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1J X +2 swarm_robot_utils. py®Enumt>dataclassiZ &k 3 E &
it X

#t ORy FEIERT—42 R

ittt

class RobotStatus (Enum) :
Robot status o

STOPPED = auto() # fFItHh

COMMAND_MOVE = auto() # EfimoDIT Y FIZKYBEH
RANDOM_MOVE = auto() # % LARBEIH
TO_COLLECTION = auto() # EMRMSICFEEH

POS_RESET = auto() # [EURER (525 LLEFHKE)

Hit
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@dataclass
class Robot :
“”” Robot dataclass “"”
# ID
id: int
t REME
pos: List[float] = field(default_factory = lambda: [0.0, 0.0])
# RT7—4 X
status: RobotStatus = RobotStatus. STOPPED
# BEEX JEESNTLNIEFEE)
target: Optional [List[float]] = None

1) R +3 swarm_robot_utils.py create _markers®I® (k)

#iHt
#t create_markers (3k#%p)
#it
def create_markers (
stamp: Time, R
robots: List[Robot], ~
garbages: List[Garbagel],
col lection_point: List[float], # []HR1\§5
points: int, \
t LT CHEETLI-EH
collection_times: List[float]
# ENRESN-CHED, ETLHETITHM - =FFE
) —> MarkerArray :

LR VT
Y
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markers = MarkerArray ()

#t ORy FOLMEEZY—H—IZEHRTE L TEER
for robot in robots :
marker = Marker ()
marker. header. frame_id = "'map’
marker. header. stamp = stamp
marker.ns = 'robots
marker. id = robot. id
marker. type = Marker. CYLINDER
marker.action = Marker. ADD
marker. pose. position. x = robot. pos[0]
marker. pose. position.y = robot. pos[1]
marker. pose. position.z = 0.1
marker. scale.x = 0.3
marker.scale.y
marker. scale. z

# (HER)

markers. markers. append (marker)

# LR, T, B S R4k,
# RRARTETFRAIMRTROY—HEEMTHIETIT-o>TLD,
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return markers

1) X 4 swarm_robot_random. pyD#E=E
#iH#

#t#t Swarm robot (random mode)

class SwarmRobotRandomNode (Node) :

def __init_ (self) :
# ORy M, CABDETE
t BRIEZHDOEIL

def initialize(self) :
t Oy FO#EAE
#;H€7/9AM%

def update_simulation(self) :
# ORy bxEMARER 0.17) BiY
# ORy MZHEbhI-CHDONIEL E

def _move_robot_to_target (self, robot: Robot, speed: Optional [float] = None) :

# ORy ZEMAKRE 0.17) BRICAMDES

def _publish_markers(self) :
# MarkerArray % publish LT Rviz ORTEZEH

#iH
#Ht Main
#iH

def main() :
rclpy. init()
node = SwarmRobotRandomNode ()
try :
rclpy. spin(hode)
except KeyboardInterrupt :
pass
finally :
if rclpy.ok() :
rclpy. shutdown ()

if _name_ =="_main__

main ()
1) X 5 move_command_cal Iback (3r¥r)
# ORy FBEEBIOTUR

def move_command caIIback(sg f, msg) : X
7 ORy FRREBGARIER. OV FEBRRLTBEHGSEE

# NOTE: “ID:3,X:1.2,Y:-2.5" xXTEBLNTLK S
# S ZMAIR L. update_simulationBs|Z & B
try

#t R ENfE
parts = msg. data.split(",")
id_part = [p for p in parts

if p.strip().startswith( ID:")]
[p for p in parts

if p.strip().startswith('X:")]

y part = [p for p in parts

if p.strip().startswith("Y:")]
if not id_part or not x_part or not y part
D return # ROMSLEho=-oKE

robot_id = int(id_part[O].spllt( YD
x = float (x_part[0].split( :")[1])
y = float (y_part[0].split( :")[1])

# B

#iH &%

robot = next((r for r in self.robots
[ if r.id == robot_id), None)
X,

y]
RobotStatus COMMAND_MOVE
# BEIREICT S

Xx_part

robot. target
robot. status

)R k6 search_command_cal Iback (3&#%)

i KEEFa< Uk
def search command_ cal lback (self, msg) :
KREBHDZIER. 17> FE@RL TEYIL#ER£Publish "

2
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cmd = msg. data. strip(). lower ()

### Robot status ... &OKRY FORHEE—BEWNCAHAFE TOAEEIZEZIEG
if comd == "robot_status’ :

status_list = []
for robot in self.robots :

# (EEH%O RLIEVWTHZERDT min_dist, min_garbage [CAN D)
min_dist = ..
min_garbage = ..

#i XFHZEH
status_list. append(

f' ID: {robot. id}, X: {robot. pos[0]:.2f}, Y: {robot. pos[1]:. 2f}, HAS_GARBAGE: {has_garbage}, MIN DIST: {min_dist:. 2f}, GARBAGE_X: {min_
garbage.pos[?]Z.2f},GARBAGE_YZ{min_garbage.pos[1]:.2f}

#t &4 L Tpublish

msg_out = String()

msg_out.data = ' ;. join(status_list)
self. robots_status_pub. publish (msg_out)

#ih Field status ... REDFHRZEZIME
if ngH;: "field_status’

1JR k7 SwarmRobotCommandMcpNode o< > KiEZ{EHEE (3R¥)

class SwarmRobotCommandMcpNode (Node) :
# _%ngﬁo)ﬁ*ﬁﬂgf:o %@ﬂﬂ%%o

def send_moye_command(self,_robot_id, X, y)
T R MBS A EIE
msg = String()
msg. data = ' ID: {robot_id}, X: {x}, Y: {y}
self.move_pub. publish (msg)

def wait_for_robots_status(self, timeout = 2.0) -
(a< > FEER) oKy MERZERS
start = time. time ()

while True :
with self. lock :
if self. latest_robots_status is not

None :
result = self. latest_robots_status
self. latest_robots_status = None
return result

if time.time() - start > timeout :
return None # 24 L7k
rclpy. spin_once (self, timeout_sec = 0.1)
# —ERFME spin_once

1) R +8 SwarmRobotCommandMcpServer MCPa < > FEZES (3k#k)

class SwarmRobotCommandMcpServer :

b —EEAHBOAHENE, OB,

def __init_ (self, node, transport
port = 5000, host
v constructor ””

t (B)
#itt MCP Tools 2%

self.register_tools()

"sse’,
"0.0.0.0") :

def register_tools(self) :
"7 \CP HeeRgs

#i#ttt move_robot ... FEELIDOAORY bF (x, v) [CBBESES
@self. mep. tool ()
def move_robot (
robot_id: Annotated[int, Field(description
= "Robot ID to move')],
x: Annotated[float, Field(description
= 'Target x position’)],
y: Annotated[float, Field(description
= 'Target y position’)]
) —> dict :

"Move a robot to the specified position.
self. node. send_move_command (robot_id, x, Yy)
return {"result’: 'OK'} # ®IZHIH

#itt get_robots_status ... & OMRY ~DIRERE
@self. mcp. tool ()
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def get_robots_status() -> dict :
"Get the status of all robots.
self. node. send_search_command (
"robot_status’)

status_str =

self.node.wait_for_robots_status()
robots = parse_robots_status (status_str)

if status_str else []

return { robots’ : robots}

1) R +9 swarm_robot_command_auto_execute. py move_robot <> FIEEUH LEF (3r¥%)
MCP_URL = "http://localhost:5000/sse’

#it move_robot O KEMEUHL
async def move robot(cllent robot_id, x, y):
payload = [ robot_id : robot_id, 'x : X, 'y : y}
result = await client.call tooI( move_ robot
payload)
return json. loads (result. content[0]. text)

#f A A AT robot3 & (2.2, 1.5) [CFEH
async def main():
async with Client (MCP_URL) as client:
await move_robot(client, 3, 2.2, 1.5)

JR MO LIMIZCHNEZ S50
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(b) MEIZEX
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(hE&. get_robots_status ZMEUH L TREE#OORY FDIDEEBS)
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(a) ABIX
field_status TIZARY b, CHEHAWMBTEFEFT. ThoDFEHREANTEIEK C move_robot ZH L TULN=EITFETH.
(b) EIZ&X

dA—Hmhn field_status TR/ TES0/R Y b - CHHEFRANTEEL < move_robot ZH L THALLY) LiKEE.
*9 get field_status TAKRY FEk (robot_num) & ZA# (garbage num) ZHEEL,

RIZ get_robots_status TEHARY FOCHETOIER - EIZZF]E

CHEHEF, RLEVAKRY FEFAFAD T I EZA move_ robot 3'60)75\ ShERR.

7‘,7‘~ , get_robots_status MFEEMN S, FAKR. :iIJ YULBTHNTLVS garbage x, garbage y NELZBIZEEIL,
SEF TRIEVORY b 28, 4ELAEWLESIC move_robot £HTBEARHS.

*xﬂl
Eﬁ FY get_field status #EFLTARY b, CHRERED)

\

(e

(5 get_robots_status #EfTLTAKRY T & ODH—%A_HAODEEHEEH%%)
?&&(‘c‘;*lé%):l\rﬁ (BEERE)
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# ZBEIIC docker AR NS VR F—)LENA TSI L
# swarm_robot_demo T4 L FHNTLIEZEZELT

# EILF

$ docker compose build<Z

i B

$ docker compose up —-d<J

# bash [CTA%

$ docker compose exec swarm_robot_demo bash<J
# YEE%, bash IREM L exit THRITS

$ exitd

#RT

$ docker compose down<d

JRA B FETONVT—CEE

# EFIZ ROS2 a7 Y FORBERFFHHAD
$ source /opt/ros/jazzy/setup. bashd
B D—OAR—REZER L TN T—D%BE
$ mkdir ros2_ws/srcd
$ mv -r swarm_robot_demo ros2_ws/src<d
FIRBEES2A—ILEZEALTEIER (rosdep R EFATHAEFHIRELTLNS)
$ rosdep install --from-paths src ——ignore-src -r -y<J
$ colcon build ——cmake-args -DCMAKE_BUILD TYPE=Release ——symlink-install «J
# EILREICT—I RAR—ZADBETHEHEAAD
$ source ./install/setup. bashdJ

1J X +C ROS2 launch E17

# 5% LEIEE— F+Rviz2

$ ros2 launch swarm_robot_demo swarm_random_demo. |aunch. py<J
# EAiREE— R+ ER#24EE— FNMCP Server+Rviz2

$ ros2 launch swarm_robot_demo swarm_command_demo. |aunch. py<J

1) X D ROS2 run 217
t SV LEMEE—

ros2 run swarm_robot_demo swarm_robot_random<J
# EfREE—F
$ ros2 run swarm_robot_demo swarm_robot_command<J
# ERIE4EE— FNMCP Server
$ ros2 run swarm_robot_demo swarm_robot_command_mcp_server<J



