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The Application of Reinforcement Learning for Interceptor Guidance

Daniel M. Porter

(ABSTRACT)

The progression of hypersonic vehicle research and development has presented a challenge

to modern missile defenses. These attack vehicles travel at speeds of Mach 5+, have low

trajectories that result in late radar detections, and can be highly maneuverable. To counter

this, new interceptors must be developed. This work explores using machine learning for the

guidance of these interceptors through applied steering commands, with the intent to improve

upon traditional guidance methods. Specifically, proximal policy optimization (PPO) was

selected as the reinforcement learning algorithm due to its advanced and efficient nature,

as well as its successful use in related work. A framework was developed and tuned for

the interceptor guidance problem, combining the PPO algorithm with a specialized reward

shaping method and tuned parameters for the engagements of interest. Low-fidelity vehicle

models were used to reduce training time and narrow the scope of work towards improving the

guidance algorithms. Models were trained and tested on several case studies to understand

the benefits and limitations of an intelligently guided interceptor. Performance comparisons

between the trained guidance models and traditional methods of guidance were made for

cases with supersonic, hypersonic, weaving, and dynamically evasive attack vehicles. The

models were able to perform well with initial conditions outside of their training sets, but

more significant differences in the engagements needed to be included in training. The

models were therefore found to be more rigid than desired, limiting their effectiveness in new

engagements. Compared to the traditional methods, the PPO-guided interceptor was able

to intercept the attacker faster in most cases, and had a smaller miss distance against several



evasive attackers. However, the PPO-guided interceptor had a lower percent kill against non-

maneuvering attackers, and typically required larger lateral acceleration commands than

traditional methods. This work acts as a strong foundation for using machine learning

for guiding missile interceptors, and presents both benefits and limitations of a current

implementation. Proposals for future efforts involve increasing the fidelity and complexity

of the vehicles, engagements, and guidance methods.



The Application of Reinforcement Learning for Interceptor Guidance

Daniel M. Porter

(GENERAL AUDIENCE ABSTRACT)

Hypersonic vehicles are advanced threats that are difficult to intercept due to their low tra-

jectories, maneuverability, and high speeds. Machine learning is used to have a model learn

to intelligently guide an interceptor against an attack vehicle, with the goal of protecting a

target. A framework is developed and tuned to address the specifics of this problem space,

using an existing advanced algorithm. Various case studies are explored, with both ma-

neuvering and non-maneuvering attackers. The non-maneuvering cases include supersonic,

constant velocity engagements with one or more targets as well as ones with hypersonic

attackers and an initially stationary interceptor. The evasive methods include preplanned

weaving maneuvers and dynamic evasion. The test results from these guidance models are

then compared to traditional methods of guidance. Although the performance varied by

case, the machine learning models were found to be fairly rigid and did not perform well

in engagements that significantly differed from what they were trained on. However, some

performance benefits were observed, and additional strategies may be required to increase

adaptability. This work provides a foundation for proposed future work, including improving

the fidelity of the models and the complexity of the engagements.
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Recent advances in the development of hypersonic vehicles have presented new threats to

current missile defenses. These hypersonic missiles travel at more than five times the speed

of sound and are highly maneuverable, making them difficult to intercept. They also have a

lower flight profile than ballistic missiles, which makes them difficult to detect and track as

shown in Fig. 1.1.

Figure 1.1: Detection of Ballistic Missiles vs Hypersonic Glide Vehicles [2].

Machine learning has recently been explored as a method to train a missile’s guidance algo-

rithm to respond to a rapidly changing dynamic environment. Examples of research in this

area will be covered in Section 1.2, along with gaps in the literature that provide further

research opportunities. The work in this thesis explores the potential benefits for machine

learning, specifically reinforcement learning, to be used for the guidance of missile intercep-

tors. The role of these interceptors is to protect a target against both non-maneuverable

1
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and maneuverable attack vehicles.

This section provides a brief background on the history and current state of domestic missile

interceptor capabilities. This overview also presents the opportunity for advanced guidance

algorithms to fill a capability gap against modern threats.

The first programs within the United States to address the missile interception problem was

Nike-Zeus in the 1950s, subsequently followed by Nike-X in the 1960s [3, 9]. These were

anti-ballistic missile (ABM) systems designed to intercept Soviet intercontinental ballistic

missile (ICBM) warheads. Nike-Zeus, using the Zeus B missile, was designed to intercept

in the upper atmosphere and experienced several successful tests against both warheads

and satellites [9]. Nike-X was the successor to Nike-Zeus and addressed a number of issues

that faced the prior program, including the rapid increase of the Soviet nuclear arsenal and

Zeus’ limited target-tracking capabilities. Nike-X changed to execute low-altitude intercepts

to allow for decoys to fall behind the re-entry vehicle due to atmospheric drag, as well as

for the vehicle to pass through nuclear blackout [9]. This occurs when a nuclear warhead

is exploded in the upper atmosphere and releases highly-energized particles, causing poor

radar tracking of the following vehicles [34]. The new short-range Sprint missile would be

used as the interceptor in this system, which was able to accelerate at 100 Gs and was armed

with a thermonuclear warhead [9, 11]. In addition to this new interceptor, new phased array

radars were developed to provide the capability for Nike-X to detect and track many targets.



3

However, Nike-X was ultimately terminated due to the cost of deployment and the concerns

of expanding the nuclear arms race [3, 9].

Sentinel, later renamed Safeguard, was announced in 1967 as the Nike-X successor and im-

plemented both the Sprint missile and a new longer range Spartan missile [3, 9, 11]. Sentinel

was designed to protect the majority of the United States, but was scaled down to defending

ICBM silos within the US. The Anti-Ballistic Missile Treaty between the United States and

the USSR allowed each country to only have two ABM systems with 100 interceptors each

[3, 16]. The U.S. deployed Safeguard briefly in North Dakota to protect ICBM launch sites,

and the USSR deployed its own ABM system around Moscow whose successor is still in

place [3, 16, 27]. The ABM Treaty was in effect until 2002 when the United States with-

drew, causing Russia to withdraw from the Strategic Arms Reduction Treaty ’START II’,

which banned multiple independently targetable re-entry vehicles (MIRVs) [3, 16]. This set

the stage for the U.S to proceed with the development of a missile defense system designed

to protect against a small number of ICBMs.

The current United States missile defense system is a layered network of sensors, interceptors,

and command and control. Ground, sea, and space sensors work together to detect, track,

and identify projectiles and their flight paths. Command and control is the connection

between the sensors and interceptors, and includes hardware, software, and communication

networks that allow rapid and informed decisions to be made in response to immediate

threats. Land and sea-based interceptors can then be launched as needed to protect against

an incoming strike.
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�B�M �6�B�;�X�k�X�R�X �A�7 ���M ���+�+�2�H�2�`���i�B�Q�M �+�Q�K�K���M�/ �B�b �T�`�Q�p�B�/�2�/ �i�Q �i�?�2 ���i�i���+�F�2�`�- �B�i �B�b ���H�b�Q ���T�T�H�B�2�/ �T�2�`�@

�T�2�M�/�B�+�m�H���` �i�Q �B�i�b �p�2�H�Q�+�B�i�v �p�2�+�i�Q�` �i�Q �K���B�M�i���B�M �� �+�Q�M�b�i���M�i �p�2�H�Q�+�B�i�v�X �h�?�2 �`�2�H���i�B�p�2 �b�2�T���`���i�B�Q�M

�#�2�i�r�2�2�M �i�?�2 ���i�i���+�F�2�` ���M�/ �B�M�i�2�`�+�2�T�i�Q�`Rai �B�b �/�2�7�B�M�2�/ ���b

Rai =
q

R2
ai x

+ R2
ai z

�U�k�X�R�y�V

�r�?�2�`�2

Rai x = xa � x i �U�k�X�R�R�V

Rai z = za � zi �U�k�X�R�k�V



�R�3 �+�Ñ�ž�ÿ���¶�� �l�Y �+�ñ�è�ÿ�����ž���Ô�ñ�é�ž�ã ���ÿ�ÿ���ñ�ž�«�Ñ

�a�B�K�B�H���`�H�v�- �i�?�2 �`�2�H���i�B�p�2 �p�2�H�Q�+�B�i�v �+�Q�K�T�Q�M�2�M�i�b ���`�2

Vai x = Vax � Vi x �U�k�X�R�j�V

Vai z = Vaz � Vi z �U�k�X�R�9�V

�h�?�2 �+�H�Q�b�B�M�; �p�2�H�Q�+�B�i�v �B�b �i�?�2 �M�2�;���i�B�p�2 �`���i�2 �Q�7 �+�?���M�;�2 �Q�7Rai �- ���M�/ �B�b �/�2�7�B�M�2�/ �B�M �w���`�+�?���M �U�k�y�R�k�V

�(�e�j�) ���b

Vc = � _Rai =
� (Rai x Vai x + Rai z Vai z )

Rai
�U�k�X�R�8�V

�h�?�2 �H�B�M�2�@�Q�7�@�b�B�;�?�i �U�G�P�a�V �B�b ���M �B�K���;�B�M���`�v �H�B�M�2 �/�`���r�M �#�2�i�r�2�2�M �i�?�2 �B�M�i�2�`�+�2�T�i�Q�` ���M�/ �i�?�2 ���i�i���+�F�2�`�-

���M�/ �i�?�2 �G�P�a ���M�;�H�2� �B�b �i�?�2 ���M�;�H�2 �i�?�B�b �H�B�M�2 �K���F�2�b �7�`�Q�K �i�?�2 �7�B�t�2�/ �B�M�2�`�i�B���H �t�@���t�B�b �(�e�j�)�X �l�b�B�M�;

�i�?�2 �`�2�H���i�B�p�2 �/�B�b�i���M�+�2Rai ���b �i�?�2 �?�v�T�Q�i�2�M�m�b�2�- �i�?�B�b ���M�;�H�2 �+���M �#�2 �+���H�+�m�H���i�2�/ �m�b�B�M�; �i�?�2 �/�B�`�2�+�i�B�Q�M���H

�+�Q�K�T�Q�M�2�M�i�b �Q�7 �i�?�B�b �/�B�b�i���M�+�2 �B�M �1�[�X�k�X�R�e�X

� = �i���M� 1(
Rai z

Rai x

) �U�k�X�R�e�V

�h�?�2 �H�B�M�2�@�Q�7�@�b�B�;�?�i �`���i�2 �B�b �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�B�b �p���H�m�2 ���M�/ �B�b ���H�b�Q �/�2�7�B�M�2�/ �B�M �w���`�+�?���M �U�k�y�R�k�V �(�e�j�)

���b

_� =
� (Rai x Vai z � Rai z Vai x )

R2
ai

�U�k�X�R�d�V

�h�?�2 �B�M�B�i�B���H �p�2�H�Q�+�B�i�v �+�Q�K�T�Q�M�2�M�i�b �Q�7 �i�?�2 �B�M�i�2�`�+�2�T�i�Q�` ���`�2

Vi x (0) = Vi �+�Q�b(L + � + HE ) �U�k�X�R�3�V

Vi z (0) = Vi �b�B�M(L + � + HE ) �U�k�X�R�N�V

�r�?�2�`�2 �i�?�2 �H�2���/ ���M�;�H�2L �B�b �i�?�2 �B�M�B�i�B���H ���M�;�H�2 �i�?���i �i�?�2 �B�M�i�2�`�+�2�T�i�Q�` �K���F�2�b �r�B�i�? �i�?�2 �H�B�M�2�@�Q�7�@�b�B�;�?�i ���b

�b�?�Q�r�M �B�M �1�[�X�k�X�k�y�- ���M�/ �i�?�2 �?�2���/�B�M�; �2�`�`�Q�`HE �B�b �� �/�2�p�B���i�B�Q�M �7�`�Q�K �i�?�2 �H�2���/ ���M�;�H�2 �i�?���i �r�Q�m�H�/



�l�Y�S�Y �p�¶�Ñ�Ô�«�ã�¶ �/�-�é�ž�è�Ô�«�� �R�N

�T�`�Q�p�B�/�2 �� �T�2�`�7�2�+�i �+�Q�H�H�B�b�B�Q�M �i�`�B���M�;�H�2 �(�e�j�)�X

L = �b�B�M� 1(
Va�b�B�M(� + � )

Vi
) �U�k�X�k�y�V

�� �H�2���/ ���M�;�H�2 �r���b �M�Q�i �m�b�2�/ �7�Q�` �i�?�2 �+���b�2 �b�i�m�/�B�2�b �B�M �*�?���T�i�2�`�9�i�Q ���p�Q�B�/ �� �T�2�`�7�2�+�i �+�Q�H�H�B�b�B�Q�M �i�`�B���M�;�H�2�-

�r�?�B�+�? �7�Q�` �M�Q�M�@�K���M�2�m�p�2�`�B�M�; ���i�i���+�F �p�2�?�B�+�H�2�b �r�Q�m�H�/ �K�2���M �i�?�2 �B�M�i�2�`�+�2�T�i�Q�` �r�Q�m�H�/ �`�2�[�m�B�`�2 �M�Q

�b�i�2�2�`�B�M�;�X �A�i ���H�b�Q ���H�H�Q�r�b �7�Q�` �+���b�2�b �r�?�2�`�2 �i�?�2 �B�M�i�2�`�+�2�T�i�Q�` �#�2�;�B�M�b ���i �y �K�f�b�X �h�?�2�`�2�7�Q�`�2�- �r�?�2�M �i�?�2

�?�2���/�B�M�; �2�`�`�Q�` �B�b �y� �- �i�?�2 �B�M�i�2�`�+�2�T�i�Q�` �B�b �B�M�B�i�B���H�H�v ���B�K�2�/ �/�B�`�2�+�i�H�v ���i �i�?�2 �b�i���`�i�B�M�; �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2

���i�i���+�F�2�`�X

�k�X�R�X�R �A�M�i�2�;�`���i�B�Q�M �J�2�i�?�Q�/ �*�Q�K�T���`�B�b�Q�M ���M�/ �.�v�M���K�B�+�b �o�2�`�B�7�B�+���i�B�Q�M

�a�2�p�2�`���H �B�M�i�2�;�`���i�B�Q�M �b�+�?�2�K�2�b �r�2�`�2 �+�Q�K�T���`�2�/ �7�Q�` �i�?�2�B�` ���+�+�m�`���+�v ���M�/ �7�2���b�B�#�B�H�B�i�v �7�Q�` �i�?�B�b �r�Q�`�F�X

�h�?�2 �7�B�`�b�i �Q�7 �i�?�2�b�2 �B�b �1�m�H�2�`�ö�b �K�2�i�?�Q�/�- ���H�b�Q �F�M�Q�r�M ���b �2�t�T�H�B�+�B�i �1�m�H�2�` �B�M�i�2�;�`���i�B�Q�M �Q�` �i�?�2 �7�B�`�b�i

�Q�`�/�2�` �_�m�M�;�2�@�E�m�i�i�� �K�2�i�?�Q�/�X �h�?�B�b �K�2�i�?�Q�/ �B�b �/�2�7�B�M�2�/ ���b

yt+1 = yt + f (yt ; t)� t �U�k�X�k�R�V

�r�?�2�`�2f (yt ; t) �B�b �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7y ���i �i�B�K�2t ���M�/� t �B�b �i�?�2 �i�B�K�2 �b�i�2�T �b�B�x�2�X �h�Q �i�`���M�b�H���i�2 �i�?�B�b

�i�Q �b�Q�H�p�B�M�; �7�Q�` �p�2�H�Q�+�B�i�v ���M�/ �T�Q�b�B�i�B�Q�M �7�`�Q�K ���M ���+�+�2�H�2�`���i�B�Q�M�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M�b ���`�2 �m�b�2�/

Vt+1 = Vt + at � t �U�k�X�k�k�V

x t+1 = x t + Vt � t �U�k�X�k�j�V

�r�?�2�`�2a �B�b ���+�+�2�H�2�`���i�B�Q�M�-V �B�b �p�2�H�Q�+�B�i�v�- ���M�/x �B�b �T�Q�b�B�i�B�Q�M�X �h�?�B�b �K�2�i�?�Q�/ �B�b �i�?�2�`�2�7�Q�`�2 �7�B�`�b�i�@

�Q�`�/�2�` ���+�+�m�`���i�2 �7�Q�` �#�Q�i�? �T�Q�b�B�i�B�Q�M ���M�/ �p�2�H�Q�+�B�i�v �(�R�j�)�X �h�?�2 �K�B�/�T�Q�B�M�i �K�2�i�?�Q�/�- �Q�` �K�Q�/�B�7�B�2�/ �1�m�H�2�`



�k�y �+�Ñ�ž�ÿ���¶�� �l�Y �+�ñ�è�ÿ�����ž���Ô�ñ�é�ž�ã ���ÿ�ÿ���ñ�ž�«�Ñ

�K�2�i�?�Q�/�- �+���M �#�2 �m�b�2�/ �i�Q �b�Q�H�p�2 �7�Q�` �i�?�2 �b���K�2 �p���H�m�2�b �i�?�`�Q�m�;�? �1�[�X�k�X�k�9���M�/ �1�[�X�k�X�k�8�X

Vt+1 = Vt + at � t �U�k�X�k�9�V

x t+1 = x t +
1
2

(Vt+1 + Vt )� t = x t + Vt � t +
1
2

at (� t)2 �U�k�X�k�8�V

�h�?�2 �K�B�/�T�Q�B�M�i �K�2�i�?�Q�/ �B�b �7�B�`�b�i�@�Q�`�/�2�` ���+�+�m�`���i�2 �7�Q�` �p�2�H�Q�+�B�i�v �#�m�i �b�2�+�Q�M�/�@�Q�`�/�2�` �7�Q�` �T�Q�b�B�i�B�Q�M�X �h�?�2

�k�M�/�@�Q�`�/�2�` �_�m�M�;�2�@�E�m�i�i�� �K�2�i�?�Q�/ �_�E�k�- ���H�b�Q �F�M�Q�r�M ���b �i�?�2 �2�t�T�H�B�+�B�i �K�B�/�T�Q�B�M�i �K�2�i�?�Q�/�- �B�b �b�B�K�B�H���`

�#�m�i �`�2�[�m�B�`�2�b ���M ���/�/�B�i�B�Q�M���H �/�2�`�B�p���i�B�p�2 �2�b�i�B�K���i�2�- ���b �/�2�7�B�M�2�/ �B�M �1�[�X�k�X�k�e�(�R�j�)�X

yt+1 = yt + � tf (yt +
1
2

� tf (yt ; t); t +
1
2

� t) �U�k�X�k�e�V

�h�?�2 �_�E�9�8 �K�2�i�?�Q�/ �r���b �i�?�2 �7�B�M���H �B�M�i�2�;�`���i�B�Q�M �b�+�?�2�K�2 �i�2�b�i�2�/�- �r�?�2�`�2 �i�?�2 �2�`�`�Q�` �B�b �9�i�?�@�Q�`�/�2�`

���+�+�m�`���i�2 ���M�/ �i�?�2 �b�i�2�T�b ���`�2 �8�i�?�@�Q�`�/�2�`�X �h�?�B�b �K�2�i�?�Q�/ �r���b �B�K�T�H�2�K�2�M�i�2�/ �i�?�`�Q�m�;�? �i�?�2 �#�m�B�H�i�@�B�M

�_�E�9�8 �B�M�i�2�;�`���i�Q�` �r�B�i�?�B�M �i�?�2 �a�+�B�S�v �H�B�#�`���`�v�X �h�?�2�b�2 �?�B�;�?�2�`�@�Q�`�/�2�` �_�m�M�;�2�@�E�m�i�i�� �K�2�i�?�Q�/�b �r�Q�`�F

�r�2�H�H �r�B�i�? �T�`�Q�T�Q�`�i�B�Q�M���H �M���p�B�;���i�B�Q�M ���M�/ �b�K���H�H �b�i�2�T �b�B�x�2�b�- �r�?�2�`�2 �i�?�2 ���+�+�2�H�2�`���i�B�Q�M �+�Q�K�K���M�/

�+���M �#�2 ���+�+�m�`���i�2�H�v �2�b�i�B�K���i�2�/ �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �B�M�i�2�;�`���i�B�Q�M�X �>�Q�r�2�p�2�`�- �_�E�k ���M�/ �_�E�9�8 �`�2�[�m�B�`�2

�K�m�H�i�B�T�H�2 �2�p���H�m���i�B�Q�M�b �Q�7 �i�?�2 ���+�i�Q�` �M�2�i�r�Q�`�F �T�2�` �i�B�K�2 �b�i�2�T�- �b�Q �i�?�2 �K�B�/�T�Q�B�M�i �K�2�i�?�Q�/ �r���b �b�2�H�2�+�i�2�/

���b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �b�+�?�2�K�2�X �h�?�B�b �Q�7�7�2�`�b ���M ���+�+�m�`���+�v �B�K�T�`�Q�p�2�K�2�M�i �Q�p�2�` �i�?�2 �1�m�H�2�` �K�2�i�?�Q�/ �r�?�B�H�2

�b�i�B�H�H �Q�M�H�v �`�2�[�m�B�`�B�M�; �Q�M�2 ���+�+�2�H�2�`���i�B�Q�M �+�Q�K�K���M�/ �7�Q�` �� �;�B�p�2�M �i�B�K�2 �b�i�2�T�X

�� �K�B�b�b�B�H�2 �2�M�;���;�2�K�2�M�i �7�`�Q�K �*�?���T�i�2�` �k �Q�7 �w���`�+�?���M �U�k�y�R�k�V �(�e�j�) �r���b �m�b�2�/ �i�Q �p�2�`�B�7�v �i�?���i �i�?�2

�/�v�M���K�B�+�b �2�[�m���i�B�Q�M�b �r�2�`�2 �T�`�Q�T�2�`�H�v �B�K�T�H�2�K�2�M�i�2�/�- ���M�/ �i�Q �/�2�i�2�`�K�B�M�2 �B�7 �i�?�2 �b�2�H�2�+�i�2�/ �B�M�i�2�;�`���i�B�Q�M

�b�+�?�2�K�2 �r���b �`�2���b�Q�M���#�H�v ���+�+�m�`���i�2�X �� �K�B�b�b�B�H�2 �B�b �7�H�v�B�M�; �/�B�`�2�+�i�H�v �m�T�`���M�;�2 �i�Q�r���`�/�b �i�?�2 �B�M�i�2�`�+�2�T�i�Q�`�-

�r�?�B�+�? �?���b ���M �B�M�B�i�B���H �?�2���/�B�M�; �2�`�`�Q�` �Q�7 �@�k�y� �X �h�?�2 �B�M�i�2�`�+�2�T�i�Q�` �?���b �� �j�,�R �p�2�H�Q�+�B�i�v ���/�p���M�i���;�2 �Q�p�2�`

�i�?�2 �K�B�b�b�B�H�2�- ���M�/ �T�`�Q�T�Q�`�i�B�Q�M���H �M���p�B�;���i�B�Q�M �r�B�i�? ���M �2�7�7�2�+�i�B�p�2 �M���p�B�;���i�B�Q�M �`���i�B�Q �Q�7 �9 �B�b �m�b�2�/�X �h�?�2

�b���K�2 �i�B�K�2 �b�i�2�T �b�B�x�2�b �i�?���i ���`�2 �m�b�2�/ �B�M �w���`�+�?���M �U�k�y�R�k�V �(�e�j�) ���`�2 �m�b�2�/ �?�2�`�2�- �r�B�i�? �y�X�y�R �b�2�+�Q�M�/ �i�B�K�2

�b�i�2�T�b �m�M�i�B�H �i�?�2 �`�2�H���i�B�p�2 �/�B�b�i���M�+�2 �B�b �H�2�b�b �i�?���M �R�y�y�y �7�i�- �r�?�2�M �i�?�2 �i�B�K�2 �b�i�2�T �b�B�x�2�b ���`�2 �`�2�/�m�+�2�/
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�6�B�;�m�`�2 �k�X�k�, �J�B�b�b�B�H�2�@�B�M�i�2�`�+�2�T�i�Q�` �2�M�;���;�2�K�2�M�i �7�`�Q�K �*�?���T�i�2�` �k �Q�7 �w���`�+�?���M �U�k�y�R�k�V �(�e�j�)�X

�i�Q �y�X�y�y�y�k �b�2�+�Q�M�/�b�X �h�?�B�b �2�M�;���;�2�K�2�M�i �B�b �b�?�Q�r�M �B�M �6�B�;�X�k�X�k�X �h�?�2 �7�Q�m�` �T�`�2�p�B�Q�m�b�H�v �/�2�b�+�`�B�#�2�/
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