in 2009, with the first launch
scheduled for 2012. Initial requirements call for one HY-3 satellite to be launched every five
years (e.g., 2012, 2017, and 2022).129

Meteorological Satellites

Since its inception in 1988, China’s Fengyun (FY) weather satellite program is another
reflection of China’s ambitions in space.130 China’s meteorological satellite program began with
Chinese Premier Zhou Enlai’s 1970 approval of a CMC proposal to initiate R&D on weather
satellites.13! With the launch of the first FY-1A in 1988, China became the third nation to
launch its own meteorological satellites. Since then, the PRC has launched four FY-1 weather
satellites into polar orbit, five FY-2 geosynchronous weather satellites, and two FY-3 satellites
that were boosted into polar orbits on Long March-4 launch vehicles.

The FY series appear to be roughly analogous to those associated with the U.S Defense
Meteorological Satellite Program (DMSP). The FY-3, equipped with almost a dozen all weather
sensors, is China’s most advanced space asset providing meteorological support to PLA and
other users. The system also could provide measurement and signature intelligence (MASINT)
data to China’s emerging ASBM targeting architecture.!32 In addition to five additional FY-3
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satellites to be launched between now and 2020, the next generation geosynchronous weather
satellite, the FY-4, is expected to enter service in 2014.133

As a dual-use asset, FY-3 requirements appear to have been developed by both the PLA
General Staff Department (GSD) and China Meteorological Bureau. Specific PLA users with
significant interests in the program include the GSD Second Department and GSD Third
Department. Presumably, the GSD Operations Department and Service-level weather bureaus
are key PLA users.

The R&D and manufacturing supply chain have stretched across a range of
bureaucracies. The CASC Eighth Academy is the lead systems integrator for the satellites,
launch vehicle, and ground system R&D. Overall system designers were SAST’s Sun Jingliang
and Meng Zhizhong.134 Lead satellite sub-system designer was SAST's Dong Yaohai.l3
Shanghai Institute of Technical Physics appears to have been responsible for the hyperspectral
infrared sensor.

The GSD Third Department 57 Research Institute, supported by the China Electronics
Technology Group Corporation (CETC) 39th Research Institute (Northwest Institute of
Electronic Equipment), developed the ground based receiving antenna system for the FY-3.136
Ground stations responsible for managing FY-3 satellite data reception, transmission and
processing are located in Urumgi, Guangzhou, and Jiamusi.!37

Other sub-contractors include SAST’s Shanghai Institute of Electronic and
Communications Equipment (804t Research Institute), CASC Fifth Academy’s Beijing
Institute of Satellite Information Engineering (503 Research Institute), and the CMA'’s
Network Surveillance Division.138 The FY-3 satellite carries at least 11 on-board sensors.139
One study noted that the FY-3 includes a prototype package intended to support other sensors,
such as OTH radar systems, to compensate for sea clutter when tracking aircraft carriers and
other moving targets at sea. Greater resolution enables more precise targeting.140

In short, Fengyun satellites collect and provide strategic weather reconnaissance data
for civilian and military purposes. An accurate assessment of current and future weather
conditions, such as cloud cover, atmospheric moisture, winds, temperature, and ocean
currents, is critical for a range of military operations. Weather satellites can measure
electromagnetic conditions in the ionosphere that could affect OTH radar and communication
systems. They also can provide militarily useful data associated with complex maritime
environments and terrains, including observation of targets under camouflage or perhaps even
underground.

Ballistic Missile Warning Infrared Satellites

Space-based assets with infrared sensors are utilized to detect hot plumes from ballistic
missiles, and other heat sources. The first U.S. missile early warning system, MIDAS, was
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launched in the early 1960s and was followed by Defense Support Program (DSP) satellites in
the early 1970s. DSP satellites use infrared telescopes, backed by an optical component, in a
geosynchronous orbit to maintain constant surveillance. The former Soviet space-based early
warning system, completed in 1982, used a constellation of satellites in highly elliptical
Molniya orbits to the same effect.

Chinese engineers have indicated interest in ballistic missile early warning satellites, at
least in part for purposes of countermeasures against U.S. DSP and space tracking and
surveillance system (SBIRS).141 Detection of ballistic missiles launches while in the boost
phase could facilitate cueing of missile defense radar systems. No firm evidence exists that
China has deployed a space-based ballistic missile early warning capability. However, a
technical foundation exists: for example, with infrared sensors associated with the FY weather
satellite program.42 The SJ-7 satellite, designed and developed by SAST’s 509 Research
Institute and launched on a SAST-manufactured LM-2D from Jiuquan on July 6, 2005, has
been cited as an experimental platform to test pushbroom and mercury-cadmium-telluride
(HgCdTe) infrared sensor arrays.143 Also equipped with a star sensor for precise attitude
control, the SJ-7 took only 33 months to design and develop from its initiation in August
2002.14 The CAS Shanghai Institute of Technical Physics is said to have developed the infrared
sensors.145

Survey and Mapping Satellites

Military geodesy has long been important for determining precise positions of points on
the earth’s surface for mapping and to support ballistic missile operations. Scientific
applications, such as determining the precise size and shape of the earth have become
increasingly important for satellite tracking, global navigation, and missile defense operations.
China's first digital imaging system capable of stereo Earth-terrain mapping was the Shiyan-1,
also referred to as Tansuo-1, which was launched in 2004 on an LM-2C. The 300kg Shiyan 2
(Tansuo-2) was launched on an LM-2C on November 18, 2004, with a third (Shiyan-3)
launched in 2008 on an LM-2D.146 With R&D beginning in March 2008, a dedicated survey
and mapping satellite — the ZY-3 — was launched on an LM-4B from Taiyuan in January 2012.
Presumably, the satellite would be capable of three dimensional digital terrain imaging.14’

Space-Based Communications and Navigation Satellite Systems

Space-based platforms are a critical means of communicating over the horizon. The
PLA appears to be applying principles of network centric warfare to communicate and
correlate data from increasingly sophisticated sensor architecture. Network-centric warfare
equips soldiers, airmen, and soldiers with a common operational picture that significantly
increases situational awareness. As a result, individuals and units equipped to participate in
the network are able to synchronize action without necessarily having to wait for orders, which
in turn reduces their reaction time. In addition, the network allows for dispersed and flexible
operations at lower cost. Therefore, the introduction of a networked common tactical picture
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based on an advanced tactical data link program is a paradigm shift that could gradually break
down the PLA’s traditionally stovepiped, service-oriented approach to defense.148

Communications Satellites

China has long had an interest in communications satellites, with one initial motivation
being to raise the level of education for China’s masses.4® Since the launch of its first
experimental communications satellite in January 1984 and the first operational system in
March 1988, China’'s communications satellite capacity has grown in sophistication. As many
as nine commercial communications satellites are owned or operated by organizations in
China.150 Before the development and launch of dedicated military communications satellites,
the PLA most likely leased civilian transponders operating in the C- and Ku-bands, such as
SinoSat and ChinaSat.

CASC Fifth Academy (CAST) is the industrial lead systems integrator for major
communications satellite programs. CAST’s latest generation communications satellite, the
DFH-4, is a larger, heavier payload with L- and Ka-band transponders.15! Leveraging successes
with the DFH-4 telecommunications satellite, the PLA appears to have invested in dedicated
military communication satellites, including the Fenghuo-1 and Shentong systems. Fenghuo-1,
also known as ChinaSat-22, was launched in January 2000 and functioned as the PLA'’s first
dedicated military communications satellite. Weighing 2,300 kg and designed to operate for
eight years, Fenghuo-2 (Chinasat-22A) was launched in September 2006. Shentong-1, also
known as ChinaSat-20, was launched in November 2003, and is said to incorporate steerable
spot beams operating in the Ku Band. Shentong-2 (ChinaSat-20A) was launched on November
25, 2010.152

Data Relay Satellites

To expand the scope of its communications satellite architecture, China has been
developing a data relay capability. China’s first generation data relay satellite, the Tianlian-1,
was launched in April 2008 and a second in July 2011. Theoretically, the satellites, using a
basic DFH-3 bus, support the manned space program. The satellites also could allow sensors
to operate beyond line of sight of ground stations in China.153 Engineers have developed
concepts for an even more sophisticated data relay architecture in the future.14

Navigation Satellites

Navigation satellites are another important aspect of China’s space development.
China’s first generation navigation satellite system, the Beidou-1, consisted of two
geosynchronous satellites (plus spares) for civil and military purposes and was limited to
coverage within the Asia-Pacific region. This was an active location system, with a signal from
a handheld unit transmitted to the two geosynchronous satellites, which then transmitted the
signal to an earth station. The earth station measured the differential in the two signals (one
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per satellite), determined the location that fit, and then transmitted that data back to the
handheld unit.

Planning for a second generation of navigation satellites, Beidou-2 (Compass), began in
April 1999 under sponsorship of GSD First Department and with participation from civilian
entities. This system was closer to the GPS and the Russian GLONASS system, with passive
receivers receiving signals from an array of medium earth orbit satellites. The eighth Beidou-2
satellite was launched from Xichang Satellite Launch Center in April 2011, with another 24
satellites expected. An emphasis was placed on system survivability, division of military and
civilian bandwidth usage, laser ranging, and integration of micro-electro-mechanical system
(MEMS) technology.’®> A CASC subsidiary in Shenzhen has also played a role in navigation
satellite production.156

The Beidou system was initially associated with the European Union (EU) on the Galileo
navigation satellite system, an alternative to the GPS. The Chinese, however, were apparently
excluded from various aspects of the program, including key software components, and were
given only limited workshare. Consequently, the Beidou-2 system may be seen as the Chinese
answer to the now delayed European program. The GSD First Department Survey and
Mapping Bureau is the primary military organization responsible for the ground segment of
China’s satellite navigation system.157

Microsatellite Programs

In a crisis situation, China may have the option of augmenting existing space-based
assets with microsatellites launched on solid-fueled launch vehicles. Weighing between 10 and
100 kg, microsatellite programs to date appear experimental in nature, but competency and
experience could translate into a lower cost, operationally responsive space capability.158
Microsatellites also serve as experimental technology test beds for MEMS, and formational
flight as an integrated constellation that could offer greater survivability due to numbers and
potentially reduced radar cross section. Microsatellites also have been viewed as technology
demonstrations for counterspace operations, including ASAT kinetic kill vehicles. A number of
R&D organizations in China have entered the microsatellite field, including CAS, CASIC First,
CASC Fifth, and CASC Eighth Academies, Nanjing University of Aeronautics and Astronautics
(NUAA), Harbin Institute of Technology (HIT), and Qinghua and Zhejiang Universities.159

Initial technology demonstration programs include the Tsinghua-1 satellite, an
ostensibly private-funded program carried out in conjunction with the UK’s University of
Surrey. Launched in June 2000, the Tsinghua-1 weighed 50 kg and conducted experiments on
satellite-borne navigation, multispectral remote sensing, and store and dump downlink
communications.160  The program appears to have been jointly managed by Tsinghua
University and CASIC First Academy.’8l A subsequent Tsinghua/CASIC microsatellite
program was the Naxing-1, launched on April 18, 2004 as a piggyback to the Shiyan-1. Naxing
served as a MEMS test bed for an on-board miniature inertial measurement unit (MIMU) and
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CMOS digital imagery.162 Shiyan-1, developed by the Harbin Institute of Technology, was also
launched on April 18, 2004 and followed by the Shiyan-3. Other organizations involved include
CAST, CAS Changchun Institute of Opto-Electronics, and Xian Institute of Survey and
Mapping.163

Another is the Pixing-1 microsatellite, a state-funded completed program developed by
Zhejiang University, which has been involved in defense-related basic research.64 The initial
Pixing satellite was launched from Jiuguan in conjunction with the Yaogan-2 on May 25, 2007.
Two additional Pixing microsatellites were launched as piggyback payloads on the Yaogan-11 in
September 22, 2010 from Jiuquan. The satellite was intended to function as a test platform for
digital imagery, data storage and management; dOwnlink communications, attitude control;
MEMS inertial measurement unit, thermal control, and other missions.165

Other programs include Banxing-1 (BX-1), a payload of less than 40 kg that deployed
from the Shenzhou-7 orbital module in September 2008 to test data relay and other payloads
associated with Shenzhou-8. The BX-1 satellite was designed and manufactured by CAS’s
Satellite Engineering Center. Another system, the 88 kg Chuangxin-1 (CX-1) satellite, was a
prototype low earth orbit telecommunication satellite that was launched in October 2003. A
second was launched in November 2008.166 Yet another program is the Beijing-1, a miniature
satellite designed and manufactured by the Surrey Satellite Technology Ltd (SSTL) for the
Disaster Monitoring Constellation (DMC) of the International Charter on Space and Major
Disasters. Beijing-1 was delivered into polar orbit on a Russian launch vehicle from Plesetsk in
October 2005. SSTL concluded an agreement for three additional satellites with one meter
resolution to be launched in 2014.167

Chinese entities have also been investing resources into placing microsatellites into orbit
with operationally responsive solid fuelled systems. Development of an operationally
responsive launch vehicle appears to be one of the most ambitious efforts by China’s aerospace
industry to field a product through privately raised funds, at least in its initial phase.168 The
CASIC Fourth Academy developed the Kaituozhe (KT) small launch vehicle in order to serve
the domestic and foreign market for boosting small and microsatellites with weights less that
100 kg into low earth orbit. The developmental program is said to have begun in June 2000,
with the third-stage motor successfully tested on February 25, 2001.

The KT-1 was self-financed by CASIC and is said to be capable of delivering a 50 kg
payload to a 400 km altitude sun-synchronized orbit.169 Aerospace industry reporting indicated
that an initial test on the 1.4 m diameter first stage motor on September 15, 2002 failed to
achieve the anticipated outcome. The test involved the launch of the 35.8 kg KT-1PS
microsatellite, manufactured by CASIC First Academy, from Taiyuan Satellite Launch Center
into an intended 300 km altitude orbit.170

Citing obstacles to continuing the program after the initial failure, there are conflicting
reports regarding subsequent tests. China Space News reported that a September 16, 2003 test
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launch of the four-staged KT-1 launch vehicle was successful. Launching a 40 kg KT-1PS2
satellite into a 300 km polar orbit, the flight test focused on stage and satellite separation. The
KT-1A, originally planned for a 2008 launch, was projected to increase capacity through
addition of external strap-on motors. 171

Development of a follow-on solid launch vehicle centers upon a new 1.7 meter solid
rocket motor. The KT-2 is said to be a three or four-stage launch vehicle designed for
geosynchronous transfer orbit and polar orbits missions with an estimated payload capability
of 300 kg. Plans for a KT-2 were based upon the CASIC Sixth Academy’s ability to develop and
produce a larger 1.7 m diameter motor, presumably based on the foundation of the SpaB-17
perigee kick motor for communication satellite programs. The KT-2A would add external
motors for lifting over 400 kgs into polar orbit. The ultimate requirement appears to be the
deployment of a 500 kg payload to a 700 km orbit.172 The status of these programs is unclear.

Near Space Surveillance Platforms

Beyond traditional space-based platforms, development of “near space” sensors appears
to have a relatively high priority. Coverage from platforms similar to satellites in low earth
orbit could offer significant improvements in resolution. Duration of flight for near space
vehicles far exceeds that of unmanned aerial vehicles (UAVS) and their small radar and thermal
cross-sections make them difficult to track and target. Powered in part by high efficiency solar
cells, near space vehicles are viewed as a relatively inexpensive means of persistent broad area
surveillance.’’3  Over the coming decade, near space flight vehicles may emerge as an
important platform for a persistent regional surveillance capability during crisis situations.174

While technical challenges exist, the PLA and China’s defense R&D community have
become increasingly interested in near space flight vehicles for reconnaissance,
communications relay, electronic countermeasures.l’”> SAR surveillance and electronic
intelligence appear to be priorities.1’6 In order to overcome technical challenges, CASIC
established a new research institute in 2005 dedicated to the design, development, and
manufacturing of near space flight vehicles for surveillance purposes. Known as the 068 Base
Near Space Flight Vehicle R&D Center and located in Hunan province, its initial projects
include the JK-5, JK-12, and JKZ -20 airships. 068 Base has a cooperative R&D program with
Russian counterparts for upper atmospheric airship control systems.177

In summary, military and civilian authorities are leveraging the talent that exists within
the space industry to field a wide range of increasingly advanced space capabilities. China is
gradually improving in its ability to overcome complex systems engineering challenges and
field reliable and cost effective space systems. National level space programs are examples of
progress that is being made. Other programs, including space-based sensors, communications
systems, operationally responsive microsatellites, and near space platforms support a PLA that
is able to conduct an increasingly diverse range of military operations.
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SECTION 5:

SPACE SUPPORT FOR PLA INTEGRATED JOINT
OPERATIONS

Senior PRC civilian leaders within the party and government view space as a national
priority and direct significant resources toward the country’s space-related R&D and
technology base. Effective utilization of the space domain, and ability to deny others the use of
space, is also central to PRC defense modernization goals. The operational demands of
“informatized” warfare and integrated joint operations, or the ability of individual services to
coordinate operations, drive investment into space technologies. Space systems enable long-
range precision strike operations during campaigns to enforce territorial claims and resolve
sovereignty disputes. Conventional ballistic missiles in particular have been one of the most
effective tools of PRC political and military coercion, and perhaps the most visible and central
element of PRC’s coercive strategy against Taiwan.

Space systems, including remote sensing, navigation, communications, weather, and
survey and mapping satellites, enable the delivery of conventional payloads at increasingly long
distances.'’® An assured ability to penetrate air and missile defenses and neutralize targets
with precision strikes enables sustained dominance over the skies of a particular region. The
integrated application of space systems; long-range precision assets such as ballistic missiles;
and manned air combat platforms; creates synergies that could allow the attainment of air
superiority in regional conflicts. Air superiority in turn facilitates freedom of action on the
ground and on the seas. Increasingly accurate and lethal ballistic and land attack cruise
missiles are a means to suppress air defenses and air operations even with relatively backward
air forces.

Looking horizontally beyond its immediate periphery and vertically into space, Chinese
analysts view disruption of the U.S. ability to project conventional power as a legitimate force
modernization goal. The ability to operate freely in space and deny others freedom of operation
facilitates defense against advanced U.S. long-range precision strike capabilities expected to be
in place by 2025.179 Promoting the merging of air and space into a single integrated aerospace
domain, Chinese writings stress the importance of space technology in a broader “national
aerospace security system.”180 Space systems also help reduce vulnerability to first strikes
against China’s nuclear deterrent, and help assure the ability to carry out a retaliatory
response.

Finally, more efficient and effective systems for leveraging military-related technologies
are shaping new operational and organizational concepts that best accommodate new
capabilities, such as long-range precision strike and counter-space systems. Over the next 10-
15 years, the PLA is expected to expand its integrated architecture of sensors, communications,
long-range precision strike assets, and other joint operational capabilities. As it proceeds, the
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PLA may have greater confidence in its ability to enforce a broader range of territorial claims
around China’s periphery.

Role of the General Staff Department in Space Operations

The General Staff Department oversees a broad and diffuse organizational
infrastructure for developing requirements and operating portions of the ground segment
supporting space operations. Entities within GSD, the Air Force, the Navy, and the Second
Artillery appear to play a key role in developing operational requirements for surveillance and
other space systems applications. GSD, GAD, and Service missions could evolve as Chinese
competencies in space expand. While previous studies have addressed GSD organizational
issues, the process for how GSD develops operational requirements remains opaque. 18l
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First Department (Operations Department)

The GSD Operations Department develops requirements for and manages joint military
use of navigation, geodetic, metrological, and oceanographic space systems. The Survey and
Mapping Bureau manages the ground segment of the Beidou satellite positioning system.182
The bureau leverages a national satellite laser ranging (SLR) network for precise determination
of satellites, a capability critical for ensuring precision of the Beidou navigation satellite
system.183 The Survey and Mapping Bureau also is believed to operate a very long baseline
interferometer (VLBI) network of radio telescopes that support China’s space tracking
system.184  The First Department’'s Weather and Hydrological Bureau manages military
meteorological satellite data and also oversees a specialized unit responsible for space weather
analysis and forecasting.185

Second Department (Intelligence Department)

The GSD Second Department appears to play a role in the development of space-based
reconnaissance operational requirements and operation of ground receiving stations. More
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specifically, the key organization is the GSD Second Department Technology Bureau, also
known as the Beijing Institute of Remote Sensing Information or GSD Space Technology
Reconnaissance Bureau. Based in the northern Beijing suburb of Qinghe, the GSD Space
Reconnaissance Bureau appears to be primarily focused on electro-optical (EO) and synthetic
aperture radar (SAR) remote sensing operations.186

Third Department (Technical Reconnaissance Department)

The GSD Third Department functions as China’s primary signals intelligence (SIGINT)
collection and analysis entity. Headquartered in the Xianghongqi area of Xishan and
organized into 12 regional and functional bureaus, the GSD Third Department manages a large
bureaucracy for communications intelligence (COMINT) collection, translation, and analysis.
Headquartered in Shanghai's Zhabei District, the 12t Bureau intercepts satellite
communications from sites throughout China and possibly from space-based collection
assets.187 |t appears to maintain a close linkage with the GSD Second Department’s Beijing
Institute of Remote Sensing Information.188 Subordinate offices under the Twelfth Bureau
operate satellite monitoring facilities in Changchun (Jilin Province), Fuzhou and Xiamen
(Fujian Province), Hangzhou (Zhejiang Province), Guangzhou (Guangdong Province),
Kunming (Yunnan Province), and in Xinjiang.189

Informatization Department

The GSD Informatization Department (formerly the Communications Department)
develops operational requirements for and oversees use of dedicated military communications
satellites, such as the Fenghuo and Shentong systems (ChinaSat-22 and ChinaSat-20). Key
organizations within the Informatization Department responsible for developing operational
and technical requirements include the Equipment Bureau and S&T Bureau 61st Research
Institute.

Strategic Planning Department

A relatively new organization — the GSD Strategic Planning Department — may support
the Chief of General Staff in conducting term analysis of the international security
environment, including space-related trends. The Strategic Planning Department also appears
responsible for organizational transformation, strategic resource allocation, and departmental
and “domain” coordination (e.g., between GSD and GAD). Although speculative, the
department may play a central role in force planning for future space operations.!90

Fourth Department (Radar and Electronic Countermeasures Department)

The GSD Fourth Department is responsible for radar and electronic countermeasures
and appears capable of disrupting adversary use of communications, navigation, synthetic
aperture radar and other satellites. The Fourth Department may oversee one or possibly two
satellite jamming regiments.19! The Fourth Department may operate electronic reconnaissance
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satellite ground receiving stations to support joint targeting. The PLA Electronic Engineering
Academy is the Fourth Department’s institution for professional military education and
technical training.192

PLA Counterspace Development

Freedom of action in space, and an ability to deny an adversary access to its space
assets, offer military advantages in land, air, maritime, and information domains.193 The
United States and other powers are dependent on space assets for military operations and to
ensure an advantage over potential adversaries. The U.S. relies on space-based assets for
communications, navigation, missile warning, environmental monitoring, and reconnaissance.
Given vulnerabilities in space infrastructure, a potential adversary could target U.S. space
capabilities and seek to deny advantages gained through the leveraging of space capabilities.
Space superiority is characterized by the freedom to operate in space while denying the same to
an adversary. o4

The PRC has been investing in a range of passive and active counterspace technologies,
and has a demonstrated a rudimentary capability to track and intercept satellites orbiting
around the earth’s poles in the lower reaches of outer space.!®> Chinese pundits highlight
trends toward militarization of space and outline requirements for counterspace operations in
future conflicts. However, non-destructive means of denying an enemy use of satellites and
mitigating threats from space debris may be a more urgent priority than fielding kinetic kill
vehicles. As noted by former Director, National Intelligence ADM (ret) Dennis Blair, “counter-
command, control, and sensor systems, to include communications satellite jammers, are
among Beijing’s highest military priorities.”’9 China also is investing into the means to deny
an adversary effective use of space surveillance assets through concealment, camouflage, and
deception.197 Elements of a viable counterspace program include an architecture that fuses
multiple sources of data in order to detect, identify, and track satellites and other space objects;
development and production of technologies that neutralize threats; and a clearly defined and
well trained organization able to coordinate and execute counterspace operations.

Space Surveillance Network

Counterspace operations depend upon a survivable space surveillance network, and
China is gradually developing a supporting infrastructure. China’s ability to track and mitigate
space debris could serve as a metric for the amount of progress that is being made. In 2003,
CNSA initiated a long term action plan (2006-2020) for detecting and mitigating space debris.
The program includes a planned space-based surveillance system for tracking debris, satellites,
and other objects in space.198

The CAS Space Target and Debris Observation and Research Center provides early
warning of small debris threatening manned orbital vehicles, a role that was highlighted during
the Shenzhou-7 mission. In October 2009, Chinese media reporting described the nation’s
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first satellite maneuver to avoid a collision. The satellite may have been one of the Yaogan
series.’99 Possibly linked with the CAS surveillance network, GAD facilities for space debris
surveillance were completed in Yao'an County, north of the Yunnan Province city of
Chuxiong.20© The PLA and civilian counterparts also have been enhancing national satellite
laser range finding capabilities, and investing in radar systems for satellite surveillance and
tracking.201

Kinetic Kill Vehicle Development

China has demonstrated an ability to engage targets in space as part of a broader effort
to field a “national aerospace security system.”202 Chinese writings tend to link counterspace
with an ability to track and engage all flight vehicles transiting space, including ballistic
missiles.203  China’s counterspace program appears to parallel interest in countermeasures
against advanced U.S. long-range precision strike capabilities that would transit space, and are
expected to be in place by 2025.204 Among these include the Force Application and Launch
from the Continental U.S. (FALCON) Hypersonic Technology Vehicle (HTV) program, U.S. Air
Force X-37B Orbital Test Vehicle first boosted into space in April 2010 and the X-51A, which
would be dropped from a B-52 and boosted to hypersonic speeds by a rocket before its
experimental scramjet engine is initiated.205

China’s space and missile industry conducted successful tests of a KKV in January 2007
and January 2010, thus demonstrating an ability to intercept polar orbiting satellites and
rudimentary medium range ballistic missiles during the mid-course of flight. The ASAT test
coincided with legislative debates on Taiwan regarding investment of resources into satellite
systems and an associated launch vehicle.206 At least one KKV funding source during the late
1990s and earlier this decade appears to be the 863-409 program (and possibly the 863-706
program).207 Presumably these technologies (some common with the PLA ASBM program)
include active millimeter wave and possible passive imaging infra-red (I1IR) terminal guidance,
and automated target recognition (ATR) software. Among the research entities involved
during initial KKV R&D - euphemistically referred to as a space interceptor - was the Harbin
Institute of Technology.208

Counterspace Organization

The lead organization within the PLA for counterspace operations remains an open
guestion, as does the relationship between national space and counterspace policies and
programs. GAD-affiliated organizations have produced assessments of space strategy,
characterizing space power and advocating the prioritization of space technology in order to
further PLA warfighting under conditions of “informatization,” including counterspace
operations and “space superiority.” Analysts differentiate between *“hard” and “soft”
counterspace measures, and the potential relevance of an independent “space force” that would
centralize space operations under a unified command.209
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Discussion of an independent space force has been underway since the 1990s, and
resolution of the issue has yet to clear. The GAD Headquarters Department (CLTC) oversees
China’s three main launch centers and satellite tracking and control network. There have been
discussions within the PLA leadership on splitting off CLTC into an independent space
command, or placing the counterspace mission under control of the PLAAF or Second
Artillery, but there has been no concrete evidence of subordination to date. GSD appears to
retain control over the “take” from reconnaissance satellites. However, which of these entities
might develop operational requirements; exercise oversight over R&D; and carry out the “space
defense” mission (to include anti-satellite and missile defense) has yet to be determined.

Regardless, both the PLAAF and Second Artillery have indicated intent to establish
space operations as a core competency. The PLAAF argues that battlespace for air defense
operations should be extended beyond the atmosphere and into space and over sea, yet
integrated under a single air defense command organization.21© Under an ambitious and long
term force development concept of “integrated air and space (aerospace) operations,” the
PLAAF is the leading candidate to serve as the country’s principle custodian of an evolving
aerospace defense system.2!l As PLAAF Commander Xu Qiliang argued in a 2009 media
interview, an integrated approach to aerospace operations is needed to ensure strategic
dominance on the sea and ground.22 PLAAF-affiliated analysts have outlined the service’s
intent to “leapfrog” in its ability to conduct integrated aerospace operations.?3  With the
concept of counterspace operations still in its infancy, observers note that technological and
legal issues constrain the pace of development.2!4 Nevertheless, as one senior PLAAF official
noted, “space control is a reasonable extension of air control.”215

Meanwhile, the Second Artillery has argued that it should be responsible for military
space operations. For example, an internal Second Artillery text references a “Second Artillery
space operations unit” as an operational support function.2’6 However, no clear operational
infrastructure for a space mission is evident in Second Artillery order of battle. Theoretically,
existing medium, intermediate, and intercontinental ballistic missiles could be adapted for a
space intercept role by reprogramming missile guidance and fusing.2’

One analysis explains that the aerospace defense domain would be divided along the
Karman Line: the PLAAF would assume the air defense mission for threats below 100 km,
while the Second Artillery would be responsible for threats above 100 km.2!8 A senior PLAAF
Equipment Department authority noted the service’s investment into missile defense
development.219

Regardless, uncertainty surrounds the role of the GAD, PLAAF, Second Artillery, or
other entities in managing space operations, including planning, programming, and budgeting
functions; satellite launch, tracking, and control; ground processing; and counter-space
operations. Another potentially contentious issue could be ownership over future flight
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vehicles that operate in or transit all domains of space, near space, and the terrestrial
atmosphere.220

As a final note, the United States, Japan, and the United Kingdom among others have
cited concerns over the implications of China’s ASAT test and other counterspace programs for
the potential militarization of space. Beijing has responded by reinforcing its own positions
regarding the need to safeguard the peaceful use of outer space and preventing the
weaponization of outer space. The PRC has acceded to a number of international space
treaties, including the Outer Space Treaty, and has defended its actions as being consistent
with international law.

Space Support for Long-Range Precision Strike

China’s space program is intimately connected with the country’s ballistic missile
programs. In addition to common technologies, synergies are created through integration of
space, air, and long-range precision strike operations that exemplify the PLA’s evolving
concept of air and space (aerospace) power. Aerospace power is the key to gaining strategic
advantages by application of military force via platforms operating in or passing through air
and space.

Since the inception of China’s space program, launch vehicles have had dual-use
applications for transport of satellites into orbit and delivery of nuclear payloads to targets
within the region and around the world. With the introduction of dedicated conventional long-
range precision strike systems, the direct linkage has weakened. Regardless, long-range
precision strike systems, such as the CASC First Academy’s DF-15 SRBM, have long been the
centerpiece of China’s coercive military strategy directed against Taiwan. China’s R&D
community appears to be examining prospects for expanding the range of its conventional
strike capability, to include developing capabilities for prompt global strike operations similar
to those conducted by the U.S. military. Based on a broad survey of available literature, a
phased approach could lead toward a conventional global strike capability by 2025. The initial
phase appears to involve a rudimentary capability to strike stationary and mobile targets on
land and at sea out to a range of up to 2,000 km by the conclusion of the 11th Five Year (2006-
2010). Indications exist that the Second Artillery introduced its first anti-ship ballistic missiles
into the active inventory before the end of 2010.

A second phase would seek to extend these capabilities out to a range of 3,000 km by
the conclusion of the 12th Five Year Plan (2011-2015). The options include a more advanced
solid motor and an adjusted trajectory in which the ballistic missile’s delivery vehicle remains
within the atmosphere. China’s R&D community appears to be investing in a new generation
of aerospace flight vehicles that blur the distinction between the air and space domains. In
discussing new generation ballistic and extended range air and ground launched cruise
missiles, aerospace engineers have advocated modification of existing ballistic missile designs
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toward ones that adopt characteristics of both ballistic and cruise missiles. As two aerospace
engineers put it:

“The traditional ballistic reentry mode of reentry vehicle cannot meet the demand of the new
battle environment. A new-style lift reentry weapon platform is an optimal key to solve this
problem.”221

CASC First Academy’s first two-staged conventional ballistic missile recently completed
conceptual design flight tests. Existing SRBMs have a single solid rocket motor. The CASC First
Academy missile system is said to remain in the atmosphere the entire range of its flight.222 A
system on a depressed ballistic trajectory with a maneuverable post-boost vehicle likely would
complicate detection and engagement by sea-based missile defense interceptors, such as the
Standard Missile-3 (SM-3).

A third phase would focus on extending a conventional precision strike capability out to
8,000 km before the end of the 13th Five Year Plan in 2020, and a global precision strike
capability by the end of the 14th Five Year Plan in 2025.223 Should such a scenario unfold, U.S.
and Chinese long-range precision strike assets would hold at risk any unhardened facility on
earth with conventional munitions. A proven guidance, navigation, and control package
capable of acquiring and engaging maritime targets could be integrated with an extended range
ballistic missile, assuming that speed can be controlled and space-based sensors are available
to support targeting at longer ranges. 224

Hypersonic aerospace flight vehicles exemplify the merging of the air and space
domains from both an operational and industrial perspective.225 Aerospace strike systems
under development in China could be divided into two categories: 1) a boost-glide vehicle that
is launched into a sub-orbital trajectory in near space by a ballistic missile; or 2) a horizontal
take off and landing strike system that utilizes an airbreathing supersonic combustion ramjet
(scramjet) engine to propel a vehicle to hypersonic speeds. Key areas of R&D include high lift-
to-drag ratio delivery vehicles, high temperature materials for thermal protection, precision
navigation, guidance and control, and ability to maintain external radiofrequency links through
plasma in near space.226

An initial transatmospheric vehicle design is believed to rely on conventional ballistic
missile technology for ascent into a sub-orbital trajectory in near space. 22 The missile would
then release a post-boost vehicle to glide and maneuver toward the intended target. Chinese
engineers appear to be conducting preliminary research into a conceptual design for a
suborbital flight vehicle or strike system that adopts a boost-glide trajectory.?28 Instead of
flying on a normal ballistic path that takes the missile into space before returning to earth, the
boost-glide missile skips in and out of near space, those altitudes between 20 and 100 km.229

Aerodynamically configured to glide toward its target, the flight vehicle adopts hybrid
characteristics of both ballistic and cruise missiles. In its initial stage of flight, sources indicate
the flight vehicle would reach hypersonic speeds of between Mach 8 and Mach 12.230 Another
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study references an upper altitude of 60 km and lower of 30 km.23! In addition to complicating
mid-course missile defenses, boost glide flight vehicles are said to extend the range of existing
ballistic missiles. One study, for example, asserts that a basic boost-glide capability would
extend the range of a missile by 31.2%.232

Chinese long-range precision strike capabilities would also benefit from improvements
in SAR capabilities. China’s aerospace industry appears to be investing significant resources
into fielding a missile-borne SAR capability that would be integrated with satellite positioning
and inertial navigation systems.233 Intimately connected to China’s air- and space-based SAR
programs, the advantages of missile-borne SAR include all-weather capability, high resolution,
extended range imaging, and autonomous guidance. During flight, a SAR seeker could
penetrate cloud cover to acquire a maritime surface target, and then relinquish targeting
guidance to another active or passive seeker in the terminal flight phase. An on-board SAR
system would be activated after slowing the missile down to below hypersonic speeds (e.g.,
below Mach 5 depending on various factors).234 A number of technical studies also discuss an
integrated high altitude and low altitude guidance system.235 Chinese engineers highlight the
need for a highly accurate and high speed inertial measurement unit to compensate for the
motion of the missile and the quality of SAR components. Engineers also have developed
electronic warfare simulations to ensure the survivability of on-board SAR systems.236 In
terms of cost, technical commentators have noted that a radar package may be the most
expensive aspect of an extended range precision strike program. 237

The PLA’s extended range conventional strike capability also includes ground and air-
launched land attack cruise missiles. Since successful completion of operational testing in
October 2003, the PLA’s inventory of ground launched cruise missiles has expanded
significantly. The addition of air-launched land attack cruise missiles will further expand the
PLA’s extended range strike capability.238 At least one cruise missile designer has highlighted
six focus areas for next generation weapon systems, including 1) increased range; 2) increased
precision, 3) higher reliability, 4) increased weapon system effects, 5) easier maintenance, and
6) improved ECCM.239 Such weapons rely upon space-based remote sensing and navigation
systems.

In summary, the PLA is improving its ability to monitor events in the Asia-Pacific region
through an expanded system of space-based remote sensing, communications, and navigation
satellites. As its persistent sensor and command and control architecture increases in
sophistication and range, the PLA’s ability to hold at risk an expanding number of targets
throughout the western Pacific Ocean, South China Sea, and elsewhere around its periphery is
expected to grow. Second Artillery and PLAAF force modernization appears to be focused on
systems able to suppress air operations on Guam, throughout the South China Sea, and other
locations by 2015.240 Increasingly accurate conventional ballistic and GLCMs are the optimal
means for suppressing enemy air defense and creating a more permissive environment for
subsequent conventional air operations due to their relative immunity to defense systems.
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CONCLUSION

The PRC has made significant advances in its space program and is emerging as a space
power. In addition to bolstering the political prestige of the CCP, advances in space will enable
more effective military operations at increasingly greater distances from Chinese shores. Over
the next 10-15 years, more advanced precision strike assets, integrated with persistent space-
based surveillance, a single integrated air and space picture, and survivable communications
architecture, could enhance greater confidence in enforcing a broader range of territorial
claims around China’s periphery.

The PLA oversees a broad and diffuse organizational infrastructure for developing
requirements and overseeing R&D, manufacturing, and operation of space systems. As access
to foreign technology grows, bridges between various bureaucracies established through
initiatives such as the 863 Program appear to facilitate more efficient diffusion of technology
within China’s civilian and military sectors. The overlap between civilian and military
applications of space technology is considerable, and it is often difficult to draw a clear line of
separation between them.

Aerospace power has been one of the most effective tools of PRC political and military
coercion. Although other interests compete for attention and resources, the Taiwan scenario
remains the principle strategic direction of PRC national security policy makers, defense
planners, and acquisition authorities. Taiwan is a core interest of the United States. As such,
the United States should maintain the capacity to resist any resort to force or other forms of
coercion that would jeopardize the security, or the social or economic system, of the people on
Taiwan. Barring a PRC renunciation of the use of force to resolve political differences with
Taiwan and a significant reduction in the PLA military posture directed against island, space
cooperation likely will remain limited.

While the overall level of its space technology may not match that of the United States
and other space faring nations, China’s relative advances are significant. Given asymmetries in
reliance on space systems, even relative increases in Chinese space capabilities could present
challenges for the United States. A survivable space-based sensor architecture, able to transmit
reconnaissance data to ground sites in China in near-real time, facilitates the PLA'’s ability to
project firepower at greater distances and with growing lethality and speed. Trends indicate
that China’s basic satellite coverage of waters and land within the Asia-Pacific region could,
over time, approach that of the United States. The range of China's precision strike assets is
expanding out to Guam, Australia, Southeast Asia, and India. Space assets could provide
deployed ASBM assets under the Second Artillery with highly accurate geo-locational data on
intervening US forces.

China also is pressing forward with an ambitious counterspace program, including a
ground- and space-based space surveillance systems, electronic warfare capabilities, and KKVs.
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A space surveillance system capable of detecting and tracking objects with low radar cross
sections is a fundamental prerequisite for effective and precise counterspace operations. The
PLA service assigned the operational counterspace mission remains an open question.

Space technology also will continue to be an important driver for economic growth.
Satellite sales and launch services offer China’s defense industrial complex with an augmenting
source of revenue. Technology spin offs may offer competitive advantages in certain sectors,
such as satellite navigation products. Exports of space technology sales pose challenges to the
United States not only because of China’s non-market based economy, but also because of
military and security concerns.241

China’s interaction with other space faring powers furthers national political, scientific,
technological, and economic goals. Space is a significant metric of national power, and the
United States remains a world leader within this domain. However, China is emerging as a
relative competitor in selected areas of space technology. While collaboration in space may
benefit both the United States and China, Beijing’s lack of transparency over military budgets,
and potential risks associated with the military applications of space technology, remain major
causes for concern.
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APPENDIX 1:
INTERNATIONAL SPACE COOPERATION

Since the beginning of its space program in the 1950s, the PRC has prioritized
international space-related interactions in order to further national political, scientific,
technological, and economic goals. Focusing on space-related S&T, as well as the application
of space systems, China National Space Administration (CNSA) has formed multilateral and
bilateral partnerships with a wide range of international partners.242

Former Soviet Union. PRC aerospace interaction with the former Soviet Union has a
50 year history. In 1957, Qian Xuesen led a military delegation to Moscow to lay the
foundation for a Sino-Russian technical relationship. The relationship involved hundreds of
Soviet engineers working in Chinese research institutes, Chinese students studying in the
Union of Soviet Socialist Republics (USSR), and the transfer of technical designs to China. The
Soviets and the Chinese were engaged in 343 contracts and 257 technical projects, including
some in the aerospace realm. In August 1960, however, the relationship was abruptly ended
due to the Sino-Soviet split.

A cooperative framework with Russian space counterparts was established in 1991, and
has continued through the present day. Representatives from Chinese and Soviet space
industries signed an initial agreement in Moscow in May 1990 on 10 cooperative projects, the
first of which addressed joint efforts to develop a GLONASS/GPS compatible receiver. A formal
contract was signed 2 years later. The relationship was solidified when, on December 18, 1992,
CASC and the Russian Space Agency signed an official protocol for the sharing of space
technology. This agreement was formalized during President Yeltsin’s visit to Beijing where he
also signed a no-first-use pledge with the Chinese. A follow-on agreement, signed by CASC and
the head of the Russian Space Agency, outlined at least 10 areas of space cooperation including
exchanges in satellite navigation, space surveillance, propulsion, satellite communications,
joint design efforts, materials, intelligence sharing, scientific personnel exchanges, and space
systems testing. For program management, the two sides agreed to annual meetings to review
the various cooperative programs.

Space cooperation was formalized at the working group level within the framework of
regular Prime Minister-level meetings in 2000. Cooperation is spread across almost 50 areas,
including lunar and Mars exploration.243 In 2006, the Russian Federal Space Agency
announced that China and Russia were cooperating on lunar exploration and had plans to
reach a “joint lunar exploration agreement by the end of the year.”244 Based on an agreement
signed in 2007, the two sides also are cooperating on a Mars exploration project, centered on
the Yinghuo-1 space probe that is scheduled for launch in 2011. In July 2009, CASC Director
Ma Xingrui, leaders of CASC departments, and representatives from CGWIC met with
counterparts from the Russian Space Agency for further steps to deepen and broaden Sino-
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Russian cooperation.24> The two sides met again in November 2010 to define initiatives for the
next two years, and Chinese representatives visited various facilities in Russia.?46 Russia and
CASIC’s 068 Base signed an agreement in December 2010 for development of near space
vehicles.24” However, the relationship has not always been smooth: In 2007, Russian
TsNIIMASH executives were convicted of illegal transfer of aerodynamic modeling data as part
of an agreement with CPMIEC.248

In addition, Beijing has been expanding its relations with other former Soviet republics.
Based on the precedent established with Russia, initial space cooperation agreements were
concluded with Ukraine (March 1994), Belarus (June 1994), and Kazakhstan (May 1998).
Areas of early cooperation with Ukraine included remote sensing, satellite communications,
and aerospace material research and development. More recently, Ukraine’s National Space
Agency Director Yuriy Alekseyev and China’s National Space Administration Director Chen
Qiufa signed an agreement in September 2010 covering 50 space programs between 2011 and
2015 in areas such as space-based remote sensing, an ionospheric satellite for forecasting
earthquakes, and a range of other initiatives.249 Space cooperation figured prominently during
meetings between Chinese President Hu Jintao and Ukrainian President Viktor Yanukovych in
June 2011.250

China’s National Space Administration and CASC also strengthened relations with
counterparts in Kazhakstan (KazCosmos). In late 1999, China and Kazakhstan signed a joint
communiqué that officially ended the border disputes between the two countries, and cleared
ways for further space and other forms of cooperation.25! Cooperation is said to include remote

sensing and scientific satellites, space-based earthquake monitoring, and ionospheric research.
252

Europe. China has not limited its international cooperation to the former Soviet
Union. Building upon a foundation established in the 1980s, contacts between the French and
Chinese space communities were initiated during the June 1994 space industry negotiations
between France’s National Center for Space Studies (CNES) and COSTIND and CASC. Specific
areas of discussion included small launch vehicle technology and R&D of small satellites. Two
follow-up meetings were held in September 1994 and November 1995. Since 1994, at least 10
Chinese space delegations have visited French space industry facilities. Besides small launch
vehicle and satellite technology, cooperation has focused on GPS/GLONASS exploitation, small
satellite bus development, satellite attitude control systems, communication satellites, and
meteorological satellite technology. The 10th space cooperation meeting was held in Beijing in
April 2011.253

The space relationship between China and Germany began in the early 1980s,
culminating in a contract between the CASC and DaimlerChrysler Aerospace AG (DASA) in
1987 on the DFH-3. A follow-up agreement between CASC and Deutsche Aerospace AG was
signed in November 1993, which included the establishment of a joint venture between
EuraSpace and CASC called Sinosat. Sinosat’s first satellite was Nahuel, a communications
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satellite scheduled for launch in 1997. Other areas of cooperation include SATCOM
transponder technology, solar panels, and orbital control systems. Chinese scientists sought
cooperation with German counterparts on a two ton solar telescope that would orbit around
the moon about 2002. While unconfirmed, it appears that this cooperative project has been
placed on hold.24

Cooperation with the European Space Agency includes the Cluster and Double Star
programs that have focused on the magnetosphere and effects of the Sun on Earth's
environment. The TC-1 (equatorial) and TC-2 (polar) satellites, involving European sensor
packages deployed on Chinese buses, were launched in 2003.25

Latin America/Africa. Based on successes with the Sino-Brazilian Earth Resources
Satellite (CBERS) program (launches in 1999 and 2003), China has been expanding its space
cooperation with other Latin American and African countries. CGWIC concluded a contract
with Venezuela in 2005 for the production and launch of a communications satellite, the initial
customer in the region for a Chinese manufactured satellite. The satellite entered service in
2009. Venezuelan officials signed a subsequent agreement with CGWIC in May 2011 to provide
launch services for the Venezuela Remote-Sensing Satellite 1 Project (VRSS-1) on an LM-4B
from Jiuquan Space Launch Center. The satellite was developed by CAST. China is
manufacturing and launching a communications satellite for Bolivia, based on its DFH-4
satellite bus. The satellite is scheduled for launch in 2013 on an LM-3B from Xichang.256
CGWIC also contracted with the Nigerian government for production and launch of a DFH-4
communications satellite.257

Southeast Asia. In addition to satellite launch services for a Laotian program, China
has also been examining cooperative efforts with Indonesia.®® The Laotian government
contracted with CGWIC for the sale and launch of a DFH platform for broadcast and
communications. The launch vehicle is the LM-3B.25% An agreement has also been concluded
with Thailand for a satellite remote sensing ground station.260

U.S.-China Space Interaction. U.S.-PRC ambitions in space have experienced a
turbulent relationship between civilian and military actors in both countries. Sanctions
imposed after the Tiananmen Massacre in 1989 imposed limits on the transfer of technology to
the PRC, including in the aerospace arena. Prior to 1999, bilateral cooperation in space was
largely limited to export licensing of U.S. satellites, which generated as much as $1 billion in
revenue for U.S. aerospace firms. The Office of the U.S. Trade Representative (USTR)
negotiated an initial agreement in 1988 intended to safeguard U.S. technology when granting
export licenses to U.S. industry for sales of U.S. satellites to Chinese customers. Separate
agreements regulated the number of U.S. satellites to be launched on Chinese launch vehicles.

Since 1999, U.S. satellites have been subject to restrictions under International Traffic in
Arms Regulations (ITAR) due to export control concerns, effectively barring any use of Chinese
launch vehicles.261 Although authorities in Beijing have highlighted the need for bilateral
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collaboration and information sharing, U.S. uncertainty over the motives and goals of the
Chinese space program — and the successful PRC destruction of a decommissioned weather
satellite in January 2007 — have been limiting factors. Subsequent economic, political, and
security tensions between the United States and China have largely halted space
cooperation. 262

Government-to-government interactions on space issues were renewed in 2006 when
NASA Administrator Michael Griffin visited Beijing.263 They received further boosts under
President Obama, as space cooperation was mentioned in both Joint Statements issued after
the two Hu-Obama summits, as well as NASA Administrator Charles Bolden’s visit in October
2010. Recently, however, Congressional action halted almost all interaction between NASA and
Chinese space entities. Language in Fiscal Year 2011 appropriations legislation restricts NASA
and White House Office of Science and Technology Policy from “develop[ing], design[ing],
plan[ning], promulgat[ing], implement[ing], or execut[ing] a bilateral policy, program, order,
or contract of any kind to participate, collaborate, or coordinate bilaterally in any way with
China or any Chinese-owned company,” and banned all official Chinese visitors at any NASA
facilities.264

Areas of cooperation that have been raised include information and data sharing,
analysis of environmental and meteorological data, agreements on space policy and protocol,
and joint space exercises. Disadvantages to space cooperation with China include inadvertent
sensitive technology transfer, moral questions surrounding granting legitimacy to an
authoritarian party-state with a poor human rights record, and the PRC’s continued reliance on
military coercion to resolve political disputes with Taiwan and other neighbors in the region.265
A detailed assessment of technology transfer risks associated with space cooperation, the sale
of commercial satellites, or the launch of U.S. satellites on Chinese launch vehicles, remains
unavailable.
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http://news.xinhuanet.com/politics/2011-04/15/c_121308039_9.htm. Chen Junli is Chief Designer.
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109 Zhou Weimin [ ##] from the CASC Eighth Academy served as Program Manager and Hou Jianwen [ ]
served as Chief Designer. See [#E& L& /\ SizE A g #ikitE ], China Space News, December 16, 2009, at
http://en.spacechina.com/xwzx_jcdt Details.shtml?recno=64027. Hou was responsible for the attitude control
system on the SJ-6 and served as Chief Designer on the SJ-7, which was launched from Jiuguan on an LM-2D in
2005.

110 See “CASC Eighth Academy Successfully Launches Yaogan-10 Satellite” [fii & /\ B i & T2 +5 5 5 i Th s il ke 3],
MOST website, November 1, 2010, at http://kjj.boluo.gov.cn/show.asp?id=481.

1 For early assessments on the utility of space-based electronic reconnaissance systems, see Yuan Xiaokang,
“Satellite Electronic Reconnaissance, Antijamming,” Shanghai Hangtian, October 9, 1996, pp. 32-37, in FBIS-
CST-97-011; and Yuan Xiaokang, “Some Problems of Space Electronic Reconnaissance,” Hangtian Dianzi
Duikang, March 1996, pp. 1-5, in CAMA, Vol. 3, No. 4. Yuan is a key engineer involved space-based antenna
systems design, including both ELINT and SAR, from the SAST 509th Research Institute (Shanghai Institute of
Satellite Engineering).

112 See Pan Changpeng, Gu Wenjin and Chen Jie, “An Analysis on the Capabilities of Military Satellites to Support
an ASBM in Offense and Defense Operations” [ % g T &5 il S 331 & (1 32 86 /1 5097], 2006, No. 5. See also Gao
Fei, Hu Xujie, Gao Lingyuan, and Liu Xiangmin, “An Analysis on the Influence of Military Satellite Information
Systems on Missile Operations” [%% T &% 8 R4 SEsnagmad], Vol. 29, No. 4, 2008; Hu Xujie, Liu Zhiyuan,
Wang Mo, Sun Yu, and Qiao Tian, An Analysis on the Effectiveness of Space-based Information to Support Missile
Offense and Defense Operations” [ K345 B3R S B E & 12 2441, Vol. 18, No. 1, 2009; and Huang Xuan, Zeng
Jiayou, Zhao Xu Ming, and Niu Liyong, “Graph Modeling Influence of Space-based Information Supporting
Aerospace Force Anti-ship Missile Assault” [R 545 B 308 T i s Fottifs 5 3 s B, Vol. 2, 2007.

113 Defense Science Board Task Force on the Future Of The Aircraft Carrier, OSD/AT&L, October 2002, pp. 52-
53

114 The GSD ECM and Radar Department (GSD Fourth Department) has the ELINT portfolio within the PLA’s
SIGINT apparatus. This department is responsible for electronic countermeasures, requiring them to collect and
maintain data bases on electronic signals. ELINT receivers are the responsibility of the Southwest Institute of
Electronic Equipment (SWIEE). The GSD 54th Research Institute supports the ECM Department in development
of digital ELINT signal processors to analyze parameters of radar pulses. See Ping Kefu, “Capabilities of The GSD
Third Department in Technical Intelligence,” East Asian Diplomacy and Defense Review, 96 (5), p. 6.
Information on China’s SIGINT apparatus drawn from Desmond Ball, “Signals Intelligence in China,” Jane’s
Intelligence Review, August 1, 1995, pp. 365-375; and Robert Karniol, “China Sets Up Border SIGINT Bases In
Laos,” Jane’s Defense Weekly, November 19, 1994, p. 5.

115 Also see Yuan Xiaokang, “Satellite Electronic Reconnaissance, Antijamming,” Shanghai Hangtian, October 9,
1996, pp. 32-37, in FBIS-CST-97-011; and Yuan Xiaokang, “Some Problems of Space Electronic Reconnaissance,”
Hangtian Dianzi Duikang, March 1996, pp. 1-5, in CAMA, Vol. 3, No. 4. Yuan is a key engineer involved space-
based antenna systems design, including both ELINT and SAR, from the SAST 509th Research Institute
(Shanghai Institute of Satellite Engineering).

116 | i Wenhua, “Research on Configuring Three-Satellites and Time Difference of Arrival for Precise Geo-Location”
[ZE MR &S5 zEfksEm ], Journal of Astronautics [Fi%+4k], March 2010, pp. 701-705. The author is
affiliated with the Jiangnan Electronic Communication Institute in Jiaxing; and Li Jianjun, “Research on Four-
Satellite TDOA Location Algorithm™ [11 2} 25 fir 55487 5], Electronic Warfare Technology [FiF X1+ K], July
2004, p. 3. The author is affiliated with the Southwest China Research Institute of Electronic Equipment (29th
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Research Institute) in Chengdu; Gao Qian, Guo Fucheng, Wu Jing, Jiang Wenli, “A Correcting Algorithm of Single
Source Reference Source for Three-Satellite TDOA Location System” [ = 2 it 2 & 7 R £ IE 5L #E7T], Aerospace
Electronic Warfare [fiixs®7x+41], Vol. 23, No.5, 2007. The authors are affiliated with the National University of
Defense Technology. Wu Shilong, Zhao Yongsheng, and Luo Jingging, “Performance Analysis of Two-Satellite
Joint FDOA and TDOA Location System” [XUg i 245 2 B & & i 2 4i bk Re 4 #], Aerospace Shanghai [ Ei#fii=], No. 2,
2007, p. 47. Wu and Zhao are affiliated with GSD Fourth Department 61541 Unit in Beijing, and Luo is affiliated
with the PLA Electronic Engineering Institute in Hefei. The 61541 Unit is said to be located in “Space City”

Wi X3] north of Zhongguancun section of Beijing, appears to serve as an information fusion and R&D center,
focusing on phased lock loop (PLL) receiving technology among other issues.

117 Huang Hanwen, “Maritime Target Surveillance Satellite System Analysis and Development Assumptions”

[T 2 #v B e M R G i 5 & g 4], Journal of the Academy of Equipment Command & Technology

[ & B AR 22 4], October 2004, pp. 44-48, at
http://d.wanfangdata.com.cn/periodical_zhjsxy200405011.aspx. The author is affiliated with the Shanghai
Institute of Satellite Engineering, or SAST 509t Research Institute. Also see Gao Fei, Hu Xujie, Gao Lingyuan,
and Liu Xiangmin, “An Analysis on the Influence of Military Satellite Information Systems on Missile Operations”
[F#=F T EE B A SafEs s s #], National Defense Science and Technology [FEBi%H:], Vol. 29, No. 4, 2008; Hu
Xujie, Liu Zhiyuan, Wang Mo, Sun Yu, and Qiao Tian, An Analysis on the Effectiveness of Space-based
Information to Support Missile Offense and Defense Operations” [k 345t S B /4% (800 2347 ], Spacecraft
Engineering [fia4% T.#], Vol. 18, No. 1, 2009; and Huang Xuan, Zeng Jiayou, Zhao Xu Ming, and Niu Liyong,
“Graph Modeling Influence of Space-based Information Supporting Aerospace Force Anti-ship Missile Assault”
[R315 B3 12 T s Jextis Sk i ssm i A, Tactical Missile Technology [HA $#3:A], Vol. 2, 2007.

118 Wang Huilin, Huang Wei, Ma Manhao, and Zhu Xiaomin, “Design and Implementation of Area-Covering
Electronic Reconnaissance Satellite Planning System™ [ [ [X 5 i s 7 58 AR BRI R G it 5 528], Computer
Engineering and Applications [it- 5L T#& 5 ], Vol. 46, No. 26, 2010, pp. 209. The authors are affiliated with the
National University of Defense Technology’s National Key C41SR Technology Laboratory in Changsha. Their
research was conducted as part of the 973 Program.

119 Dong Qiaozhong and Zhu Weigiang, “Research on ELINT Satellite Techniques in GSO”

[ -8 v 7 g TESAR %], Electronic Warfare [HFXt$t], July 30, 2009, p. 13. The authors are affiliated with
the CASIC 8511 Research Institute in Nanjing; Lu An’nan, “Thoughts on Developmental Problems of ELINT
Satellite Passive Geo-location Techniques” [t ri 14558 T Joil 2 B A & & i g 1 2% ], Communications
Countermeasures [#{Ex#1], March 2008, pp. 19-20. The author is affiliated with the 36th Research Institute of
CETC in Jiaxing, Zhejiang; Li Hengnian, Gao Yijun, Xu Peijun, Li Jisheng, and Huang Yongxuan, “The Strategies
and Algorithm Study For Multi-GEO Satellite Collocation” [#hkif -3k fr %4 sems 1 7], Journal of Astronautics
[5=mizak], Vol. 30, No. 3, 2009. Also see Dong Qiaozhong and Zhu Weigiang, “Study on Electronic
Reconnaissance Satellites in Geostationary Orbit” [# k%&b fiis TEH A 5], Electronic Countermeasures, June
2009, at http://www.cqvip.com/gk/91679x/200906/32557007.html. The authors are from the CASIC 8511
Research Institute in Nanjing.

120 China SpaceSat Company appears to serve as a CAST commercial front. See “Shijian-6 Tandem Twin Launch
Successful” [zt~ 5302 &5 3], China Spacesat Company [ E 4 54 PR A IR A 7], October 8, 2010, at
http://www.spacesat.com.cn/newdfh/xwzx/ArticleShow.asp?ArticlelD=260. Also see “Foreign Military
Observers’ Interpretations: China’s ELINT Satellite Plans” [41E % M 585 5 2 ik - - B B 11548 L2 i %1], November
15, 2004.
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121 Responsible for the A satellite, Shen Cong [£%] had previously worked on programs previously believed to be
related to electronic reconnaissance in the 1970s. CASC Fifth Academy’s Wu Kailin [2JF#] was Chief Designer of
the SJ-6B satellite [sz#755B8], which operated in conjunction with the SJ-6A. 12

122 Chen Xingquan, “Shen Cong: Trial and Hardships on the Road to Space” [tz: M z=fEik k], China Aerospace
Science and Technology Corporation (CASIC), at
http://www.spacechina.com/gqywh_ htrw_ Details.shtml?recno=36670.

123 Born in 1970 and assigned to the Shanghai Academy of Space Technology (SAST, or Eighth Academy), Chen
Zhansheng [ 5 1] was Chief Designer for the SJ-12 satellite. He also had served as Deputy Chief Designer of the
SJ-6 and served as Executive Assistant to the Director, 509th Research Institute. He also spent time with
Aerospatial for training in satellite engineering. See” For China’s Most Beautiful Satellite: Commemorating
Shanghai Aerospace’ S&T Committee’s Chen Zhansheng” [T i fEE:” 0 iR RBHEZE R E 5],
Worker.cn, April 28, 2011, at http://character.workercn.cn/c/2011/04/28/110428095902614394971.html;
http://www.gov.cn/jrzg/2010-06/15/content_1628088.htm. and
http://210.82.31.84:9000/rp/fs/cp/98/36/20100618/4/icontent_0.htm.

124 See Brian Weeden, “ Dancing in the Dark: The Orbital Rendezvous of SJ-12 and SJ-06F, The Space Review,
August 30, 2010, at http://www.thespacereview.com/article/1689/1.

125 The formation orbits in a 1080 km x 1100 km x 63.4 degree position, strikingly reminiscent of earlier
generations of the U.S. “White Cloud” NOSS satellite triplets described in detail by Chinese writings. Among
various sources, see “China’s Yaogan-9 may be ocean surveillance satellite,” Jane’s Defense Weekly, March 11,
2010, at http://www.janes.com/articles/Janes-Defence-Weekly-2010/China-s-Yaogan-9-may-be-ocean-
surveillance-satellite.html. The initial indication that the Yaogan-9 may be a NOSS system came from a number
of amateur astronomers who reported that the Yaogan-9 mission saw the launch of not one, but rather a
constellation of three satellites that are now orbiting together in a highly choreographed triangular formation. For
example see: “Yaogan 9A, 9B, 9C,” Gunter’s Space Page, undated, at http://space.skyrocket.de/doc_sdat/yaogan-
9.htm; “Yaogan Weixing-9 CZ-4C launch March 5, 2010,” NASA Spaceflight.com, March 5, 2010, at
http://forum.nasaspaceflight.com/index.php?topic=20567.30, accessed December 9, 2010; and Robert Christy,

“Space Events of 2010,” Zarya, undated, at http://www.zarya.info/Diaries/2010.php. Yaogan Weixing 9,”
Jonathan’s Space Report, No. 625, April 6, 2010, at http://planet4589.org/space/jsr/back/news.625.

126 The Program Manager and Chief Designer of the Yaogan-9 was Li Yandong [%#£%]. Space industry reporting
indicates that the Yaogan-9 program took four years to complete. Li Yandong also served as the director and chief
designer of one of the two Shijian-6 Group-04 satellites, and was previously involved in China’'s Haiyang-1
maritime surveillance satellite program. See “Warm Celebrations: ‘Yaogan-9’ Successfully Launched”

[Fzipep: “@Ius k], China Spacesat Company [E %774 P ER G E IR A E], March 9, 2010, at
http://www.spacesat.com.cn/newdfh/xwzx/ArticleShow.asp?ArticlelD=240; Li Guanjiao et al., “Open Doors to
Success: Behind the Yaogan-9 Satellite Launch Success” [MF pishz I T—@ & L E 5 & H W], China Space News,
March 10, 2010, at http://www.china-spacenews.com/n435777/n435778/n435783/66907.html; See: Xing Wen,
“Li Yandong: Overcoming Difficulties and Dreams of Small Satellites” [ % & w s 4/~ P&£], China Aerospace
Science and Technology Corporation (CASC), October 29, 2010, at
http://www.spacechina.com/zt_chxzy/dyfc_Details.shtml?recno=71056. See also: “Li Yandong” [#:7£ %], Xinhua,
October 10, 2007, at http://www.gs.xinhuanet.com/jdwt/2007-10/10/content_11364907.htm.

127 For reference to the GSD Fourth Department ground stations in Shandong, see Yuan Zuzheng, “Ceng Weihua'’s
Story — The Director’s ‘Hard Headedness™ [ D#F——#Kly  ‘#31H], Renminwang, September 21, 2009, at
http://military.people.com.cn/GB/8221/71065/169352/169355/10091206.html. Ceng Weihua was former Jinan
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Military Region Communications Department Director. Other candidates include the GSD Fourth Department
96714 Unit in Beijing and Hainan; 61764 Unit in Hainan, 61276 Unit in Beijing and Hainan, or 61541 Unit in
Beijing.

128 Oceanographic monitoring is a focus area within the 863 Program, specifically the maritime area [#Fi4135].
Also see http://www.cgwic.com/In-OrbitDelivery/RemoteSensingSatellite/SEA.html.

129 Jiang Xingwei, Lin Mingsen, and Tang Junwu, “The Programs of China Ocean Observation Satellites and
Applications,” National Satellite Ocean Application Service briefing, February 26, 2008 (in English).

130 See “China to Launch FY-4 Weather Satellite Around 2013,” Xinhua News Agency, October 14, 2008, accessed
November 3, 2011, at
http://www.spacedaily.com/reports/China_To_Launch_FY_4 Weather_Satellite_ Around_2013_999.html.

131 “Premier Zhou En-lai: We Shall Establish Our Own Weather Satellites,” [H 2k @iz “ERBRIIECHKEIE],
China Meteorological Newspaper [*FE*<%3k+#], March 15, 2011, at
http://www.cma.gov.cn/ztbd/20110104/20110314/2011031405/201103/t20110315_88685.html.

132 See “Delivery of Four FY-3 Payloads and Satellite Testing” [[Al = =555 T 2 4TA S A k25 2 ],
Sina News, August 8, 2006, accessed January 20, 2012, http://tech.sina.com.cn/d/2006-08-
08/15291076129.shtml.

133 “The First Satellite in Fengyun-3 Series to Be Launched in 2006” [z =5 & 4| 15— 5 B 2% T 20064 K 511,
Xinhua, March 23, 2004, at http://news.gg.com/a/20040323/000009.htm.

134 See the official FY-3 program website at http://www.cnsa.gov.cn/n615708/n676979/n2237254/index.html.

135 See “FY-3 Satellite Lead Designer Dong Yaohai: FY-3B to Launch In 2010”
N==5 T2 SRR ERERE - Na = 5BERT20104 4 5f], Harbin Institute of Technology, December 9,
2008, http://news.hit.edu.cn/articles/2008/12-09/12083258.htm, accessed January 25, 2012.

136 See [R==5 (FY-3) N5 LEHEREIAGDPTH 2K R4 R5],
http://qgxfw.fjgx.gov.cn/gxkp/gxgeyg/gxwxdmjs/201112/t20111226_8801.htm. For other background on Third
Department and the 39t Research Institute, see http://www.hljrm.com.cn/xw/wl/059.htm. See
http://144.214.150.11/viewpage.php?tid=159&pid=267&fm=text.

137" See “The Successful Launch of FY-3 to Enhance Xinjiang Weather Prediction” [[Xl. = =5 & 5415430

HraE RS PR EAAERA], Xinjiang Daily, May 29, 2008, at
http://www.chinaxinjiang.cn/news/xjxw/kjtw/t20080529 347501.htm.

138 The commercial name of the 503rd Research Institute is Spacestar Technology Company. See
http://www.spacestar.com.cn/contact-us.php. See “FY-3 Satellite And Ground Application Systems Second
Wireless Docking Experiment” [Xz= =5 T2 S H /4547 55 — ket g% ], Urumaqi Municipal Bureau of
Meteorology [ % &A% i 5 /], January 3, 2008, ,
http://www.xjgx.gov.cn/avow/DisplayContent.aspx?Number=6642; also see link
http://144.214.150.11/viewpage.php?tid=159&pid=267&fm=text.
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139 See “The Successful Launch of FY-3 to Enhance Xinjiang Weather Prediction” [z =S &5
wyE RSk EIAam], Xinjiang Daily, May 29, 2008, at
http://www.chinaxinjiang.cn/news/xjxw/kjtw/t20080529 347501.htm. accessed January 25, 2012.

140 “Theory and Application of Collection and Fusion of Information Regarding Complex Natural Environments”
[ 2% FARFR BN 25 58 205 BRI S Al & 40 #1138 5 R A], Fudan University Project Overview, June 2004, at
http://www.guochengzhi.com/gx/Print.asp?ArticlelD=371.

141 Lu Mingyu, Yi Kui, Yang Junfa, and Deng Ruzhen, “Development of Signal Source for Real-Time Infrared Earth
Sensor” [—Fhsgid ar sk gugas s SR HHE ], Zhongguo Kongjian Kexue Jishu, June 1996, pp. 63-70.

142 According to a recent article published on the CAS Shanghai Institute of Technical Physics website, Chu Junhao
[###:], China already have developed infrared wavelengths at 1-3, 3-5 and 8-14 microns that are installed its
Fengyun satellites. See “A Good Helper in Developing a Smart City — Infrared Sensors” [ & S i i % F —
a4k Em e8], Shanghai Institute of Technical Physics of the Chinese Academy of Sciences [ kg AmEnis ], April
27, 2011, at http://www.sitp.cas.cn/kxcb/kpwz/201104/t20110427_3122606.html.

143 Under the “dual command” system, Huang Weiyi served as Program Manager and Hou Jianwen as Chief
Designer. Born in 1960, Hou Jianwen is with the Shanghai Academy of Space Technology and SJ-7 Chief
Designer. Hou has roots in SAST'’s 812 Research Institute as an attitude control specialist. He also was
responsible for the SJ-6 attitude control sub-system. With a design life of three years, the SJ-7 satellite was for
“space environmental monitoring and other space scientific experiments.”

144 The SJ-7 orbits at an altitude of 547-570 km in a 97.6 degree inclination. Hou Jianwen [ 3c] was Chief
Designer. Among various sources, see http://news.xinhuanet.com/photo/2005-07/06/content_3180927.htm.

145 http://top.jschina.com.cn/viewthread.php?tid=28949.

146 For background on the ZY-3, see “China’s First High Resolution Satellite Scheduled for Launch in 2011”
[HEEBRAE> PR PREET 2011 F], China Space News, August 4, 2010. The chief designer of the satellite system
is Tang Xinming [/##%]. Born in 1966, Tang is with the State Bureau of Survey and Mapping.

147 See “LM-4B Successfully Launches ZY-3 and VesselSat-2 Satellites,” CGWIC News Release, January 2012, at
http://www.cgwic.com/news/2012/0110 VesselSat-
2_%E5%8D%A2%E6%A3NAENES%AQ%AL %HEB6%I0%ADKE8%BDY%BD.html.

148 Among various sources, see David S. Alberts, John J. Garstka, and Frederick P. Stein. Network Centric
Warfare, (Wash DC: DoD C4ISR Cooperative Research Program, September 1999. For another outstanding
overview of network centric warfare, see Clay Wilson, Network Centric Operations: Background and Oversight
Issues for Congress, Congressional Research Service Report to Congress, March 15, 2007. In accordance with
Metcalf’'s Law, the value" or power of a network increases in proportion to the square of the number of nodes on
the network. Technology is advancing to the point to where a common operational picture could be used on a
personal display assistant (PDA). At least one key organization involved in data link development is the PLA’s
University of Science and Technology’s Command Automation Academy [f#i ¥ T k2 353 E 2k 25, which is
associated with the GSD 63d Research Institute.

149 See Kulacki and Lewis, pp. 14-19.
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150 See Roger Cliff, Chad J.R. Ohlandt, and David Yang, Ready for Take-Off: China’s Advancing Aerospace
Industry (Santa Monica, CA: RAND Corporation, 2011), p. 93.

181 http://www.cgwic.com/In-OrbitDelivery/CommunicationsSatellite/DFH-4Bus.html.

152 Sun Jiadong is said to have played a leading role in the Fenghuo satellite. Chief Designer of the Fenghuo is said
to be Peng Shoucheng [#=ri%]. Peng has a background in the 504th Research Institute and has a background in
electronic reconnaissance. Chief Designer of the Shentong-1 was Wang Jiasheng [E%:]. Born in 1953, Wang
served as deputy chief designer of the DFH-3 COMSAT and Chief Designer of the Tianlian-1 data relay satellite.

153 “China Blasts Off First Data Relay Satellite,” Xinhua News Agency, April 26, 2008; and “China Successfully
Launches First Data Relay Satellite, the Tianlian-1 (01)” [ = & Bt 4k TR KR8 — 5012k 4ta], Xinhua, April 26,
2008, at http://news.xinhuanet.com/mil/2008-04/26/content _8053374.htm. Also see “China Launches New
Data Relay Satellite,” Xinhua Net, July 12, 2011, at http://news.xinhuanet.com/english2010/sci/2011-
07/12/c_13978690.htm.For an example of the data relay satellite being used for missile guidance, see Chen Lihu,
Wang Shilian, Zhang Eryang, “Modeling And Simulation Of Missile Satellite-Missile Link Channel In Flying-
Control Data-Link” [3T T2 Hh 4k S a0 Wi sk at s 247], Systems Engineering And Electronics, 29(6), 2007. The
chief designer of the satellite was Ye Peijian [ %2].

154\Wu Ting-yong, Wu Shi-qi, Ling Xiang, “A MEO Tracking and Data Relay Satellite System Constellation Scheme
for China,” Journal of Electronic Science and Technology of China, December 2005.

155 Key engineers included Liu Jiyu, a leading engineer from the Wuhuan University of Survey and Mapping
Technology. See “Liu Jiyu” [x1#4], University Network, November 2009, at
http://www.daxuelg.cn/fengyunrenwu/200911/4570.html.

156 | ju Peixiang (ed.), “Our University Participates in Formal Establishment of Shenzhen Aerospace
Dongfanghong Development Ltd.” [##:2 5 A8 IR R 7 aifpds PEGIRA 7 EXUkor], Harbin Industrial
University News, March, 4, 2009, at http://news.hit.edu.cn/articles/2009/03-04/03163743.htm.

157 The Survey and Mapping Bureau MUCD is the 61081 Unit. The Bureau manages the China Satellite Navigation
Positioning Management System [t [§ T & fii & fir B2 A8 B0 .

158 For overview of CASC microsatellite development, see [ [#2 5 41408 JFii/ TLE L8 A#HT 4], at China Space
Network, May 6, 2011, at
http://www.space.cetin.net.cn/index.asp?modelname=new_space%2Fnews_nr&FractionNo=&titleno=XWENOO
00&recno=75869.

159 The China Academy of Sciences opened a microsatellite lab [ E Rl s REE sk =] in 2011, “CAS
Microsatellite Key Laboratory Holds Inaugural Session of Academic Council”

[ R B TR B s s AT R R AR R s s — e — k4], CAS website, December 23, 2010, at
http://www.cas.cn/hy/xshd/201012/t20101231_3052884.shtml. The NUAA project is the Tianxun-1 [Ki&—5]
intelligent network microsatellite system. See http://www.nuaa.edu.cn/nhb/997/bl.htm.

160 See “Aerospace Tsinghua 1 Satellite”, [“fikiE#” —5 PA] under “CASIC Satellite Technology Ltd.” official web
site [fii KRB T PEBAFRAH], at http://www.casic-sat.com.cn/operation4.asp.

161 For background on the CASIC role, see “CASIC Satellite Technology Ltd.” official web site
[WiRF T REHARARAF], at http://www.casic-sat.com.cn/abouts.asp, accessed on June 21, 2011.

China’s Evolving Space Capabilities | 72



http://www.cgwic.com/In-OrbitDelivery/CommunicationsSatellite/DFH-4Bus.html�
http://news.xinhuanet.com/mil/2008-04/26/content_8053374.htm�
http://news.xinhuanet.com/english2010/sci/2011-07/12/c_13978690.htm�
http://news.xinhuanet.com/english2010/sci/2011-07/12/c_13978690.htm�
http://www.daxue1g.cn/fengyunrenwu/200911/4570.html�
http://news.hit.edu.cn/articles/2009/03-04/03163743.htm�
http://www.space.cetin.net.cn/index.asp?modelname=new_space%2Fnews_nr&FractionNo=&titleno=XWEN0000&recno=75869�
http://www.space.cetin.net.cn/index.asp?modelname=new_space%2Fnews_nr&FractionNo=&titleno=XWEN0000&recno=75869�
http://www.cas.cn/hy/xshd/201012/t20101231_3052884.shtml�
http://www.nuaa.edu.cn/nhb/997/b1.htm�
http://www.casic-sat.com.cn/operation4.asp�
http://www.casic-sat.com.cn/abouts.asp�

162 See “Small Satellite R&D receives Breakthrough: China Successfully Launched “One Rocket, Two Stars”,
[ 1 Bh A2 3 U /) TR BRI B AR 5m;], China News [ k4], April 9, 2004, at
http://news.tsinghua.edu.cn/publish/news/6661/2011/20110225231431312562162/20110225231431312562162_.

html. See “The First Indigenously Made Nano-1 Satellite Has Been Launched Successfully”,
[#—ma o g E— 5 28], S&T Daily,, April 18, 2004, at http://www.stdaily.com/oldweb/gb/kjzg/2004-
09/28/content_305818.htm.Also see http://www.smallsat.org/proceedings/13/tech-ix/ts-ix-3.pdf.

163 [3k o Wimilk B EoHhlm s TR % TE—5 & 4mr], HIT website, July 7, 2008, at
http://news.hit.edu.cn/articles/2008/07-07/07140722.htm. For background on the Shiyan-3, see

[Efms ToR<ge TE=2"], HIT website, November 11, 2008 at http://news.hit.edu.cn/articles/2008/11-
11/11101604.htm.

164 Zhejiang University has been actively involved in research associated with strike technology, including the 863-
801 and 863-805 programs.

165 See “Zhejiang University’s Successful Launch of “Pixing-1A Satellite, Challenging Microsatellites”

[HrT Rstsh &bt “ e E—507 PE $ad s L2], Zhejiang University, October 7, 2010, at
http://mememama.cn/2010/1007/1334.html. Also see “Nation’s First Kilogram-Level Micro-Satellite Operating
Smoothly for Eight Days and Nights”, [k & 852 2 B EFRaig T Ak /\#], Xinhua Network, September 30, 2010,
at http://news.sina.com.cn/c/2010-09-30/222621204836.shtml. Also see
http://www.most.gov.cn/eng/newsletters/2010/201010/t20101011_82540.htm.

166 For overview of the BX-1, see David Wright and Gregory Kulacki, “Chinese Shenzhou 7 ‘Companion Satellite’
(BX-1), Union of Concerned Scientists, October 21, 2008, at
http://www.ucsusa.org/assets/documents/nwgs/UCS-Shenzhou7-CompanionSat-10-21-08.pdf; and Brian
Weeden, “China’s BX-1 Microsatellite: a Litmus Test for Space Weaponization,” The Space Review, October 20,
2008, at http://www.thespacereview.com/article/1235/1. The chief designer of the BX-1 was Zhu Zhencai.

167 Among various sources, see Peter B. de Selding, “Surrey To Build Three Optical Imaging Satellites for Chinese
Firm,” Space News, June 29, 2011, at http://www.spacenews.com/contracts/110629chinese-firm-orders-three-
optical-imaging-satellites-from-surrey.html. The Chinese company is Twenty-First Century Aerospace
Technology Co. Ltd. A ground station affiliated with the Beijing-1 satellite is collocated with a GSD Third
Department Seventh Bureau facility in the northern Beijing suburb of Shangzhuang [ 1#].

168 Greg Kulacki should be credited with highlighting the private nature of initial KT funding. Chinese references
back up his assertions, and there appears to be a growing trend of initiatives being funded through venture capital.

169 Shi Fashu, “Kaituozhe-1 Solid Launch Vehicle Development Planning and Implementation,” China Aerospace
(zhongguo hangtian), August 2003, pp. 13-16.

170 Tian Zhiqgiang , [N 1kiz# -k %], Space Exploration [xz#%], October 2003. For background on the
microsatellite payloads, see “KT-1PS/PS2/PS3%j;{af 2", CASIC Satellite Technology Company website, undated, at
http://www.casic-sat.com.cn/operation5.asp. The satellite passed its final factory certification on August 24,
2002, approximately five weeks before launch.

111 “China’s First Four-Staged Solid Fuelled Launch Vehicle “KT-1" A Success” (woguo diyixing siji quanguti
yunzai huojian “kaituozhe yihao feixing shiyan rongde chenggong), China Space News, September 19, 2003.
The KT-1PS2 passed its factory certification on August 8, 2003, approximately five weeks before launch. The KT-
1PS3 satellite passed factory certification on September 13, 2004.

China’s Evolving Space Capabilities | 73



http://news.tsinghua.edu.cn/publish/news/6661/2011/20110225231431312562162/20110225231431312562162_.html�
http://news.tsinghua.edu.cn/publish/news/6661/2011/20110225231431312562162/20110225231431312562162_.html�
http://www.stdaily.com/oldweb/gb/kjzg/2004-09/28/content_305818.htm�
http://www.stdaily.com/oldweb/gb/kjzg/2004-09/28/content_305818.htm�
http://www.smallsat.org/proceedings/13/tech-ix/ts-ix-3.pdf�
http://news.hit.edu.cn/articles/2008/07-07/07140722.htm�
http://news.hit.edu.cn/articles/2008/11-11/11101604.htm�
http://news.hit.edu.cn/articles/2008/11-11/11101604.htm�
http://mememama.cn/2010/1007/1334.html�
http://news.sina.com.cn/c/2010-09-30/222621204836.shtml�
http://www.most.gov.cn/eng/newsletters/2010/201010/t20101011_82540.htm�
http://www.ucsusa.org/assets/documents/nwgs/UCS-Shenzhou7-CompanionSat-10-21-08.pdf�
http://www.thespacereview.com/article/1235/1�
http://www.spacenews.com/contracts/110629chinese-firm-orders-three-optical-imaging-satellites-from-surrey.html�
http://www.spacenews.com/contracts/110629chinese-firm-orders-three-optical-imaging-satellites-from-surrey.html�
http://www.casic-sat.com.cn/operation5.asp�

172 Gu Ti, “Kaituozhe: New Choice for Small Satellite Launches,” Aerospace China, November 2002, p. 2. There
are indications that the KT-2 has been re-designated as the KT-1B.

173 For a general Chinese analysis, see Wang Shengkai, Quan Shouwen, Li Binhua, and Ma Qin, “Near Space and
Near Space Flight Vehicles” (ifiiz 4 Az 2 €47 %), CONMILIT, (Xiandai junshi), 2007(7), pp. 36-39.

174 Guo Weimin, Si Wanbing, Gui Qishan, and He Jiafan, “Coordination and Applicability of Near Space Flight
Vehicles in Missile Warfare” [ # k& bl 22 17 €47 2% SR s s E R ], Winged Missiles [&#i %3], May 2008.

175 For a representative Second Artillery overview, see Li Chao, Luo Chuanyong and Wang Hongli, “Research into
Near Space Flight Vehicle Applications for the Second Artillery” [if =7 W7 #7646 /A B H#F 5t ]; Journal of
Projectiles and Guidance, January 2009; Tang Jiapeng, Guan Shixi, Ling Guilong, and Duan Na, “Study on
Propulsion System of Near Space Vehicles,” Journal of Projectiles, Rockets, Missiles, and Guidance, June 2009,
pp. 145-148. Also see Li Zhen, Li Haiyang, and Yong En’mi, “Analysis of Trajectory Characteristics of Near Space
Kinetic Weapons,” Journal of Projectiles, Rockets, Missiles, and Guidance, June 2009, pp. 183-185.

176 \Wang Wengqin, Cai Jingye Cai, and Peng Qicong, “Conceptual Design Of Near-Space Synthetic Aperture Radar
For High-Resolution And Wide-Swath Imaging,” Aerospace Science and Technology (2009), pp. 1-8. Wang is
from the University of Electronic Science and Technology of China (UESTC) and claims to be a leading advocate
within China for near space SAR remote sensing.

177 See Duan Dongbei, “Airship’s R&D and Application to Aeronautics and Astronautics in China,” briefing, CASIC
Hunan Astronautic Industry Corporation, April 2008, at http://www.veatal.com/iso_album/duandongbei.pdf.
AVIC’s 605 Research Institute also is involved in airship R&D.

178 See China’s Defense White Paper (China's National Defense in 2008), January 20, 2009, at
http://news.xinhuanet.com/english/2009-01/20/content_10688124_1.htm, accessed on August 29, 2009.

179 For a detailed assessment of U.S. programs, see Xie Wu, “Four Major Challenges Facing An Accelerated US
‘Prompt Global Strike" Program’,” [3 “tu 4347~ Mkt & itk Py kxt @], China Daily, June 11, 2010, at
http://www.chinadaily.com.cn/hgjs/jsyw/2010-06-11/content_446614_2.html.

180 “Establishing a National Aerospace Security System” [z 8 E\ s K44k R], Science News [R2mig], February
24,2002, at http://www.cas.cn/xw/zjsd/200202/t20020224 1683499.shtml

181 For an excellent overview of the General Staff Department, see David Finklestein, “The General Staff
Department of the Chinese People’s Liberation Army: Organization, Roles, & Missions,” in James C. Mulvenon
and Andrew N.D. Yang, eds. The People’s Liberation Army as Organization: Reference Volume v1.0, Santa
Monica, CA: RAND, CF-182-NSRD, 2002, pp. 122-224.

182 The command responsible for the Beidou ground segment is the 61081 Unit headquartered in Beijing.

183 Yousaf Butt, “Effects of Chinese Laser Ranging on Imaging Satellites,” Science and Global Security (17), pp.
20-35, 2009, at http://www.princeton.edu/sgs/publications/sgs/archive/17-1-Butt-Effects-of-Chinese.pdf.
Reference to GSD laser ranging: http://info.edu.hc360.com/2009/03/110841170180.shtml.

184 \/LBI sites track space objects simultaneously via telescopes that are combined, emulating a telescope with a
size equal to the maximum separation between the telescopes. Using ELINT methodology, VLBI measures the
time difference of arrival (TDOA) of radio waves at separate antennas. Therefore, the GSD First Department
Surveying Bureau likely has a close relationship with the GSD Fourth Department. VLBI sites, presumably
subordinate to the brigade or regimental-level 61540 Unit, are in Shanghai Sheshan, Kunming, Guizhou

China’s Evolving Space Capabilities | 74



http://www.veatal.com/iso_album/duandongbei.pdf�
http://news.xinhuanet.com/english/2009-01/20/content_10688124_1.htm�
http://www.chinadaily.com.cn/hqjs/jsyw/2010-06-11/content_446614_2.html�
http://www.cas.cn/xw/zjsd/200202/t20020224_1683499.shtml�
http://www.princeton.edu/sgs/publications/sgs/archive/17-1-Butt-Effects-of-Chinese.pdf�
http://info.edu.hc360.com/2009/03/110841170180.shtml�

Qiaodongnan [#%#] Huangping County, Wulumugi Nanshan, and Beijing Miyun. See “PLA 61540 Unit
Successfully Joins Moon Satellite Tracking and Control” [fi#/i % 6154088\ m 12 S A TEME], China Surveying and
Mapping Yearbook [+ Eiliz4%4%], July 29, 2008, at
http://zgchnj.sbsm.gov.cn/article//ljnjll/1bnj/tz/zdsj/200807/20080700039517.shtml. Other key GSD
Surveying Bureau ground stations are located in Hainan.

185 See GSD Weather and Oceanographic Space Weather Command Supports Shenzhou-8 Launch”
[asR 50K esmR SR </ &4], Renminwang, November 1, 2011, at
http://military.people.com.cn/GB/172467/16087308.html. The space weather outfit may be the 61741 Unit.
Space weather refers to adverse conditions on the sun, in solar wind, and in the Earth’s magnetosphere,
ionosphere, and thermosphere. These conditions can influence the performance and reliability of space-borne
and ground-based systems and can endanger human life or health. These conditions can cause disruptions of
satellite operations, communications, radar, navigation, high-altitude manned flight, and electrical power
distribution grids.

186 The military unit cover designator may be 61646. The institute [/&.Z i X1/ %2 /5] manages a R&D center, which
is directed by Zhou Zhixin [#:£#]. For reference to Zhou, see

Dhbate Scpete i ZREARE BERKAGR20094 E M F)32], Harbin Institute of Technology Today, at
http://today.hit.edu.cn/articles/2009/11-11/1115372591.htm. For reference to Zhou with the Second
Department’s Space Remote Sensing, see
http://www.ciomp.cas.cn/jgsz/kyxt/klomt/sysgk_klomt/xswyh_klomt/. For reference to Zhou as 61646 Unit
Deputy Bureau Director, see [#%17%4 %518 24 E 1M HA41224 4 Nid D], at
http://www.wpeu.net/html/china/2010/1225/18703.html. Also see “Earthquake Prediction Institute Summary
of Research on Emergency Respond to Yushu, Qinghai 7.1 Earthquake”

[ 7= T 70 B % 75 AR 7. L4 3 5 B2k 7t TR 2838], China Earthquake Administration, May 11, 2010, at
http://www.cea.gov.cn/manage/html|/8a8587881632fa5c0116674a018300cf/_content/10_05/11/127354413834
8.html. For reference to the 61646 Unit ground station (presumably an imagery downlink site), see
[20074F & 15 4 SC I sa i 72 35 £4 5219081, at
http://jbhg.bjwmb.gov.cn/public/info_selinfo.asp?Info_ID=27680&Bar_1D=123.

187 The 12th Bureau carries an cover designator of the 61486 Unit. For linkage of the 12th Bureau with the MUCD,
see http://www.kshr.cn/ksasp/unit/SHOWEMPL.ASP?employee_id=660550. Third Department 12t Bureau
Headquarters appears to be located on 46 Yuexiu Road in Shanghai’s Zhabei District [[#1t X ®75%465]. See
http://www.isee.zju.edu.cn/attachments/2011-04/01-1302228510-41734.xls. The Jiangnan Institute of Remote
Sensing Applications [iT gz 57t 57] shares the same address. The 12th Bureau’s former designation was the
57394 Unit.

188 The 61486 Unit Commander, Senior Colonel Ju Qiansheng [E#:4], has been affiliated with both the GSD
Second Department Remote Sensing Institute and GSD Third Department’s 12th Bureau. See “District Standing
Committee, Deputy Mayor Yan Jianping Visits 61486 Unit for a Social Visit”

[XZeH 2. BIX KB PR BE X 61486 AT i 7 b T 3B i 3], February 8, 2010, at
http://www.shmzj.gov.cn/gb/mzzbg/mzxw/zxxw/userobjectlai486.html.

189 See Mark A. Stokes, Jenny Lin, and L.C. Russell Hsiao, The Chinese People’s Liberation Army Signals
Intelligence and Cyber Reconnaissance Infrastructure (Wash DC: Project 2049 Institute), November 11, 2011, p.
11, at http://project2049.net/documents/pla_third_department_sigint_cyber_ stokes_lin_hsiao.pdf.

China’s Evolving Space Capabilities | 75



http://zgchnj.sbsm.gov.cn/article/ljnjll/lbnj/tz/zdsj/200807/20080700039517.shtml�
http://military.people.com.cn/GB/172467/16087308.html�
http://today.hit.edu.cn/articles/2009/11-11/1115372591.htm�
http://www.ciomp.cas.cn/jgsz/kyxt/klomt/sysgk_klomt/xswyh_klomt/�
http://www.wpeu.net/html/china/2010/1225/18703.html�
http://www.cea.gov.cn/manage/html/8a8587881632fa5c0116674a018300cf/_content/10_05/11/1273544138348.html�
http://www.cea.gov.cn/manage/html/8a8587881632fa5c0116674a018300cf/_content/10_05/11/1273544138348.html�
http://jbhg.bjwmb.gov.cn/public/info_selinfo.asp?Info_ID=27680&Bar_ID=123�
http://www.kshr.cn/ksasp/unit/SHOWEMPL.ASP?employee_id=660550�
http://www.isee.zju.edu.cn/attachments/2011-04/01-1302228510-41734.xls�
http://www.shmzj.gov.cn/gb/mzzbq/mzxw/zxxw/userobject1ai486.html�
http://project2049.net/documents/pla_third_department_sigint_cyber_stokes_lin_hsiao.pdf�

190 “Ceremony Held for Establishment of the PLA Strategic Planning Department, Chairman Guo Boxiong Speaks”
[ ZE s R o R 22847 BB e % 3R ], Xinhua, November 22, 2011, at http://news.xinhuanet.com/mil/2011-
11/22/c_111187194.htm.

191 The first is a brigade-level organization based in Langfang with subordinate elements in Anhui, Jiangxi, and
Shandong. The other, located on Hainan Island, appears to have either operational or experimental satellite
jamming responsibilities. Director of the Hainan GSD 4th Department Regiment [61764 Unit] is Jin Guodong
[#rE#:], as of 2009. One indication of the unit having satellite jamming responsibilities is the number of articles
published by its members. See, for example, Li Bin and Jin Guodong, “Analysis on GPS Jamming”
[EHrePsT-HiHiA], Electronic Countermeasures, January 2009, pp. 39-42; Jin Guodong and Li Suoku, “On
Broadband Communications Satellites [%# T 2@z ##1], Electro-Optical Systems, April 2008, pp. 16-31; and
Zhang Ming and Li Suoku, “Space Information Warfare and International Space Law [ % f{5 2 /F % 5 E br 2 %],
Armament Command and Technology Academy Journal, February 2003; and Xiang Hanfei, Li Suoku, and Han
Honglin, “Analysis of GPS System Countermeasures,” [GPS &4 xt#i# T-4#], Tracking and Communications,
October 2008.

192 For an example of research supporting the Fourth Department ELINT mission, see Wu Shilong, Luo Jingqing,
and Liu Youjun “Passive Location by Single Reconnaissance Satellite Based on Spatial Spectrum Estimation”

[2£ T2 A fh s 2 g e f2], Shanghai Aerospace, June 2005, at http://www.lw23.com/pdf 9588991b-8dd2-
441a-baeb-3e576ca77a2f/lunwen.pdf. Gong Liangliang, Wang Yunliang, and Luo Jingging, “Radar
Electromagnetic Environment Simulation in Satellite Reconnaissance” [T T2 (i 1 & is i si (i #], Modern
Defense Technology [#iftpifasiA], 2008 36(3), at

http://d.wanfangdata.com.cn/periodical_ xdfyjs200803031.aspx. The authors are from the GSD Fourth
Department’s Electronic Engineering Academy in Hefei. The Fourth Department oversees the GSD 54t Research
Institute, which most likely provides engineering support, and also maintains close links with a number of China
Electronic Technology Corporation (CETC) entities, including the 29t Research Institute in Chengdu, the 36t
Research Institute in Jiaxing, and the 38t Research Institute in Hefei.

193 For examples of U.S. overviews of China’s space modernization, see Dean Cheng, “Prospects for China’s
Military Space Efforts,” in Roy Kamphausen, David Lai , and Andrew Scobell (eds), Beyond The Strait: PLA
Missions Other Than Taiwan (Carlisle PA: 2009), pp. 211-252, at
http://www.strategicstudiesinstitute.army.mil/pdffiles/pub910.pdf; Eric Hagt and Matthew Durnin, “China’s
Antiship Ballistic Missile: Developments and Missing Links,” Naval War College Review 62, no. 4 (Autumn
2009), pp. 87—115; Andrew S. Erickson, “Eyes in the Sky,” U.S. Naval Institute Proceedings, Vol. 136, No. 4 (April
2010), pp. 36-41; Gregory Kulacki and Jeffrey G. Lewis, A Place for One’s Mat: China’s Space Program, 1956—
2003 (Cambridge, MA: American Academy of Arts and Sciences, 2009), at
http://www.amacad.org/publications/spaceChina.pdf; Kevin Pollpeter, “The Chinese Vision of Space Military
Operations,” pp, 329-369, in China's Revolution in Doctrinal Affairs: Emerging Trends in the Operational Art of
the Chinese People’s Liberation Army, edited by James Mulvenon and David Finklestein, CNA Corporation,
Virginia. December 2005, at http://www.defensegroupinc.com/cira/pdf/doctrinebook ch9.pdf; Larry M.
Wortzel, The Chinese People's Liberation Army and Space Warfare: Emerging United States-China Military
Competition (Wash DC: American Enterprise Institute, 2007), at http://www.aei.org/paper/26977;
Michael P. Pillsbury, “An Assessment of China’s Anti-Satellite and Space Warfare Programs, Policies , and
Doctrines,” Report for the U.S.-China Economic and Security Review Commission, January 19, 2007, at
http://www.uscc.gov/researchpapers/2007/FINAL_REPORT_1-19-2007_REVISED BY_MPP.pdf; Alanna
Krolikowski, “China’s Civil and Commercial Space Activities and their Implications,” Testimony before the U.S.-
China Economic and Security Review Commission Hearing on the “Implications of China’s Military and Civil
Space Programs, May 11, 2011, at http://www.gwu.edu/~spi/assets/docs/11_05_11 krolikowski_testimony.pdf;
Dean Cheng “China’s Space Program: Civilian, Commercial, and Military Aspects,” CNA Corporation Conference
Report, May 2006; Phillip C. Saunders, “China's Future in Space: Implications for U.S. Security,” AdAstra, Spring

China’s Evolving Space Capabilities | 76



http://news.xinhuanet.com/mil/2011-11/22/c_111187194.htm�
http://news.xinhuanet.com/mil/2011-11/22/c_111187194.htm�
http://www.lw23.com/pdf_9588991b-8dd2-441a-baeb-3e576ca77a2f/lunwen.pdf�
http://www.lw23.com/pdf_9588991b-8dd2-441a-baeb-3e576ca77a2f/lunwen.pdf�
http://d.wanfangdata.com.cn/periodical_xdfyjs200803031.aspx�
http://www.strategicstudiesinstitute.army.mil/pdffiles/pub910.pdf�
http://www.amacad.org/publications/spaceChina.pdf�
http://www.defensegroupinc.com/cira/pdf/doctrinebook_ch9.pdf�
http://www.aei.org/paper/26977�
http://www.uscc.gov/researchpapers/2007/FINAL_REPORT_1-19-2007_REVISED_BY_MPP.pdf�
http://www.gwu.edu/~spi/assets/docs/11_05_11_krolikowski_testimony.pdf�

2005, pp. 21-23, at http://www.space.com/adastra/china_implications_0505.html; and Joan Johnson-Freese,
China’s Space Ambitions, IFRI Proliferation Paper, Summer 2007, at
www.ifri.org/downloads/China_Space Johnson_Freese.pdf.

194 For a primer, see Counterspace Operations, Air Force Doctrine Document 2-2.1, August 2, 2004, at
http://www.dtic.mil/doctrine/jel/service_pubs/afdd2_2_1.pdf.

195 For an excellent overview of the challenges in leveraging Chinese language materials and an historical account
of public references to China’s ASAT program, see Gregory Kulacki, “Anti-Satellite (ASAT) Technology in Chinese
Open-Source Publications,” Global Security Program, Union of Concerned Scientists, July 1, 2009, at
http://www.ucsusa.org/assets/documents/nwgs/Kulacki-Chinese-ASAT-Literature-6-10-09.pdf.

196 “Annual Threat Assessment of the Intelligence Community for the Senate Select Committee on Intelligence,” 12
February 2009, p. 23.

197 For an early assessment of overall requirements of air and space defense, see Yin Xingliang, Future Air and
Space Defense Missile System Architecture and Technology” [F:kpizspi & S stk #2454 54 A], China Aerospace,
January 2001, at http://www.space.cetin.net.cn/docs/ht0101/ht010114.htm. Born in 1953, Yin Xingliang passed
away in December 2010.

198 For reference to the action plan and space-based surveillance system, see “China Decides upon Three Major
Engineering Programs for 2006-2020 Space Debris Action Plan™ [+ 22006 %5 20204F 2 (8] 4 17 5 H il =K TA2],
December 25, 2003, at http://www.cnsa.gov.cn/n615708/n676979/n676983/n886611/66292.html.

199 Chen Weixia, “Our Nation’s First Successful Satellite Avoidance of Space Debris,” China Aerospace Paper
(October 30, 2009) http://www.9ifly.cn/sub/viewthread.php?tid=2090.

200 See, for example, [#rEHR - Ea R caRMZEREER - Hrtirz], CAS website, September 2008, at
http://www.cas.cn/jzd/jtjzt/jsqzt/200809/t20080926_1728217.shtml. For reference to the action plan and
space-based surveillance system, see “China Decides upon Three Major Engineering Programs for 2006-2020
Space Debris Action Plan” [ # #2006 % 20204 25 [@1#% 47 3h %1 = K T.#], December 25, 2003, at
http://www.cnsa.gov.cn/n615708/n676979/n676983/n886611/66292.html. Also see
http://www.pmo.ac.cn/jgsz/gctz/yagcz/.

201 See Zhang Guangyi et. al., Space Surveillance Phased Array Radar [z [a#il##6 %], (Beijing: Science Press,
2001), pp. 1-14 For reference to GSD laser ranging, see “China’s First Successful Laser Ranging Telescope
Installed” [ E® GioemE R iz 23 M o], China Instrument Association website, March 11, 2009, at
http://info.edu.hc360.com/2009/03/110841170180.shtml. For an overview of satellite range finding, see Yousaf
Butt, “Effects of Chinese Laser Ranging on Imaging Satellites,” Science and Global Security (17), pp. 20—35, 2009,
at http://www.princeton.edu/sgs/publications/sgs/archive/17-1-Butt-Effects-of-Chinese.pdf.

202“Establishing a National Aerospace Security System” [ 37 3 [ [ 45 K 2444 2], Science News [£}2£0745],
February 24, 2002, at http://www.cas.cn/xw/zjsd/200202/t20020224_1683499.shtml

203 See, for example, “Present and Future of Foreign Air and Space Defense Equipment”, [ 41723 57 % 56 95 f BR B 34,
Aerospace Electronic Warfare, at http://d.wanfangdata.com.cn/periodical _htdzdk201003002.aspx. Also see “PLA Air
Defense Unit Has Anti-Missile Capabilities, Changing Air Defense” [fig it b % A 2 & 2 S 8 71, #4 rpi Ki625], SEHE B,
June 8, 2011, at http://www.1n0.net/Article/zhjs/114708.html.

China’s Evolving Space Capabilities | 77



http://www.space.com/adastra/china_implications_0505.html�
http://www.ifri.org/downloads/China_Space_Johnson_Freese.pdf�
http://www.dtic.mil/doctrine/jel/service_pubs/afdd2_2_1.pdf�
http://www.ucsusa.org/assets/documents/nwgs/Kulacki-Chinese-ASAT-Literature-6-10-09.pdf�
http://www.space.cetin.net.cn/docs/ht0101/ht010114.htm�
http://www.cnsa.gov.cn/n615708/n676979/n676983/n886611/66292.html�
http://www.cas.cn/jzd/jtjzt/jsqzt/200809/t20080926_1728217.shtml�
http://www.cnsa.gov.cn/n615708/n676979/n676983/n886611/66292.html�
http://www.pmo.ac.cn/jgsz/gctz/yagcz/�
http://info.edu.hc360.com/2009/03/110841170180.shtml�
http://www.princeton.edu/sgs/publications/sgs/archive/17-1-Butt-Effects-of-Chinese.pdf�
http://www.cas.cn/xw/zjsd/200202/t20020224_1683499.shtml�
http://d.wanfangdata.com.cn/periodical_htdzdk201003002.aspx�
http://www.1n0.net/Article/zhjs/114708.html�

204 For a detailed assessment of U.S. programs, see Xie Wu, “Four Major Challenges Facing An Accelerated US
‘Prompt Global Strike" Program’,” [t “ g4 skiT:” HEgkitis L@ milkpi k], China Daily, June 11, 2010, at
http://www.chinadaily.com.cn/hqgjs/jsyw/2010-06-11/content 446614 _2.html.

205 The solid-fueled launch vehicle boosts an unmanned, maneuverable, hypersonic flight vehicle into near space,
which glides back through the atmosphere at speeds exceeding Mach 20. The launch vehicle also could be capable
of launching microsatellites into space on short notice. See Xin Dingding, “US Spacecraft Sparks Arms Race
Concerns,” China Daily, April 24, 2010, at http://www?2.chinadaily.com.cn/world/2010-
04/24/content_9770149.htm.

206 Taiwan’s first generation remote sensing satellite, the Formosat-2, was launched from Vandenberg AFB in
2004 and was to complete its intended service life in 2009. Proposed programs under debate within the
Legislative Yuan included a Formosat-2 follow-on and a broadband communications satellite. Regardless of PLA
intent, the ASAT test appeared to be one factor in a legislative freeze on Taiwan satellite programs. Indications
exist that Taiwan’s remote sensing satellite acquisition may be proceeding after an extended delay. For an
overviews of China’s ASAT program and test, see lan Easton, “The Great Game in Space: China’s Evolving ASAT
Weapons Programs and Their Implications for Future U.S. Strategy,” Project 2049 Occasional Paper, June 24,
2009; Kevin Pollpeter, Motives and Implications Behind China’s ASAT Test, Jamestown China Brief, Volume: 7
Issue: 2, May 9, 2007, at http://www.jamestown.org/single/?no_ cache=1&tx_ ttnews%5Btt_news%5D=4022;
Richard Fisher, Jr, “China’s Direct Ascent ASAT,” International Assessment and Strategy Center, January 20,
2007, at http://www.strategycenter.net/research/publD.142/pub_detail.asp; Jeffrey Lewis, Gregory Kulacki, and
Theresa Hitchens, “A Different View of China's ASAT Test,” Carnegie Endowment for International Peace,
November 13, 2007, at http://www.carnegieendowment.org/2007/11/13/different-view-of-china-s-asat-test/I9n;
and Eric Hagt, “China’s ASAT Test: Strategic Response,” China Security, Winter 2007, pp. 31- 51, at
http://www.wsichina.org/cs5_3.pdf.

207 For an excellent and reasonable analysis of the January 2010 missile defense interceptor test by a well regarded
independent Chinese military-technical analyst, see KKTT, “A Preliminary Analysis of China’s Ground-Based Mid-
Course Missile Defense Interceptor Technology Test” [#kE «pfi B R S A RS 15 04], KKTT blog, January
12, 2010, at http://liugiankktt.blog.163.com/blog/static/12126421120100129195498/. Also see Mark A. Stokes,
China’s Strategic Modernization: Implications for U.S. National Security (Carlisle, PA: Army War College, 1999),
p. 115; and lan Easton, The Great Game in Space: China's Evolving ASAT Weapons Programs and Their
Implications for Future U.S. Strategy, The Project 2049 Institute Occasional Paper, June 24, 2009.

208 Chinese engineers familiar with the space program speculated on a technical bulletin board site that the KKV
“space interceptor” may have been a 25-35 kg microsatellite equipped with experimental imaging infrared and
millimeter wave terminal homing package. Key 863-409 group members include Chen Dingchang (%5 £), Huang
Chunping (3%%:) from Harbin Institute of Technology, Yang Guoguang (#[#>t) from Zhejiang University, and
Xiao Wen (4 ) from the CASC First Academy, who served as deputy designer of the 409 KKV. Xiao Wen
specializes in fiber optic gyroscope and other optoelectronic technologies. Chen Dingchang is said to have served
as the chief designer of the ASAT/missile defense interceptor KKV, with Zhang Yiqun [3kzz#] as the deputy chief
designer for the KKV sub-system. Zhang is from the Second Academy’s Second Design Department. A senior
designer from the CASIC Fourth Academy’s Fourth Design Department, Zheng Chenghuo [#:5 k], is said to be
leading the development of the solid launch vehicle sub-system. CASC’s Huang Chunping [##-] played a role in
the early phases of the program, and became involved in the manned space program. Shi Xiaoping (%#/\F) from
Harbin Institute of Technology conducted a series of modeling studies. More players included Lin Xiangdi (#t#£4#)
from the Southwest University of Science and Technology, Wan Ziming (75 &%) from the Second Academy Second
Design Department, and Zhou Jun (%) from Northwest Polytechnical University, who played a leading role in
establishing his university’s Opto-Electronic and Imaging Precision Guidance Lab [t /1B & il 5525 =]. See

China’s Evolving Space Capabilities | 78



http://www.chinadaily.com.cn/hqjs/jsyw/2010-06-11/content_446614_2.html�
http://www2.chinadaily.com.cn/world/2010-04/24/content_9770149.htm�
http://www2.chinadaily.com.cn/world/2010-04/24/content_9770149.htm�
http://www.jamestown.org/single/?no_cache=1&tx_ttnews%5Btt_news%5D=4022�
http://www.strategycenter.net/research/pubID.142/pub_detail.asp�
http://www.carnegieendowment.org/2007/11/13/different-view-of-china-s-asat-test/l9n�
http://www.wsichina.org/cs5_3.pdf�
http://liuqiankktt.blog.163.com/blog/static/12126421120100129195498/�

“Report on Recent Research Advances in Micro-Optics” ['#ot 1M i &t st A4 4%], Announcement,
China Jiliang University, College of Information Engineering, September 11, 2006, at
http://xxgcxy.cjlu.edu.cn/ReadNews.asp?NewsID=609.

209 For a comprehensive discussion of PLA operational space theory, see Larry Wortzel, “The Chinese People's
Liberation Army and Space Warfare: Emerging United States-China Military Competition,” AEI Online, October
17, 2007, at http://www.aei.org/papers/foreign-and-defense-policy/regional/asia/the-chinese-peoples-
liberation-army-and-space-warfare/.

210 “Establishing a New Concept for Air Defense Operations Under Informationization Conditions”
[ A5 SRS R B = iRE 4], PLA Daily, June 21, 2005, at http://www.china.com.cn/military/txt/2005-
06/21/content 5894857.htm.

211 “Establishing a National Aerospace Security System” [ 373 [E ) 25 K % 44k 2], Science News [#}2£m#],
February 24, 2002, at http://www.cas.cn/xw/zjsd/200202/t20020224_1683499.shtml; “Xu Qiliang: The
Chinese Air Force Must Have an Aerospace Security Perspective” [E = : th[EZe 7 I 1728 K222 W],
Xinhua, November 1, 2009, at http://mil.news.sina.com.cn/2009-11-01/1424572155.html; Zhu Hui [5&FE],
“China’s Aerospace Security Facing Threat of Full Range of Stealthy Unmanned Vehicles and Other Weapon
Systems” [ %5 K 22 4wl s e AL 4 kb ], PLA Daily, December 3, 2009, at
http://mil.eastday.com/m/20091203/ula4853820.html; and “PLAAF Deputy Commander Chen Xiaogong Calls
for Attention to Aerospace Security” [ a5 72 8l 74 RFR/N TR 552 K % 4], China News Service, March 9, 2010,
at http://military.people.com.cn/GB/1076/52984/11107476.html; and Zhong Shan, “Discussion of Information
Age of the Aerospace Century” [i¢{5 ERf{RATZE K t47], China Space News, February 4, 2010, at
http://www.china-spacenews.com/n435777/n435778/n674308/65983.html.

212 *General Xu Qiliang: The PLA Air Force Will Develop an Integrated Air and Space Operational Capability”
(VP B PESZER & B2 K—AfE8kA% /1], Xinhua, November 11, 2009, at http://mil.news.sina.com.cn/2009-11-
05/1743572706.html.

213 See Shan Xu, “The Chinese Air Force’s “Path of Leapfrogging” [ % % it “#s#i > #%”], Oriental Outlook
[z 407 ], August 5, 2010, at http://www.lwdf.cn/oriental/cover_story/20100805141022999.htm.

214 http://news.ifeng.com/mainland/detail 2010 09/14/2512164 0.shtml.

215 See Liu Yazhou Wenzhai at http://wenku.baidu.com/view/ce7fa62458fb770bf78a5534.html, p. 8.

216 Yu Jixun (ed.), Second Artillery Campaign Science [dierpaobing zhanyixue] (Beijing: National Defense
University Press, 2004), pp. 70, 75, and 142.

217 For one discussion of use of ballistic missiles, see Paul B. Stares, Space and national security (Wash DC:
Brookings Institution, 1987), pp. 97-99.

218 |j Guogiang [# 5], “New Strategy of the PLA Air Force” [ [H 7% % #i4m%], Wenhuipo, (Hong Kong), November
26, 2009, at http://paper.wenweipo.com/2009/11/26/P1L.0911260003.htm, accessed on May 3, 2010.

219 Zhang Wei, “Discussion of Accelerating Air and Space Integration Equipment Development”

[t s R —ki3E 4 % 8], Ground Based Air Defense Weapon Systems [k B it#¢], January 2003, pp. 2-6.
Zhang Wei [5k{F] served as Director, PLAAF Equipment Department R&D Department. The Academy’s Director
is Lu Gang [=NI]; its Senior Engineer is Gan Xiaohua [HE%{E], an engine R&D specialist. Zhang Wei now serves
as Deputy Director, PLAAF Equipment Department.

China’s Evolving Space Capabilities | 79



http://xxgcxy.cjlu.edu.cn/ReadNews.asp?NewsID=609�
http://www.aei.org/papers/foreign-and-defense-policy/regional/asia/the-chinese-peoples-liberation-army-and-space-warfare/�
http://www.aei.org/papers/foreign-and-defense-policy/regional/asia/the-chinese-peoples-liberation-army-and-space-warfare/�
http://www.china.com.cn/military/txt/2005-06/21/content_5894857.htm�
http://www.china.com.cn/military/txt/2005-06/21/content_5894857.htm�
http://www.cas.cn/xw/zjsd/200202/t20020224_1683499.shtml�
http://mil.news.sina.com.cn/2009-11-01/1424572155.html�
http://mil.eastday.com/m/20091203/u1a4853820.html�
http://military.people.com.cn/GB/1076/52984/11107476.html�
http://www.china-spacenews.com/n435777/n435778/n674308/65983.html�
http://mil.news.sina.com.cn/2009-11-05/1743572706.html�
http://mil.news.sina.com.cn/2009-11-05/1743572706.html�
http://www.lwdf.cn/oriental/cover_story/20100805141022999.htm�
http://news.ifeng.com/mainland/detail_2010_09/14/2512164_0.shtml�
http://wenku.baidu.com/view/ce7fa62458fb770bf78a5534.html�
http://paper.wenweipo.com/2009/11/26/PL0911260003.htm�

220 Among U.S. sources, see Roger Cliff, “The Development of China’s Air Force Capabilities,” Testimony
presented before the U.S.-China Economic and Security Review, Commission, May 20, 2010; and Wayne A.
Ulman, “China’s Emergent Military Aerospace and Commercial Aviation Capabilities,” Testimony before the U.S.
— China Economic and Security Review Commission, 20 May 2010,
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_ wrt/10_05_20_ ulman_statement

.php.

221 Chen Hongbo and Yang Di, “Reentry Maneuver Control Strategy Study of Common Aero Vehicle,” Systems and
Control in Aerospace and Astronautics, (Shenzhen ISSCAA 2006), 19-21 Jan. 2006, page(s): 638-642. The
authors are from the Harbin Institute of Technology. Also see Zhai Hua and Zhou Bozhao, “Adjustable Range
Trajectory Design with Multiple Constraints for Precision Guided Vehicles,” Systems and Control in Aerospace
and Astronautics, (ISSCAA 2006), 19-21 Jan. 2006, page(s): 1-4. The authors are from the National University of
Defense Technology; and Zhou Wenya, Chen Hongbo, and Yang Di, “Entry Guidance for Common Aero Vehicle,”
Systems and Control in Aerospace and Astronautics, 2nd International Symposium on Systems and Control in
Aerospace and Astronautics (ISSCAA), Shenzhen, China, 19-21 Jan. 2006, page(s): 4-6. Chen Hongbo is from
CASC First Academy. Others are from the Harbin Institute of Technology. Another is Wang Yunliang, Tang Wei,
Zhang Yong, and Li Weiji, “Aerodynamic Configuration Optimization of a Common Aero Vehicle,” Journal of
Astronautics, July 2006, funded by a Chinese Natural Sciences grant. Also see Zhao Ruian, “Concept of Orbital
Ballistic Missiles,” Aerospace China, Issue 1, 2004.

222 “Background Information on Qirun Dong, Zhu Xuejun, Fan Shiwei”

[Grimss. Bz, s EsA & 2 ],China Society of Astronautics, September 16, 2010 at
http://www.csaspace.org.cn/CMS/xhdt/ArticleShow.asp?ArticlelID=877. Born in Shenyang in December 1962,
Zhu Xuejun graduated from NUDT’s Automated Control Department in 1984 [pifi k2B shizhl £]. In 1997, she led
a conceptual [itiir] design study on a system. From the First Academy’s design department, Zhu was assigned as
the chief designer of a missile system in 1999, most likely the DF-15A.

223 For further background, see Mark Stokes, China’s Evolving Conventional Strategic Strike Capability: The Anti-
Ship Ballistic Missile Challenge to U.S. Maritime Operations in the Western Pacific and Beyond, Project 2049
Institute Occasional Paper, September 2009.

224 For general discussions on terminal guidance systems, see Zhang Yiguang and Zhou Chengping, “Technological
Trends Associated with Surface-to-Surface Ballistic Missile Precision Guidance” (didi dandao daodan sixian
yuancheng gingque daji de jishu qujing), Tactical Missile Control Technology (Zhanshu daodan kongzhi jishu),
2004(4), pp. 58-60. The authors are from from the 066 Base’s design department and Huazhong University.

225 This observation is credited to Richard P. Hallion, “The X-Vehicles: Advancing the Limits of Technology,”
presentation to the Joint NASA-USAF-AIAA X-Vehicle Symposium, 21 May 2002, at
http://www.aiaa.org/documents/conferences/Presentations/Hallion.pdf. For a discussion on possible designs,
see Richard Fisher, Jr, “China’s Space Plane Program,” International Assessment and Strategy Center, July 27,
2011, at http://www.strategycenter.net/research/publD.253/pub_detail.asp.

226 226 For a good overview of the Prompt Global Strike program and more specifically the deployment of
conventional ballistic missiles, see Bruce M. Sugden. "Speed Kills: Analyzing the Deployment of Conventional
Ballistic Missiles," International Security Volume 34, Issue 1 (2009), pp. 113-146.

227 Key players involved in technology policy oversight include Cui Erjie [#/:#] from the 701st Research Institute,
Zhang Litong [3K37.]7], a senior composite materials expert with NUAA, Wu Hongxin [22#] from the CASC Fifth
Academy’s 502nd Research Institute, Nie Haitao [$##] from AVIC’s 611 Research Institute, re-entry vehicle
specialist An Fuxing [% & »£] from the CASC First Academy’s 14th Research Institute, scramjet engine specialist

China’s Evolving Space Capabilities | 80



http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_ulman_statement.php�
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_ulman_statement.php�
http://www.csaspace.org.cn/CMS/xhdt/ArticleShow.asp?ArticleID=877�
http://www.aiaa.org/documents/conferences/Presentations/Hallion.pdf�
http://www.strategycenter.net/research/pubID.253/pub_detail.asp�

Wang Zhenguo [T#E] from the PLA National University of Defense Technology, and senior force development
planner Zhu Rongchang [ £] associated with the PLAAF Headquarters Department Military Theory
Department [%= #8544 EHE 7], See “Conference Opens on Near Space Flight Vehicle Development Trends
and Issues in Major Basic Technology Program” [z 4= il W4T 2% 4 Jta 350 2 K FERiRL 19 SR 2 76 50 4 7F], National
Natural Science Foundation, May 12, 2006, at http://www.nsfc.gov.cn/Portal0/InfoModule_375/1111.htm.

228 |.S. media reported the ASBM as having characteristics of a cruise missile. See Christopher P. Cavas,

“Missile Threat Helped Drive DDG Cut,” Defense News, August 4, 2008. For references to the Qian Xuesen
trajectory, see Gu Wenjin, Yu Jinyong, and Zhao Hongchao, “New Concept of M-Type Missile Trajectory,” Journal
of Naval Aviation Academy, 2004, Vol. 19, No. 2. Also see Hu Zhengdong et.al, “Trajectory Performance Analysis
and Optimization Design for Hypersonic Skip Vehicle,” Journal of Astronautics, 2008 (1), pp. 66-71. Also see Xu
Wei, Shen Pizhong, and Xia Zhixun, “Integrated Design and Optimization for Boost-Glide Missiles,” Journal of
Solid Rocket Technology, Vol. 31 No. 4, pp. 317-320; Yang En'mi, Tang Guojin, and Chen Lei, “Schematic Study
for Mid-Course Trajectories for Boost-Glide Missiles,” Journal of National University of Defense Technology, Vol
28, Issue 6, 2006; and Li Yu, Cui Naigang, Guo Jifeng, “Development and Key Technology Analysis of Boost-Glide
Missile,” Tactical Missile Technology, 2008 (5); and Guo Xingling and Zhang Heng, “An Analysis of the
Maximum Time Rates of Heat of Long-Range Boost Glide Flight,” Journal of Astronautics, 2008,29(3), pp. 783-
788. Also see Li Yu, Yang Zhihong, and Cui Naigang, “Study on Optimal Trajectory for Boost-Glide Ballistic
Missiles,” Journal of Astronautics, January 2008, Vol 29, No.1, pp. 66-71. Li Yu, Cui Naigang, and Guo Jifeng,
“Development and Key Technology Analysis of Boost-Glide Missile,” Tactical Missile Technology, May 2008.

229 The boost-glide concept was first developed by Eugene Sanger and other German aerospace engineers in the
1930s and refined by Dr. Qian Xuesen, the father of China’s space and missile program, while at the U.S. Jet
Propulsion Laboratory (JPL) in 1951. In Sanger’s concept, a launch vehicle would propel itself to the upper
atmosphere then glide with no power until it hit denser air. It then would use kinetic energy to skip off the
atmosphere back up to higher altitudes, similar to a stone skipping along water. Each skip reduces the available
energy until it glides toward its target. Sanger calculated that a missile launched from Nazi Germany would
require three skips to strike a target in the eastern United States. The Russians reportedly flight tested a similar
boost-glide vehicle in 2005. The “skipping” also could involve energy management or “phugoid” porpoise-like
measures in which the missile pitches up and climbs then pitches down and descends.

230 Guan Shiyi, “Regarding Qian Xuesen’s New Concept for Ballistic Trajectory,” Winged Missiles Journal
(feihang daodan), 2003, Issue 1, pp. 1-4. For an alternative concept, see Gu Liangxian, Gong Chunlin, and Wu
Wuhua, “Design and Optimization of Wavy Trajectory for Ballistic Missiles,” Acta Armamentarii, Vol. 26, No. 3.
May 2005, pp. 353-355.

231 Zhan Hao, Sun Dechuan, and Xia Lu, “Preliminary Design for Soaring Hypersonic Cruise Vehicle,” Journal of
Solid Rocket Technology, Vol. 30, No. 1, 2007. The authors are also from the Northwest Polytechnical
University’s College of Astronautics.

232 Xu Wei, Sun Pizhong, and Xia Zhixun, “Integration Design and Optimization for Boost Glide Missile” (#)-
T TR A — eIk %31), Journal of Solid Rocket Technology, Vol 31, No. 4, 2008, p. 319.

233 For one of the best overviews, see Gao Feng, “The Application of Radar Homing Technology in Long-range
Precision Guided Missiles” (& i F A/ ZFREHIH S S 310 H) Aerospace Shanghai (Shanghai hangtian), 2004
(5), pp. 25-29. Gao is from the Shanghai Academy of Space Technology (CASC Eighth Academy) 802nd Research
Institute. This organization specializes in missile guidance systems. Among other various sources, see Zou
Weibao, Ren Sicong, and Li Zhilin, “Application of SAR in Combined Navigation System for Vehicle,” Aerospace
Control, Issue 1, 2002; Jiang Jinlong, Mu Rongjun, Cui Naigang, “Application of SAR in Terminal Guidance of
Ballistic Missile,” Journal of Ballistics, Issue 2, 2008; and Zhang Junchang, Hou Yibin, Zou Weibao, and Gao

China’s Evolving Space Capabilities | 81



http://www.nsfc.gov.cn/Portal0/InfoModule_375/1111.htm�

Shesheng, “Study of Tactical Ballistic Missile with Integrated Guidance System SINS/GNSS/SAR,” Journal of
Projectiles, Rockets, Missiles and Guidance, No. 4, 2000. For a design study associated with a DSP for SAR signal
processing (TS203), see He Zhiming, Zhu Jiang, and Zhou Bo, “Research on Real Time Signal Processing of
Missile-Borne SAR System,” Journal of Electronics and Information Technology, April 2008, Vol. 30, Issue 4.
The authors are from UESTC. CASIC’s Third Academy 35th Research Institute also is said to be involved in
missile-borne (3#%%) SAR guidance R&D, as are engineers from the PLA Navy and PLA Air Force. For the aviation
community, the Leihua Electronic Technology Research Institute in Wuxi appears to be doing work in use of SAR
for air-to-air missiles.

234 For general overviews, see Wang Qiang, Huang Jianchong, and Jiang Qiuxi, “The Chief Development Trends of
Synthetic Aperture Radar” (& 1+ Lz & ik F 2K R 1H),Modern Defense Technology, April 2007, pp. 81-88. The
authors are from the PLA's Institute of Electronic Engineering in Hefei, Anhui province. Also see Qin Yuliang,
Wang Jiantao, Wang Honggiang, and Li Xiang, “Overview of Missile-Borne Synthetic Aperture Radar”

(g A mALE T B A R L8), Signal Processing (xinhao chuli), April 2009, pp. 630-635. The authors are from the
National University of Defense Technology (NUDT), which hosts a National Laboratory for Precision Guidance
and Automated Target Recognition (ki S [ 3h B Ax 5 E 5 & 5 50 =),

235 See for example Chen Haidong and Yu Menglun, “Concept for Maneuvering Re-Entry Vehicle Integrated
Guidance” (HLahfA WITa R 45157 £07T), Journal of Astronautics (Yuhang xuebao), Vol. 22, No. 5 (Sep 01), pp.
72.76.

236 7Zhang Hongrong, Tang Yuesheng, Wu Guan, and Long Sun, “SAR Deceptive Jamming Signal Simulation,”
conference paper presented at the 1st Asian and Pacific Conference on Synthetic Aperture Radar, 2007. APSAR
2007. Volume , Issue , 5-9 Nov. 2007, pp. 61-64. The authors are from the East China Research Institute of
Electronic Engineering in Hefei.

237 In one Chinese analysis, the ASBM radar is viewed as sophisticated and costly as the AN/APG-77 active
electronically scanned array (AESA) radar. With the radar accounting for about half, the authors estimate that the
unit cost of an ASBM including the launcher would U.S. $5-10.5 million. See Qiu and Long, “A Discussion of
China’s Development of an Anti-Ship Ballistic Missile,” Modern Ships (Xiandai jianchuan), 2006 Issue 12(B); and
Qiu and Long, “930 Seconds — A Discussion on China’s Development of an Anti-Ship Ballistic Missile
(Operational Scenario),” Modern Ships, 2007 Issue 01(B).

238 \While unclear at the present time, it appears that R&D on ground and air-launched variants of the DH-10 were
conducted in parallel. Both variants appear to have been tested in Summer and Fall 2003. The CASIC Third
Academy design team appears to have included Liu Yongcai [k ] as chief designer, Zheng Riheng [} H 1E] as
engine sub-system designer; Feng Dawei [/Z A ] as control sub-system designer; and Zou Zhigin [4}5#)] as INS
sub-system designer.

239 “Yang Baokui: Leapfrogging of China’s Precision Weapons R&D” [#%% : EK ik G R ETH eIl AEi#], China
Academy of Sciences website, April 19, 2004, in http://www.cas.cn/xw/zjsd/200906/t20090608_644604.shtml.

240 \Wayne A. Ulman, “China’s Emergent Military Aerospace and Commercial Aviation Capabilities,” Testimony
before the U.S. — China Economic and Security Review Commission, 20 May 2010,
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_ wrt/10_05_20 ulman_statement

.php.

241 Marcia S. Smith, “Space Launch Vehicles: Government Activities, Commercial Competition, and Satellite
Exports,” Issue Brief for Congress, 3 Feb 2003, 6 July 2011,
<http://fpc.state.gov/documents/organization/17353.pdf>.

China’s Evolving Space Capabilities | 82



http://www.cas.cn/xw/zjsd/200906/t20090608_644604.shtml�
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_ulman_statement.php�
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_ulman_statement.php�

242 See “2006 China’s Aerospace White Paper” [20064 # E fifiik (1% 14:3¢], China National Space Administration
[ExfixR], October 12, 2006, at http://www.cnsa.gov.cn/n615708/n620168/n750545/79483.html.

243 See “S.S. Razov, Special Envoy from Russia to China, Speaks at a Meet-and-Greet with Students from
International Economic and Trade [#% # i E 45y B ES S ke RAE 53 4MA 57 51 5 K R S i & ], The
Embassy of the Russian Federation in the People's Republic of China, March 24, 2011, at
http://www.russia.org.cn/chn/2735/31293295.print, accessed on June 26, 2011.

244 Antoly Zek, “Cooperation with China,” 13 June 2011, 24 June 2011
<http://www.russianspaceweb.com/luna_glob.html>.

245 See “Ma Xing-rui Meets with Perminov, Chief of Russian Space Agency [ 5 »¢5i4: WARE Hii K& R AR Kk K],
CASC official website, July 6, 2009, at http://www.spacechina.com/gjjlyhz_zyhd_Details.shtml?recno=60931.

246 See “China National Space Administration Delegation to Russian Space Agency”

[ B E xR R R AR P i< B], China Great Wall Industry Cooperation official website, December 3, 2010, at
http://cn.cgwic.com/news/2010/1203_Delegation_China_National_Space_Administration_Visited Russian_F
ederal_Space_Agency.html, accessed on June 26, 2011.

247 The specific entity is the 7801 Research Institute. See “China and Russia Sign Business Agreement for
Technological Cooperation Program” [h i R 4185 B AEK 21T 7 45-41], CASIC Website, January 5, 2011, at
http://www.casic.com.cn/web82/subject/n1/n82/n107/n163/c238011/content.html.

248 See Vladimir Isachenkov, “Russian Space Exec Convicted for Aiding China,” Associated Press, December 3,
2007, at http://www.msnbc.msn.com/id/22082431/ns/technology and_science-space/t/russian-space-exec-
convicted-aiding-china/.

249 See, for example, “Ukraine and China Sign Space Cooperation Program until 2015,” Interfax Ukraine,
September 3, 2010, at http://www.kyivpost.com/news/business/bus_general/detail/81018/.

250 See “China and Ukraine to Establish Strategic Partnership Relations” [ [E 25 >4 sz kg ik % £], Oriental
Morning Post [% 5 54&], June 20, 2011, at http://epaper.dfdaily.com/dfzb/html/2011-
06/20/content_495206.htm, accessed on June 27, 2011.

21 «Sino-Kazakh relations”, [ i4%: %], China Ministry of Foreign Affairs Website [4+z#3], February 28, 2008, at
http://politics.people.com.cn/GB/8198/136846/136848/8218969.html.

252 See “Ma Xingrui Meets Chief of Kazakh Space Agency” [ 43434 s fii &R /A K], China Space News [H i K],
May 6, 2011, at http://www.spacechina.com/gjjlyhz_zyhd_ Details.shtml?recno=75667; and “Kazakh Guests Visit
China Aerospace Science and Technology Corporation (CASC), [m#% 5t i & A ki KB4 H], China Space News
[ E fii K 4R], March 19, 2010, article posted at

http://www.spacechina.com/gjjlyhz_zyhd_ Details.shtml?recno=66179.

253 Among various sources, see “China and France Discuss Space Cooperation” [#i:fi K4k 41E], China Space
News, April 8, 2011.

254 |ju Jiyuan, “Strengthening Space Cooperation, Looking Forward to the 21st Century,” Zhongguo Hangtian,
June 1996, at http://www.space.cetin.net.cn/docs/HTM-E/002.HTM; and “China Developing Space Solar
Telescope” [ [® E#H#|=: 0 kS ], Nanjing Daily, March 11, 2009, at http://njrb.njnews.cn/html/2009-
03/11/content_213032.htm.

China’s Evolving Space Capabilities | 83



http://www.cnsa.gov.cn/n615708/n620168/n750545/79483.html�
http://www.russia.org.cn/chn/2735/31293295.print�
http://www.spacechina.com/gjjlyhz_zyhd_Details.shtml?recno=60931�
http://cn.cgwic.com/news/2010/1203_Delegation_China_National_Space_Administration_Visited_Russian_Federal_Space_Agency.html�
http://cn.cgwic.com/news/2010/1203_Delegation_China_National_Space_Administration_Visited_Russian_Federal_Space_Agency.html�
http://www.casic.com.cn/web82/subject/n1/n82/n107/n163/c238011/content.html�
http://www.msnbc.msn.com/id/22082431/ns/technology_and_science-space/t/russian-space-exec-convicted-aiding-china/�
http://www.msnbc.msn.com/id/22082431/ns/technology_and_science-space/t/russian-space-exec-convicted-aiding-china/�
http://www.kyivpost.com/news/business/bus_general/detail/81018/�
http://epaper.dfdaily.com/dfzb/html/2011-06/20/content_495206.htm�
http://epaper.dfdaily.com/dfzb/html/2011-06/20/content_495206.htm�
http://politics.people.com.cn/GB/8198/136846/136848/8218969.html�
http://www.spacechina.com/gjjlyhz_zyhd_Details.shtml?recno=75667�
http://www.spacechina.com/gjjlyhz_zyhd_Details.shtml?recno=66179�
http://www.space.cetin.net.cn/docs/HTM-E/002.HTM�
http://njrb.njnews.cn/html/2009-03/11/content_213032.htm�
http://njrb.njnews.cn/html/2009-03/11/content_213032.htm�

255 See “Double Star Overview,” European Space Agency website, April 13, 2007, at
http://www.esa.int/esaSC/120381_index_0_m.html.

256 [ 33 FI) 4 V30 A5 T2 M i B & 4830 H 1E 3045, China Space News, December 15, 2010; and See Evan Ellis,
“Advances in China — Latin America Space Cooperation,” Jamestown China Brief, Volume. 10, Issue. 14, July 9,
2010.

257 “China Successfully Launches NigComSat-1R for Nigeria,” CGWIC news release, December 20, 2011, at
http://www.cgwic.com/news/2011/1220_China_successfully_launches_NigComsSat-1R_for_Nigeria.html.

258 See “Vice-Chairman Zhang Xiaodong Attends China-Indonesia Business Forum” [5k g 7% &l i & i s b [{—
EpJE R P 4w 3z], China Great Wall Industry Corporation, November 12, 2010, at
http://cn.cgwic.com/news/2010/1112_Indonesia-China_Business_Forum.html.

259 “CGWIC Signs LaoSat-1 Communications Satellite Contract,” CGWIC website, February 25, 2010, at
http://www.cgwic.com/news/2010/0225 LaoSat-1.html.

260 See “Environmental Monitoring Satellite A Receiving Station for Thailand: A “Zero Breakthrough” for Export of
Remote Sensing Ground Station System™ [F57 § LA 2= EHH:U0E 58 4 3 Se o TS b i e i 4 25 R G0 Hh D B (1 5]
CASC website [ s i R#I £ AR], April 8, 2011, at
http://www.spacechina.com/gjjlyhz_zyhd_Details.shtml?recno=74758.

261 Doug Messier, “Chinese Space Leader Calls for Cooperation as Congress Says No,” Parabolic Arc, 15 April 2011,
at http://www.parabolicarc.com/2011/04/15/chinese-space-leader-calls-cooperation-congress .

262 Jeffrey Logan, “China’s Space Program: Options for U.S.-China Cooperation,” CRS Report for Congress, 29
Sept 2009, 6 July 2011, <http://www.fas.org/sgp/crs/row/RS22777.pdf>.

263 "Administrator Griffin Visits China," Transcript of NASA Press Conference in Beijing, NASA Office of Public
Affairs, September 25, 2006, at http://www.spaceref.com/news/viewsr.html?pid=22184.

264 Joan Johnson-Freese, “”US-China Space Cooperation: Congress’ Pointless Lockdown,” China-US Focus, 10
June 2011, at http://www.chinausfocus.com/peace-security/us-china-space-cooperation-congress%E2%80%99-
pointless-lockdown.

265 For an overview of the costs and benefits of U.S.-China space cooperation, see Jeffrey Logan, “China’s Space
Program: Options for U.S.-China Cooperation,” CRS Report for Congress, 29 Sept 2009, at
http://www.fas.org/sgp/crs/row/RS22777.pdf. Also see Jeffrey Logan, “China’s Space Program: Options for U.S.-
China Cooperation,” CRS Report for Congress, 29 Sept 2009, 6 July 2011,
<http://www.fas.org/sgp/crs/row/RS22777.pdf>. Also see “The Future of U.S.-China Space Cooperation,” NASA,
20 July 2006, at http://www.nasa.gov/offices/oce/appel/ask-academy/issues/ask-oce/AO_1-10_F_future.html.

China’s Evolving Space Capabilities | 84



http://www.esa.int/esaSC/120381_index_0_m.html�
http://www.cgwic.com/news/2011/1220_China_successfully_launches_NigComSat-1R_for_Nigeria.html�
http://cn.cgwic.com/news/2010/1112_Indonesia-China_Business_Forum.html�
http://www.cgwic.com/news/2010/0225_LaoSat-1.html�
http://www.spacechina.com/gjjlyhz_zyhd_Details.shtml?recno=74758�
http://www.parabolicarc.com/2011/04/15/chinese-space-leader-calls-cooperation-congress�
http://www.spaceref.com/news/viewsr.html?pid=22184�
http://www.chinausfocus.com/peace-security/us-china-space-cooperation-congress%E2%80%99-pointless-lockdown�
http://www.chinausfocus.com/peace-security/us-china-space-cooperation-congress%E2%80%99-pointless-lockdown�
http://www.fas.org/sgp/crs/row/RS22777.pdf�
http://www.nasa.gov/offices/oce/appel/ask-academy/issues/ask-oce/AO_1-10_F_future.html�

